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INITIALS USED IN VOLUME XIV. TO IDENTIFY INDIVIDUAL
CONTRIBUTORS,! WITH THE HEADINGS OF THE
ARTICLES IN THIS VOLUME SO SIGNED.

A Ba. ADOLFO Bar1011 (1833-1894)
Formaly Profcssor of Intcrature at the Istituto di study supcnon at 1o {ll&lhn Literature (11 part),
Author A Storia della letteratura taliana, &c

A. Bo.* AucusTE BoupinioN, DD, DCL Ilndox Librorum Pro-
Lrotcssor ot Ganon Law at the Catholic Umiversity of Pans  Honorary Canon of | hibitorum ;
Paris  Editor of the C anontste conte mpovain (lnhlllbluty.

A. Cy. ArTHUR ERNEST CoweLEy, M A, LiT1 D 1bn Gabirol ;
Sub-Libranan of the Bodlaan Libraty Oxford  Fdllow of Magdalcn College Inscriptions : Semstic,

A. C. G. ALBERT CHARLES LFWIS GOTTHILF GUNTHER, M A, M D ,Pu D, I R S
Kceper of - Zoolo ical Department  British Museum, 1875-1895  Gold Medalhst
Rovyal Souwcty, 1878 Author of Catulogues of Colubrine Snahes, Butrachia Salientsa,| Iohthyology (11 puri),
and Lishes in the Britsh Museum, Reptiles of British India, 'ishes of Zanzibar
Reports om the ** Challenger  Tishes, Sc

A.E. G* REV ALFRED ERNFST GARVIE,M A, D D
Puncipal of New Colleee: Haumpstead  Member of the Board of Fheolo y and th(._l Immortality ;
Board of Philosophy, London Umiversity  Author of Studies tn the Inney In/fl]nsp"a"on_
of Jesus, &c

A.E.H. L. Avcustus Ebwarp Hoven Love, MA,1DSc ,FR S ,
Scdlaan Profossor of Natunil Philosophy an the Umiveraity of Oxford  Hon
Fellow ol Quecn’s Collcee, Oxtord , formerly Fcllow of St John's Collcze ¢ ambridge llnﬂn"“""‘" Calculus.
Secretary to the London Mathematical Socety

A.F.C A11XANDER FRANCIS CHAMBFRIAIN, AM |, Pu D
Assistant Profossor of Anthropolizy Clhirk University Worcestcr Massachuset ts '
Member of Amcncan Antiquarian Soaicty, Hon Mombar of Amencan lulk»lon‘
Soaety  Author of Lhe Chrld and Chaldlood i 1 oll 1 hought

A. G, MAJOR ARINUR GFORGE FREDERICK GRIFITTIS (A 190%) f
H M Inspector ol Privons 1878-1590  Author of fhe Chromicles of Newgate, | Identification.
Secrets of the Prisom Hovws | &c |

Indians, North American.

A. Ge. Sk ArcuBatd Geinir, LL D [

Sce the bogriphical :yuluh, GEIRIL SIR A (Hulton, James.
A.Go* RFv ALeXANDFR GorbON, M A 1

Lecturcr on Church History in the I'niversity of Manchester Ll““m"’.“-
A.G. G. S1r A1FRFD GEORGE GREENHITL, M A, F RS

Tormerly Profcwor of Mathanties i the Ordnance Collage Woolwich Author‘
of Diffesentral and Integral Calewlus with Applications, Hydrostatics, Notes qn‘“ydrom“hlm“‘
Dynamics, &c

A. H.-S. Stk A Hourum-Scumvprrr, C1 E {

(reneral 1n the Poraan An’uy Author of Lastern Peysian Ivak ll“.hln (n ,m")
A.M.C AcNFS MArRY CLERKE {

Sce the blographical article, CLEkkL, A M {““uﬂuy Christiaan.
A.N. ALFRED NEWTON, I'R § { yhic «

Sce the |)I()Kl’.lp’hlul] atticle, NLwToN, AlFRLD (lbls 3 leterus.
A. So. ALBRECHT SOCIN, PH D (1844-1809) [

Tormerly Profussor of Scmtic Philolo iy in the Unis eratics of Laipzig and Tubangen | Irak-Arabi (in part)
Author of Arabische Grammatih | Ac l

A. S. Wo. ArTHUR SMiTH Woopwarp, LLD ,FR S Ichthyosaurus ;
Keeper of Geology Natural History Museum, South Kenengton Secretaty of Iguanodon. ’
the Geological Societv London |18 ‘

A. W. H* ArTHUR WiLLIAM HOLLAND f;m .
B % ) I , perial Citles ;
iormcrly Scholar of St John's Collegze, Oxford RBacon Scholir of Grav's Inn “m“umem of Government.

A. W. Po. ALFRED WirLiam PoLLArRD, M A
Assistant Keeper of Printed Books Bntish Muscum  Tdllow of King’s Collu:c.(
London  Hon Sccretary Ribhographical Socicty  Editor of Books about Books ' Incunabula,
and Brbliographica  Joint-cditor of The Library  Chicf Editor of the “ Globe l
Chaucer

1 A complete hist, showing all individual contributors, with the articles so signed, appears 1n the final volume,
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INITIALS AND HEADINGS OF ARTICLES

ALEXANDER Woon RenTON, M A, LL B, R
Puisne Judge of the Suprume (,’«yurt of Ceylon Editor of Encyclopaedia of the :nebﬂ:'y_’ IL:V{ of3
1 aws of Lngland nsanity : 0
CHARIES FRANCIS ATKINSON Infantry ;
lormctly Scholar of Quecn’s College, Oxford  Captain, 1st City of London (Royal Itali W
Iusliers)  Author of [he Wilderness and Cold Harbour an Wwars.
CorLoNEI CHARIES GRANT f .
Forimcrly Inspector of Military Ieducation in India llndl. : Costume

Carr roN HuNTLEY HAYES, AM , Pu D I
Assistant Profcssor of History At Columbia Umiversity, New York (ity  Member | Innocent V., VIIL
of the American Historical Association .
Conway LLovp Moroan, LLD | FR S {l tinet :
H

ns'
Profussor of Psychology at the Univeraty of Bristol  Principal of Umiversity College,
Bristol 1887-1909  Author of dnimal Life and [ntelligence , Habit and Instinct ’| Intelligence in Animals.

Cuart Es RayMonND Braztky, MA D Litt ,FRGS,FR His1 S
Profcssor of Modern History an the University of Birmingham  Formerly Fellow .
of Merton College Oxford, and Umiversity Lecturer in the History of Geography :::; Batuta (in part);
Lothian Prizeman, Oxford, 1889 Lowell Lecturcr, Boston, 1908  Author of sl.
Henry the Navigator, T'he Dawn of Modern Geography , &c

CARLO SALVIONI
Professor of Classical and Romance Languages, Univeraty of Milan {u&llln Language (i pari).
CHARLTON [HoMAS Lewis, Pu D (1834 -1904) '

Formerly Lecturcr on Life Insurance Harvard and Columbia Umiversitics, and on
Principles of Insurance, Cornell University — Author of History of Germany ,’I:‘ssays,‘lms““nce (i pari).
Addresses, &«

Crerr WEATHERLY [

Formctly Scholar of Queen’s College, Oxford  Barnister-at-Law, Inner Temple ]lnmm Schools.

DuNCAN Brack MacooNnaLp, MA DD [

Profcssor of Scnutie Languages  Hartford Theological Senunary, US A Author ImSm.
ot Development of Muslim Theology, [unsprudence and Constitutional ‘l'heory,l .
Selection from Ibn Khaldum | Religious 1ttitude and Life in Islam, &c

Davip GroroF Hocartn, M A
Keeper of the Ashmolcan Muscum Oxford  Fellow of Magdalen College, Oxford | Yonia (122 part) »
Tcllow ot the British Academy  Fxcavated at Paphos 1888, Naucratis, 1899 and lsaum( P )’
1903, Fphesus 190y 1905, Assiut, 1900 -1907, Dircctor  Bratish School at Athens, .
1897 -1900, Director, Cretan Exploration Fund, 1399

Duwin Hanvay (
Lormerly British Vice-Consul at Barcclona  Author of Skort History of Royal Impressment.
Navy 1017-1688, Life of Lmilio Castelar, &¢ .

Donarp Franas Tovey 1
\uthor of /ssays in Musical inalysts, comprising The Classical Concerto, The , Instrumentation,
Goldbarg Variations, and analy ses ot many other classical worhs |

DucALp SutHeRLAND MacCoLL, MA | LL D ‘
Keeper of the National Gallery of Bitish Art (Tatc Gallery)  Lecturer on the History |
of Art, Unnersity College, London, Tdlow of Uninversty College, London Impressionism.
Author ot Nincteenth Century 1rt, &c

Evwarp Averep Mincuin, MA | FZS [
Irofessor of Protozoology in the Umveraty of London  Formerly Fellow of Merton | Hydromedusae ;
College Oaford, and Lecturcr on Comparative Anatomy in the University of Oxford lﬂydrozog,
Author ot ‘ Sponges and Sporozoa ™’ in Lankester’s 7 reatese on Zoology , &c

ERNFST BARKKR, M A J’
Idlow and Lecturer 1n Modern Thistory St John’s College, Oxford  Formerly: Imperial Chamber.
Fellow and Tutor ot Merton Collcge  (raven Scholar, 1895 l

EbwiN Bramwrin, M B, FR( P, FRS (Edn f
Asaistant Phvsician, Royal lnhrm’ary, E(Imburgh> lﬂym". (1n Pd")
Rieur Rev Epwarp Cutnsert ButLer, O S B, D Lirt
Abbot of Downwide Abbey, Bath  Author of “* The Lausiac Historv of Palladius "’{ Imitation of Christ.
m Cambridge 1evts and Studies
Epmunp CrosBy QuicGIN, M A
I'dllow Lecturcr in Modern Iistorv, and Monro Lecturer in Celtic, Gonville and{ Ireland : Early History.
Catus College, Cambrudge
EbwARD FAIRBROTHFR STRANGE ’
Assistant Keeper, Victoria and Albert Museum, South Kensington  Member of | Ilustration : 7echnical
Counail ]nl\an Society  Author of numerous works on a1t subjects ]olnt-cdltorl Developments
of Bell's ** Cathedral ” Scries

Lapy Dike [
Sec the hographical article DiLkg, SIRC W, BART llngm'

EpMUND Gosse, LL D Huygens, Sir Constantijn ;
See the biographical article: Gosse EDMUND Ibsen ; Idyl.

Emii. HUBNER. { .
Sce the biographical article HusNER, EMiL Inscriptions : Latsn (m Pa")'
Sik EDWARD HFRBERT BUNBURY, BART ,M A\ ,FRGS (d 1895) .
{[ P for Bury St Edmunds, 1847-1852 ~ Author of a History of Ancient Geography, Ionia (in parf)
&e



E. H. M.

E.H. P.
E. K.

E. L H.

Ed. M.

E.M.T.

E. 0.*

F.A.F.

F.C. C.

F. G. M. B.

F.J. H.

F. L. G.

F. P.*

F.S. P,

F. Wa.
F. W. R*

F. Y. P.

G. A. B.

G. A. Gr.

G.A.J.C.

G. B.
G.F. H*

INITIALS AND HEADINGS OF ARTICLES

ErLis HoveELL MiNNs, M A I
Lecturer and Assistant Libranan, and formerly Fellow Pembroke College,Cambridge | Iazyges ; Issedones.
Umversity Lecturer in Palacography l

EpwARD HENRY PALMER, M A.

See the biographical article, PALMER, E H {"’n Khaldtn (sn par).
Epvunp Knkcur, PE D, M Sc Tecu (Manchester), F1C

Professor of Tuchnological Chenmtrv,‘_l\l;\nchestcr Unnasity  Head of Chemucal{

y.
City and Guilds of London Institute  Author of 4 Manwual of Dyeing; &c. Editor

Department, M pal School of 1 hester K er 1n Dyeing 1 Indigo.
of Journal of the Society of Dyeis and Colourists l

THrE RiGHT REV THE LoRD Bisuop or LincoLN (EDWARD Ler Hicks) "
Honorary Fellow of Corpus Chnisti College Oxford — Formerly Canon Kesidentiary | Insoriptions : Greek
of Manchester | cllow and Tutor ot Corpus Christi College”™  Author of Manual‘ (1 part)
of Greek Historical Inscriptions, &c

Epuarp MEYER, PH D , D Litt (Oxon ), LL. D 1
Professor of Ancicnt History in the University of Berlin - Author of Geschichte des, Hystaspes ; Iran.
Alterthums, Geschichte des alten Aegyptens, Die Isvaeliten und 1hre Nuchbarstamme '

SirR EDWARD MauNDE THOMPSON, GCB ,ISO,DCL, LirrD,LLD

Director and Principal Libranan, British Museum, 1898-1909 Sandars Rcader

in Bibliography Cambridge, 1895-1890 Hon Fellow of Unncraty College

Oxford Correspondent of the Institute of France and of thc Royal Prussian Numinated MSS.
Academy of Sciences Author of Handbook of Greck and Latin DPalaecography um .
Editor of Chronicon Anghae Jont-cditor of publications of the P’alacographical

Society the New Palacographical Society, and of the I'acsimile of the Laurcntian

Sophocles

Epmunp OWeN, MB,FRCS,LLD, D Sc
Consulting Surgeon to St Mary's Hospital London, and to the Children’s Hospatal
Great Ormond Strect, late Examiner in Surgery at the Umversities of Cambnidge,
Durham and London  Author of A Manual of Anatomy for Senior Students

FrANK ALBERT FETTER, Pu D
Professor of Political kconomy and Fmance (orncll Umversity Member of thed Interstate Commerce.
Statc Board of Chanties  Author of [he Principles of Lconomics, &c

Hydrocephalus.

FrEDERICK CORNWAITIS CONVBEARE, M A, D TH (Giesscn) [ Tconoclasts ;
Fellow of the Bntish Academy  Lormerly Ldllow of University Collcge, Oxford I W ’m
Author of The Ancient Aymenian 1exts of .dvistotle, Myth, Magic and Movals | &c l mage Worship.

FREDERICK GEORGE MEksoN Beck, M A
Tellow and Lecturcr in Classies Clare College, Cambrnidge

Francis Joun Haverrirep, MA, LLD, FSA
Camden Professor of Ancient History in the Umveraty of Oxford  Iellow of
Brascnose College  Fellow of the British Academy  [Formcrly Censor, Student J Ieknleld Street.
Tutor and Iabranan of Christ Church, Oxford = lord’s Lecturcer, 19060-1907
Author of Monographs on Roman History, especially Roman Britain, &dc
FRrancs LLEWELLYN GrirriTH, MA, PuD, FS A
Reader 1n Egypmlo&y Oxford Unmiversity  Fditor of the Archacological Survey
and Archacolozical Reports of the Egypt Exploration Fund 1 cllow of Impcnal
German Archacological Institute

FREDFRICK PETFRsON, M D, Pu D {lnsanlty: Hosprtal
f
§

{lecco.

Hyksos ; Isis.

Professor of Psychiatry, Columbia Umversity  Ihesident of New York State Treatment
Commussion in Lunacy, 1902—-1906  Author of Mental Diseases, &c eatmen,

Francis SAMUEL PHILBRICK, AM, Pu D
Fllow of Nebraska State Umiversity  Formerly Scholar and Resident Yellow of
Harvard Univeraity  Mcember of Amcernican Ihstorical Association

Independence,
Declaration of.

Francis Watr, M A
Barrster-at-Law, Middle Temple  Author of Lew's Lumber Room
Freperick WirLiam RupLer, ISO, FGS
Curator and Librarian of the Muscum of Practical Geologv London, 1879-1g902 | Hyacinth ; Iolite.
President of the Geologists’ Association, 1887-1889
FrEDERICK YORK PoweIrL, DCL ,LLD Iceland : /listory, and
See the biographical article, POWELL, FREDERICK YORK Ancient Literature

Inn and Innkeeper.

GEORGE A BOULENGER, FRS,DSc, PuD I
In charge of the collcctions of Reptiles and Fishes Department of Zoology, British: Ichthyology (i part).
Museum  Vice-President of the Zoological Society of London (

GEORGE ABRAHAM GRIERSON, CI E , Pu D, D Litt (Dubln).
Member of the Indian Civil Scrvice, 1873-1903  In charge of Linguistic Survey of
Indwa, 1898-1902 Gold Medallist, Royal Asiatic Society 1909 Vice-President{ Indo-Aryan Languages.
of the Royal Asiatic Society  Formerly Fellow of Calcutta University  Author of
The Languages of India, &c
GRENVILLE ARTHUR JAMES COLE

Director of the Geological Survey of Ireland  Professor of Geology, Royal Collcge{ Ireland : Geology
of Science for Ireland, Dubhn "Author of A:ds in Practical Geology, &c

SiR GEORGE CHRISTOPHER MoLEswOrRTH Birpwoop, K.CI E.
See the biographical article, BIRowoop, SIRG C M
GEoRrGE Francis Hiue, M A, {lmﬂpuom: Greek

Assistant 1n Department of Comns and Medals British Museum Author of (M )
Sources for Greek Huistory 478-431 B € ; Handbook of Greek and Roman Coins, &c. pa

{ Incense.
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INITIALS AND HEADINGS OF ARTICLES

GeorcE Gornon Courton, M A
Birkbeck Lecturer in_Ecclesiastical History, Trinity College, Cambridge. Author{ Indulgence.
of Medieval Studies, Chavcer and his England, &c

GeorGE HERBERT CARPENTER, B Sc (Lond ) Hymenoptera ;
Professor of Zoology 1n the Royal College of ‘Science, Dublin ~ Author of Insects. 1 Iohneumon-Fly ;
therr Structure and Life (nsect.

Grazianio 1. Ascolr
Scnator of the Kingdom of Italy Professor of Comparative Grammar at the
Univeraty of Milan — Author of Codice Islandess, &

GrORGE JAMIESON, CM G, M A
Formcrly Consul-Gencral at Shanghai, and Consul and Judge of the Supreme Court,
Shangha

Gustav KRUGER, P D
Profcssor of Church History in the University of Giessen  Author of Das Papstthum,
A

Georce Percivar Mubce, AR (S, F.ZS. 1
Iccturcr on Biology Lonaon Hospital Medical College, and London School of | Incubation and Incubators.
Mcudiane for Women Unuversity of London  Author of 4 Text Book of Zoology, & l

VERY REV GLORGE WiLLIAM KitcHIN, M A, DD, F S A. ’
Dcan of Durham, and Warden of the Umveursity of Durham  Hon Student of
Christ Church Oxford  Fellow of King’s College, London Dean of Wmchcster,l“‘“un’ Ulrich von.
1883-1894 Author of A History of France, &c

Italian Language (11 part).

=)

Hwang Ho.

Irenaeus.

—— ——

Ibn ‘Abd Rabbihi ;
Ibn ‘Arabi , Ibn Athir;
Ibn Duraid , Ibn Faradi;
Ibn Fand, Ibn Hazm;
Rerv GRIFFITHES WHFFIER THATCHFR, MA , BD Ibn Hisham , Ibn Ishaq;
Warden of Camdcn College, Sydney NS W Formerly Tutor in Hebrew and Old ' Ibn Jubair ; Ibn Khaldun
Testament Hhstory at Mansheld College, Oxford  Author of a Commentary on (”‘ ’)‘"1))
Judges, dn Arabic Grammar, &c. Ibn Khalikin
Ibn Qutaiba, Ibn Sad,
Ibn Tufail ; Ibn Usaibi'a ;
Ibrahim Al-Mausill.

Huon Crisnorm, M A |’
Eormerly Scholir of Corpus Chnsti College, Oxford  Editor of the 11th cdition | Iron Mask ; Ismail.
of the Encyclopaedia Bruannica, Co cditor of the 1oth edition l

SiR HENRY (RESWICKE RAWLINSON, BArr, KCB .
See the biographical article, RAWLINSON, '\m HENRY CRESWICKE {lsmhﬁn ¢ History
{ Infanoy ;

Harrier L HenNEssy, MDD, (Blux ) LRCPI,LRCSI Intestinal Obstruction.

Henry MarioN Howe, A M., LL D §
Professor of MCL\"U\"H', Columbin Umiversity  Author of Metallurgy of Steel, &c {hon and Steel.

HeENRY NFWION DicksoN, MA, DS ,FRGS (
Professor of Geosraphy  Umiversity College, Reading  Author of Elementary Indian Ocean.
Meteorology, Papers on Oceanography, &c ‘l
HERMANN Orisner, M A, P D [
Laylotn Profossor of the Romance Languages i University of Oxfoid  Member
of Council of the Philological Society — Author of A History of Provencal Literatue l“‘""n Literature (1n pari).

&c.
HeNRY STURT, M A
Author of Jdola 1 heatrr, I he Ides of a I'vee Church, and Personal Idealism, Induction.
REV HERBERT THOMAS ANDREWS [
Profcssor of New Testament Exegests, New College, London  Author of the Ignatius.
* Commentary on Acts ** 1n the We cw , Handbook on the -
Aprayphal Books in the “ Century Bible ™

Sir Henry Yure KCSI,C.B {lbn Batuta (1 part),

See the biographical article, YULE, SIR HFNRY

IsrAEL ABrAHAMS, M A, ‘
Reader 10 Talmudic and Rabbinic Literature in the Umiversity of Cambndge | Ibn Tibbon ;
Formerly President  Jewish 1hstorical Souety i England  Author of 4 Short‘l Immanuel Ben Solomon.
History of Jewish Literature, [ewssh Lsfe an the Middle Ages, &c

Joun Amerosk FLeming, MA, FR.S, D.Sc.
Pender Professor of Electrical Engineering in the Unmiversity of London, Fellow
of University College, London  Formerly Fellow of St John's College, Cambndge,{ Induction Coil.
and Lecturer on Applied Mechanics in the Umversity  Author of Magnets and
Llectric Curvents

James Burcess, CIE,LLD, FR S(Edin), FR.GS, HoNAR LB A.
Formerly Director General of Archacological Survey of India  Author of A""“‘*{lndiun Architecture.

logical Survey of Western India  Editor of Fergusson's History of Indsan Avchs-

tecture

Sir Joun Barry Tukr, KT ,MD,FR S (Edin),DSc,LLD
Presihnt d the Neurological Socicty of the Umted Kingdom Medical Director | Hysterla (1n part),
of New Saughton Hall Asvlum, Edinburgh M P for the Universities of Edinburgh | Insamty : Medical.
and St Andrews, 1900-1910



INITIALS AND HEADINGS OF ARTICLES ix

J.C.H. Ricur Rev Joun CuTtuBerT HEnIEy, 0SB . DD {
* R C Bishop of Newport  Author of The Holy Euchanst; & Immaculate Conception.

J. C. Van D. Jou~ CrarLES VAN Dykr "
Professor of the Ilistory of Art Rutger’s College Ncw Brunswick N Formerly Inness, George.
Editor of The Studio and Art Review  Author of Art for Avt’s Sake, Hystory of l 4 *
Painting, Old English Masters, &c

J.C. W. AMES CLAUDE WFBSTER
] Barnster-at-Law, Middle Temple {lm" of Court.
J.D. B, JAMEs Davip Bourcnirr, MA, FRGS.

King’s College, Cambridge  Correspondont of 7 e 7imes in South-Eastern Europe
Commander of the Orders of Prince Danilo of Montencgio and of the Saviour of l
Greece, and Officer of the Order of St Alexander of Bulgana,

JFF Jonn Fartueurl Freer, CTE, P D
womnussioncr of ¢ entral and Southcrn Divisions of Bombay, 1891-1897  Author Inseriptions : /ndian,
of Imscriptions of the Larly Gupta hings, ¢

J. F-K. Jamrs Frtsvauricr-KELLy, Litt D, FR Hisr S

Gilmour P’rotcssor ol Spamsh Language and Litcrature, Laverpool Umversity
Norman McColl Lecturcr Cambridge University 1 cllow of the Butish Academy { Isla, J. F. de.

Tonian Islands.

Member ot the Royal Spanish Acadomn Kmieht Commandcr of the Oider of
Alphonso XIT  Authos of A IHistory of Spanish Literatwre, &c

J. G. K. JonN GranaM KErg, MA, FR S
Regius Protessor ol Zoology in the Umiversity of Glwsgow  Formrly l)cmomtrdtm‘j
m Ammal Morphology 1 the Umversity of Cambndge  ddlow of Christ’s College,! Ichthyology (i part)
Cambridge  1898-1904  Walsingham™ Mcdallist, 1898 Null Prizeman, Royall
Socicty of Edinburgh 1904

J. G. Se. Sir JaMES GroroE Scotrt, KCIE
Superintendent and Pohitical Officer, Southern Shan States  Author of Burma,: Irrawaddy.
a Handbook, I he Upper Burma Gazetteer, &c

J. H. A H. JonuN HENRY ARIHUR ITART, M A
Tellow, Theolozical L« lm"(r and Librarian, St John's College, Cambridge {Hymanu"

J. H. Mu. Joun HENRY MulRHEAD, M A, LL D
Prolessor of Philosophy mn the Umiversity of Birmingham  Author of Elements{ ldealism.
of Etlucs, Philosophy and Life, &c  Editor of Library of Philosophy

J. H. Be. VERY REV Jou~N HENRY BERNARD, MA , DD ,DCL '
Dcan of St Patrick’s Cathedral, Dublin - Archbishop king's Professor of Divimity
and formerly Fellow of Trimity College, Dublin  loint-cditor of the Insh Libes .mhnd' Church of.
Hymnorum, &c

J. H. van't H.  Jacosus HENRICUS vaN’t Horr, LL D, D Sc, DM
Sce the biographical articde van't Horr, Jacobus HrNricus

J. L. M. Joun LyNTON MYRES, MA, FSA,FRGS ‘
Wyhkeham Professor of Ancient History in the University of Oxford  Formerly .
Gladstone Professor of Greek and Lecturcr in Ancient Geography, University oillbeﬂ.m' Tonians.
Liverpool  Lecturer 1n Classical Archacology in Umversity of Oxford,

J. Mn, JoHN MacpuFrsON, M D .
Formerly Inapm{or General of Hospitals, Bengal losanity : Medical (11 part).

! Isomerism.

J.M. A.de L. JEAN MARIE ANTOINF DF LANFSSAN {
Sce the biographical article, Lanessan, ] M A de Indo-China, French (11 part).
J MM Joun MarcoLm MITCHELT

Sometime Scholar of Queen’s College, Oxford  Lecturer 1n Classics, kast London{ Hyaeinthus.
College (Umiversity of London)  Joint-editor of Grote's History of Greece ‘
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HUSBAND, properly the “ head of a household,” but now
chiefly used i the sense of a man legally joined by marniage to
a woman, his “wife”, the legal relations between them are
treated below under HuspanDp AND Witk  The word appears
m O. Eng as husbonda, answering to the Old Norwegian
hitshondt, and means the owner or frecholder of a hus, or house
The last part of the word still survives in ““ bondage " and * bond-
man,” and 1s derived from bua, to dwell, which, like Lat colere,
means also to till or cultivate, and to have a household  *“ Wife,”
m O. Eng w1f, appears in all Teutomec languages except Gothic ,
cf Ger, Weib, Dutch w1jf, &c, and meant originally simply
a female, “woman” 1self being derived from wifman, the
pronunciation of the plural wimmen still preserving the onginal 1
Many derivations of ** wife ”” have been given , thus 1t has been
connected with the root of “ weave,” with the Gothic wazbjan,
to fold or wrap up, referning to the entangling clothes worn
by a woman, and also with the root of wibrare, Lo tremble
These arc all merely guesses, and the ultimate history of the
word 1s lost. It does not appear outside Teutonmc languages
Parallel to “ husband ™ 15 ‘“ housewife,” the woman managing
a household The earher Zuswif was pronounced husstf, and
this pronunciation survives in the application of the woid to
a small case contaiming scissors, needles and pins, cottons, &c.
Irom this form also derives “ hussy,” now only used 1n a de-
preciatory senseof a hight,impertinent girl.  Beyond the meaning
of husband as a married man, the word appears n connexion
with agriculture, in *“ husbandry ” and “ husbandman ”  Accord-
ing to some authorities *“ husbandman” meant originally in
the north of England a holder of a * husbandland,” a manorial

tenant who held two ox-gangs or virgates, and ranked next '

below the yeoman (see J C. Atkinson n Notes and Querses,
6th serics, vol. xu., and E. Bateson, History of Northumberland,
1, 1893) From the idea of the manager of a household,
*“husband ” was n use transferred to the manager of an estate,
and the title was held by certain officials, especially n the great
trading companies Thus the “husband ” of the East India
Company looked after the interests of the company at the
custom-house. The word in this sense 1s practically obsolete,
but 1t still appears in “ ship’s husband,” an agent of the owners
of a ship who looks to the proper equipping of the vessel, and her
repairs, procures and adjusts freights, keeps the accounts, makes

charter-parties and acts generily as manager of the ship’s
| employment  Where such an agent 1s himself one of the owners
I of the vessel, the name of “ managing owner ™ 15 used The
| *ship’s husband ” or “ managing owner” must register his
name and addiess at the port of rcgistry (Mcrchant Shipping
Act 1894, § 59) From the use of “ hushand ” for a good and
thrifty manager of a household, the verb “ to husband ”” means
to economize, to lay up a store, to save

HUSBAND AND WIFE, LAW RELATING 10 For the modes
in which the relation of husband and wife may be constitutcd
and dissolved, see MakkiAck and DIvorce  The present article
will deal only with the effect of marriage on the legal position
of the spouses. The person chiefly affected 1 the wife, who
probably in all political systems hecomes subject, i conscquence
of marnage, to some kind of disability. ‘The most favourable
system scarcely leaves her as free as an unmarried woman ; and
the most unfavourable subjects her absolutcly to the authority
of her husband In modern times the effcct of marriage on
property 1s perhaps the most important of 1ts consequencs,
and on this pomt the laws of different states show wide diversity
of principles

The history of Roman law exhibits a transition from an
extreme theory to 1ts opposite. ‘Lhe position of the wife i the
earhest Roman houschold was regulated by the law of Marus.
She fell under the “hand " of her husband,—hccame one of Ius
famuly, along with his sons and daughters, natural or adopted,
and his slaves The domimon which, so far as the childrcn
was concerned, was known as the patria potestas, was, with
reference to the wife, callcd the manus  The subject members
of the family, whether wife or children, had, broadly speaking,
no rights of their own If this institution implied the complete
subjection of the wife to the husband, 1t also mmplied a much
closer bond of union between them than we find m the later
Roman law. The wife on her husband’s death succecded, hike
the children, to freedom and a share of the inheritance. Manus,
however, was not essential to a legal marriage ; its restramts
were irksome and unpopular, and m course of time it ceased
to exist, leaving no equivalent protection of the stability of
family hfe. The later Roman marriage left the spouses com-
paratively independent of each other. The distance between
the two modes of marriage may b estunated by the fact that,
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whileunder the former the wife was one of the husband’simmediate
heirs, under the latter she was called to the inhentance only
after his kith and kin had been exhausted, and only m preference
to the treasury. It seems doubtful howsfar she had, during
the continuance of marnage, a legal right to enforce aliment
from her husband, although if he neglected her she had the
unsatisfactory remedy of an easy divorce  The law, in fact, pre-
ferred to leave the parties to arrange therr mutual nghts and
obligations by private contracts. Hence the importance®f the law
of scttlements (Dotes) 'The Dos and the Donatio gnte ndptias were
settlements by or on behalf of the husband or wife, during the
continuance of the marriage, and the law seems to” have lookcd
with some )calousy on gifts made by one to’ the other in any
less formal way, as possibly tainted with undue influence. During
the marriage the husband had the admimistration of the property

The manus of the Roman law appears to be only one instance
of an mstitution common to all primitive societies On the
continent of Lurope after many centuries, during which local
usages were brought under the influence of principles derived
from the Roman law,a theory of marrage became established,
the leading feature of which 1s the commumty of goods between
husband and wife  Describmg the principle as 1t prevails in
krance, Story (Conflict of Laws, § 130) says* “ This community
or nuptial partnership (in the absence of any special contract)
generally extends to all the movable property of the husband
and wife, and to the fruits, income and revenue thereof . . .
It extends also to all immovable property of the hushand and
wife acquired during the marriage, but not to such immovable
property as either possessed at the time of the marnage, or
which came to them afterwards by title of succession or by gift.
‘The propcrty thus acquired by this nuptial partnership is hable
to the debts of the parties existing at the time of the marnage ,
to the debts contracted by the husband during the community,
or by the wife during the community with the consent of the
husband ; and to dcbts contracted for the maintenance of the
family . .. The husband alone 1s entitled to administer the
property of the community, and he may alicn, scll or mortgage
it without the concurrence of the wife.” But he cannot dispose
by will of more than his share of the common property, nor can
he part with 1t gratwitously nter vivos The commumity 1s
dissolved by death (natural or cmil), divorce, separation of
body or separation of property, On separation of body or of
property the wife 13 entitled to the ful control of her movable
property, but cannot alien her immovable property, without
her husband’s consent or legal authority. On the death of
either party the property is divided in equal moicties between
the survivor and the heirs of the deceased.

Law of Englund.—The Enghish common law as usual followed
1ts own course in dealing with this subject, and i no department
were its rules more entirely msular and independent. The
text weters all d two fund | principles, which
between them established a system of rights totally unhke that
just described  Husband and wite were said to be one person in
the eyc of the law-—unica persona, quia cavo una et sanguss unus.
Hence & man could not grant or give anything to his wife,
because she was himself, and 1if there were any compacts between
them before marriage they were dissolved by the union of persons.
Hence, too, the old rule of law, now greatly modificd, that husband
and wife could not be allowed to give evidence against each
other, i any trial, avil or criminal  The umty, however, was
one-sided only ; 1t was the wife who was merged i the husband,
not the husband m the wife. And when the theory did not
apply, the disabilitics of *“ coverture ” suspended the active
exercise of the wife’slegalfaculties. The old technical phrascology
described husband and wife as baron and feme ; the nights of
the husband were baromal nghts  From one point of view the
wife was merged in the husband, from another she was as one of
his vassals. A curious example 15 the immunity of the wife in
certain cases from pumshment for cme committed n the
presence and on the presumed coercion of the husband *“ So
great a favourite,” says Blackstone, ‘“1s the female sex of the
laws of England.” t

AND WIFE

The applhication of these principles with reference to the
property of the wife, and her capacity to contract, may now be
briefly traced

The freehold property of the wife became vested 1n the husband
and herself during the coverture, and he had the management
and the profits, If the wifc had been n actual possession at
any time during the marriage of an estate of inheritance, and 1f
there had been a child of the marnage capable of mherting,
then the husband became entitled on his wife’s death to hold
the estate for his own life as tenant by the curtesy of England
(cunalitas).! Beyond this, however, the husband s rights did
not extend,and thewife’s heir at last succeeded tothe inheritance.
The wife could not part with her real estate without the concur-
rence of the husband, and even so she must be examined
apart from her husband, to ascertain whether she frecly and
voluntanly conscnted to the deed

With regard to personal property, 1t passed absolutely at
common law to the husband  Specific things 1n the posscssion
of the wife (choses 1 possession) became the property of the
husband at once; things not in possession, but due and re-
coverable from others (ckoses i action), might be recovered
by the husband A chose in action not reduced nto actual
possession, when the marriage was dissolved by death, reverted
to the wife 1f she was the survivor, 1f the husband survived
he could obtain possession by taking out letters of admimstra-
tion, A chose in action was to be distinguished from a specific
thing which, although the property of the wife, was for the
time bang in the hands of another. In the latter casc the
property was in the wife, and passed at once to the husband ,
in the former the wife had a mere jus i personam, which the
husband nught enforce 1f he chose, but which was still cap-
able of reverting to the wife 1if the husband died without
enforcing 1t,

‘The chattels veal of the wife (1 ¢, personal property, dependent
on, and partaking of, the nature of realty, such as leaseholds)
passed 1o the husband, subject to the wife’s right of survivorship,
unless baired by the husband by some act done during huis hfe.
A disposition by will did not bar the wife’s interest ; but any
disposition snéer vives by the husband was valid and cffective.

The courts of equity, however, greatly modified the rules of
the common law by the introduction of the wife’s separate
estate, 1 ¢ property settled to the wife for her separate usc,
independently of her husband. The principle seems to have
been origmally admitted 1n & case of actual separation, when
a fund was given for the maintenance of the wife while hving
apart from her husband ~ And the conditions under which
separate estate might be enjoyed had taken the Court of Chancery
many generations to develop. No particular form of words was
necessary 1o create a separate estate, and the intervention of
trustees, though common, was not necessary. A clear intention
to deprive the husband of lis common law rights was sufficient
to do so In such a case a married woman was entitled to deal
with her property as 1if she was unmarried, although the earlier
decisions were n favour of requiring her binding engagements
to be in writing or under seal. But 1t was afterwards held that
any engagements, clearly made with reference to the separate
estate, would bind that estate, exactly as if the woman had been
a feme sole. Connected with the doctrine of separate use was
the equitable contrnivance of restratnt on anticspatson with which
later legislation has not interfered, whereby property might be
so settled to the scparate use of a married woman that she could
not, during coverture, alienate it or anticipate the income
No such restraint 1s recogmzed in the case of a man or df a feme
sole, and it depends entirely on the separate estate; and the
separate estate has its existence only during coverture, so that
a woman to whom such an estate 1s given may dispose of 1t so
long as she 1s unmarried, but becomes bound by the restraint as
soon as she 1s married. In yet another way the court of Chancery
interfered to protect the intcrests of marred women. When a

1 Curtesy or courtesy has been expléamed by legal writers as

““ anising by favour of the law of England * The word has nothing

to do wath courtesy 1n the sense of complaisance.
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husband sought the aid of that court to get possession of his
wife’s choses 1n action, he was required to make a provision
for her and her children out of the fund sought to be recovered.
Thus 15 called the wife’s eguity 1o a settlement, and 1s said 1o be
based on the onginal maxim of Chancery junsprudence, that
‘““he who seeks equity must do equity ” ‘Two other property
interests of minor importance are recogmsed. The wife’s pin-
money 15 a provision for the purchase of clothes and ornaments
suitable to her husband’s station, but 1t 15 not an absolute
guft to the separatc use of the wife ; and a wife surviving her
husband cannot claim for more than one year’s arrears of pin-
moncy. Paraphernalia are jewels and other ornaments given
to the wife by her husband for the purpose of being worn by her,
but not as her separate property. The husband may dispose
of them by act inter vives but not by will, unless the will confers
other benefits on the wife, 1n which case she must elect between
the will and the paraphernalia. She may also on the death
of the husband claim paraphernaba, provided all creditors
have been satisfied, her nght being superior to that of any
legatee

The corresponding 1nterest of the wife in the property of the
husband 1s much more meagre and illusory. Resides a gencral
right to maintenance at her husband’s expense, she has atcommon
law a right to dower (¢ v ) in her husband’s lands, and to a pars
rationabilis (thard) of his personal estate, if he dies intestate
The former, which oniginally was a solid provision for widows,
has by the ingenuity of conveyancers, as well as by positive
enactment, been reduced to very slender dimensions, It may
be destroyed by a mere declaration to that effect on the part
of the husband, as well as by his ccnveyance of the land or by
s will

The common practice of regulating the nights of husband,
wife and chuldren by marriage scttlements obviates the hardships
of the common law—at least for the women of the wealthier
classes. The legislature by the Married Women’s Property
Acts of 1870, 1874, 1882 (which repealed and consolidated the acts
of 1870 and 1874), 1893 and 1907 ntroduced very considerable
changes The chief provisions of the Married Women’s Property
Act 1882, which enormously 1mproved the position of women
unprotected by marriage settlement, are, shortly, that a married
woman 1s capable of acquiring, holding and disposing of by will
or otherwise, any real and personal property,in the same manner
as 1f she were a feme sole, without the intervention of any trustee
The property of a woman marned after the beginming of the
act, whether belonging to her at the time of marriage or acquired
after marnage, 1s held by her as a feme sole  The same 1s the case
with property acquired after the beginming of the act by a woman
married before theact. After marriage a woman remains liable
for antenuptial debts and liabilities, and as between her and her
husband, in the absence of contract to the contrary, her separate
property 1s deemed primanly hable The husband 1 only
hable to the extent of property acquired from or through his
wife The act also contained provisions as to stock, investment,
insurance, evidence and other matters The effect of the act
was to render obsolcte the law as to what created a separate
use or a reduction into possession of ckoses 1n action, as to equity
to a settlement, as to fraud on the husband’s mantal rights,
and as to the inabnlmr of one of two married persons to give
a gift to the other  Also, in the case of a gift to a husband and
wife 1n terms which would make them joint tenants if unmarried,
they no longer take as one person but as two  The act contamed
a special saving of existing and future settlements ; a settlement
being still necessary where 1t 1s desired to secure only the enjoy-
ment of the income to the wife and to provide for children
The act by itself would enable the wife, without regard to family
claims, instantly to part with the whole of any property which
might come to her. Restraint on anticipation was preserved
by the act, subject to the hability of such property for antenuptral
debts, and to the power given by the Conveyancing Act 1881
to bind a married woman’s interest notwithstanding a clause
of restraint The Married Women's Property Act of 1893
repealed two clauses in the act of 1882, the exact bearing of
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which had been a matter of controversy. It provided specifically
that every contract thercinafter entered into by a married
woman, otherwise than as an agent, should be decmed to be a
contract entered mto by her with respect to and be binding
upon her separate property, whether she was or was not i fact
possessed of or entitled to any scparate property at the time
when she entered into such contract, that it should bind all
separate property which she mught at any time or thereafter
be possessed of or entitled to, and that it should be enforceable
by process of law aganst all property which she might thereafter,
while discovert, be possessed of or entitled to. The act of 1907
cnabled a inarried woman, without her husband, to dispose of
or join m duposing of, real or personal property held by her
solely or jomtly as trustee or personal representative, in hke
manner as if she were a feme sole. It also provided that a settle-
ment or agreement for settlement whether before or after
martiage, respecting the property of the woman, should not
be vahd uniess executed by her )f she was of full age or confirmed
by her after she attamned full age. The Married Women’s
Property Act 1908 removed a curious anomaly by enacting
that a married woman having separate property should be
equally hable with single women and widows for the maintenance
of parents who are in receipt of poor relief.

The Brniush colonies generally have adopted the principles of
the Enghsh acts of 1882 and 1893,

Law of Scotdand — lhe law ot Scotland differy less from English
law than the use of a very dufferent terminology would lead us to
suppose I'he phrase communio bomorum has been employed to
express the mterest which the spouses have m the sovable property
of both, bat i1ts use has been severely censured as essentially in-
accuraw and msleading, 1t has boen contended that there was no
real commumty of goods, and no partnership or sosictan between
the spouses  The wife's movable gl;o(my, with certain exceptions,
and subject to spectal agreements, became as absolutely the property
of the husband as 1t did 1n English law  The nntion of a communio
was, h , £ 1by the pecul. hts of the wife and children
on the dissolution of the marriage. Previous to the luntestate
Movable Succession (Scotland) Act 1855 the law stood as follows
The fund formed by the movable property of both spouses may be
dealt with by the husband as he pleases dunng hfe, 1t 13 mcreased
by his acquisittons and dummshed by hus debts. The respective
shaxes cantributed by husband and wife return on the dissolution of
the marnage to them or their reproscntatives if the marnage be
dissolved within a year and a day, and witbout a hving child  Other-
wise the diviston 18 into two or theee shares, aceordmng as children are
exasting or not at the dissolution of the marriage On the death of
the husband, his chuldren take onc-third (called lagstim), the widow
takes one-third (jus relicfar), and the 1emaining enc-third (the dead
parf) goes according to his wull or to his next of kin  If thcre be no
chuldren, the jus reliclas and the dead’s part are each nne-half  1f
the wife die hefore the husband, her representatives, whether children
or not, are creditors for the value of her share The statute above-
mentioned, however, enacts that *“ where a wife shall predocease her
husband, the next of kin, exccutars or other represcniatives of such
wifc, whether testate or mntestate, shall have no nght to any share of
the goods 1n communion, nor shall any lgacy or bequest or testa-
mentary disposition thereof by such wife, aflect or attach to the said
goods or any portion thereof ” It also abolishes the rule by which
the shares revert if the marnage docs not subsist for a year and a day.
Several later acts apply to Scotland some of the principles of the
Enghsh Mamed Wormen's Property Acts Thesc are the Married
Women's Property (Scotland) Act 18?7, which protects the earnings,
&c , of wives, and lututs the husband’s hability for antenuptial debts
of the wife, the Married Women’s Policies of Assurance (Scotland)
Act 1880, which enables a woman to contract for a policy of assurance
for her separute use, and the Marned Women’s Property (Scotland)
Act 18871, which abolisbed the fus marfs

A wiie’s herstable property does not pass to the husband on
marriage, but he acquires a right to the adminsstration and profits.
His courtesy, as m English law, 13 also recogmized On the other
hand, a widow has a ferce or bife-rent of a third part of the husband’s
hentable estate, unless she has ted a conventional provision

Continamtal Europe —Since 1882 Enghsh leguislation in the matter
of marricd women's property has progressed from perhaps the most
backward to the foremost place in Europe By a cvrious contrast,
the only two European countries where, in the absence of a settle-
ment to the contrary, independence of the wife’s praperty was recog-
mzed, were Russia and Italy. But there w now a marked tendency

ds contractual p Swedcn adopted a Jaw on this
subject in 1874, Denmark m 1880, Norway in 1§88 Gcrmat‘?l
followed, the Civil Code which came nto operation in 1goo (A
1307Vm\ndmg that the wife’s wages or carnngp shall form part of

her Vorbshaltsgut or sepasate proplrty, which a previous esticle
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(1365) placed beyond the husband’s control As regards property
accruing to the wife in Germany by succession, will or gift snter
vivos, 1t 18 only scparate propeity where the donor has deliberately
stipulated exclusion of the husband’s right

n France 1t seemed as if the system of community of property
was ingramned in the institutions of the country But a law of 1907
has brought France mnto line with other countizes  This law gives a
maitied woman sole control over earnings from her personal work
and savings therefrom  She can with such money acquire personalty
or realty, over the former of which she has absolute control But
1f she abuscs her rights by squandering her money or admimistering
her [t)rolwrty badly or imprudently the husband may apply to the
court to have her freedom restricted

American Law —In the United States, the revolt agamst the
common law theory of husband and wife was carried farther than in

reduction mn the unfunded debt, and explaming a method for
the resumption of cash payments, which was embodied in the
act passed the same year. In 1821 he was a member of the
committee appointed to inquire into the causes of the agricultural
distress then prevailing, and the proposed relaxation of the corn
laws embodied 1n the report was understood to have been chiefly
due to his strenuous advocacy In 1823 he was appointed
president of the board of trade and treasurer of the navy, and
shortly afterwards he received a seat in the cabinet In the
same year he was returned for Liverpool as successor to Canning,
and as the only man who could reconcile the Tory merchants
to a free trade policy Among the more important legislative

h with which he was principally connected were a 1eform

England, and legslation early tended i the of absol
equality between the sexes Each state has, however, taken its
own way and selected 1ts own time for introducing modifications of
the existing law, so that the legislation on this subject 15 now
lingly pl 1 and difficul ames Schouler (Law of

Domestic Relations) gives an account of the general result i the
different states to which reference may be made The peculiar
systom of Homestead Laws 1n many of the states (see HOMESTEAD
and ExrmprioN LAws) constitutes an nalhenable provision for the
wife and family of the houscholder

HUSHI (Rumanian Hus1), the capital of the department
of Falciu, Rumania, on a branch of the Jassy-Galatz railway,
9 m W, of the river Pruth and the Russian frontier Pop
(1900) 15,404, about one-fourth bemng Jews. Hushi is an episcopal
se¢  The cathedral was built in 1491 by Stephen the Great of
Moldavia. There are no important manufactures, but a large
farr 1s held annually in September for the sale of lve-stock,
and wine 15 produced 1n considerable quantities  Hushi 1s said
to have been founded in the 15th century by a colony of Hussites,
from whom 1ts name 1s derived.  The treaty of the Pruth between
Russia and Turkey was signed here in 1711

HUSKISSON, WILLIAM (x770-1830), English statesman and
financier, was descended from an old Staffordshire famuly of
moderate fortunc, and was born at Birch Moreton, Worcester-
shire, on the 11th of March 1770. Having been placed m his
fourtcenth year under the charge of his maternal great-uncle
Dr Gem, physician to the English embassy at Paris, m 1783
he passed his carly years amidst a pohtical fermentation which
led him to take a deep mterest in politics  Though he approved
of the French Revolution, his sympathies were with the more
modcrate party, and he became a member of the ““ club of 1789,”
mstituted to support the new form of constitutional monarchy
m opposition to the anarchical attempts of the Jacobins Ile
carly displayed his mastery of the prncples of finance by a
Drscours delivered in August 1790 before this society, n regard
to the issue of assignats by the government The Discours
ganed him considerable reputation, but as 1t failed m 1ts purpose
he withdrew from the socicty, In January 1793 he was appomted
by Dundas to an office created to direct the execution of the
Alens Act ; and in the discharge of his delicate duties he mani-
fested such abihity that in 1795 he was appointed under-secretary
atwar. In the following year he entered parliament as member for
Morpeth, but for a considerable period he took scarcely any part
i the debates. In 1800 he inhenited a fortune from Dr Gem.
On the retirement of Pitt 1n 1801 he resigned office, and after
contesting Dover unsuccessfully he withdrew for a time into
private hife. Having 1n 1804 been chosen to represent Liskeard,
he was on the restoration of the Pitt mimstry appointed secretary
of the tieasury, holding office till the dissolution of the ministry
after the death of Pitt in January 1806. After being elected
for Harwich in 1807, he accepted the same office under the duke
of Portland, but he withdrew from the mmstry along with
Canning 1n 180g. In the following year he published a pamphlet
on the currency system, which confirmed lis reputation as the
ablest financier of his time , but his free-trade principles did not
accord with those of his party. In 1812 he was returned for
Chichester. When in 1814 he re-entered the public service, it
was only as chief commussioner of woods and forests, but his
mfluence was from this time very great in the commercial and
financial legislation of the country. He took a prominent part
n the corn-law debates of 1814 and 1815; and n 1819 he
presented a memorandum to Lord Liverpool advocating a large

B

of the Navigation Acts, admitting other nations to a full equahity
and reaprocity of shipping duties , the repeal of the labour laws ;
the introduction of a new sinking fund, the reduction of the
duties on manufactures and on the 1mportation of foreign goods,
and the repeal of the quarantine duties In accordance with
his suggestion Canning 1n 1827 ntroduced a measure on the
corn laws proposing the adoption of a shiding scale to regulate
the amount of duty A msapprehension between Huskisson
and the duke of Wellington led to the duke proposing an amend-
ment, the success of which caused the abandonment of the
measure by the government After the dcath of Canning n the
same year Huskisson accepted the secretaryship of the colonies
under Lord Goderich, an office which he continued to hold in
the new cabinet formed by the duke of Wellington in the following
year After succeeding with great difficulty m inducing the
cabimnet to agree to a compromise on the corn laws, Huskisson
finally resigned office n May 1829 on account of a difference
with his colleagucs m regard to the disfranchisement of East
Retford  On the 15th of September of the following year he was
accidentally killed by a locomotive engine while present at the
opening of the Liverpool and Manchester rallway

See the Life of Huskisson, by J Wright (I ondon, 1831)

HUSS (or Hus), JOHN (c. 1373-1415), Bohemian reformer and
martyr, was born at Hussinecz,! a market village at the foot of
the Bohmerwald, and not far from the Bavarian frontier, between
1373 and 1375, the exact date bemng uncertain. His paients
appear to have been well-to-do Czechs of the peasant class
Of hus early hfe nothing 1s recorded eacept that, notwithstanding
the caily loss of his father, he obtained a good elementary
education, first at Hussinecz, and aftcrwards at the neighbouring
town of Prachaticz At, or only a very little beyond, the
usual age he entered the recently (1348) founded university ot
Prague, where he became bachelor of arts in 1393, bachelor
of thecology mn 1394, and master of arts mn 1396. In 1398
he was chosen by the Bohemian “ nation ” of the umiversity
to an cxammership for the bachelor’s degree, in the
same year he began to lecture also, and there 1s reason to
believe that the philosophical writings of W ychffe, with which
he had been for some years acquainted, weie his text-books
In October 1401 he was made dean of the philosophical faculty,
and for the half-yearly period fiom October 1402 to April 1403
he held the office of rector of the umversity. In 1402 also he
was made rector or curate (capellarius) of the Bethlehem chapel,
which had in 1391 been erected and endowed by some zcalous
catizens of Prague for the purposc of providing good popular
preaching in the Boh tongue. This appomtment had
a deep influence on the already vigorous religious hfe of Huss
himself , and one of the effects of the earnest and independent
study of Scripture into which it led him was a profound tonviction
of the great value not only of the philosophical but also of the
theological writings of Wychiffe.

This newly-formed sympathy with the English reformer did
not, 1n the first instance at least, nvolve Huss n any conscious
opposition to the established doctrines of Catholicism, or n
any direct conflict with the authonties of the church, and for

1 From which the name Huss, or more properly Hus, an abbrevia-
tion adopted by humself about 1396, 1s derived  Prior to that date
he was invariably known as Johann Hussyne.z, H ,
or de Hussynecz
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several years he continued to act in full accord with his archbishop
(Sbynjek, or Sbynko, of Hasenburg) Thus n 1405 he, with
other two masters, was commussioned to examine nto certain
reputed muracles at Wilsnack, near Wittenberg, which had
caused that church to be made a resort of pilgrims from all parts
of Europe The result of their report was that all pilgrimage
thither from the province of Bohemia was prohibited by the
archbishop on pan of excommunication, while Huss, with the
full sanction of his superior, gave to the world his first published
writing, entited De Omni Sangurne Christe Glorificato, in which
he declaimed 1n no measured terms against forged miracles and
ecclesiastical greed, urging Christians at the same time to desist
from looking for sensible signs of Christ’s presence, but rather
to seek Him n His enduring word. More than once also Huss,
together with lus fuiend Stamislaus of Znaim, was apponted
to be synod preacher, and in this capacity he dehvered at the
provincial councils of Bohemia many faithful admomtions
As early as the 28th of May 1403, 1t 1s true, there had been held
a unwversity disputation about the new doctrines of Wychffe,
which had resulted m the condemnation of certan propositions
presumed to be his ; five yeurs later (May 20, 1408) this decision
had been refined into a declaration that these, forty-five in
number, were not to be taught in any heretical, erroneous
or offensive sense. But 1t was only slowly that the growing
sympathy of Huss with Wychffe unfavourably affected his
relations with his colleagues in the priesthood  In 1408, however,
the clergy of the city and archiepiscopal diocese of Prague laid
before the archbishop a formal complamnt against Huss, ansing
out of strong expressions with regard to clerical abuses of which
he had made use 1n his public discourscs, and the result was
that, having been first deprived of his appointment as synodal
preacher, he was, after a vain attempt to defend himself in
writing, pubhidly forbidden the exercise of any priestly function
throughout the diocese  Simultaneously with these proceedings
in Bohemia, negotiations had been gong on for the removal of
the long-continued papal schism, and 1t had become apparent
that a satisfactory solution could only be secured 1f, as seemed
not impossible, the supporters of the rival popes, Benedict XIII.
and Gregory XII, could be mduced, in view of the approaching
council of Pisa, to pledge themsclves to a strict neutrahity.
With this end King Wenceslaus of Bohemia had requested the
co-operation of the archbishop and his clergy, and also the
support of the umiversity, in both instances unsuccessfully,
although 1n the case of the latter the Bohemian “nation,” with
Huss at hus head, had only been overborne by the votcs of the
Bavanians, Saxons and Poles There followed an expression
of nationalist and particularistic as opposed to ultramontane
and also to German feeling, which undoubtedly was of supreme
mportance for the whole of the subsequent career of Huss. In
comphance with this feehng a royal edict (January 18, 1409)
was 1ssued, by which, n alleged confoimity with Pans usage,
and with the original charter of the umiversity, the Bohemian
‘““nation "' recerved three votes, while only one was allotted to
the other three ‘ nations” combined, whereupon all the
foreigners, to the number of several thousands, almost im-
mediately withdrew from Prague, an occurrence which led to
the formation shortly afterwards of the university of Leipzig

It was a dangerous triumph for Huss, for his popularity
at court and in the general commumty had been secured only
at the price of clerical antipathy everywhere and of much German
ll-will. Among the first results of the changed order of things
were on the one hand the election of Huss (October 1409) to be
again rector of the umversity, but on the other hand the appoint-
ment by the archbishop of an inquisitor to inquire into charges
of heretical teaching and inflammatory preaching brought
agamnst him, He had spoken disrespectfully of the church, 1t
was said, had even hinted that Antichrist might be found to
be 1n Rome, had fomented in his preaching the quarrel between
Bohemians and Germans, and had, notwithstanding all that
had passed, continued to speak of Wychffe as both a pious man
and an orthodox teacher. The direct result of this investigation
1s not known, but it 13 impossible to disconnect from it the

promulgation by Pope Alexander V , on the zoth of December
1409, of a bull which ordered the abjuration of all Wychffitc
heresies and the surrender of all his books, while at the same
time—a measure specially levelled at the pulpit of Bethichem
chapel—all preaching was prohibited except in localities which
had been by long usage set apart for that use. ‘llus decree, as
soon as 1t was published in Prague (March 9, 1410), led to much
popular agitation, and provoked an appeal by Huss to the
pope’s better informed judgment; the archbishop, however,
resolutely 1nsisted on carrying out his instructions, and in the
following July caused to be publicly burned, in the courtyard
of his own palace, upwards of 200 volumes of the writings of
Wychffe, while he pronounced solemn sentence of excommunica-
tion agamst Huss and certain of his friends, who had n the
meantime again protested and appealed to the new pope
(John XXIIL). Again the populace rose on behalf of their hero,
who, 1n his turn, strong in the conscientious conviction that “in
the things which pertain to salvation God 1s to be obeyed rather
than man,” continued uninterruptedly to preach in the Bethlehemn
chapel, and 1n the university began publicly to defend the so-
called heretical treatises of Wychffe, while from king and queen,
nobles and burghers, a petition was sent to Rome praying that
the condemnation and prohibition in the bull of Alexander V.
might be quashed Negotiationswere carried on for some months,
but in vamn ; in March 1411 the ban was anew pronounced upon
Huss as a disobedient son of the church, while the magistratcs
and councillors of Prague who had favoured him were threatened
with a similar penalty in case of their giving him a contumacious
support. Ultimately the whole city, which continued to harbour
hum, was laid under interdict ; yet he went on preaching, and
masses were celebrated as usual, so that at the date of Archbishop
Sbynko’s death 1n September 1411, it seemed as if the efforts of
eclesiastical authority had resulted in absolute failure

The struggle, however, entered on a new phase with the
appearance at Prague in May 1412 of the papal emissary charged
with the proclamation of the papal bulls by which a rehgious
war was decreed agamst the exc ated King Ladisl
of Naples, and indulgence was promised to all who should take
part n 1t, on terms similar to those which had been enjoyed
by the earlier crusaders to the Holy Land. By his bold and
thorough-going opposition to this mode of procedure aganst
Ladislaus, and still more by his doctrine that indulgence could
never be sold without simony, and could not be lawfully granted
by the church except on condition of genumne contrition and
repentance, Iuss at last 1volated himsclf, not only from the
archiepiscopal party under Albik of Unitschow, but also from
the theological faculty of the umwversity, and especially fron
such men as Stamislaus of Znaim and Stephen Paletz, who until
then had been his chief supporters. A popular demonstration,
n which the papal bulls had been paraded through the streets
with circumstances of pecuhiar ignominy and finally burnt, led
to intervention by Wenceslaus on behalf of public order ; three
young men, for having openly asserted the unlawfulness of the
papal indulgence after silence had been enjoined, were sentenced
to death (June 1412), the excommunication against Huss was
renewed, and the interdict again laid on all places which should
give him shelter—a measure which now began to be more strictly
regarded by the clergy, so that in the following December
Huss had no alternative but to yield to the express wish of the
king by temporanly withdrawing from Prague. A provincial
synod, held at the instance of Wenceslaus in Fcbruary 1413,
broke up without having reached any practical result, and
a commussion appointed shortly afterwards also failed to bring
about a reconcihation between Huss and his adversaries, The
so-called heretic meanwhile spent his time partly at Kozthradck,
some 45 m south of Prague, and partly at Krakowitz in
the immediate neighbourhood of the capital, occasionally
gwing a course of open-air preaching, but finding his chief
employment 1n mantaiming that copious correspondence of
which some precious fragments still are extant, and i the
composition of the treatise, De Ecclessa, which subsequently
furmshed most of the material for the capital charges brqught
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inst him, and was formerly considered the most important of
his works, though 1t 18 mainly a transcript of Wychffe’s work
of the same name

During the year 1413 the arr for the g of
a eral council at Constance were agreed upon between
Sigismund and Pope John XXIII The objects origmally
contemplated had been the restoration of the unity of the church
and 1ts reform m head and members; but so great had become
the prommence of Bohemian affairs that to these also a first
placc in the programme of the approaching cecumenical assembly
required to be assigned, and for their satisfactory settlement
the presence of Huss was necessary. His attendance was ac-
cordingly requested, and the invitation was willingly accepted
us givng him a long-wished-for opportumty both of publicly
vindicating himself from charges which he felt to be grievous,
and of loyally making confession for Christ He set out from
Bohemia on the r3th of October 1414, not, however, until he
had earefully ordered all hus private affairs, with a presentiment,
which he did not conceal, that in all probability he was going
to his death  The journey, which appears to have been under-
tahen with the usual passport, and under the protection of
several powerful Bohemian friends (John of Chlum, Wenceslaus
of Duba, Henry of Chlum) who accompamed him, was a very
prosperous one, and at almost all the halting-places he was
received with a consideration and enthusiastic sympathy which
he had hardly expected to mect with anywhere i Germany
On the 3rd of November he arrived at Constance , shortly after-
wards there wds put into his handy the famous impenial  safe
conduct,” the promise of which had been one of his inducements
to quit the comparative security he had enjoyed in Bohenma
Ty safe conduct, which has heen frequently printed, stated
that Huss should, whatever judgment might be passed on him,
be allowed to return freely to Bohemwa. This by no means
provided for iy immumty from punshment If faith to ham
had not been broken he would have been sent back to Bohemia
to be punished by his sovereign, the king of Bohemia The
treachery of King Sigismund is undemable, and was indeed
admitted by the king himself The safe conduct was probably
indeed given by him to entice Huss to Constance On the 4th
of December the pope appomnted a commussion of three bishops to
investigate the case against the hereti(, and to procure witnesses ,
to the demand of Huss that he might be permitted to employ
an agent n his defence a favourable answer was at first given,
but afterwards even this concession to the forms of justice was
denmied. While the commussion was engaged in the prosecution
of 1ts enquiries, the fight of Pope John XXIII. took pluce on
the 2oth of March, an event which furnished a pretext for the
removal of Huss from the Dommican convent to a more sccure
and more severe place of confinement under the charge of the
hishop of Constance at Gottheben on the Rhine. On the 4th
of May the temper of the council on the doctrinal questions in
dispute was fully revealed in 1ts unamimous condemnation of
Wydliffe, especially of the so-called * forty-five articles” as
erroncous, heretical, revolutionarv It was not, however, until
the sth of June that the case of Huss came up for hearing ; the
meeting, which was an exceptionally full one, took place in the
refectory of the Franciscan cloister  Autograph copies of his
work De FEcelesia and of the controversial tracts which he had
written against Paletz and Stemslaus of Znaim having been
acknowledged by him, the extracted proposttions on which the
prosecution based ther charge of heresy were read; but as
soor as the accused began to enter upon lus defence, he was
assaled by violent outcries, amdst which 1t was impossible
for hum to be heard, so that he was compelled to bring his speech
to an abrupt close, which he did with the calm remark: “ In
such a council as this I had cxpected to find more propriety,
piety and order.” It was found necessary to adjourn the
sitting until the 7th of June, on which occasion the outward
decencies were better observed, partly no doubt from the eircum-
stance that Sigismund was present n person. The propositions
which had been extracted from the De Ecclesia were again brough

the object of the prosecution being to fasten upon the latter the
charge of having entirely adopted the doctrinal system of the
former, icluding especially a demal of the doctrine of transub-
stantiation. The accused repudiated the charge of having
abandoned the Catholic doctrme, while expressing hearty
admiration and respect for the memory of Wychffe. Being
next asked to make an unqualified subrmssion to the council,
he expressed himself as unable to do so, while stating his willing-
ness to amend his teaching wherever 1t had been shown to be
false. With this the proceedings of the day were brought to
a close. On the 8th of June the propositions extracted from
the De Ecclesia were again taken up with some fulness of detail ,
some of these he repudiated as incorrectly given, others he
defended ; but when asked to make a general recantation he
steadfastly declined, on the ground that to do so would be a
dishonest admission of previous gmlt  Among the propositions
he could heartily abjure was that relating to transubstantiation ,
among those he felt constrammed unflinchingly to maintain
was one which had given great offence, to the effect that Chrust,
not Peter, 13 the head of the church to whom ultimate appeal
must be made The council, however, showed 1tself inaccessible
to all lus arguments and explanations, and 1ts final resolution,
as announced by Pierre d’Ailly, was threefold first, that
Huss should humbly declare that he had erred in all the articles
cited against him ; secondly, that he should promise on oath
neither to hold nor teach them in the future; thirdly, that
he should publicly recant them On his dechning to make
this submission he was removed from the bar  Sigismund
lumself gave 1t as his opmion that it had been clearly proved
by many witnesses that the accused had taught many pernicious
heresies, and that even should he recant he ought never to be
allowed to preach or teach again or to return to Bobemia, but
that should he refuse recantation there was no remedy but the
stake  Duning the next four weeks no effort was spared to
shake the determmation of Huss, but he steadfastly refused
to swerve from the path which conscience had once made clear.,
“T wnte this,” says he, in a letter to his friends at Prague, “mn
prison and mn chams, expecting to-morrow to receive sentence
of death, full of hope in God that I shall not swerve from the
truth, nor abjure errors imputed to me by false witnesses ™
The sentence he expected was pronounced on the 6th of July
in the presence of Sigismund and a full sitting of the councl,
once and agamn he attempted to remonstrate, but n vam, and
finally he betook humself to silent prayer. After he had under-
gone the ceremony of degradation with all the childish formahties
usual on such occasions, his soul was formally consigned by all
those present to the devil, while he himself with clasped hands
and uphited eyes reverently commutted it to Christ He was
then handed over to the secular arm, and immechately led to the
place of execution, the council meanwhile proceeding uncon-
cernedly with the rest of 1its business for the day. Many
mcidents recorded in the historics make manifest the meek-
ness, fortitude and even cheerfulness with which he went to
his death  After he had been ticd to the stake and the faggots
had been piled, he was for the last time urged to recant, but
his only reply was: “God 1s my witness that I have never
taught or preached that which false witnesses have testified
against me  He knows that the great object of all my preaching
and writing was to convert men from sin In the truth of that
gospel which hitherto I have written, taught and preached,
I now joyfully die.” The fire was then kindled, and his voice
as 1t audibly prayed m the words of the “ Kyre Eleison ” was
soon stifled in the smoke. When the flames had done ther
office, the ashes that were left and even the soil on which they
lay were carefully removed and thrown into the Rhine

Not many words are needed to convey a tolerably adequate
estimate of the character and work of the “ pale thin man in
mean attire,” who in sickness and poverty thus completed the
forty-sixth year of a busy life at the stake The value of Huss
as a scholar was formerly underrated. The publication of his

up, and the relations between"Wychffe and Huss were discussed,

Super IV, S om has proved that he was a man of profound
learning. Vet his principal glory will always be founded on his
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iﬂntu&l teachung. It raight not be easy to formulate precisely
doctrines for which he died, and certanly some of them,
as, for example, that regarding the church, were such as many
Protestants even would regard as unguarded and difficult to
harmonize with the mantenance of external church order,
but his 15 undoubtcdly the honour of having been the chief inter-
medwury m handing on from Wychffe to Luther the torch which
kindled the Reformation, and of having been one of the bravest of
the martyrs who have died n the cause of honesty and frcedom,
of progress and of growth towards the hght (J $ Br)

The works of Huss are usually classed under four heads: the
dogmatical and polemical, the homuletical, the exegetical and the
epistolary  In the earher editions of hw works sufficient care was
not taken to distngwish between his own writings and those of
Wychffe and others who were associated with him In connexion
with his sermoas 1t 1s worthy of note that by means of them and by
hi> public te:u;hm¥ generally Huss exercised a considerable mfluence
not only on the religious hfe of his time, but on the hterary develop-
ment of his native tongue The earlicst collected edition of s
waorks, Historia et monumsnta Joannis Hus et Hieronyms Pragenss,
was published at Nuremberg in 1558 and was 1eprinted with a con-
siderable quantity of ncw matter at Frankfortin 1715 A Bohemian
edition of the works has been edsted by K J Erben (1ague, 1865 -
1868), and the Documenta J. Hus vitam, doctrinan, causam in
Constantienss concilio (1869), edited by F Palacky, 13 very valuable
More recently Joannis Hus Opera ommta have been cdited by W
Flajshaus (Prague, 1904 fol), The De Ecclesta was published by
Ulrnich von Hutten m 1520, other controversial wntings by Otto
Brumfels m 1524; and Luther wrote an ntcresting preface to
Epustolae Quaedam, which were published n 1537  These Epistolas
have been translated into French by LT de Bonnechose (1846), and
the letters wntten during his imprisonment have been edited by
C von Kugelgen (Leipzig, 1902)

The best and most casily accessble mformation for the Enghsh
reader on Huss 15 found 1n ] Neander's Allgemeine Geschichte
der christivchen Religion und Kivche, translated by J Torrey (1850~
1858), 1n G. von Lechler's Wiclif und dia Vorgeschichte der Reforma-
tion, translated by P, Lorimer (2878), m H. H Milmou’s History of
Latin Christianity, vol. vin (1867), and in M Craghton’s History of
the Papacy (1897) Among the carhier authorities 1s the Historia
Bohemica of Aeneas Sylvius (1475). The Acta of the councl of
Constance (published by P Labbe i his Conct/ia, vol. xv1, 1731, by
H von der hur(lt m hus Magnum Constantiense conclium, vol vi,
1700, and by H Finke n his Adta concslin Constantiensis, 1896) ,
and | Lenfant's Histowre de 1a guerre des Hussites (1731) and the same
writer's Histowre du concile ds Conslance (1714) should be consulted
F. Palacky’'s Geschichte B36hmens (1664-1867) 19 also very useful.
Monographs on Huss aie very numerous. Among them may be
mentioned A von Helfert, Studien ubey IHus und Hievonymus
(1853, this'work 13 ultramontane 1n 1ts sympathies), C von Haflcr,
Hus und dey Abzug der deutschen DProfessoven und Studenten aus Prag
(1864), W Borger, Johannes Hus und Konsg Swgmund (1871),
E Dews, Huss ¢t la guerre des Hussutes (1878) , P Uhlmann, Kdnig
Sigmunds Geleit fuy Hus (1894) , J Loserth, Hus und Wiclif (1884),
translated into Enghsh by M J Ilvans (1884), A Jeep, Gerson,
Wiclefus, Hussus, intey se comparats (1857), and G von Lechler,
Johannes Hus (1889) Sece also Count Lutzow, 7 he Ltfe and Times of
John Hus (London, 1909)

HUSSAR, originally the name of a soldier belonging to a
corps of hight horse raised by Matthias Corvinus, king of Hungary,
in 1458, to fight against the Turks. The Magyar huszar, from
which the word 13 derived, was formerly connected with the
Magyar Auss, twenty, and was explamned by a supposed raising
of the troops by the taking of each twentieth man  According
to the New Englisk Dictonary the word 1s an adaptation of
the Itahan corsaro, corsair, a robber, and 1s found in 15th-century
documents coupled with praedones. The hussar was the typical
Hunganan cavalry soldier, and, 1n the absence of good hight
cavalry 1n the regular armies of central and western Europe,
the name and character of the hussars gradually spread into
Prussia, France, &c. Frederick the Great sent Major H. J. von
Zieten to study the work of this type of cavalry in the Austnian
service, and Zieten so far improved on the Austrian model that
he defeated his old teacher, General Baranya:, in an encounter
between the Prussian and Austrian hussars at Rothschloss i
1741. The typical uniform of the Hi ian hussar was followed
with modifications in other European armies It consisted of
a busby or a high cylndncal cloth cap, jacket with heavy
buldlng, and a dolman or pelisse, a loose coat worn hanging
from the left shoulder. The hussar regiments of the British
army were converted from light dragoons at the following dates :

7th (1805), roth and 1sth (1806), 18th (1807, and again on
revival after disbandment, 1858), 8th (1822), 11th (1840), 20th
late 2nd Bengal European Cavalry) (1860), 13th 14th, and 19th
late st Bengal European Cavalry) (1861) The 21t Lancers
were hussars from 1862 to 1897.

HUSSITES, the name given to the followers of John Huss
(1369-1415), the Bohemian reformer ‘They were at first often
called Wychiffites, as the theological theories of Huss were largely
founded on the teachings of Wychffie Huss indeed laid more
stress on church reform than on theological controversy. On
such matters he always writes as a disciple of Wychffe. The
Hussite movement may be said to have sprung from three
sources, which are however closely connected  Bohemia, which
had first received Chnstiumty from the East, was from geo-
graphical and other causes long but very loosely connected
with the Church of Rome  The connexion became closer at the
time when the schism with its violent controversies between
the nval pontiffs, waged with the coarse invective customary
to medicval theologians, had brought gicat discredit on the
papacy The terrible rapacity of its representatives in Bohemia,
which increased in proportion as 1t became more difficult to
obtuin money from western countries such as England and France,
caused general indignation § and this was still further intensified
by the gross immorality of the Roman priests.  The Hussite
movement was also a democratic one, an upnising of the peasantry
against the landowners at a penod when a third of the soil
belonged to the clergy Iinally national enthusiasm for the
Slavic race contributed largely to its importance ‘lhe towns,
n most cases creations of the rulers of Bohemia who had called
in German immigrants, were, with the exception of the “ new
town ” of Prague, mainly German ; and in consequence of the
regulations of the university, Germans also held almost all the
more 1mportant ecclesiastical oftices—a condition of things
greatly resented by the natives of Bohemia, which at this period
had reached a high degree of intellectual development

The Hussite movement assumed & revolutionary character
as soon as the news of the death of Huss reached Prague. The
knights and nobles of Bohemia and Moravia, who were in favout
of church reform, sent to the counal at Constance (September
2nd, 1415) a protest, known as the “ protestatio Bohemorum’’
which condemned the execution of Huss in the strongest language
The atutude of Sigismund, king of the Romans, who sent
threatening letters to Boherma declaning that he would shortly
‘“drown all Wychfiites and Huswutes,” gicatly incensed the
people. Troubles broke out in various parts of Bohemia, and
many Romanist priests were driven from their parishes.  Almost
from the first the Hussites were divided into two sections, though
many mmor divisions also arose among them Shortly before
his death Ifuss had accepted a doctrme preached during s
absence by his adherents at Prague, namely that of ulra(luum,”
16 the obligation of the faithful to receive commumon in both
kinds (sub utraque specte). This doctrine became the watchword
of the modcrate Hussites who were known as the Utraquists
or Cahxtines (calix, the chalice), in Bohemian, podobejt 5 while
the more advanced Hussites wete soon known as the Taborites,
from the aity of Tabor that became their centre.

Under the influence of his brother Sigismund, king of the
Romans, King Wenceslaus endeavoured to stem the Hussite
movement A certain numbcr of Hussites lead by Nicolas of
Hus—no relation of John Huss —left Prague. They held meetings
n various parts of Bohemia, particularly at Ust, near the spot
where the town of Tabor was founded soon aftcrwards. At
these meetings Sigismund was violently denounced,and the people
everywhere prepared for war  In spite of the departure of many
prominent Hussites the troubles at Prague continued. On
the 3oth of July r419, when a Hussite procession headed by the
priest John of Zehvo (in Ger Selau) marched through the strects
of Prague, stones were thrown at the Hussites from the windows
of the town-hall of the “ new town” The people, headed by
John Zizka (1376-1424), threw the burgomaster and several
town-councillors, who were the instigators of this outrage,
from the windows and they were immediately killed by the
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crowd. On hearing this news King Wenceslaus was seized with
an apoplectic fit, and died a few days afterwards The death of
the king resulted in renewed troubles in Prague and in almost
all parts of Bohemia. Many Romanists, mostly Germans—for
they had almost all remained faithful to the papal cause—were

pelled from the Bot cities. In Prague, mn November
1419, severe fighting took place between the Hussites and the
mercenaries whom Queen Sophia (widow of Wenceslaus and
regent after the death of her husband) had hurriedly collected.
After a constderable part of the aty had been destroyed a truce
was concuded on the 13th of November The nobles, who
though favourable to the Hussite cause yet supported the
regent, promised to act as mediators with Sigismund , while
the atizens of Prague consented to restore to the royal forces
the castle of Vy3ehrad, which had fallen into their hands ~ Zizka,
who disapproved of this compromise, left Prague and retired
to Plzefi (Pilsen)  Unable to maintamn himself there he marched
to southern Bohemia, and after defeating the Romansts at
Sudoméf—the first pitched battle of the Hussite wars—he
arrived at Usty, one of the earliest meeting-places of the Hussites
Not constdening s situation sufficiently strong, he moved to
the neighbourmg new settlement of the Hussites, to which the
bibhical name of Tabor was given. Tabor soon became the
centre of the advanced Hussites, who differed from the Utraquists
by recognizing only two sacraments—Baptism and Communion—
and by rejecting most of the ceremonial of the Roman Church
‘T he ecclestastical orgamzation of Tabor had 2 somewhat puritanic
character, and the government was established on a thoroughly
democratic basis  Four captains of the people (hejtmane) were
elected, one of whom was Zitka, and a very strict military
disaphine was instituted

Sygismund, king of the Romans, had, by the death of lus
brother Wenceslaus without 1ssue, acquired a claim on the
Bohemian crown, though it was then, and remained till much
later, doubtful whether Bohema was an hereditary or an elective
monarchy A firm adherent of the Church of Rome, Sigismund
was successful i obtaiming aid from the pope Martin V.
wsted & bull on the 17th of March 1420 which proclumed a
crusade ““ for the destruction of the Wychffites, Hussites and all
other heretics in Bohema ™' The vast army of crusaders, with
which were Sigismund and many German princes, and which
consisted of adventurers attracted by the hope of pillage from
all parts of Europe, arrived before Praguc on the 3oth of June
and immediately began the siege of the city, which had, however,
soon to be abandoned (see im\/\, Joun) Negotiations took
place for a settlement of the rehgious differences. The united
Hussites formulated their demands 1n a statement known as
the “articles of Prague.” This document, the most important
of the Hussite period, runs thus in the wording of the con-
temporary chromdler, Laurence of Brezova —

T The word of God shall be preached and made known n the
kmgdom ot Bohemia trecly and mn an orderly manner by the priests
ot the Lord

I The sacrament of the most Holy I'ucharist shall be freely
adnunistered i the two kinds, that s bread and wine, to all the
farithful m Christ who are not precluded by mortal sin—according
to the word and disposition of Our Saviour

III “The secular power over niches and worldly goods which the
clergy possesses m contradic ion to Chuist’s precept, to the prejudice
of 1ts ofice and to the detriment of the secular arm, shall be taken
and withdrawn from 1t, and the clergy itself shall be brought back to
the evangelical 1ule and an apostolic hfe such as that which Christ
and hus apostles led

All mortal sins, and 1 particular all public and other dis-
orders, which are contrary to God’s law shall in every rank of hfe
be duly and judiconsly prolubited and destroyed by those whose
ofhice 1t 15

These articles, which contain the essenceof the Hussite doctrine,
were rejected by Sigismund, mainly through the influence
of the papal Jegates, who considered them prejudicial to the
authority of the Roman see  Hostilities therefore continued
Though Sigismund had retired from Prague, the castles of
Vytehrad and Hrad®ny remained in possession of huis troops
The aitizens of Prague lad sigge to the Vy¥ehrad, and towards

the end of October (1420) the garnson was on the pomnt of
capitulating through famine. Sigismund attempted to reheve
the fortress, but was decisively defeated by the Hussites on
the 1st of November near the village of Pankrdc The castles
of VySehrad and Hrad¢any now capitulated, and shortly after-
wards almost all Bohemia fell into the hands of the Hussites.
Internal troubles prevented them from availing themselves
completely of their victory At Prague a demagogue, the
priest John of 7elivo, for a time obtained almost unlimited
authority over the lower classes of the townsmen, and at
Tabor a communistic movement (that of the so-called Adamutes)
was sternly suppressed by Zifka Shortly afterwards a new
crusade aganst the Hussites was undertaken A large German
army entcred Boherma, and in August 1421 laid siege to the
town of Zatec (Saaz) The crusaders hoped to be jomed in
Bohemia by King Sigismund, but that prince was detamed
i Hungary, After an unsuccessful attempt to storm Zatec
the crusaders retreated somewhat ingloriously, on hearing
that the Hussite troops were approaching. Sigismund only
arnived in Bohemia at the end of the year ry21  He took
possession of the town of Kutna Hora (Kuttenberg), but was
decisively defeated by Zizka at Némecky Brod (Deutschbrod)
on the 6th of January 1422 Bohemia was now again for a
time free from foreign intervention, but internal discord agamn
broke out caused partly by theological strife, partly by the
ambition of agitators  John of Zelivo was on the gth of March
1422 arrested by the town council of Prague and decapitated
There were troubles at Tabor also, where a more advanced
party opposed Z1zka’s authonity Bohemia obtained a temporary
respite when, 1n 1422, Prince Sigismund Korybutovié of Poland
became for a short time ruler of the country. His authonity
was recogmized by the Utraquist nobles, the citizens of Prague,
and the more moderate Taborites, including Zizka. Korybutovig,
however, remamed but a short time in Bohemia, after Ius
departure civil war broke out, the Taborites opposing 1n arms
the more moderate Utraquists, who at this period are also
called by the chroniclers the “ Praguers,” as Prague was their
principal stronghold  On the 27th of Apnl 1423, Zi7ka now
again leading, the Taborites defeated at Horic the Utraquist
army under Cenck of Wartemberg, shortly afterwards an
armistice was concluded at Konopist

Papal influence had meanwhile succeeded n calling forth
a new crusade against Bohemia, but it resulted in complete failure.
In spite of the endeavours of their rulers, the Slavs of Poland
and Lithuanmia did not wish to attack the kindred Bohemians ,
the Germans were prevented by internal discord from taking
joint action against the Hussites, and the king of Denmark,
who had landed in Germany with a large force intending to
take part in the crusade, soon returned to his own country
Irec for a time from foreign aggression, the Hussites invaded
Moravia, where a large part of the population favoured their
creed, but, agan paralysed by dissensions, soon returncd
to Bohemia The ity of Koniggratz (Kralové Hradec), which
had been under Utraquist rule, espoused the doctrine of Tabor,
and called ZiZka to its aud. After several military successes
gamed by ZiZka (¢v) in 1423 and the following yecar, a treaty
of peace between the Hussites was concluded on the 13th of
September 1424 at Liben, a village near Prague, now part of
that aity

In 1426 the Hussites weie again attacked by foreign enemies
In June of that year their forces, led by Prokop the Great—
who took the command of the Taborites shortly after Zizka’s
death in October r424—and Sigismund Korybutovi&, who had
returned to Bohemia, signally defeated the Germans at Aussig
(Usti nad Labem). After tlus great victory, and another at
Tachau 1n 1427, the Hussites repeatedly invaded Germany,
though they made no attempt to occupy permanentlv any part
of the country.

The almost uminterrupted serics of victories of the Hussites
now rendered vain all hope of subduing them by force of arms
Moreover, the conspicuously democratic character of the Hussite
movement caused the German princes, who were afraid that
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such views might extend to their own countries, to desire peace.
Many Hussites, particularly the Utraquist clergy, were also in
favour of peace Negotiations for this purpose were to take
place at the oecumenical council which had been summoned to
meet at Basel on the 3rd of March 1431 The Roman see re-
luctantly consented to the presence of heretics at this counail,
but indignantly rejected the suggestion of the Hussites that
members of the Greek Church, and representatives of all Christian
creeds, should also be present  Before defimitely giving its consent
to peace negotiations, the Roman Church determined on making
a last effort to reduce the Hussites to subjection On the 1st
of August 1431 a large army of crusaders, under Frederick,

]

All histonies of Bohemia_devote a large amount of space to the
Hussite movement See Count Lutzow, Bokemia  an Historual
Sketch (London, 1896), Palackv, Geschichte vos Bohmen , Bach-
mann, Geschichte Bohmens, L. Krummel, Geschichte dey bohmischen
Reformation (Gotha, 1866) and Utraguisten wnd |aboriten (Lotha,
1871), Lrnest Denis, Huss et la gucrse des Hussiles (Paris, 1878) ,
H Toman, Husitské Vdletnctvs (Pragnc, 1898) (L)

HUSTING (O Eng. husting, from Old Norwegian histhing),
the “thing ™" or “ting,” 1¢ assembly, of the household of
personal followers or retainers of a hing, earl or chief, contrasted
with the “folkmoot,” the assembly of the whole people  *“Thing ™
meant an mnammate object, the ordinary meaning at the present
day, also a cause or suit, and an assembly , a simlar develop-
ment of g 1s found n the Latm ses The word stil)

margrave of Brandenburg, whom Cardinal Cesarim p
as papal legate, crossed the Bohemian frontier, on the 14th
of August 1t reached the town of Domazlice (Tauss), but on
the arnval of the Hussite army under Prokop the crusaders
mmechately took to flight, almost without offermg resistance

On the 15th of October the members of the council, who had
already assembled at Basel, 1ssued a formal invitation to the
Husates to take part inits deliberations  Prolonged negotiations
cnsued, but finally a Hussite embassy, led by Prohop and
including John of Rokycan, the Taborite bishop Nicolas of
Pelhiimov, the “ Enghsh Hussite,” Peter Payne and many
others, arnved at Basel on the 4th of January 1433 It was
found impossible to arrive at an agreement Negotiations
were not, however, broken off . and a change m the pohitical
situation of Bohemia finally resulted in a settlement In 1434
war agan broke out hetween the Utraquists and the Taborites
On the 30th of May of that vear the Taborite army, led bv Prokop
the Great and Prokop the Less, who both fell in the battle,
was totally defeated and almost anmhilated at Lipan The
moderate party thus obtained the upper hand , and 1t formulated
1ts demands 1n a document which was finally accepted by the
Church of Rome 1n a shghtly modified form, and which 1s known
as “the compacts” The compacts, mamly founded on the
articles of Prague, declare that —

1 Ihe Holy Sacrament 15 to be given frecly in both kinds to all
Christians in Bohemia and Moravia, and to those elsewhere who
adhere to the faith of these two countries

2 All mortal sins shall be punished and ¢xtirpated by those whose
office 1t 15 50 to do

3 The word of God 15 to be freely and truthfully preached by the
priests of the Lord, and by worthy deacons

Ihe priests 1n the time of the law of grace shall claim no owner-
ship of worldly possessions

On the 5th of July 1436 the compacts were formally accepted
and signed at Iglau, in Moravia, by King Sigismund, by the
Hussite delegates, and by the representatives of the Roman
Church  The last-named, however, refused to recogmize as
archbishop of Prague, John of Rokycan, who had been elected
to that digmity by the estates of Bohemia The Utraquist
creed, frequently varying in its details, continued to be that
of the established church of Bohema till all non-Roman religious
services were prohubited shortly after the battle of the White
Mountain in 1620 The Taborite party never recovered from
1ts defeat at Lipan, and after the town of Tabor had been captured
by George of Podébrad in 1452 Utraquist religious worship was
established there The Bohemian brethren, whose intellectual
originator was Peter Cheldicky, but whose actual founders
were Brother Gregory, a nephew of Archbishop Rokycan,
and Michael, curate of Zamberk, to a certain extent continued
the Tabonte traditions, and in the 15th and 16th centures
included most of the strongest opponents of Rome 1n Bohemia

.A K ky (C 3 ber of the brotherhood,
claimed for the members of his church that they were the genuine
herttors of the doctrines of Hus  After the beginming of the
German Reformation many Utraquists adopted to a large
extent the doctrines of Luther and Calvin , and in 1567 obtained
the repeal of the comgacts, which no longer seemed sufficiently
far-reaching. From the end of the 16th century the inheritors
of the Hussite tradition 1n Bohemia were included in the more
general name of ‘ Protestants ” borne by the adherents of the
Reformation

appears i the names of the legislative assemblies of Norway ,
the Storthing and of Iceland, the Althing  * Husting,” or
morc usually 1n the plural ** hustings,” was the name of a court
of the aty of London This court was formerly the county
court for the city and was held before the lord mayor, the
shenffs and aldermen, for pleas of land, common pleas and
appeals from the shenffs It had probate junsdiction and wills
were registered  All this jurnisdiction has long becn obsolete,
but the court still sits occasionally for registering gifts made to
the caity The charter of Canute (1032) contains a reference
to ** hustings ” weights, which points to the carly establishment
of the court It 1s doubtful whether courts of this name were
held n other towns, but John Cowell (1554-1611) 1n his Inter-
preter (1601) s v, “ Hustings,™ says that according to Fleta there
were such courts at Winchester, York, Lincoln, Sheppey and
clsewhere, but the passage from Fleta, as the New English
Ductionary points out, does not necessanly mply this (11 Iv
Habet etiam Rex curiam in awtatibus . el 1 locts
sttt Hustingss London, Winton, &c) The ordinary use
of “* hustings " at the prescnt day for the platform from which
a candidate speaks at a parhamentary or other clection, or
more widely for a political candidate’s clection campaign, 15
derived fiom the application of the word, first to the platform
in the Guildhall on which the London court was held, and next
to that from which the public nomination of candidates for a
parhamentary election was formcrly made, and from which
the candidate addressed the clectors. The Ballot Act of 1872
did away with this public declaration of the nomiation

HUSUM, a town in the Prussian province of Schleswig-Holstan,
i a fertile district 24 m inland from the North Sca, on the
canalized Husumer Au, which forms 1ts harbour and roadstead,
99 m NW. from Hamburg on a branch hne from Tonning
Pop (1900) 8268 It has steam communmication with the
North Frisan Islands (Nordstrand, Fohr and Sylt), and 1s a
port for the cattle trade with England  Besides « ducal palace
and park, 1t possesses an Evangehical church and a gymnasium,
Cattle markets are held weekly, and in them, as also 1n cereals,
a hvely export trade 1s done  There are also extensive oyster
fisheries, the property of the state, the yidd durning the scason
being very considerable  Husum 15 the birthplace of Johann
Georg  Forchhammer (1794-1865), the mneralogist,” Petcr
Wilhelm  Forchhammer (1801-1894), the archacologist, and
Theodore Storm (1817-1888), the poct, to the last of whom a
monument has been erected here

Husum 1s first mentioned 1n 1252, and 1ts first church was
built n 1431 Wisby nights were granted it in 1582, and
1603 1t recerved municipal privileges from the duke of Holsten
It suffered greatly from inundations in 1634 and 1717

See Chnistiansen, Die Geschichte liusums (Husum, 1903), and
Henningscn, Das Stiftungsbuch der Stadt Husum (Husum, 19o4)

HUTCHESON, FRANCIS (1694-1746), Englhsh philosopher,
was born on the 8th of August 1694. His birthplace was probably
the townland of Drumalig, in the parish of Saintfield and county
of Down, Ircland ! Though the family had sprung from Ayrshire,
in Scotland, both his father and grandfather were munisters
of dissenting congregations 1n the north of Ireland. Hutcheson
was educated partly by his grandfather, partly at an academy,
where according to his biographer, Dr Leechman, he was taught

! See Belfast Magamu' for August 1813
XV 1a
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“the ordinary scholastic philosophy which was in vogue n
those days” In 1710 he cntred the umversity of Glasgow,
where he spent six years, at first 1 the study of philosophy,
classics and general literature, and afterwards in the study
of theology. On quitting the umversity, he returned to the
north of Ireland, and received a licence to preach When,
however, he was about to enter upon the pastorate of a small
dissenting congregation he changed Ius plans on the advice
of a friend and opened a private academy m Dubhn. In Dubhn
his htcrary attamments gamned him the friendship of many

rominent inhabitants Among these was Archbishop King
{;\uthor of the De origine malr), who resisted all attempts to
prosccute Hutcheson n the archbishop’s court for keeping a
school without the cpiscopal licence  Hutcheson’s relations
with the clergy of the Established Church, espeaally with the
archbishops of Armagh and Dublin, Hugh Boulter (1672-1742)
and Wilham King (1650-1729), scem to have been most cordial,
and his biographer, 1n speaking of ““the inchnation of lus fhiends
to serve him, the schemes proposed to him for obtaiming pro-
motion,” &c , probably refers to some offers of preferment, on
condition of his accepting episcopal ordination  These offers,
however, were unavaihing

While residing in Dublin, ITutcheson published anonymously
the four essays by which he is best known, namely, the Inquery
concerning Beauty, Order, Harmony, Design, the Inquiry con-
cerming Moral Good and Ewl, \n 1725, the Kssay on the Nature
and Conduct of the Passtons and Affections and Illustrations
upon the Moral Sense, m 1728 The alterations and additions
made 1 the second edition of these Essays were published 1n a
separate form m 1726 To the period of s Dublin residence
are ilso to be referred the Thoughts on Laughter (a critism of
Hobbes) and the Observations on the Fable of the Bees, being
in all si\ letters contributed to [ibernicus’ Letters, a periodical
which appeared in Dublin (1725-1727,2nd ed 1734) At theend
of the same period occurred the controversy n the London
Jeurnal with Gilbcrt Burnet (probably the second son of Dr
Gilbert Buinet, Iushop of Salisbury), on the * True Foundation
of Virtue or Moral Goodness ”” Al these letters were collected
1n one volume (Glasgow, 1772)

In 1729 Hutcheson succceded his old master, Gershom
Carmichacl, m the chair of moral philosophy 1n the umiversity
of Glasgow It 1s curious that up to this time all his essays
and letters had been pubhshed anonymously, though therr
authorship appears to have been well known In 1730 he
entered on the duties of his office, delivering an maugural lecture
(afterwards  published), De naturalt  hominum  socialitate
It was a great relief to lim after the drudgery of school work
to secure lasure for his favounte studies, “non levi igitur
lactita commovebar cum almam matrem Academiam me,
suum olim alumnum, n libertatem asseruisse audiveram
Yet the works on which Hutcheson’s reputation rests had
already been published

The remander of his hfe he devoted to his professorial
duties Il reputation as a teacher attracted many young
men, belonging to dissenting families, from England and Ireland,
and he enjoyed a well-deserved populanty among both his
pupils and his collcagues Though somewhat quick-tempered,
he was remarkable for his warm feelings and generous impulses
He was accused in 1738 before the Glasgow presbytery for
“ following two false and dangerous doctrines + first, that the
standard of moral goodness was the promotion of the happiness
of others , and sccond, that we could have a knowledge of good
and evil without and prior to a knowledge of God ” (Rae, Life
of 1dam Smath, 189s5). The accusation seems to have had no
result

In addition to the works named, the following were published
during Hutcheson’s hifetime * a pamphlet entitled Conssderations

HUTCHESON

Franas Hutcheson (¢c. 1722-1773), author of a number o’g
popular songs (¢ g. “As Colin one evening,” “ Jolly Bacchus,
“Where Weeping Yews "), pubhished much the longest, though
no means the most interesting, of his works, A System of

Moral Philosophy, in Three Books (2 vols , London, 1755) To this
1s prefixed a life of the author, by Dr Willlam Leechman (1706~
1785), professor of divinity n the umversity of Glasgow. The
only remaiming work assigned to Hutcheson 1s a small treatise on
Logic (Glasgow 1764) This compendium, together with the Com-
pendrum of Metaphysics, was republished at Strassburg in 1772.

Thus Hutcheson dealt with metaphysics, logic and ethics.
His 1mportance 1s, however, due almost entirely to his ethical
writings, and among these primarily to the four essays and the
letters pubhished during his in Dublin  His standpoint
has a ncegative and a positive aspect , he 1s in strong opposition
to Thomas Hobbes and Bernard de Mandeville, and n funda-
mental agreecment with Shaftesbury (Anthony Ashley Cooper,
3rd carl of Shaftesbury), whose name he very properly coupled
with his own on the title-page of the fist two essays There
are no two names, perhaps, in the history of Englsh moral
philosophy, which stand in a closer connexion. The analogy
drawn between beauty and virtue, the functions assigned to
the moral sense, the position that the benevolent feelings form
an oryginal and wrreducible part of our nature, and theunhesitating
adoption of the principle that the test ot virtuous action 1s its
tendency to promote the general welfare are obvious and funda-
mental poimts of agrecment between the two authors

I Lthics —According to Hutcheson, man has a variety of senses,
mternal as well as external, reflex a» wdl as direct, the gcncu'
definition of a sense bemg *“ any determimnation of our minds to recetve
leas independently on our will, and to have perceptions of pleasure
and pain ” (Essay on the Nature and Conduct of the Passtons, sect I).
He does not attempt to give an exhaustive enumeration of these
‘* senses,” but, in various parts of his works, he specifies, besides the
five external senses commonly recognized (which, he nightly hints,
might be added to),-~(1) consciousness, by which each man has a
perception of himself and of all that 1s going on m s own mmd
(Metaph Syn paisi cap 2), (2) the sense of beauty (sometimes
called spectfically “ an mternal sense '), (3) a public sense, or sensus
communis, *‘a determination to be pleased with the hal)puuss of
otliers and to be uncasy at their misery ', (4) the moral sense, or
“moral sense of beauty mn actions and affections, by which we
percaive virtue or vice, in ourselves or others ™, (5) a sense of honour,
or prase and blame, ** which makcs the approbation or gratitude of
others the necessary occasion of pleasure, and theiwr dishke, con-
demnation or resentment of mnjuries done by us the occasion of that
uncasy sensauon called shame **, (6) a sense of the rnidiculous It
15 plaimn, as the author confesses, that there may be ‘“ other percep-
tions, distinct from all these classes,” and, m fact, there secms to be
no limit to the number of * senses ** in which a psychological division
of this hind might result

Of these *“ senses ” that which plays the most important part in
Hutcheson'’s ethical system 1 the '* moral sense ”’ It 13 this which
pronounces immediatcly on the character of actions and affections,
approving those which are virtuous, and disapproving those which
are vicious * His principal design,” he says in the preface to the
two first treatises, *‘ 13 to show that human nature was not left quite
difierent in the atlair of virtue, to form to itsclf observations con-
cernmg the advantage or disadvantage of actions, and accordingly to
regulate its conduct — The weakness of our reason, and the avocations
arising from the infirmity and necessities of our nature, are so great
that very few men could ever have formed those long deductions of
reasons which show some actions to be in the whole advantageous
to the agent, and their contraries pernicious The Author of nature
has much better furmished us for a virtuous conduct than our
morahsts seem to imagme, by almost as quick and powerful instruc-
tions as we have for the preservation of our bodies He has made
virtue a lovely form, to excite our pursmt of it, and has given us
stroug affections to be the springs of each virtuous action ” Passing
over the appeal to final causes involved mn this and similar passages,
as well as the assumption that the * moral sense ** has had no growth
or history, but was “ implanted " 1n man exactly 1 the condition 1n
which 1t 18 now to be found among the more civilized races, an
assumption common to the systems of both Hutcheson and Butler,
1t may be remarked that this use of the term *“ sense * has a tendency
to obscure the real nature of the process which on 1 an act of
moral judgment  For, as 18 8o clearly established by Hume, thus act

on  Patronage (1735); Philosophiae moralss com- | really consists of two parts . one an act of deliberation, more or less
pendiarsa, ethices el qurisprudentiae naturalss element P l‘ d, resulting 1 an ntell v | judgr A't the other ;‘l'eﬂei
b ui. (Glasgow, 1742); Metaphysicae synopsis ontolog feeing, p 3 of tonat thmwhw;,,:f,:‘::;x,;m‘
et pneumalologiam complecins (Glasgow, 1742) The last | By 'the intellectual part of this process we refer the action or habit

worK was pubhshed anonymously After his death, his son,

to a certain class, but no sooner 1s the intellectual process completed
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than there 1s excited in us a fechng sunilar to that which myriads of
actions and babits of the same class, or deemed to be of the same

II

with the attempt to discriminate the respective provinces of the
reason and the emotsons m these processes, 1s undoubtedly due to the
f of H 1o a study of the wntings of Shaftesbury

class, have excited i us on former Now, supp g the
latter part of this process to be instantancous, unmiform and exempt
from error, the former certamnly s not Al mankind may, apart from
thewr scliish interests, approve that which is virtuons or makes for
the general good, but surely they entertain the most widely divergent
opunions, and, 1 fact, fiequently arnve at directly opposite con-
clusions as to paiticular actions and habits  This obvious distinction
13 btedly rec 1b; h 1 his analysis of the mental
pracess preceding moral action, nor does he imnvariably ignore 1,
even when treating of the moral approbation or disapprobation which
13 subsequent on action None the less, 1t remamns true that
Hutch , y his ph y, and by the language m which he
describes the process of matal approbation, has done much to favour
that loose, popular view of morality which, \gnoring the necessity of
dehiberation and reflection, encourages hasty resolves and unpre-
meditated judgments. The term “ moral sense” (which, 1t may be
noticed, had already been employed by Shaftesbury, not only, as Dr
Whewell appears to intimate, in the margin, but also m the text of his
Inguiry), 1f mvanably coupled with the term ' moral judgment,”
would be open to httle objection, but, taken alone, as designating
the complex process of moral approbation, it 1s hable to lcad not
only to serious misapprehensior but to grave practical errors  For,
1f each man’s decisions are solely the result of an immediate tuition
of the moral sense, why be at any pains to test, correct or review
them ? Or why educate a faculty whose deciions are miallible >
And how do we account tor differences n the moral decisions of
different societies, and the observable changes mm a man’s own
views? The expression has, n fact, the fault of most metaphorical
terms 1t lcads to an exaggeration of the truth which it 1 intended
to suggest
But though Hutcheson usually describes the moral faculty as
acting mstinctively and immediately, he does not, ike Butler, con-
found the moral faculty with the moral standard The test or
criterion of right action 13 with Hutcheson, as with Shaftesbury, its
tendency to promote the general wdlfare of mankmd He thus
anticipates the utiitarianism of Bentham—and not only m prinaple,
but even in the use of the phrase ** the greatest happiess for the
greatest number ' (Inquiry conceyning Moral Good and Luil, scct 3)
It 18 curous that Hutcheson did not realire the mconsistency of
this external critcrion with his fundamental ethical prinaple  In-
tustion has no possible connexion with an empirical calculation of
results, ind Hutcheson in adopting such a cntenion practually
denres his fundamental assumption
s d with Hutch 's vartual P of the utilitarian
standard may be noticed a kmd of moral algebra, menwd for the
purpose of “ computing the morality of actions™ This calculus
occurs 1 the Inguary conrerning Moral Good and Evil, sect 3
Lhemost distinctive of Hutchcson's cthucal doctrines «till remanung
to be noticed 1s what has been called the ** benevolent theory ™ of
morals Hobbes had maintamed that all our actions, how-
ever disguised under apparent sympathy, have their roots i
self-love Hutcheson not only mamtams that benevolence
1» the sole and direct source of mauy of our actions, but, by 4 not un-
natuaral rocoul, that 1t 13 the only source of those actions of which, on
reflection, we approve Consistently with thus position, actions which
flow from self only are p d to be morally indifferent
But surely, by the common consent of civiized men, prudence,
temperance, cleanlimess, mdustry, self-respect and, in general, the
“* personal virtues,” are regarded, and rightly regarded, as fittmg
objects of moral approt This 1 could hardly escape
any author, however wedded to his own system, and Hutcheson
attempts to extricate himself from the difficulty by laying down the
position that a man may justly regard himself as a part of the rational
system, and may thus ‘ m part, an object of his own benevo-
lence ' (I1bid ),—a curious abuse of terms, which really concedes the
guestlon at issue  Morcover, he acknowledges that, though self-love
oes not ment approbation, neither, except .a its extreme forms, does
1t merit condemnation, indeed the satisfaction of the dictates of scif-
love 15 one of the very conditions of the preservation of society To
press home the inconwstencies mnvolved in these varrous statements
would be a superfluous
The vexed question of hiberty and necessity appears to be carefully
avorded m l-lutcheson's professedly ethical works But, m the
Synopsis mstaphysicas, he touches on 1t in three places, briefly
stating both sides of the question, but evidently inchning to that
which he designates as the opinion of the Stois in opposition to
what he designates as the opmion of the Peripatetics Thus 1s
substantially the same as the doctrine propounded by Hobbes and
{e latter of whom Hutcheson refers n a note), namely,
that our will 1s d d by m ) jon with our
general character and habst of mind, and that the only true libert
15 the liberty of acting as we will, not the liberty of willing as we will
Though, however, htl;eleanmg is clear, he carefully avoids dogmatiz-

Benevo-
lence.

and Hutcheson we mught, probably, i large wmearure, attribute the
unequivocal adoption of the utiitanian standatd by Hume, and, of
this be the case, the name of Hutcheson connects itseli, through
Hume, with the names of Priestley, Palev and Beatham  Butles's
Sermons appeared m 1726, the year after the publication of
Hutcheson's two first essays, am}] the parallebsm between the
‘" conscience ”* of the one writer and the ** moral sense ** of the other
15, at least, worthy of remark,

11, Mental Philosobhy —In the sphere of mental philosophy and
logic Hutcheson's contributions aie by no means so important or
origmal as n that of moral philosophy. ~ Ihey are mteresting manly
as a link between Lacke and the Scottish school In the formor
subject the mfluence of Locke 18 apparent throughout Al the mam
outlmes of Locke’s philosophy seem, at first sight, to be accepted as
matter of course  Thus, in stating hus theory of the moral sense,
Hutcheson 15 pecuburly careful to repudiate the doctrine of innate
1deas (see, for mstance, [nquiry concerning Moral Good and Lvil, sect
1 ad in, and sect. 4, and compare Synopsis Mataphyswae, pars 1
ap 2). At the same tune he shows mote discrimmation than does
Locke m distingusshing between the two uses of this expression, and
between the legitunate and idlegitunate form of the doctruie (Syn
Mctaph pars1 cap. 2)  All ow 1deas aic, as by Locke, 1eferrod to
external or anternal sense, or, m other words, to scnsation and re-
flection (sce, for mstance, Syn  Metaph pars 1, cap 1, Loguae
Compend pars1 cap 1, System of Morval Philosophy, bk 1 ch 1).
It 18, however, a most mmpottant modification of Locke's doctrine,
and one which connects Hutchieson's mental phiosophy with that of
Rexl, when he states that the adeas of (xtonaon, figure, motion and
rest " aro more properly 1deas accompanymy the sensations of sight
and touch than the sensations of uther of these senses’, that the
wdea of slf accompanies every thought, and that the ideas of
number, duiation aad existence accompany ¢ very other nea what-
socver (see Cssay on the Nature and Conduct of the Passions, sect. 1
art 1, Syn Mectaph pars 1 cap.r, pars n cap 1, Hamilton on
Rewd, p 124, note)  Other mimportant pomts wm whach Hutcheson
follows the fead of Locke are his depreaation of the mmportance of
the so-callex] laws of thought, Lis distincion between the pumary and
secondary quahities of bodies, the position that we cannot know the
mmost essences of things ( ntunae rarum natmace sive essentiae * ),
though they excite various sdeas 1 us, and the assumption that ex-
ternal things are known only through the mediun of ideas (Syn
Metaph pars 1 cap 1), though, at the same time, we are as,ured
of the existence of an extornal world corresponding to these ideas
Hutcheson attempts to account for our asurance of the reality of
an cxternal world by referring it to a natural mstinct (Syn. Mctaph.
parsi cap 1) Of the correspondunce or similitude between our ideas
of the pnmary qualities of things and the thumgs thamselves God
alone can be assigned as the cause  [has sumibitude has been effected
by Him through a law of nature. ' Hacl pnima quabtatum prima-
narum peiccplio, sive mentis acto quaed.xm sve F&SIO dicatur, non
al sumhtudimis aut convementiae inter_cjusmodi sdeas et res ipsas
causa assignan posse videtur, quam ipse Deus, qui certa naturae lege
hoc efficat, ut notiones, quae 1ebus praesentibus exat intur, sint ipsis
smmirles aut saltem earum habitudmes, st non veras quantitates,
depmgant ” (parsu cap 1) Locke does speak of God " annexmg *
certan ideas to certain motions of boches, but nowhere dors he
propound a theory so definite a4 that here propouncsd by Hutcheson,
which reminds us at least as much of the speculations of Malebranche
29 of those of Locke

Amongst the more mmportant pomts in which Hutcheson diverges
from Locke 15 his account of thc 1dea of personal dentity, which he
appears to have regarded as made known to us directly by conscious-
ness  The distinction between body and mind, cor pus or materia aund
res cogrtans, 13 morc emphatically accentuated by Hutcheson than
by Locke Generally, he speaks as if we had a direct consciousness
of mind as distinct from body (see, for mstance, Syn Metapk pars it
cap 3), thongh, i the posthumous work on Moral Philosophy, he
expressly states that we know mmd as we know body *“ by qualitios
immediately perceived though the substance of both be unknown *
(bk 1 ch 1) The distinction between perception proper and sensa-
tion proper, which occurs by implicaition though 1t 18 not cxphatly
worked out (sec Mamlton's Lectures on Metaphysics, Lict 24,
Hamlton’s cdition  of Stewart’s Works, v 420), the
mnperfection of the ortinary division of the ex senses mto five
classes, the imntation of conectousness to a special mental faculty
(severely cnticized i Sir W, Hamulton's Lectures on Metaphysics,
Lect. xi1 ) and the disposition to refer on disputed questions of philo-

y not so much to formal arg ts a3 to the y of con-
usness and our natural instiacts are also amongst the pomnts m
which Hutcheson supplemented or departed from the philosophy of

Locke The last paint can hardly fail to suggest the ** common-
sense philosophy * of Reid
‘Thus, 1n Hautch ition, we find that in particular

ang, and dep angry to which the sf
on this subject had gives rise

It 15 easy to trace the influence of Hutcheson’s ethical theories on
the systems of Hume and Adam Smuth. The grommence given by
these writers to the analysis of moral action and moral approbation,

5 's
questions he stands nearer to lnck'e, but in the general spint of his
philosophy he seems to approach mgre closely to his Scottish suc-

cessors .
The short Compendium of Logsc, which is more original than such
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works usually are, 1s remarkable chiefly for the large pro{mr! 1on of

sycholomcm?'mattvr which 1t contains In these parts of the book

lutcheson manly follows Locke The technicalities of the subject
are passed lightly over, and the book 1s readable It may be specially
noticed that he distinguishes between the mental result and 1ts verbal
expression (idca—term, judgment— proposition], that he constantly
employs the word " 1dea,” and that he defines logical truth as *“ con-
venientia signorum cum rebus ** (or “ prop 10n1$ con-
venentia cum rebus tpsis,” Syn Metaph pars 1 cap 3), thus im-
phaatly repudiating a merely formal view of logic

TIL Aesthetics —Hutcheson may further be regarded as one of
the earliest modern writers on acsthctics  His ulations on this
subject are contamned n the Imguiry concerming Beauty, Order,
Harmony and Design, the first of the two treatises published in 1725
He maintains that we are endowed with a special sense by which we
Kg:cmve beauty, harmony and proportion This 13 a reflex sense,

ause 1t presupposes the action of the external senses of sight and
hearing Irt’ may be called an internal sense, both in order to dis-
tinguish 1ts perceptions from the mere perceptions of sight and
hearing, and because * 1n some othcr affairs, where our external senscs
are not much concerned, we discern a sort of beaut({, very hke n
many respects to that observed in senwible objects, and accompanied
with hike pleasure ” (Inqusry, & , sect 1) he Iatter reason leads
him to callattention to the beauty percetved in universal truths, 1n the
operations of gencral causes and m moral principles and actions
Thus, the analogy between beauty and virtue, which was so favourite
a topic with Shaftesbury, 13 prominent in the writings of Hutcheson
also Scattered up and down the treatise there are many important
and interesting observations which our hmits prevent us from
noticing  But to the student of mental philosophy 1t may be
specially interesting to remark that Hutcheson both applics the
rnncnple of association to explain our 1deas of beauty and also sets
imuts to 1ts application, insisting on there being ' a natural power
of perception or sense of beauty mn objects, antecedent to all custom,
e lucation or example” tﬁe Imquary, &c, sects 6, 7, Hamilton'’s
Lectures on Melaphysics, Lect 44 ad fin)

Hutcheson's writings natur.\ﬂy gave rise to much controversy
To say nothing of mmnor opponents, such as * Philaretus ** (Gilbert
Burnet, alrcady alluded to), Dr John Balguy §1680—x748), pre-
bendary of Sahsbury, the author of two tracts on ** The Foundation
of Moral Goodness,” and Dr John Taylor (1604-1761) of Norwich, a
minuster of constderable reputation n his time (authorof 4n Examina-
tion of the Scheme of Morahty advanced by Dr Hutcheson), the essays
:\pl)ear to have suggested, by antagomisim, at least two works which
hold a permanent place in the hterature of English cthics—Butler’s
Dassertatson on the Nature of Virtue, and Richard Price’s Treatise of
Moral Good and Luil (1757) In this latter work the author main-
tamns, 1 opposition to Hutcheson, that actions are 1n themsclves nght
or wiong, that right and wrong are simple 1dcas incapable of analysis,
and that these lﬁens arc percerved 1mmediately by the understand-
mg  We thus see that, not only directly but also through the replics
which 1t called forth, the system of Hutcheson, or at least the system
of Hutcheson combined with that of Shaftesbury, contnbuted, in
large measure, to the formation and development of some of the most
important of the modern schools of ethics (sce especially art ETHics)

AuTHoRITIES —Notices ol Hutcheson occur in most histories, both
of general Xlulosophy and of motal philosophy, as, for instance, in
pt v of Adam Snuth’s Theory of Moral Sentiments, Mackintosh’s
DProgress of FEthical Philosophy , Cousin, Cours d'historre de la

hilosoplne morale dw XVIIIc siécle, \Whewell's Lectures on the
{15tory of Moral I’/nlu.wlﬁhy tn England , A Bain’s Mental and Moral
Science, Noah Potter’s Appendix to the Enghsh translation of
Ueberweg's History of Philosophv, Sic Leshic Stephen’s Historv of
English Thought sn the Lighteenth Century, &c  Sce also Martineau,
Types of Etical Theory (London, 1902); W R Scott, Francis
Iutcheson (Cambnidge, 1900) 3 Albee, Hastory of Lnglish Utilitarian-
1wm (London, 1902), T Towler, Shaftesbury and Hulcheson (London,
1882), J McCosh, Scottish Ph'xlosophy (New York, 1874) Of Dr
Lecchman’s Biography of Hutcheson we have already spoken
J Veitch gives an nteresting account of his professorial work in
Glasgow, Mind, u 209-212 (I F, X)

HUTCHINSON, ANNE (¢ 1600-1643), American religious
enthusiast, leader of the “ Antinomians” in New England,
was born n Lincolnshire, England, about 1600. She was the
daughter of a clergyman named Francis Marbury, and, according
to tradition, was a cousin of John Dryden. She married Wilham
Hutchinson, and 1n 1634 emigrated to Boston, M husetts,

HUTCHINSON, ANNE—HUTCHINSON, JOHN

even by some of the ministers and magistrates, including Governor
Henry Vane At these meetings she asserted that she, Cotton
and her brother-in-law, the Rev John Wheelwright—whom
she was trying to make second “ teacher " in the Boston church—
were under a “covenant of grace,” that they had a specal
nspiration, a “ pecubar indwelling of the Holy Ghost,” whereas
the Rev. John Wilson, the pastor of the Boston church, and
the other mimisters of the colony were under a “ covenant of
works ”  Anne Hutchinson was, in fact, voicing a protest against
the legalism of the Massachusetts Puritans, and was also striking
atthe authonity of theclergy in an intensely theocraticcommunity
In such a commumty a theological controversy inevitably
was carried nto secular pohtics, and the entire colony was
divided nto factions Mrs Hutchinson was supported by
Governor Vane, Cotton, Wheelwright and the great majority of
the Boston church, opposed to her were Deputy-Governor John
Winthrop, Wilson and all of the country magistrates and
churches At a general fast, held late in January 1637, Wheel-
wright preached a sermon which was taken as a criticism of
Wilson and his friends  The strength of the parties was tested
at the General Court of Election of May 1637, when Winthrop
defeated Vane for the governorship. Cotton recanted, Vane re-
turned to England in disgust, Wheelwright was tried and banished
and the rank and file either followed Cotton in making sub-
muission or suffered various mnor pumishments  Mrs Hutchinson
was tried (November 1637) by the General Court chiefly for
“traducing the mmnisters,”” and was sentenced to banishment .
later, ;n March 1638, she was tried before the Boston church
and was formally excommunicated With Wilham Coddington
(d 1678), John Clarke and others, she estabhished a settlement
on the 1sland of Aquidneck (now Rhode Island) in 1638 Four
years later, after the death of her husband, she settled on Long
Island Sound near what 1s now New Rochelle, Westchester
county, New York, and was killed n an Indian rising in August
1643, an event icgarded in Massachusetts as a mamifestation
of Divine Providence Anne Hutchinson and her tollowers
were called “ Antinomians,” probably more as a term of reproach
than with any special reference to her doctrinal theories , and
the controversy in which she was involved 15 known as the
“ Antinomian Controversy.”

See C F Adams, Antinomianism sn the Colony of Massachusetls
Bay, vol xav of the Prince Society Publications (Boston, 1894),
nr8|;l6)7‘hyu Episodes of Massachusetts History (Boston and New York,
I

HUTCHINSON, JOHN (1615-1664), Puritan soldier, son of
Sir Thomas Hutchinson of Owthorpe, Nottinghamshire, and
of Margaret, daughter of Sir John Byron of Newstead, was
baptized on the 18th of September 1615 He was educated at
Nottingham and Lincoln schools and at Peterhouse, Cambridge,
and 1n 1637 he entered Lincoln’s Inn  On the outbreak of the
great Rebellion he took the side of the Parhament, and was
made 1n 1643 governor of Nottingham Castle, which he defended
agamnst external attacks and imternal divisions, till the triumph
of the parhamentary cause He was chosen member for
Nottinghamshire in March 1646, took theside of the Independents,
opposed the offers of the king at Newport, and signed the death-
warrant, Though a member at first of the council of state, he
disapproved of the subsequent political conduct of Cromwell
and took no further part in pohtics during the hfctime of the
protector  He resumed his seat in the recalled Long Parhament
n May 1659, and followed Monk 1n opposing Lambert, behieving
that the former intended to mamtain the commronwealth
He was returned to the Convention Parhament for Nottingham

as a followerand admurer of the Rev John Cotton Her orthodoxy

was suspected and for a time she was not admutted to the church,

but soon she orgamzed meetings among the Boston women,

among whom her exceptional ability and her services as a nurse

had given her great influence , and at these meetings she dis-

cussed and commented upon recent sermons and gave expression
i 1

but expelled on the gth of June 1660, and while not excepted
from the Act of Indemnity was declared pabl holding
public office  In October 1663, however, he was arrested upon
suspicion of being concerned in the Yorkshire plot, and after
a nigorous confinement in the Tower of London, of which he
published an account (reprinted in the Harleian Miscellany,
zol. m.)L, and in Sandown Castle, Kent, he died on the 11th of

to h:'r own theological views., The meetings b

inc y
popular, and were soon attended not only by the women but

p 1664. His career draws its chief interest from the
Ltfe by his wife, Lucy, daughter of Sir Allen Apsley, written
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after the death of her husband but not published till 1806 (since
often reprinted), a work not only valuable for the picture which
it gives of the man and of the time in which he hived, but for
the simple beauty of its style, and the naiveté with which the
writer records her sentiments and opinions, and details the
incidents of her private hife

See the edition of Lucy Hutchinson's Memours of the Life of Colonel
Huichinson by C H Firth (1885), Brit Mus 4dd MSS 25,901 (a
fra;ment of the Life), also 4dd MSS 19, 333, 30,247 f 51, Notes
g:"zg:enes, 7, ser m 25, vin 422, Monk’s Contemporaries, by

HUTCHINSON, JOHN (1674-1737), English theological writer,
was born at Spennmithorne, Yorkshire, in 1674 He served as
steward i several families of position, latterly n that of the
duke of Somerset, who ultimately obtamned for him the post
of nding purveyor to the master of the horse, a sinecure worth
about fzo0 a year In 1700 he became acquainted with Dr
John Woodward (1665~1728) physician to the duke and author
of a work entitled The Natural History of the Earth, to whom he
entrusted a large number of fossils of his own collecting, along
withamass of manuscript notes, for arrangement and publication
A musunderstanding as to the mannet in which these should
be dealt with was the immediate occasion of the publication
by Hutchmson in 1724 of Moses’s Principia, part 1, n which
Woodward’s Vatural History was bitterly ndiculed, his conduct
with regard to the mineralogical specimens not obscurely
characterized, and a refutation of the Newtonan doctrine of
gravitation scriously attempted It was followed by part n
m 1727, and by various other works, mcluding Moses’s Sine
Principro, 1130, The Confuston of Tongues and Trumty of the
Gentiles, 1731 ; Power Essential and Mechanical, or what power
belongs to God and what to his creatures, 1n which the design of
Str 1 Newton and Dr Samuel Clarke 1s lad open, 1732, Glory or
Gravity, 1733, The Religton of Satan, or Antichrist Delineated,
1736 He taught that the Bible contained the elements not only
of true rehgion but also of all rational philosophy He held
that the Hebrew must be read without pomts, and his nterpreta-
tion rested largely on fanciful symbolism  Bishop George Horne
of Norwich was during some of his carlier years an avowed
Hutchinsoman, and Willam Jones of Nayland continued to
be so to the end of his hfe

A complete edition of his publications, edited by Robert Spearman
and Julis Bate, appeared in 1748 (12 vols), an .dbstract of these
followed i 1753, and a Supplement, with Life by Spearman pie-
fixed, 1n 1705

HUTCHINSON, SIR JONATHAN (1828- ), English surgeon
and pathologist, was born on the 23rd of July 1828 at Selby,
Yorkshire, his parents bclonging to the Society of Friends
He entered St Bartholomew’s Hospital, became a member of the
Royal College of Surgeons in 1850 (I' R CS. 1862), and rapidly
ganed reputation as a skilful operator and a sacntific inquirer
He was president of the Hunterian Society in 1869 and 1870,
professor of surgery and pathology at the College of Surgeons
from 1877 to 1882, president of the Pathological Society, 1879~
1880, of the Ophthalmological Society, 1883, of the Neurological
Society, 1887, of the Mcdical Society, 1890, and of the Royal
Medical and Chirurgical in 1894-1896  In 1889 he was president
of the Royal College of Surgeons He was a member of two
Royal Commissions, that of 1881 to inquire into the provision
for smallpox and fever cases in the London hospitals, and that
of 18891896 on vaccination and leprosy He also acted as
honorary secretary to the Sydenham Socety His activity
n the cause of scientfic surgery and in advancing the study
of the natural sciences was unwearying. His lectures on neuro-
pathogenesis, gout, leprosy, diseases of the tongue, &c , were full
of onginal observation, but his principal work was connected
with the study of syphilis, on which he became the first living
authority He was the founder of the London Polychinic or
Postgraduate School of Medicine , and both in his native town
of Selby and at Haslemere, Surrey, he started (about 18go)
educational museums for popular instruction in natural history.
He published several volumes on his own subjects, was editor of
the quarterly Archives of Surgery, and was given the Hon, LL.D.
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degree by both Glasgow and Cambridge. After his retirement
from active consultative work he continued to take great interest
i the question of leprosy, asserting the existence of a defimte
connexion between this discase and the eating of salted fish.
He received a knighthood n 1908

HUTCHINSON, THOMAS (1711-1780), the last royal governor
of the province of Massachusetts, son of a wealthy merchant
of Boston, Mass , was born there on the gth of September 1711
He graduated at Harvard i 1727, then became an apprentice
n his father’s counting-room, and for several ycars devotud
himself to business. In 1737 he began his public carcer as a
member of the Boston Board of Selectmen, and a few weeks
later he was elected to the General Court of Massachusetts Bay,
of which he was a member until 1740 and agan from 1742 to
1749, serving as speaker in 1747, 1748 and 1749. He con-
sistently contended for a sound financial system, and vigorously
opposed the operations of the “ Land Bank ” and the issuc of
pernicious bills of credit  In 1748 he carried through the
General Court a bill providing for the cancellation and redemption
of the outstandmg paper currency. Hutchinson went to England
mn 1740 as the representative of Massachusetts in a boundary
dispute with New Hampshire. He was a member of the Massa-
chusetts Council from 1749 to 1756, was appomnted judge of
probate n 1752 and was chief justice of the superior court of
the province from 1761 to 1769, was licutenant-governor from
1758 10 1771, acting as governor in the latter two years, and
from 1771 to 1774 was governor In 1754 he was a delegate
from Massachusetts to the Albany Convention,and, with Frankhn,
was a member of the committee appointed to draw up a plan of
union Though he recognized the legahity of the Stamp Act
of 1765, he considered the measure mexpedient and impohtic
and urged 1ts repeal, but his attitude was misunderstood , he
was considered hy many to have instigated the passage of the
Act, and n August 1765 a mob sacked his Boston residence
and destroyed many valuable manuscripts and documents.,
He was acting governor at the time of the *‘ Boston Massacre ™
in 1770, and was virtually forced by the aitizens of Boston,
under the leadership of Samucl Adams, to order the removal
of the British troops from the town. Throughout the pre-
Revolutionary disturbances in Massachusetts he was the re-
presentative of the British ministry, and though he disapproved
of some of the nunistenal s he felt impelled to enforce
them and necessanily mcurred the hostlity of the Whig or
Patriot element In 1774, upon the appontment of General
‘Thomas Gage as military governor he went to Fngland, and
acted as an adwviser to George IIL. and the British minstry
on Amenican affairs, uniformly counselling moderation, e
died at Brompton, now part of London, on the 3rd of June
1780.

7He wrote A Brief Statement of the Claym of the Colonies (1704) , a
Collection of Original Papers relative to the History of Massachusetts
Bay (1709), reprinted as I'he Hutchinsom Papers by the Price
Society in 1805, and a ) and very valuable History
of the Province of Massachusetts Bay (vol 1, 1704, vol 11,1767, and
vol m, 1828) His Diary and I elteys, with an Account of his Ad-
mintstration, was published at Boston in 1884-1850

See James K Hosmer's Life of Thomas Hutchinson (Boston, 1890),
and a biographical chapter in John Fiske's Lssays Historical and
Laterary (New York, 1902) For an estimate of Hutchinson as an
historian, see M C Iyler's Literary History of the Ameyican Revolu-
tion (New York, 1897).

HUTCHINSON, a city and the county-seat of Reno county,
Kansas, US A,, in the broad hottom-land on the N side of
the Arkansas river. Pop (1900) 9379, of whom 414 werce
foreign-born and 442 negroes; (19c6 estimate) 13,024 It
1s served by the Atchison, Topeka & Santa Fé, the Missourt
Pacific and the Chicago, Rock Island & Pacific railways., The
principal public buildings are the Federal building and the county
court house, The city has a public ltbrary, and an industrial
reformatory 1s mantained here by the state. Hutchinson 1s
situated mn a stock-rasing, fruit-growing and farming region
(the principal products of which are wheat, Indian corn and
fodder), with which 1t has a considerable wholesale trade. An
enormous deposit of rock salt underhes the ity and its vicmity,
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and Hutchinson’s principal mdustry 15 the manufacture (by
the open-pun and grainer processes) and the shipping of salt ;
the city has one of the largest salt plants in the world. Among
the other manufactures are flour, creamery products, soda-
ash, straw-board, planmg-mill pioducts and packed meats
Natural gas 1s largely used as a factory fuel. The uty’s factory
product was valued at $2,031,048 1n 1905, an ncrease of 31-8 Y,
since 1900,  Hutchinson was chartered as a city in 1871,

HUTTEN, PHILIPP VON (c. 1515-1546), German kmght,
was a relative of Ulrih von Hutten and passed some of lus
eatly years at the court of the emperor Charles V. Later he
Jomed the band of adventurers which under Georg Hohermuth,
or George of Spires, sailed to Venczuela, or Venosala as Hutten
calls 1t, with the object of conquening and explotting this land in
the mterests of the Augsburg family of Welser. The party
landed at Coro in February 1535 and Hutten accompanied
Hohermuth on his long and toilsome expedition nto the interior
mn scarch of treasure  After the death of Hohermuth in December
1540 he became captain-general of Venezuela. Soon after this
cvent he vamished mto the interior, returning after five years
of wandering to find that & Spamard, Juan de Caravazl, or
Caravajil, had been appointed governor m his abscnce. With
Ins travelbmg companion, Bartholomew Welser the younger,
he was seized by Caravaazil in April 1546 and the two were
afterwards put to death,

Hutten left some letters, and also a narrative of the earlier part of
s adventures, tlus Zeting aus India Junkher Philipps von Hutten
being published in 1785

HUTTEN, ULRICH VON (1488-1523), was born on the 21st of
Apnl 1488, at the castle of Steckelberg, near Fulda, in Hesse
Like Erasmus or Pirckheuner, he was one of those men who
form the bridge between Humanists and Reformers e lived
with hoth, sympathized with both, though he died before the
Reformation had time fully to develop  His hife may be divided
mto four parts *— his youth and closter-hfe (1488-1504 ), his
wanderings i pusuit of knowledge (1504-1515), his strife
with Ulich of Wutttemberg (r515-1519), and Ins connexion
with the Reformation (r519-1523) EFach of these perods
had 1ts own special antagonism, which coloured Hutten’s carecr :
in the first, his horror of dull monastic routine ; m the second,
the ill-trcatment he met with at Grefswald , 1n the third, the
cme of Duke Ulnch, 1n the fourth, his disgust with Rome
and with Erasmus  He was the cldest son of & poor and not
undistinguished kmightly family  As he was mean of stature
and sickly his father destined him for the cloister, and he was
sent to the Benedietine house at Fulda , the thirst for learning
there scized on him, and 1n 1505 he fled from the monastic hfe,
and won his frecdom with the sacrifice of his worldly prospects,
and at the cost of incurring his father’s undying anger.  From
the Fulda cloister he went first toCologne, next to Erfurt,and then
to Frankfot t-on-Oder on the opening in 1506 of the new univ ersity
of that town. For a time he was i Leipzig, and m 1508 we find
him & shipwrecked beggar on the Pomeranman coast. In 1509
the umversity of Greifswald welcomed him, but here toe those
who at first received hum kindly became his foes , the sensitive
ill-regulated youth, who took the lberties of genius, wearied
his burgher patrons, they could not brook the poet’s airs and
vamty, and ill-timed assertions of his higher rank. Wherefore
he left Grefswald, and as he went was robbed of clothes and
books, his only baggage, by the scrvants of his late friends,
n the dead of winter, half starved, frozen, penmless, he reached
Rostock. Here agamn the Iumamists received him gladly,
and under therr protection he wrote agamst his Greifswald
patrons, thus begiuning the long List of his satires and fierce
attacks on personal or public foes. Rostock could not hold
him long, he wandercd on to Wittenberg and Leipzig, and
thence to Vienna, where be hoped to win the emperor Maximihan s
favour by an elaborate national poem on the war with Venice
But neither Maximilian nor the umwversity of Vienna would
lift a hand for him, and he passed into Italy, where, at Pavia,
he sojourned throughout 1511 and part of 1512, In the latter
year hus studies were interrupted by war ; in the siege of Pavia
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by papal troops and Swiss, he was plundered by both sides,
and escaped, sick and penniless, to Bologna , on his recovery
he even took service as a private soldier m the emperor’s army.

This dark period Jasted no long time ; n 1514 he was agam
in Germany, where, thanks to his poetic gifts and the friendship
of Eitelwolf von Stemn (d 1515), he won the lavour of the elector
of Mainz, Archbishop Albert of Brandenburg Here high
dreams of a learned career rose on lum , Manz should be made
the metropolis of a grand Humanist movement, the centre of
good style and literary form  But the murder in 1515 of his
relative Hans von Hutten by Ulrich, duke of Wurttemberg,
changed the whole course of his life , satire, chief refuge of the
weak, became Hutten’s weapon, with one hand he took his
part in the famous Epestolac obscurorum wvirorum, and with
the other launched scathing letters, eloquent (iccroman orations,
or biing satires aganst the duke Though the emperor was
too lazy and indifferent to smite a great prince, he took Hutten
under his protection and bestowed on him the honour of a
laureate ctown in 1517  Hutten, who had meanwhile revisited
Italy, agan attached himself to the electoral court at Mamz,
and he was there when m 1518 his friend Pirckheimer wrote,
urging him to abandon the court and dedicate himself to letters
We have the poet’s long reply, in an epistlc on his *“ way of Ife,”
an amusing mixture of earnestness and vanity, self-satisfaction
and satire, he tells his friend that his career 1s just begun,
that he has had twelve years of wandering, and will now enjoy
limself a while in patriotic literary work , that he has by no
means deserted the humaner studies, but cainies with him
a little library of standard books Pirckhemmer in his burgher
iife may have ease and even luxury , he, a kmght of the empure,
how can he condescend to obscurity 7 He must abide where
he can shine.

In 1519 he 1ssued n one volume lus attacks on Duke Ulrich,
and then, drawing sword, took part i the private war which
overthrew that prince, n this affair he became intimate with
kranz von Sichingen, the champion of the knightly order
(Ratterstand) Hutten now warmly and openly espoused the
Lutheran cause, but he was at the same time miaed up m the
attempt of the “ Ritterstand ” to assert itsclt as the muhitia
of the cmpire aganst the independence of the German princes.
Soon after this tme he discovercd at Fulda a copy of the mani-
festo of the emperor Henry 1V agamst Hildebrand, and pubhshed
1t with comments as an attack on the papal claims over Germany
He hoped thereby to mterest the new emperor Charles V., and
the higher ordeis in the empire, n behalf of German hiberties ;
but the appeal falled What Luther had achicved by speaking
to cities and common folk 1n homely phrase, because he touched
heart and conscience, that the far finer weapons of Hutten failed
to cffect, because he tried to touch the more cultivated sympathies
and dormant patriotism of princes and bishops, nobles and
kmghts  And so he at once gamed an undymng name in the
republic of letters and rumed his own career He showed that
the artificial verse-making of the H eould be ¢ ted
with the new outburst of genuine German poetry. The Mmnne-
singer was gone , the new national singer, a Luther or a Hans
Sachs, was heralded by the stirring lincs of Hutten’s pen  These
have n them a splendid natural swing and nng, strong and
patriotic, though unfortunately addressed to kmght and lands-
knecht rather than to the German people.

The poet’s high dream of a knightly national regeneration
had a rude awakening. The attack on the papacy, and Luther’s
vast and sudden populanty, frightened Elector Albest, who
dismissed Hutten from his court. Hopmg for impenal favour,
he betook himself to Charles V. ; but that young prince would
have none of him. So he returned to his friends, and they
rejoiced greatly to sce him still alive, for Pope Leo X. had
ordered him to be arrested and sent to Rome, and assassins
dogged his steps. He now attached himself more closely to
Franz von Sickingen and the knightly movement. This also
came to a disastrous end m the capture of the Ebernberg, and
Sickingen’s death ; the lnqher nobles had trrumphed ; the
archbish d th s on Lutk ism as interpreted
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by the kmghtly order. With Sickingen Hutten also finally fell
He fled to Basel, where Erasmus refused to see him, both for
fear of his loathsome diseases, and also because the beggared
knight was sure to borrow money from him. A paper war
conscquently broke out betwcen the two Humamsts, which
embittered Hutten’s last days, and stamed the memory of
Erasmus. From Basel Ulnich dragged himself to Miilhausen,
and when the vengeance of Erasmus drove him thence, he went
to Zurich There the large heart of Zwinghh welcomed him,
he helped him with money, and found him a quiet refuge with
the pastor of the little 1sle of Ufnau on the Zurich lake  There
the frail and worn-out poet, writing swift satire to the end, died
at the end of August or beginning of September 1523 at the
age of thirty-five. He left behind him some debts due to com-
passionate friends, he did not even own a single book, and
all his goods amounted to the clothes on his back, a bundle
of letters, and that valiant pen which had fought so many
a sharp battle, and had won for the poor kmght-errant a sure
place n the annals of hterature

Ulrich von Hutten 1s one of those men of gens at whom
propricty 1s shocked, and whom the mean-spirited avoid  Yet
through his short and buffeted hfe he was befriended, with
wonderful charity and patience, by the chief leaders of the
Humanist movement For, n spite of his wntable vamty,
his immoral hfe and habits, his odious diseascs, huis panful
restlessness, Hutten had much m lim that strong men could
love. He passionately loved the truth, and was ever open
to all good mfluences He was a patriot, whose soul soared
to 1deal schemes and a grand utopian restoration of his country.
In spite of all, his was a frank and noble nature , his faults chiefly
the faults of genius ill-controllcd, and of a Iife cast n the cventful
changes of an age of novelty. A swarm of writings 1ssued from
hus pen; at first the smooth elegance of hus Latin prose and verse
seemed strangely to miss hus real character, he was the Cicero
and Ovid of Germany before he became 1ts Lucian

His chief works were his Avs versificands (1511), the Nemo (1518) ,
a work on the Mcrbus Gallicus (1519) , the volume of Steckelbeig
complamts agamst Duke Ulnch™ (ncluhng s four Crcevonran
Orations, s Letters and the Phawarismus) also in 1519, the Vadismus
}1520), and the controversy with Erasmus at the end of his hife
3esides these were many admirable poems m Latin and German
It 15 not known with certainty how far Hutten was the parent of the
celebrated  Epistolac obscurorum  virorum, that famous saure on
monastic 1gnorance as represented by the theologians of Cologne
with which the fricnds of Reuchlin”defended him At first the
cloister-world, not discernmg its irony, welcomed the woik as a
defence of their position, though their eyc. were soon opened by
the favour with which the learned world recerved 1t ‘I he Epistolae
were eagerly bought up, the first part (41 letters) appeared at the
cnd of 1515, early m 1516 there was a second eition, later n 1516
a thurd, with an appendix of seven letters, m 1517 appeared the
second part (62 leiters), to which a fresh appendix of eight letters
was subjoined svon after In 1909 the Latin it of the Epstolae
with an Eaglish translation was publshed by F G Stokes Hutten,
n a letter addressed to Robert Crocus, denied that he was the author
of the book, but there 15 no doubt as to lus connexion with 1t.
Erasmus was of opiion that there were thrce authors, of whom
Crotus Rubianus was the ongmator of the idea, and Hutten a chief
contnbutor, D F Strauss, who dedicates to the subject a chapter
of hus adnurable work on Hutten, concludes that he had no share in
the first part, but that lus hand 1s clearly visible 1n the second part,
which he attributes 1 the main to im  To him 13 due the more
serious and severe tonc of that bitter portion of the satre See
W _Brecht, Dis Verfasser der Epistolas obscurorum visorum (1904)

For a complete catalogue of the writings of Hutten, see I Bocking's
Index Bibliographicus Huttemranus (1858)  Bbcking 15 also the editor
of the complete edition of Hutten’s works (7 vols, 1850-1862) A
selection of Hutten’s German writings, edited by & Balke, appeared
m 189z p S. S Iski, Huttens deuische Schnfton (1891)
The best biography (though 1t s also samewhat of a pobtical
pamphlet) 1s that of D F, Strauss (Ulrich von Hutten, 1857,
4th ed, 1878, Enghsh translation by G Starge, 1874), with
which may be compared the older phs by A W 1
1823), A. Birck K‘&'o and J. Zeller (Pans, 1849) See also

Deckert, Ulrich vow Huttens Leben und Wivken  Etne historische
Shizze (1901). {G W.K)

HUTTER, LEONHARD (1563-1616), German Luthcran
theologian, was born at Nellingen near Ulm i January 563
From 1581 he studied at the universities of Strassburg, Leipaig,
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Heidelberg and Jena In 1594 he began to gve theological
lectures at Jena, and m 1596 accepted a call as professor of
theology at Wittenberg, where he died on the 23rd of October
1616, Hutter was a stern champion of Lutheran orthodovy,
as set down I the confessions and cmboedid mm his own
Compendium locorum theologscorum (1610, reprinted 1803),
being so faithful to his master as to win the title of * Luther
redonatus.”

In reply to Rudoif Hospiman's Concordia dsscors (1007), he wrote
a worh, 1ch i historical matenal but one-sided m ts apologetics,
Concordia concors (1014, detending the formula of Concord, which
he regarded as inspired  His Iremtenm veve chrishanum 13 directed
agawmst David Pareus (1548 -1622), professor primarius at Heidelberg,
who 1 Iremicum swwe de wmione et synodo Lvangelicorum (1014) hac
pleaded for a reconuliation of Lutheranism and Calvinism, his
Calvinista aulopoliticus (1610) was wrntten against the damnable
Calvinism " which was becoming prevalent in Holstein and Branden-
burg  Another work, based on the formula of Concord, was entitled
Loci communes theologict

HUTTON, CHARLES (1737-1823), Englsh mathematician,
was born at Newcastle-on-1yne on the 14th of August 1737.
He was educated 1n & school at Jesmond, kept by Mr Ivison,
a clergyman of the church of England. There 15 reason to believe,
on the evidence of two pay-bills, that for a short time in 1755
and 1756 Hutton worked 1n Old Long Benton colhery : at any
rate, on Ivison’s promotion to a hiving, Hutton succeeded to
the Jesmond school, whence, in consequence of increasing pupils,
he removed to Stote’s Hall. While he taught during the day
at Stote’s Hall, he studied mathematics 1 the cvenng at a
school m Newcastle. In 1760 he marnied, and began tuition
on a larger scale n Newcastle, where he had among his pupils
John Scott, afterwards Lord Eldon, chancellor of England
In 1764 he published his first work, The Schoolmaster’s Guide,
or a Complete System of Practical Arithmetic, which m 1770
was followed by his Treatise on Mensuratron both in Theory and
Practice. In 1772 appeared a tract on The Principles of Bridges,
suggested by the destruction of Newcastle bridge by a high
flood on the 17th of November 1771 In 1773 he was appointed
professor of mathematics at the Royal Military Academy,
Woolwich, and m the following year he was elected F R S. and
reported on Nevil Maskelyne’s detcrmimation of the mean deneity
and mass of the earth from measurements tahen in 1774-1770 at
Mount Schichalhon in Perthshne, ‘s account appearcd m the
Phulosophical Transactions for 1778, was afterwards reprinted
n the second volume of his Tracts on Mathematscal and Phalo-
sophical Subjects, and procured for Hutton the degree of LL D,
from the umversity of Edinburgh. He was elccted foreign
secretary to the Royal Society in 1779, but his resignation
1783 was brought about by the president Sir Joseph Banks,
whose behaviour to the mathematical section of the society
was somewhat lugh-handed (sce Kippis’s Observations on the
late Contests sn the Royal Soczety, London, 1784) After his
Tables of the Products and Puwers of Numbers, 1781, and his
Mathematical Tables, 1785, he wsued, for the use of the Royal
Mihtary Academy, in 1787 Elements of Conic Sections, and in 1798
his Course of Math s. His Math al and Philosophical
Ductionary, a valuable contnibution to scientific biography,
was published 1n 1795 (2nd ed , 1815), and the four volumes of
Recreations 1 Mathematscs and Natural Philosophy, mostly a
translation from the French, in 1803 One of the most laborious
of his works was the abndgment, in conjunction with G, Shaw
and R. Pearson, of the Philosophical Transactions This under-
taking, the mathematical and scientific parts of which fell to
Hutton’s share, was completed mn 1809, and fillcd eighteen
volumes quarto His name first appears in the Ladses’ Daary
(a poetical and mathematical almanac whicn was begun in
1704, and lasted till 1871) in 1764; ten years later he was
appointed editor of the almanac, a post which he retamed till
1817. Previously he had begun a small periodical, Miscellanea
Mathematica, which extended only to thirteen numbers ; subse-
quently he published 1n five volumes The Diarsan Miscellany,
which contamed large extracts from the Diary. He resigned
Ius professorship in 1807, and died on the 27th of January 1823

See John Bruce, Charles Hutton (Newcastle, 1821) *
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fgg o“{’:”!‘.’,"‘imns (1726-1797), Scottish geologist, was born
e 4mnburgh on the 3rd of June 1726. Educated at the high
school and unmiversity of his native city, he acquired while a
student a passionate love of scientific inquiry He was ap-
prenticed to a lawyer, but his employer advised that a more
congenial profession should be chosen for him  The young
apprentice chose medicine as being nearest akin to his favourite
pursuit of chermistry — He studied for three years at Edinburgh,
and completed his mcdical education n Paris, returming by
the Low Countries, and taking his degree of doctor of medicine
at Leiden in 1749 Finding, however, that there seemed hardly
any opening for him, he abandoned the medical profession,
and, having nherited a small property in Berwickshire from
s father, resolved to devote himsclf to agriculture e then
went to Norfolk to learn the practical work of farming, and
subsequently travelled in Holland, Belgium and the north
of France During these years he began to study the surface
of the earth, gradually shaping in s mind the problem
to which he afterwards devoted his energies In the summer
of 1754 he established himself on his own farm in Berwickshire,
where he resided for fourteen years, and where he introduced
the most improved forms of husbandry. As the farm was
brought mto excellent order, and as 1ts management, becoming
more casy, grew less interesting, he was induced to let 1t, and
establish himself for the rest of his Iife in Edinburgh  This took
place about the year 1768, He was unmarried, and from this
period until hus death in 1797 he lived with his three sisters
Surrounded by congemal literary and scientific friends he
devoted himselt to research

At that tune geology n any proper sense of the term did
not exist.  Mimeralogy, however, had made considerable progress
But Hutton had conceived larger 1deas than were entertained
by the mincralogists of lus day  He desired to trace back the
origin of the various minerals and rocks, and thus to arrive
at some clear understanding of the history of the earth For
many years he continued to study the subject At last, in the
spring of the year 1785, he communicated his views to the
recently established Royal Souety of Edinburgh in a paper
entitled Theory of the Farth, or an Investigation of the Laios
Observable 1n the Composition, Dissolution and Restoration of
Land wupon the Globe In this remarkable work the doctrine
is expounded that geology 15 not cosmogony, but must confine
itself to the study of the materials of the earth , that every where
evidence may be seen that the present rocks of the earth’s
surface have becn in great part formed out of the waste of older
rocks ; that thesc materials having been laid down under the
sea were there consohdated under great pressure, and were
subsequently disrupted and upheaved by the expansive power
of subterranean heat, that during these convulsions veins
and masses of molten rock were mjected nto the rents of the
dislocated strata, that every portion of the upraised land,
as soon as exposed to the atmosphere, 19 subject to decay , and
that this decay must tend to advance until the whole of the
land has been worn away and laid down on the sea-floor, whence
future uphcavals will once more rawse the consolidated sediments
nto new land  In some of these broad and bold generahzations
Hutton was anticipated by the Itaban geologists, but to him
belongs the credit of having first perceived their mutual relations,
and combined them 1n a luminous coherent theory based upon
observation .

It was not merely the earth to which Hutton directed his
attention He had long studied the changes of the atmosphere
The same volume m which tus Theory of the Earth appeared
contaned also a Theory of Ramn, which was read to the Royal
Society of Edinburgh in 1784 He contended that the amount
of morsture which the wr can retan in solution increases with
augmentation of temperature, and, therefore, that on the
nuxture of two masses of air of different temperatures a portion
of the moisture must be condensed and appear in visible form.
He investigated the available data regarding rainfall and chmate
in different regions of the globe, and came to the conclusion
that the rainfall 1s everywhere regulated by the humidity of the
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air on the one hand, and the causes which promote mixtures of
different aerial currents in the higher atmosphere on the other

The vigour and versatiity of his gemus may be understood
from the variety of works which, during his thirty years’ residence
n Edinburgh, he gave to the world. In 1792 he published a
quarto volume entitled Duissertatrons on different Subjects in
Natural Philosophy, i which he discussed the nature of matter,
fluidity, cohesion, light, heat and electricity. Some of these
subjects were further lustrated by him in papers read before
the Royal Society of Edinburgh. He did not restrain himself
within the domain of physics, but boldly marched into that of
metaphysics, publishing three quarto volumes with the title
An Investigation of the Principles of Knowledge, and of the Progress
of Reason—[rom Sense to Science and Philosophy. In this work
he developed the idea that the external world, as conceived
by us, 1s the creation of our own minds influenced by impressions
from without, that there 1s no resemblance between our picture
of the outer world and the reahty, yet that the impressions
produced upon our minds, being constant and consistent, become
as much realities to us as if they precisely resembled things
actually existing, and, therefore, that our moral conduct must
remain the same as 1f our ideas perfectly corresponded to the
causes producing them  His closing years were devoted to the
extension and republication of tus Theory of the Earth, of which
two volumes appeared in 1795. A third volume, necessary
to complete the work, was left by him 1n manuscript, and 1s
referred to by hus biographer John Playfair A portion of the
MS of this volume, which had been given to the Geological
Society of London by Leonard Horner, was published by the
Society 1n 1899, under the editorship of Sir A Geikic The
rest of the manuscript appears to be lost. Soon afterwards
Hutton set to work to collect and systematize s numerous
writings on husbandry, which he proposed to pubhsh under
the title of Elements of Agriculture He had nearly completed
this labour when an incurable disease brought his active career
to a close on the 26th of March 1797

It 18 by his I heory of the Larth that Hutton will be remembered
with reverence while geology continues to be cultivated The
author’s style, however, bung somewhat heavy and obscure, the
book did not attract during his lifetime so much attention as 1t de-

served Happily for science Hutton numbered among his friends
John Pla{[mr (¢ v), professor of mathematics m the university of
Jimburgh, whose enth for the spread of Hutton’s doctrine

was combined with a rare gift of graceful and luminous exposition
Five years after Hutton’s death he published a volume, Illustrations
of the Huttomian Theory of the Earth, n which he gave an admirable
summary of that theory, with numerous additional illustrations and
arguments  This work 1s justly regarded as one of the classical con-
tributions to geological literature, To its influence much of the
sound progress of British geology must be ascribed In the year
1805 a biographical account of Hutton, written by Playfair, was
ublished 1n vol v of the Transactions of the Royal Soctety of Edin-
urgh (A Ge)

HUTTON, RICHARD HOLT (1826-1897), Enghsh wnter
and theologian, son of Joseph Hutton, Unitarian munister at
Leeds, was born at Leeds on the 2nd of June 1826. His family
removed to London in 1835, and he was educated at University
College School and University College, where he began a hfelong
friendship with Walter Bagehot, of whose works he afterwards
was the editor , he took the degree in 1845, being awarded the
gold medal for philosophy. Meanwhile he had also studied
for short periods at Heidelberg and Berhin, and in 1847 he entered
Manchester New College with the 1dea of becoming a munister
like his father, and studied there under James Martineau
He did not, however, succeed 1n obtaining a call to any church,
and for some little time his future was unsettled He married
in 1851 hus cousin, Anne Roscoe, and became joint-editor with
J. L. Sanford of the Inguirer, the principal Umtarian organ.
But his innovations and his unconventional views about stereo-
typed Unitanan doctrines caused alarm, and in 1853 he resigned
His health had broken down, and he visited the West Indies,
whefe his wife died of yellow fever In 1855 Hutton and Bagehot
became joint-editors of the National Review, a new monthly,
and conducted 1t for ten years. Dunng this time Hutton’s
theological views, influenced largely by Coleridge, and more
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directly by F W Robertson and F. D. Maurice, gradually
approached more and more to those of the Church of England,
which he ultimately jomned His interest in thcology was
profound, and he brought to 1t a spirituality of outlook and
an aptitude for metaphysical inquiry and exposition which
added a singular attraction to his wntings. In 1861 he jomed
Meredith Townsend as joint-editor and part proprietor of the
Spectator, then a well-known hberal weekly, which, however,
was not remunerative from the business point of view Hutton
took charge of the literary side of the paper, and by degrees
his own articles became and remained up to the last one of the
best-known features of serious and thoughtful English journalism
The Spectator, which gradually hecame a prosperous property,
was his pulpit, in which unwearyingly he gave expression to
his views, particularly on hterary, religious and philosophical
subjects, 1n opposition to the agnostic and rationalistic opinions
then current m intellectual circles, as popularized by Huxley
A man of fearless honesty, quick and cathohic sympathies, broad
culture, and many friends n intellectual and religious circles,
he became one of the most influential journabists of the day,
his fine character and conscience carming universal respect and
confidence He was an onginal member of the Metaphysical
Society (1869) He was an anti-vivisectiomst, and a member
of the royal commission (1875) on that subject In 1858 he
had married Ehza Roscoe, a cousin of his first wife ; she died
early 1n 1897, and Hutton’s own death followed on the gth of
September of the same year

Among his other publications may be mentioned Essays, Theo-
logical and Laterary (1871, revised 1888), and Crificisms on Con-
temporary 1hought and Thinkers (1894), and his opinions may be
studied compendiously 1n the selections from his Spectator articles
g\;‘t‘:ﬂ;"xrd 1n 1899 under the title of Aspects of Religious and Scientific

HUXLEY, THOMAS HENRY (1825-1895), linghsh biologist,
was boin on the 4th of May 1825 at Ealing, where his father,
George Huxley, was sentor assistant-master mn the school of
Dr Nicholas ['his was an estabhishment of repute, and 1s at
any rate remarkable for having produced two men with so
little in common 1 after hfe as Huxley and Cardinal Newman
The cardinal’s brother, Francis Wilham, had been “ captain
of the school in 1821, Huxley was a seventh child (as his father
had also been), and the youngest who survived nfancy. Of
Huxley’s ancestry no more 1s ascertamnable than in the case
of most middle-class families, He himself thought 1t sprang
from the Cheshire Huxleys of Huxley Hall Different branches
migrated south, one, now extinct, reaching London, where 1ts
members were apparently cngaged in commerce. They estab-
hished themselves for four generations at Wyre Hall, near
Edmonton,and one was hnighted by Charles II Huxley describes
his paternal race as “ mainly Iberian mongrels, with a good
dash of Norman and a little Saxon " ! From his father he thought
he derived little except a quick temper and the artistic faculty
which proved of great service to him and reappeared 1n an even
more striking degree n his daughter, the Hon. Mrs Collier.
“ Mentally and physically,” he wrote, “I am a piece of my
mother ” Her maiden name was Rachel Withers. * She came
of Wiltshire people,” he adds, and describes her as “ a typical
example of the Iberian variety.” He tells us that ““ her most
distinguishing characteristic was rapidity of thought . . That
peculiarity has been passed on to me in full strength " (Essays, 1.
4) One of the not least striking facts in Huxley’s life 1s that
of education in the formal sense he received none ‘1 had
two years of a pandemonium of a school (between eight and
ten), and after that neither help nor sympathy in any intellectual
direction till I reached manhood ” (Life, n. 145). After the
death of Dr Nicholas the Ealing school broke up, and Huxley’s
father returned about 1835 to his native town, Coventry, where
he had obtained a small appointment. Huxley was left to
his own devices; few histories of boyhood could offer any
parallel. At twelve he was sitting up in bed to read Hutton’s
Geology. His great desire was to be a mechanical engineer ;
it ended 1n hus devotion to  the mechanical engineering of iving

! Nature, Ixiih 127,

17

machines ” His cuniosity in this direction was nearly fatal ;
a post-mortem he was taken to between thirteen and fourteen
was followed by an illness which seems to have been the starting-
point of the ill-health which pursued him all through hfe At
fiftcen he devoured Sir Wilhlam Hamlton’s Logee, and thus
acquired the taste for metaphysics, which he culuvated to the
end At seventeen he came under the influence of Thomas
Carlyle’s wntings lafty years later he wrote: “To make
things clear and get nid of cant and shows of all sorts ‘This
was the lesson I learnt from Carlyle’s books when I was a boy,
and 1t has stuck by me all my hfe ”” (Life, n. 268). Incidentally
they led him to begin to learn German, he had already acquired
French, At seventeen Huxley, with his elder brother James,
commenced regular medical studies at Charing Cross Hosprtal,
where they had both obtaned scholarships. He studied unda
Wharton Jones, a physiologist who never seems to have attained
the reputation he deserved. Huxley said of hum* I do not
know that 1 ever felt so much respect for a teacher before or
since ” (Life, 1. 20). At twenty he passed hus first M B, examina-
tion at the University of London, winning the gold medal for
anatomy and physiology ; W I, Ransom, the well-known
Nottingham physician, obtaming the exhibiton In 1845
he published, at the suggestion of Wharton Jones, s first
scientific paper, demonstrating the exitence of a hitherto
unrecognized layer n the mner sheath of hairs, a laver that
has been known since as ‘“ Huxley's layer

Something had to be done for a hivehihood, and at the sugges-
tion of a fellow-student, Mr (afterwards Sir Joseph) layrer, he
apphed for an appointmentin the navy  He passed the necessary
examination, and at the same time obtained the qualification of
the Royal College of Surgcons  He was ** entered on the books
of Nelson’s old ship, the * Victory,’ for duty at Haslar Hospital
Its cluef, Sir John Richardson, who was a well-known Arctic
explorer and naturahst, recognized Huxley’s ability, and pro-
cured for him the post of surgeon to HM.S *‘ Rattlesnake,”
about to start for surveymng work m Torres Strait The com-
mander, Captain Owen Stanley, was a son of the bishop of
Norwich and brother of Dean Stanley, and wished for an officer
with some scientific knowledge. Besides Huxley the “ Rattle-
snake "’ also carried a naturahst by profession, John Macgilhivray,
who, however, beyond a dull narrative of the expedition, ac-
comphished nothing. ‘The * Rattlesnake ” left England on the
3rd of December 1846, and was ordered home after the Jamented
death of Captain Stanley at Sydney, to be paid off at Chatham
on the gth of November 1850. The tropical scas tcem with
delicate surface-lfe, and to the study of this Huxley devoted
himself with unremitting devotion. At that time no known
methods existed by which it could be preserved for study in
museums at home. Hc gathered a magnificent harvest in
the almost unreaped field, and the conclusions he drew from
it were the begnning of the revolution in zoologial science
which he lived to sce accomplished.

Baron Cuvier (1769-1832), whose classification still held
its ground, had divided the animal kingdom into four great
embranchements Each of these corresponded to an independent
archetype, of which the “‘idea” had existed in the mind of
the Creator There was no other connexion between these
classes, and the ““1deas” which animated them were, as far
as one can sec, arbitrary  Cuvier’s groups, without their
theoretical basis, were accepted by K. E von Baer (1792-18706)
The “1dea” of the group, or archetype, admitted of endless
vanation within 1t, but this was subordinate to essential
conformity with the archetype, and hence Cuvier dcduced the
important principle of the “ correlation of parts,” of which
he made such conspicuous use in palacontological reconstruction
Meanwhile the “ Naturphilosophen,” with J. W. Goethe (1749~
1832) and L. Oken (1779~1851), had in effect grasped the under-
lyng principle of correlation, and so far anticipated evolution
by asserting the possibility of deriving specialized from simpler
structures. Though they were still hampered by ideahstic
conceptions, they established morphology. Cuvier’s four great
groups were Vertebrata, Mollusca, Articulata and Radiata.
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It was amongst the members of the Jast class that Huxley found
most matenal ready to his hand n the seas of the tropics. It
mcluded organisms of the most vaned kind, with nothing more
in common than that thar parts were morc or less distnbuted
round a centre. Huxley sint home “ communication after
communication to the Linnean Society,” then a somewhat
somnolent body, * with the same result as that obtained by
Noah when he sent the raven out of the ark ” (Essays, 1. 13)
His important paper, On the Anatomy and the Afinsties of the
Lamily of Medusae, met witha better fate It was communicated
by the bishop of Norwich to the Royal Society, and printed
by it in the Phudosoplical T'ransactions m 1849 Huxley
united, with the Medusae, the Hydroid and Sertularian polyps,
to form a class to which he subsequently gave the name of
Hydrozoa. ‘lhis ulone was no inconsiderable feat for & young
surgeon who had only had the training of the medical school.
But the ground on which 1t was done has led to far-reaching
theoretical developments Huxley realized that something
more than superficial characters were necessary i determming
the affimties of animal organisms.  He found that all the members
of the class consisted of two membranes enclosing a central
cavity or stomach. This is characteristic of what are now
called the Coelenterata Al anmimals higher than these have
been termed Coclomata ; they possess a dustinct body-cavity
m addition to the stomach. Huxley went further than this,
and the most profound suggestion m his paper 1 the comparison
of the two luycrs with thoss which appear in the germ of the
higher an'mals. The consequences which have flowed from
this prophetic generahzation of the ectoderm and endoderm are
familiar to every student of evolution. The conclusion was
the more remarkable as at the time he was not mercly free
from any evolutionary belief, but actually rejected 1t. The
value of Huxley’s work was unmediately recognized On
returning to England in 1850 he was clected a Fellow of the Royal
Society  In the following year, at the age of twenty-s1x, he not
merely received the Royal medal, but was elected on the council
With absolutely no aid from any one he had placed himself
i the front rank of Enghsh scientific men He secured the
friendship of Sir J D, Hooker and John Tyndall, who 1emained
hus htelong friends  ‘The Admirulty retained hum as a nominal
assistant-surgeon,m order that he might work up the observations
he had made during the voyage of the ** Rattlesnake ” He was
thus enabled to produce various important memoirs, especially
those on certain Ascidians, m which he solved the problem
of Appendicularia—an orgamism whose place in the animal
hingdom Johannes Muller had found himself wholly unable
to assign—and on the morphology of the Cephalous Mollusca.
Richard Owen, then the leading comparative anatomist in
Great Britain, was a disciple of Cuvier, and adopted largely from
him the deductive explanation of anatomical fact from idealistic
conceptions. He superadded the evolutionary theories of
Oken, which were cqually 1dealistic, but were altogether re-
pugnant to Cuvier. Husley would have none of exther  Imbucd
with the methods of von Raer and Johannes Muller, his methods
were purely induave. He would not hazard any statement
heyond what the facts revealed. He retained, however, as has
been done by his successors, the use of archetypes, though they
no longer represented fundamental “ ideas ™ but generalizations
of the essential points of structure common to the individuals
of each class He bad not wholly freed himself, however, from
archetypal trammels “ The doctrine,” he says, “ that every
natural group 1s orgamzed after a defitute archetype . . scems
to me as important for zoology as the doctrine of definite pro-
portions for chemustry ”* This was i 1853 He further stated.
* There 1s no pmﬁressmn from a lower to a higher type, but
mercly a more or less complete evolution of one type” (Phil
Trans., 1853,p 63) AsChalmers Mitchell points out, this state-
ment s of great historical interest. Huxley definitely uses the ward
““ evolution,” and admuts 1ts existence within the great groups
He had not, however, nd himself of the notion that the archetype
was a property inherent in the group. Herbert Spencer, whose
acquaintance he made in 1852, was unable to convert him to
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evolution 1n 1ts widest sense (Ltfe, 1. 168). He could not bring
himself to acceptance of the theory—owing, no doubt, to his
rooted aversion from & prior g—without a h 1
conception of 1ts mode of operation. In his first interview
with Darwin, which seems to have been about the same time,
he expressed his belief * 1n the sharpness of the hines of demarca-
ton between natural groups,” and was received with a humorous
smile (Life, 1 160)

‘The naval medical service exists for practical purposes. It
is not surprising, therefore, that after his three years’ nominal
employment Huxley was ordered on active service Though
without private means of any kind, he resigned. The navy,
however, retains the credit of having started his scientific career
as well as that of Hooker and Darwin Huxley was now thrown
on his own resources, the immediate prospects of which were
slender enough  As a matter of fact, he had not to wait many
months. His friend, Edward Forbes, was appointed to the chair
of natural history in Edinburgh, and in July 1854 he succeeded
him as lecturer at the School of Mines and as naturalst to the
Geological Survey n the following year. The latter post he
hesitated at first to accept, as he “ did not care for fossils ”
(Essays,1 15) In 1855 he marned Miss H A Heathorn, whose
acquaintance he had made in Sydney. They were engaged
when Huxley could offer nothing but the future promise of his
abiity. The confidence of his devoted helpmate was not mis-
placed, and her affection sustamed him to the end, after she
had scen hum the recipient of every honour which English science
could bestow s most important research belonging to this
period was the Crooman ILecture delivered before the Royal
Soctety n 1858 on ““ The Theory of the Vertebrate Skull ”
In this he completely and finally demohshed, by applying as
before the inductive method, the 1dealistic, if in some degree
evolutionary, views of 1ts ongin which Owen had derived from
Goethe and Oken Tlus finally disposed of the “archetype,”
and may be said once for all to have hberated the Enghsh
anatomical school from the deductive method

In 1859 The Origin of Specres was published ‘Ilis was a
momentous event in the history of science, and not least for
Huxley Ilitherto he had turned a deat ear to evolution “1
took mv stand,” he says, “ upon two grounds firstly, that
the evidence 1n favour of transmutation was wholly nsufficient ,
and secondly, that no suggestion respecting the causes of the
transmutation assumed, which had been made, was in any
way adequate to explain the phenomena " (Ltfe,1 168) Huxley
had studied Lamarck ‘“attentively,” but to no purpose Sir
Charles Lyell “ was the chicf agent 1n smoothing the road for
Darwin  For consistent umformitaniamism postulates evolution
as much 1n the organic as n the mnorganic world ” (I¢); and
Huxley found in Darwin what he had failed to find in Lamarck,
an intelligible hypothesis good enough as a working basis  Yet
with the transparent candour which was charactenstic of him,
he never to the end of his life concealed the fact that he thought
1t wanting i rigorous proof  Darwin, however, was a naturahst ,
Huxley was not He says T am afraid there 1s very httle
of the genuine naturalist in me 1 never collected anything,
and species-work was always a burden to me, what I cared
for was the architectural and engineering part of the business
(Essays, 1. 7) But the solution of the problem of organic evolu-
tion must work upwards from the imtial stages, and 1t 1s precisely
for the study of these that “ species-work ” 1s necessary Darwn,
by observing the pecularities in the distribution of the plants
which he had collected in the Galapagos, was started on the
path that led to his theory Anatomical research had only
so far led to transcendental hypothesis, though in Huxley’s
hands 1t had cleared the decks of that lumber He quotes with
approval Darwin’s remark that ** no one has a right to examime
the question of species who has not mimutely descnbed many ”
(Essays, n. 283) The rigorous proof which Huxley demanded
was the production of species sterile to one another by selective
breeding (Ltfe, 1. 193) But this was a musconception of the
question  Sterility 1s a physiological character, and the specific
differences which the theory undertook to account for are
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morphological ; there is no necessary nexus between the two
Huxley,lmwever, telt that he had at last a secure grip of evolution.
He warned Darwin  *“ I will stop at no point as long as clear
reasoming will carry me further” (Life, 1 173) Owen, who
had some evolutionary tendencies, was at first favourably
disposed to Darwin s theory, and even claimed that he had to
some extent antictpated 1t in his own writings But Darwm,
though he did not thrust 1t into the foreground, never flinched
from recognizing that man could not be excluded from his theory
“ Light will be thrown on the ongin of man and his istory ”
(Origin,ed 1 488) Owen could not face the wrath of fashionable
orthodoxy. In his Rede Lecture he endeavoured to save the
position by asserting that man was clearly marked off from all
other amimals by the anatomical structure of lus bramn. This
was actually inconsistent with known facts, and was effectually
refuted by Huxley in various papers and lectures, summed up in
18631n Man’s Place 1 Nature I’ *‘monkey damnification’ of
mankind was too ruch even for the “ veracity * of Carlyle, who
15 said to have never forgiven it. Huxley had not the smallest
respect for authority as a basis for behef, scientific or other-
wise  He held that scientific men were morally bound * to tiy all
things and hold fast to that which s good ”’ (Life,n 161) Called
upon in 1862, 1n the absence of the president, o deliver the presi-
dential address to the Geological Society, he disposed once for all
of one of the principles accepted by geologists, that similar fossils
in distinct regions indicated that the strata contamning them
were contemporary  All that could be concluded, he ponted
out, was that the gencral order of succession was the same
In 1854 Huxley had refused the post of palacontologist to the
Geological Survey , but the fosals for which he then said that
he “did not care” soon acquired importance in his eyes, as
supplying evidence for the support of the evolutionary theorv
The thirty-one years during which he occupied the chair of
natural history at the School of Mmes were lugely occupied
with palacontological rescarch Numecrous memoirs on fossil
fishes established many far-reaching morphological facts. The
study of fossil reptiles led to his demonstrating, in the course
of lectures on birds, dehivered at the College of Surgeons in 1867,
the fundamental aflimty of the two groups which he united
under the title of Sauropsida  An incidental result of the same
course was his proposed rearrangement of the zoological regions
mto which P L. Sclater had divided the world in 1857  Hualey
antiupated, to a large extent, the results at which botanists have
since arrived  he proposed as primary divisions, Arctogaea—
to mclude the land areas of the northern hemisphere—and
Notogaea for the remainder  Successive waves of hife originated
i and spread from the northern area, the survivors of the more
ancient types finding successively « refuge in the south  Though
Huxley had accepted the Darwiman theory as a working
hypothesis, he never succeeded n firmly grasping it in detail
He thought ““evolution mght conceivably have taken place
without the development of groups possessing the characters
of species” (Essays, v 41) His palaeontological researches
ultimately led him to dispense with Darwin  In 1892 he wrote.
“ The doctrine of evolution 1s no speculation, but a generahzation
of certan facts . .. classed by biologists under the heads
of Embryology and of Palaeontology ” (Essays, v 42) Earher
in 1881 he had asserted cven more emphatically that if the
hypothesis of evolution had not existed, the palaeontologist
would have had to invent 1t ” (Essays, 1v 44).

From 1870 onwards he was more and more drawn away from
scientific research by the claims of public duty. Some men
yield the more readily to such demands, as their fulfilment
1s not unaccompanied by public esteem But he felt, as he
himself said of Joseph Priestley, ¢ that he was 4 man and a
citizen before he was a plulosopher, and that the duties of the
two former positions are at least as imperative as those of the
latter ' (Essays, m 13). From 1862 to 1884 he served on no
less than ten Royal Commussions, dealing in every case with

b of great mmportance, and in many with matters of the
gravest to the y He held and filled with
wmvanable aigmty and disinction more public positions than
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have perhaps ever fallen to the lot of a scicatific man i England
From 1871 to 1880 he was a secretary of the Royal Society.
From 1881 to 1885 he was president. For honours he cared
httle, though they were withm his reach; st » sud that he
nng.;ht have received a peerage  He accepted, however, in 1892,
Privy Counallorship, at once the most democratic and the
most anstocratic honour accessible to an Enghsh atizen.  In
1870 he was preaident of the British Assoctation at Liverpool, and
n the same year was clected a member of the newly constituted
London School Board He resigned the latter position
1872, but n the bnef period duning which he acted, probably
more than any man, he left his mark on the foundations of
national clementary education He made war on the scholastic
methods which wearied the nund in merely taxing the memorv ,
the children were to be prepared to take their place worthily
mn the community  Physical tramng was the basis ; domestic
cconomy, at any rate for girls, was msisted upon, and for all
some development of the aesthetic sense by means of drawing
and singing. Reading, wnting and arthmetic were the n-
dispensable tools for acquining knowledge, and intellectual
disciphne was to be gauned through the rudiments of physical
science. Ilensisted on the teaching of the Bible partly as a great
Iiterary hentage, partly because he was ““seriously perplexed
to know by what practical measures the rehgious fechng, which
15 the essential basis of conduct, was to he kept up, m the present
utterly chaotic state of opinion in these matters, without its
use ” (Essays, ni 397). In 1872 the School of Mines was moved
to South Kensington, and Huxley had, for the first tune after
eighteen  years, those apphances for teaching heyond the
lecture room, which to the lasting jury of the interests of
brological science mn Great Britam had been withheld from
him by the short-cightedness of government Tuxley had
only been uble to bring his mfluence to bear upon his pupils
by oral teaching, and had had no opportumity by personal
intercourse n the laboratory of forming u school  He was now
able to orgamize a system of instruction for classes of elementary
teachers 1n the general principles of biology, which indirectly
affected the teachung of the subject throughout the country
The first symptoms of physical failure to meet the stran of
the scientific and pubhc duties demanded of him made some
rest imperative, and he took a long holday m Egypt. Tie still
continued for some years to occupy himself mainly with verte-
brate morphology  But he seemed to find more interest and the
necessary mental stimulus to exertion m lec tures, public addresses
and more or less controversial writings  Ths health, which had
for a time been fairly restored, completely broke down agam
n 1835. In 1890 he removed from Iondon to Eastbourne,
where after a pamful illness he died on the 20th of June 1895,

The latter years of Huxley’s life were mainly accupied with con-
tributions to Lonudlml htcrature on subjects connected with philo-
sophy and theology The effect produced by these on popular
opinion was profound 1lus was partly due to lus posation as a
man of science, gurﬂy 10 his obvious earnestness and sicerity, but
m the mam to strenuous and attractive method of exposition
Such studies were not wholly new to hun, as they had more or less
engaged his thoughts from his earhiest days  That hus vicws exlubit
some process of development and are not ulwlltr consistent was,
therefore, to be expected, and for this reason it 1s not easy to
summanze themn as a connected body of teaching They may be
found perhaps 1n their most sy stematic form n the voluine on Hune
pubhshed m 1879

Huxlcz s -(cncral attitude to the prublems of theology and

tha ‘1 ar he wrote
1t00 moch ol a sceptic to deny thc posmbnhty of anytlung "' (Life, 11
127) “ Doubt 15 a beneficent demoa ' (Essays, ©x st) He was
anxious, nevertheless, to avoed the accusation of Pyrrhomsm (Life, u
280), but the Agnosticism which he defined to express his j osition
n 1869y suggests the Pyrrhomst 4 a The only approach to
certanty which be admitted lay in the order of mature *‘lhe
conception of the constancy of the order of nature has become the
domiant 1dea of modern thought Whatever may be man's
speculative doctrines, 1t 18 quite certain that every mnteligent person
guides hus life and nsks his fortunc upon the belief that the order of
nature 1s constant, and that the cham of natural causation 1s never
broken.” He ad howcvu th;t “1t by no means necessanly
follows that we are y this g Jization into the
mfinite past (Essays, v 47, 48) Th was lmle more than a’pious
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reservation, as evolution implies the prinaiple of continutty (/ ¢ p. 55).
Later he stated his belief even more absolutely  “* If there 18 any-
thing n the world which I do firmly believe 1n, 1t 13 the umversal
validity of the law of causation, but that umversality cannot be
proved by any amount of expertence ' (Essays, 1x 121). The
assertion that ‘" There 1s only one method by which intellectual truth
can be reached, whether the subject-matter of investigation belongs
to the world of physics or to the world of consciousness * (Essays, 1%
120) laid lim open to the charge of materialism, which he vigorously
1epelled  His defence, when he rested 1t on the imperfection of the
physical analysis of matter and force (/¢ p. 131), wasrrelevan., he
was on soundcr ground when he contended with Berkeley * that our
certain knowledge does not extend beyond our states of conscious-
ness ' (fe 130) ‘‘ Legitimate materialism, that s, the extension
of the conceptiond and of the methods of physical science to the
highest as wdll as to the lowest phenomena of vitality, 18 neitha
more nor less than a sort of shorthand idealism* (Essays, 1 194)
While  the substance of matter 35 a metaphysical unknown quahty
of the existence of which there 15 no proof the non-existence of
a substance of mind 19 equally arguable , the result 18 the
reduction of the All to co-ex: and seq of T

Dbencath and beyond which there 13 nothing cognoscible * (Essays, 1%
00)  Hume had defined a miracle as a ' violation of the laws of
nature "’ Huxlev refused to accept this  Whle, on the one hand, he
msists that *“ the whole fabric of practical hie 15 bumilt upon our
faith i 1ts continmty ”’ (Hume, 129), on the other ““ nobody
can presume to say what the order of nature must be **, this ** knocks
the {x)“om out of all a priort objections ather to ordinary * muracles *
or to the etficacy of prayer” (Essays, v 133) ‘If by the term
nmuracles we mean only extremely wonderful cvents, there can be no
just ground for denymg the pussibility of their occurrence * (Hume,
P 134)  Assuming the chemical elements to be aggregates of uniform
primittve matter, he saw no more theoretical ditficulty i water
being turncd into alcohol m the muracle at Cana, than in sugar
undeigomng a sumilar conversion (Essays, v 81)  lhe credibility of
nuracles with Husley 1s a question of evidence It may be remarked
that a sacntihe explanation s destructive of the supernatural
character of a muacl, and that the demand for evidence may be
so framed as to preclude the credibihity of any historical event
“Lhroughout his life theology had a strong attiaction, not without
clements of repulsion, for Huxley The circumstances of his early
(rammf, when Paley was the " most nteresting Sunday reading
allowed him when a boy ** (Life, n 57), probably had something to
do with both  In 1860 his behets were apparently theistic ** Science
scems to me to teach in the highest and strongest manner the
great truth which 15 anbodied 1n the Christian conception of entire
surrender to the will of God ”* (Ftfe, 1 219) In 1885 he formulates
“the perfect wleal of religion ” 1 a passage which has become
almost famous ' In the 8th century B ¢ 1n the heart of a world of
wdolatrous polytheists, the Hebrew prophets put forth a conception
of religion which appears to be as wonderful an inspiration of genius
as the art of Pheidias o1 the science of Anistotle  “ And what doth
the Lord require of thee, but to do justly, and to love mercy, and to
walk humbly with thy God’ ” (kssavs,1iv 161) Two years later he
was wniting  ‘ That there 15 no evidence of the existence of such a
bemg as the God of the theologians 13 true enough " (Life, n. 102)
He insisted, however, that ‘‘ atheism 15 on purely philosophical
grounds untenable ” (/¢) Hin theism never really advanced
beyond the 1ecogmtion of “ the passionless impersonality of the
unknown and unknowable, which science shows everywhere under-
lying the thin veil of phenomena ” (I'1fe, 1 239) In other respects
his personal creed was a kind of scientific Calvimism here 15 an
mtelesting passage m an essay written mn 1892, “ An Apologetic
FFuenicon,” which has not been republished, which illustrates this @
“ Itas the secret of tho superionty ot the best theological teachers to
the majority of their opzonents that they substantially recogmze
these realities of things, however strange the forms in which they
clothe their conceptions  The doctrines of predestination, of origwnal
s, of the mnate depravity of man and the evil {ate of the greater
part of the race, of the primacy of Satan in this world, of the essential
vileness of matter, of a ma lent I g bord to a
benevolent Almighty, who has only lately revealed himself, faulty
as they are, appear to me to be vastly nearer the truth than the
* Iiberal * popular illusions that babies are all born good, and that the
example of a corrupt society 18 responwible for their failure to remain
~0, that1t1s given to everybody to reach the ethical ideal if he will
only try , that all partial evil 1s universal good, and other optimistic
figments, such as that which represents ‘ Providence ' under the
guise of a paternal plilanthropist, and bids us believe that everything
will come right (according to oul notions) at last *  But his ** slender
detimite creed,” R H Hutton, who was associated with him 1n
the Metaphy 1 Society, tl ht—and no doubt nghtly—in no
respect “ represented the cravings of hus larger nature ”

From 1880 onwards till the very end of his hife, Huxley was
cont ly pied n a sial P agamst orthodox
beliefs  As Professor W F R Weldon justly said of his earher
polemics  ‘“ They were certainly among the principal agents in
winning a larger measure of toleration for the critical examination of
fundamental behefs, and for the free exp of honest

doub?” He threw Christiamity overboard bodily and with httle
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agprcclahon of 1ts historic effect as a civilizing agency  He thought
that ** the exact nature of the teachings and the convictions of
Jesus 1s extremely uncertan ” (Essays, v 348) ‘ What we are
usually pleased to call religion nowadays 1s, for the most part,
Hellemzed Judaism * (Lssays, wv 102) His final analysis of what
‘* since the second century, has assumed to itself the title of Orthodox
Christiamity "’ 15 a ' varying compound of some of the best and
some of the worst el of P: and Jud , Ided n
practice by the nnate character of certamn people of the Western
world ' (Essays, v 142) He concludes ““ That this Chnstianity 1s
doomed to fall 13, to my mind, beyond a doubt, but 1its fall will
neither be sudden nor speedy " (/c) He did not omi, however,
to do justice to *“ the bright side of Chnistiamity,” and was deeply
wmpressed with the hfe of Catherine of Siena Faiing Chnstianity,
he thought that some other *' hypostasis of men’s hopes "’ will anse
(Essays, v 254) His latest speculations on ethical problems are
Perhaps the least satisfactory of his writings In 1892 he wrote
* The moral sense 15 a very complex affair—dependent in part upon
associations of pleasure and pain, approbation and disapprobation,
formed by education n early youth, but in part also on an nnate
sense of moral beauty and ughness (how onginated need not be dis-
cussed), which 15 possessed by some people in %reat strength, while
some are totally devord of it ™ (Life, i 305) his 1s an intuitional
theory, and he compares the moral with the aesthetic sense, which he
repeatedly declarcs to be intuitive, thus  ** All the understanding
m the world will neither increase nor dimmsh the force of the
intuition that this is beautiful and this 18 ugly ” (Essays, 1x 80) In
the Romanes Lecture delivered 1n 1894, in which tlus passage occurs,
he defines ‘‘ law and morals "’ to be “* restraints upon the struggle
for existence between men 1 society It follows that  the ethical
process 18 1n opposition to the cosmic process,” to which the struggle
or existence belongs (Lssays, 1x 31)  Apparently he thought that
the moral sense i its orign was intuitional and mn 1ts development
utilitarian  *“ Morahty commenced with society ” (Essays, v 52)
lhe ““ ethical process "’ 14 the “ gradual strengthening of the social
bond " (Essays, 1x 35) ‘ Lhe cosmic process has ro sort of relition
to moral ends ” (/¢ 83), ‘“ of moral purpose I sce no trace mn
nature  That 1s an article of exclusive human manufacture * (Life,
n 268) The cosmic process Huxley identified with evil, and the
cthical process with good , the two are in necessary conflict  *“ The
1cality at the bottom of the doctrine of original sin " 15 the *“ nnate
tendency to self-assertion ™ inherited by man from the cosmic order
(Essays, 1x 27) * The actions we call sinful are part and parcel of
the struggle for existence ' (Ltfe, n 282) * ‘1he prospect of attaiming
untroubled happincss ” 15 ** an allusion " {Essays, 1x 44), and the
cosmic process in the long 1un will get the best of the contest, and
‘“resume 1ts sway " when evolution entcrs on its downward course
(lc p 45) Thisapproaches pure pessumism, and though in Huxley’s
view the “ 1 of Schopenh 15 g re " (Essays, 1x
200), his own philosophy of life 1s not distinguishable, and 1s often
expressed in the same language The cosmic order 1s obviously
non-moral (Lssavs, 1x 197) That 1t 1s, as has been said, immoral
15 really meanmgless  Pam and suffening are affections which
imply a complex nervous organization, and we are not justified n
Vm]ectmg them into nature external to ourselves Darwinand A

Vallace disagreed with Huxley 1n scemng rather the joyous than the
suffering side of nature Nor can 1t be assumed that the descending
scale of evolution will reproduce the ascent, or that man will ever be
conscious of his doom

As has been said, Huxley never thoroughly grasped the Darwiman
principle  He thought ‘‘transmutation may take place without
transition ' (Life, 1 173) In other words, that evolution 1s ac-
complished by leaps and not by the accumulation of small variations
He recognized the ‘* struggle for existence ” but not the gradual
adjustment of the organmism to 1ts environment which 1s imphed m
‘““ natural selection ” In highly civilized societies he thought that the
former was at an end (Essays, 1x 30) and had been replaced by the
* struggle for enjoyment ” (/¢ p 40) But a consideration of the
stationary population of France might have shown him that the
effect 1n the one case may be as restrictive as in the other So far
from natural selection being in_abeyance under modern social
conditions, ‘1t 1s,” as Professor Karl Pearson points out, ‘‘ some-
thing we run up against at once, almost as soon as we examine a
mortality table”* (Btometrika, 1 76) The mevitable conclusion,
whether we like 1t or not, 1s that the future evolution of humanty 13
as much a part of the cosmic process as 1ts past history, and Huxley's
attempt to shut the door on it cannot be maintained scientifically

AUTHORITIES —Life and Letters of Thomas Henry Huxley, by his
son Leonard Huxley (2 vols, 1900), Scientific Memors of 1Y H
Huvley (4 vols, 1898-1901), Collected Essays by T H Huxley
(0 vols , 1898), Thomas Henry Huxley, a Sketch of his Life and Work,
by P Chalmers Mitchell, M A (Oxon., 1900), a cntical study
founded on careful research and of great value (W T.T-D)

HUY (Lat. Howum, and Flem, Hoey), a town of Belgum,
on the right bank of the Meuse, at the point where 1t 1s jomned
by the Hoyoux. Pop. (1904), 14,164. It 18 19 m. E. of Namur
and a trifle less west of Liége. Huy certainly dates from the
7th century, and, according to some, was founded by the emperor




HUYGENS, C.

Antoninus n AD 148, Its situation 1s striking, with its grey
citadel crowning a grey rock, and the fine collegiate church
(with a 13th-century gateway) of Notre Dame built agamnst 1t
The citadel 15 now used partly as a depot of military equipment
and partly as a prison. The ruins are still shown of the abbey
of Neumoustier founded by Peter the Hermit on his return
from the first crusade. He was buried there in 1115, and a
statue was erected to his memory in the abbey grounds in
1858. Neumoustier was one of seventeen abbeys in this town
alone dependent on the bishopric of Liége. Huy 1s surrounded
by vineyards, and the bridge which crosses the Meuse at this
point connects the fertile Hesbaye north of the river with the
rocky and barren Condroz south of 1t.

HUYGENS, CHRISTIAAN (1629-1695), Dutch mathematician,
mechanician, astronomer and physicist, was born at the Hague
on the 14th of April 1629 He was the second son of S
Constantyyn Huygens From his father he received the rudiments
of his education, which was continued at Leiden under A Vinnius
and F van Schooten, and completed mn the juridical school
of Breda His mathematical bent, however, soon diverted
him from legal studies, and the perusal of some of his earhiest
theorems enabled Descartes to predict his future greatness. In
1649 he accompanied the mission of Henry, count of Nassau,
to Denmark, and n 1651 entered the lists of science as an assallant
of the unsound system of quadratures adopted by Gregory of
St Vincent This first essay (Exefasis quadraturae crrcult,
Leiden, 1651) was quickly succeeded by s Thevremata de
quadratura hyperboles, cllipsis, et crrculs ; while, m a treatise
entitled De cireuls magnitudine inventa, he made, three years
later, the closest approximation so far obtamed to the ratio
of the circumference to the diameter of a circle.

Another class of subjects was now to engage his attention
The improvement of the telescope was justly regarded as a
sine qua non for the advancement of ast-onomical knowledge
But the difficulties nterposed by spherical and chromatic
aberration had arrested progress m that direction until, 1n 1655,
Huygens, working with his brother Constantyn, hit upon a
new method of grinding and polishing lenses  The immediate
results of the clearer definiion obtamed were the detection
of a satellite to Saturn (the sixth in order of distance from its
primary), and the resolution into their true form of the abnormal
appendages to that planet  Each discovery n turn was, according
to the prevailing custom, announced to the lcarned world under
the veil of an anagram—removed, in the case of the first, by the
publication, early n 1656, of the little tract De Saturnt luna
observatio mova ; but retamned, as regards the second, until
1659, when 1n the Systema Saturnium the varying appearances
of the so-called  triple planet ” were clearly explamed as the
phases of a ring inclined at an angle of 28°to the ecliptic. Huygens
was also m 1656 the first effective observer of the Orion nebula ,
he delineated the bright region still known by his name, and
detected the multiple character of its nuclear star. s apphca-
tion of the pendulum to regulate the movement of clochs sprang
from his experience of the nced for an exact measure of time
i observing the heavens. The invention dates from 1656,
on the 16th of June 1657 Huvgens presented hs first *“ pendulum-
clock ” to the states-general ; and the Horologium, containing
a description of the requisite mechanism, was publshed in
1658

His reputation now became cosmopolitan, As early as 1655
the umversity of Angers had distinguished him with an honorary
degree of doctor of laws. In 1663,0n the occasion of his second
visit to England, he was elected a fellow of the Royal Society,
and imparted to that body in January 1669 a clear and concise
statement of the laws governing the collision of elastic bodies
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too tempting to be refused, and between the followmng year and
1681 his residence in the philosophic seclusion of the Bibhiothéque
du Roi was only nterrupted by two short visits to lus native
country. His magnum opus dates from thus period. 'The
Hovologium oscillatorsum, published with a dedication to lus
royal patron i 1673, contained original discoveries sufhcient
to have furmished matenals for half a dozen stniking disquisitions.
His soluuon of the celebrated problem of the ** centre of oscilla-
tion ” formed n atself an important event n the history of
mechanics  Assuming as an axiom that the centre of gravity
of any number of mterdependent bodies cannot rise higher
than the point from which it fell, he arnved, by anticipating
mn the particular case the gencral principle of the conservation
of vts vrva, at correct although not strictly demonstrated con-
clusions His treatment of the subject was the first successful
attempt to deal with the dy namucs of a system. The determina-
tion of the true relation between the length of a pendulum
and the time of 1ts oscillation, the nvention of the theory of
cvolutes ; the discovery, hence ensuing, that the cydod 1s
its own cvolute, and 15 strictly 1sochronous ; the ngenious
although practically mopcrative 1dea of corrccting the *“ arcular
error " of the pendulum by applying cy cloidal cheeks to «Jocks—
were all contamed m this remarkable treatise  The theorems
on the composition of forces in arcular motion with which it
concluded formed the true prelude to Newton’s Principra, and
would alone suffice to establish the clam of Huygens to the
highest rank among mechanical mventors.

In 1681 he finally severed his French connexions, and returned
to Holland The harsher mcasurcs which about that time
began to be adopted towards his co-rehigionists in France ure
usually aswigned as the motive of this step e now devoted
himself during six years to the production of Janses of enormous
focal distance, which, mounted on high poles, and connected with
the eye-nicce by means of a coid, formed what were called ““ aerial
telescopes * ‘Three of his object-glasses, of respectively 123,
180 and 210 ft focal length, are in the posscssion of the Royal
Society. He also succeeded in constructing an almost perfectly
achromatic eye-piece, still known by lis name But his re-
searches n physical optics constitute his chicf title-decd to
immortahty, Although Robert Iooke n 1608 and Ignacc
Pardies m 1672 had adopted a vibratory hypothesis of hght,
the conception was a mere floating possibibity until Huygens
provided 1t with a sure foundation His powerful scientific
imagmation enabled him to realize that all the points of a wave-
front originate partial waves, the aggregate effect of which 1
to reconstitute the primary disturbance at the subsequent stages
of 1ts advance, thus accomplishing 1ts propagation, <o that
each primary undulation 1s the envelope of an indefinite number
of secondary undulations This resolution of the orignal wavce
15 the well-known * Principle of Huygens,” and by its means
he was enabled to prove the fundamental laws of optics, and
to assign the correct construction for the direction of the extra-
ordinary ray n uniaxial crystals  ‘These mvestigations, together
with his discovery of the *“ wonderful phenomenon ** of polanza-
tion, arc recorded m his T'ratté de la lumiére, published at
Leiden 1n 1690, but composed mn 1678  In the appended
treatise Sur la Cause de la pesanteur, he rejected gravitation as
a umversal quahity of matter, although admitting the Newtonian
theory of the planetary revolutions  From his views on centri-
fugal force he deduced the oblate figure of the carth, estimating
1ts compression, however, at httle more than one-half 1ts actual
amount

Huygens never married. He died at the Hague on the 8th
of June 1695, bequeathing his manuscripts to the umversity
of Leiden, and his considerable property to the sons of his

Although these conclusions were arrived at indcpendently, and, | younger brother. In character he was as estimable as he was
as 1t would seem, several years previous to thelr publication, | brilhantnntell Although, ike most men of strongoriginative
they were in great ant 1ons | power, he assimilated with difficulty the 1deas of others, his

on the same subject of John Wallis and Lhnstopher Wren,
made respectively in November and December 1668

Huygens had before this time fixed his abode in France.
In 1665 Colbert made to him on behalf of Lows X1V. an offer

tardiness sprang rather from inability to depart from the track
of his own methods than from reluctance to acknowledge the
ments of his competitors.

In addition to the works already d, his Cq h
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a speculation concerning the t3 of the planet: printed
poathumuus;y at the Hague 1n 1098, and appeared almost simultane-
ously 1 an English translation A volume enutled Opera posthuma
(Lexden, 17013) contained his ** Dioptrica,” in which the ratio between
the respective focal lengths of object-glass and eye-glass 13 given as
the mcasure of magmifymmg power, together with the shorter essays
De vitres figurandis, De corona et parkelus, & An early tract De
ratioctnits 1n ludo aleae, printed m 1657 with Schooten’s Exercita-
trones mathematicae, 13 notable as one of the first formal treatises on
the theory of probabilities, nor should his investigations of the
properties of the (ssond, loganthmic and catenary curves be left
unnoticed s mvention of the spiral watch-spring was explamcd
m the Journal des savants (Feb 25 1075) An edition of his
worky was published hL; J ' Graveswnde, m four quirto volumes
entitled Opera varsa (Leiden, 1724) and Opera retigua (Amsterdam,
1728) His saientihic correspondence was edited by 1’ J Uylenbroek
from manuscripts preserved at Leiwden, with the title Christian:
Hugenmis ahorumque seculs XVII wvivorum celebrium exercitationes
mathematicae et philosophicae (the Hague, 1833)

The publication of a monumental edition of the letters and works
of Huygens was undertaken at the Hague by the Socteté Hollandasse
des Sciences, with the heading uuvres ds Christian Huygens (1888),
&c. Ten quarto volumes, comprising the whole of his correspondence,
had already been 1ssued m 1905 A biography of Huygens was
£reﬁxcd 10’8 Opera vana (1721), s Lloge w the character of a

‘rench academician was punted b, A N Condorcet 1n 1773
Consult further P J Uylenbroek, Oratio de fratribus Chistiano
atque C Hugemo (G sen, 1838), P Harting, Christiaan
Huygens in s1yn Leven en Werken goschetzt (Gronmingen, 1868), J B |
Delambre, Hist. de ¥ (m s49), J F Montucla,
Hist des mathématsques (n 84, 412, 549) , M Chasles, Aperqu histor-
1’:0“ sur lonigine des mithodes en g:‘am«tnsbpp 101-109 , I+ Duhring,

"\

ritische Geschichte der  allgemeirnen yincipren  der  Mechank,
Abschntt (n 120, 163, m 227), A Berry, A Short History of
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HUYGENS, SIR CONSTANTIIN (1596-1687), Dutch poet
and diplomatist, was born at the Hague on the 4th of September
1596 His father, Christiaan Huygens, was secretary to the
state council, and a man of great political importance. At the
baptisin of the child, the city of Breda was one of his sponsars,
and the admiral Justinus van Nassau the other,  He was tramed
n every polite accomphshment, and before he was seven could
speak Irench with fluency. Ile was taught Latin by Johannes
Dedclus, and soon became a master of classic versification
He developed not only extraordinary mtellectual gifts but
great physical beauty and strength, and was one of the most
accomphshed athletes and gymnasts of his age, his skill m
playing the lute and i the arts of panting and engraving
attracted general attention before he began to develop his
genus as a writer.  In 1616 he proceeded, with his elder brother,
to the university of Leiden He stayed there only one year,
and m 1618 went to London with the Enghsh ambassador
Dudley Carleton, he remamed n London for some months,
and then went to Oxford, where he studied for some time 1n the
Bodleinn Library, and to Woodstock, Windsor and Cambnidge ,
he was mtroduced at the English court, and played the lute
before James I ‘IThe most interesting feature of this visit was
the mtimacy which sprang up between the young Dutch poet
and Dr Donne, for whose gemus Huygens preserved thiough
lfe an unbounded adnuration. He returned to Holland in
company with the Englsh contingent of the synod of Dort,
and m 1619 he proceeded to Venice in the diplomatic service
of hus country ; on his return he nearly lost hus hife by a foolhardy
exploit, namely, the scaling of the topmost spire of Strassburg
cathedral - In 1621 he published one of his most weighty and
popular poems, his Batava Tempe, and n the same year he
proceeded agamn to London, as secretary to the ambassador,
Wijngaerdan, but returned in three months, His thurd diplo-
matic visit to kngland lasted longer, from the 5th of December
1621 to the st of March 1623. During his absence, his volume
of satires, 't Costeltck Mal, dedicated to Jacob Cats, appeared
at the Hague. In the autumn of 1622 he was knighted by
James 1. He published a large volume of mscellaneous poems
in 1625 under the title of Otsorum librs sex ; and in the same
year he was d private y to the stadhold
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In 1627 Huygens marned Susanna van Baerle, and settled at
the Hague ; four sons and a daughter were born to them. In
1630 Huygens was called to a seat 1n the pnivy council, and he
continued to exercise pohtical power with wisdom and vigour
for many years, under the uitle of the lord of Zuyhchem In
1634 he 1s supposed to have pleted his long-talked-of version
of the poems of Donne, fragments of which exist. In 1637 hus
wife died, and he immediately began to celebrate the virtues
and pleasures of thar married hfe i the remarkable didactic
poem called Dagwerck, which was not pubhshed till long after-
wards. From 1639 to 1641 he occupied himself by building
a magnificent house and garden outside the Hague, and by
celebrating their beauties in a poem entitled Hofwiyck, which
was published 1n 1653. In 1647 he wrote his beautiful pocm
of Qogentroast or * Eye Consolation,” to gratify his blind friend
Lucretia van Trollo  He made his solitary effort in the dramatic
hne 1n 1657, when he brought out his comedy of Triyntje Cornelis
Alacht, which deals, in rather broad humour, with the adventures
of the wife of a ship’s captain at Zaandam  In 1658 he 1earranged
his poems, and issued them with many additions, under the
title of Corn Flowers He proposed to the government that
the present highway from the Hague to the sea at Scheveningen
should be constructed, and during his absence on a diplomatic
mssioa to the French court n 1666 the road was made as a
comphment to the venerable statesman, who expressed his
gratitude n a descriptive poem enuitled Zeestraet. Huygens
cdited his poems for the last time 1 1672, and died 1n his nimety-
first year, on the 28th of March 1687  Hc was buried, with the
pomp of a national funeral, in the church of St Jacob, on the
4thof April.  His second son, ( htistiaan, the eminent astronomer,
1s noticed separately

Constantiyn Huygens 13 the most brilhant figure 1n Dutch hterary
history  Other statesmen surpassed him n political mnfluence, and
at least two other pocts surpassed humn the value and ongimality of
thar wntings  But lus figure was more digmfied and splendid, his
talents were more varied, and his general accomphishments more
remarkable than those of any other person of his age, the greatest
age n the lustory of the Netherlands — Huygens s the grand seigneur
of the rcpublic, the type of arstocratic oligarchy, the jewel and
ornament of Dutch ibetty  When we consider his imposing character
and the posttive value of s writings, we may well be surprised that
lie has not found a modern editor 1118 a disgrace to Dutch scholar-
ship that no complete collection of the writings of Huygens exists
His autolbiography, De vita propria sermonum libri duo, did not sce
the hght until 1817, and s ramarhable pocn, Cluyswerck, was not
printed until 1841 \y a poet Huygens shews a finer sense ot form
than any other ealy Dutch wnter, the language, in s hands,
becomes as flexible as Itahan  His epistles and highter pieces, n par-
ticular, display us metaical ease and facility to perfection  (E

HUYSMANS, the name of four Flemish painters who matnicu-
lated 1n the Antwerp gild in the 17th century, Cornehs the
clder, apprenticed 1n 1633, passed for a mastership m 1636,
and remained obscure. Jacob, apprenticed to Frans Wouters
n 1650, wandered to England towards the close of the reign
of Charles IT , and competed with Lely as a fashionable portrait
panter. He executed a portrait of the queen, Catherine of
Braganza, now mn the national portrait gallery, and Horace
Walpole assigns to him the hikeness of Lady Bellasys, catalogued
at Hampton Court as a work of Lely His portrait of Izaak
Walton in the National Gallery shows a disposition to imutate
the styles of Rubens and Van Dyke. According to most accounts
he died in London m 1696 Jan Bapuist Huysmans, born at
Antwerp 1n 1654, matriculated 1n 1676-1677, and died there n
1715-1716, He was younger brother to Cornehs Huysmans
the second, who was born at Antwerp mn 1648, and educated
by Gaspar de Wit and Jacob van Artois. Of Jan Baptist httle
or nothing has been preserved, except that he registered numerous
apprentices at Antwerp, and pamnted a landscape dated 1697
now 1n the Brussels museum Cornelis the second 1s the only
master of the name of Huysmans whose talent was largely
acknowledged. He received lessons from two artists, one of
whom was familiar with the Roman art of the Poussins, whilst
the other hented the scemc style of the school of Rubens.
He combined the two in a nich, highly coloured, and usually

effective style, which, however, was not free from monotony.
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Seldom attempting anything but woodside views with fancy
backgrounds, half Itahan, half Flemish, he painted with great
facility, and left numerous examples behind. At the outset
of hus career he practised at Malines where he marned mn 1682,
and there too he entered into some business connexion with
van der Meulen, for whom he pannted some backgrounds
In 1706 he withdrew to Antwerp, where he resided till 1717,
returning then to Malines, where he died on the 1st of June
1727,

7’l'¥muxh most of his pictures were composed for cabinets rather than
hurches, lated van Artois in the production of
large sacred pieces, and for many years his ““ Christ on the Road to
Emmaus ™ adorned the choir of Notre Dame of Malnes In the
gzllerio{ Nantes, where three of his small landscapes are preserved,
there hangs an *‘ Investment of Luxembourg,” by van der Meulen, of
wlich he 1s known to have laid 1 the background  [he national
gallenics of London and Edinburgh contain each one¢ example of lus

1l Blenheim, too, and o(horlgnvatv gallerics 1n Fngland, possess
one or more of his pictures ut most of his works are on the
European contment

HUYSMANS, JORIS KARL (1848-1907), French novehst,
was born at Pans on the s5th of February 1848 He bdlonged
to a family of artists of Dutch extraction, he entered the
mustry of the interror, and was punsioned after thirty years’
service His earliest venture in hterature, Le Drageorr d épices
(1874), contamed stories and short prose poems showing the
influence of Baudelaire, Marthe (1876), the life of a courtesan,
was published in Brussels, and Huysmans contributed a story,
“Sac an dos,” to Les Sosrées de Médan, the collection of stones
of the Franco-German war published by Zola He then pro-
duced a series of novels of everyday hfe, including Les Seurs
Vatard (1879), En Ménage (1881),and A van-U'can (1882),1n which
he oatdid Zola i nunute and uncompromising realism lle
was nfluenced, however, more directly by kaubert and the
brothers de Goncourt than by Zola In L’Art moderne (1883)
he gave a careful study of impressiomism and 1n Certains (188y)
a seties of studies of contemporary artists A Rebours (1884),
the history of the morbid tastes of a decadent anstocrat, des
Esseintes, created a literary sensation, its caricature of hiterary
and artistic symbohism covering much of the real bchiefs of the
leaders of the aesthetic revolt In Ld-Bas Huysmans’s most
characterstic hero, Durtal, makes his appearance  Durtal
1s occupied in writing the hfe of Giles de Rais, the nsight
he gains into Satanism 1s supplementcd by modern Parisian
students of the black art, but already therc are signs of a
leaning to rcligion n the sympathetic figures of the religious
bell-ringer of Saint Sulpice and his wife.  En Route (1895) relates
the strange conversion of Durtal to mysticism and catholicism
n his retreat to La Trappe. In La Cathédrale (1898), Huysmans’s
symbolistic interpretation of the cathedral of Chartres, he
develops his enthusiasm for the purity of Cathohic ntual The
hfe of Sainte Lydwine de Schiedam (19o1), an exposition of
the value of suffering, gives further proof of his conversion,
and L’Oblat (1903) describes Durtal’s retreat to the Val des
Saints, where he 1s attached as an oblate to a Benedictine
monastery. Iluysmans was nominated by Edmond de Gon-
court as a member of the Académic des Goncourt He died
as a devout Catholic, after a long illness of cancer in the palate
on the 13th of May 1907 Before his death he destroyed his
unpubhshed MSS. His last book was Les Foules de Lourdes
1906).

( 9See)mtluu' Symons, Studies in two Luteratures (1897) and The
Symbolist Movement sn Litevature SlSog) , Jean Lionnet m L’Evolu-
ton des idees (1903): Eugéne Gilbert n France et Belgique (1905),
J. Sargeret in Las Grands convertis (19ob)

HUYSUM, JAN VAN (1682-1749), Dutch painter, was born
at Amsterdam mn 1682, and died n his native city on the 8th
of February 1749 He was the son of Justus van Huysum,
who 15 said to have been expeditious in decorating doorways,
screens and vases A picture by this artist 1s preserved m
the gallery of Brunswick, representing Orpheus and the Beasts
n a wooded landscape, and here we have some explanation
of hus son’s fondness for landscapesof a \ Arcadi
kind ; for Jan van Huysum, though skilled as a painter of still
life, beheved himself to possess the genius of a landscape pamnter.
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Half his pictures in public galleries are landscapes, views of
imagmary lakes and harbours with unpossible ruins and classic
edifices, and woods of tall and motionless trees-—the whole
very glossy and smooth, and entirely bfeless The carhest dated
work of this kind 1s that of 1717, n the Louvre, a grove with
maidens culling flowers near a tomb, ruins of a portico, and a
distant palace on the shores of a lake bounded by mountawns.

It 15 doubtful whether any artist ever surpassed v an Huysum
i representing frt and flowers, It has been sud that his
frurt has no savour and his flowers have no perfume—in other
words, that they arc hard and artificial —but this 1s scarcely
true. In substance fruit and flower are delicate and finished
imtations of nature in its more subtle vaneties of matter
The fruit has an incomparable blush of down, the flowers have
a perfect dehicacy of tissue  Van Iuysum, too, shows supreme
art w relicving flowers of vanous colours agamnst each other,
and often agamst a light and transparent background He
15 always bright, sometimes even gaudy Great taste and
much grace and eclegance are apparent m the arrangement of
bouqucts and fruit in vases adoined with bas rchiefs or in baskets
on marble tables ‘Lhere 1s exqusite and faultless finish every-
where  But what van Huysum has not 15 the breadth, the
bold cffectiveness, and the depth of thought of de Heem, from
whom he descends through Aﬁndm.m Mignon

Some of the finest of van Huysum's {ruit and flower pieces have
been m English private collectious  those of 1723 in the earl of
Lllesmere’s gallery, othess of 1730-1732 1 the collections of Hope
and Ashburton One of the best examples 15 now m the National
Gallery (1;730-1737) No public museum has finer and more numer-
ous specimens thn the Louvie, which boasts of four landwapes and
Six panels with stdl hfe, then comne Berlin and Amstadam with four
frt and flower pieces, then St Petersburg, Munich, Ianover,
Diesden, the Hague, Brunswick, Vienna, Carlsruhe and Copenhagon

HWANG HO [Hoanc 1o}, the second lnrgest river m China
It 15 known to foreigners as the Yellow river—a name which
15 a literal translation of the Chinese. It rises among the Kuen-
lun mountains in central Asia, its head-waters being n close
proximity to those of the Yangtsze-hiang. It has a total
length of about 2400 m and drains an arca of approximately
400,000 sq m The mam stream has 1ts source in two lakes
named Tsarmg-nor and Orng-ror, lying about 35° N, 97° E,
and after flowing with a south-easterly course 1t bends sharply
to the north-west and north, entermg China in the province
of Kansuh in lat 36° After passing Lanchow-fu, the capital
of this province, the river takes an immense sweep to the north
and north-cast, until 1t encounters the rugged barricr ranges
that here run north and south through the provinces of Shans
and Chihli By these ranges 1t 1s forced duc south for oo m,
formmng the boundary between the provinces of Shansi and
Shensy, until st finds an outlct eastwards at Tung kwan—a
pass which for centuries has been renowned as ths gate of Asia,
bemg ndeed the sole commcrcial passage between central
Chma and the West At Tung Kwan the river 15 jomed by 1ts
only considerable affluent n China propcr, the Wei (Wei-ho),
which drams the large province of Shens, and the combined
volume of water continues 1ts way at first east and then north-
east across the great plam to the sea At low water in the winter
season the discharge 1s only about 36,000 cub ft per second,
wheieas during the summer flood 1t reaches 116,000 ft or more
The amount of sediment carried down 1s very large, though
no accurate observations have bcen made. In the account
of Lord Macartney’s embassy, which crossed the Yellow river
n 1792, 1t was calculatcd to be 17,520 million cub ft. a year,
but this 18 considered very much over the mark ‘Iwo reasons,
however, combine to render 1t probable that the scdimentary
matter 18 very large m proportion to the volume of water*
the first being the great fall, and the consequently rapid current
over two-thirds of the river’s course; the second that the
dramage arca 18 nearly all covered with deposits of loess, which,
bemg very friable, readily gives way before the ramnfall and
is washed down in large quantity. The ubiquity of this loess
or yellow earth, as the Chinese call 1t, has n fact given 1ts
name both to the river which carnes 1t in solution and to the
sea (the Yellow Sea) into which it 1s discharged. It is caleulated
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by Dr Guppy (Journal of China Branch of Royal Asatic Society,
vol. xvi.) that the scdiment brought down by the three northern
nivers of (hina, viz.,, the Yangtsze, the Hwang-ho and the
Peiho, 15 24,000 million cub. ft per annum, and 1s sufficient
to fill up the whole of the Vellow Sea and the Gulf of Pechth
n the space of about 36,000 ycars

Unhke the Yangtsze, the Hwang-ho 13 of no practical value for
navigation The silt and sand form banks and bars at the mouth,
the water 19 too shallow 1n winter and the current 1s too strong mn
summer, and, further, the bed of the niver 13 continually shifting
It 1s this last feature which has earned for the river the name *“ China'’s
sorrow ”’ As the silt-laden waters debouch from the rocky bed of the
upper reaches on to the plains, the current slackens, and the coarser
cletritus settles on the bottom By degrees the bed rnises, and the
people build embankments to prevent the nver from overflowing
As the bed rises the embankments must be raised too, until the stream
15 flowing many fect above the levcl of the surrounding country
As time goes on the situation becomes more and more dangerous ,
finally, a breach occurs, and the whole niver pours over the country,
curyimg destruction and rum with it If the breach cannot be re-
panad the niver leaves 1ts old channc entirely, and finds a new exit
{0 the sea along the hine of least resistance  Such in brief has been
the story of the 11ver since the dawn of Chinese history At various
times 1t hag discharged its waters alternately on one side or the other
of the great mass of mountains forming the promontory ot Shantung,
and by mouths as far apart fiom each other as 500 m At each
change 1t has worked havoc and disaster by covering the cultivated
ficdds with 2 or 3 ft of sand and mud

A great change in the nver's course occurred in 1851, when a
breach was made in the north embankment near Kaifengfu in Honan
At tlus pomt the niver bed was some 25 ft above the plun, the
water consequently forsook the old channel entirely and poured over
the level country, finally sei2ing on the bed of a'small niver called
the Twing, and thereby finding an cait to the sea  Since that time
1he new channel thus carved out has remained the proper course of
the river, the old or southerly channel bemng left quite dry It re-
quired some fifteen or moie years to repair damages from this out-
break, and to confine the stream by new cmbankinents  After that
thete was for a time comparative inmunity fromn mundations, but
1 1582 fresh outbursts again began  The most serious of all took
placc m 1887, when it appeared probable that there would be again a
betmanent change in the nver’s comse By dint of great exertions,
imwvcr, the government succeeded n closing the breach, though
not il January 1889, and not until there had been immense destruc-
tion of life and property — The outbreak on this occasion vecurred, as
Al the more serious outbreaks have done, 1n Honan, a few miles west
of the aity of Kaifengfu The stream poured 1tself over the level and
fertile countiy to the southwards, sweeping whole villages before
1t, and converting the plain 1nto one vast lahe The area affected
was not less than 50,000 sq m and the loss of hife was computed at
over one mithon  Since 1887 there have been a series of smaller
outbreaks, mostly at pomnts lower down and 1n the neighbourhood of
Chimanfu, the ca;-ntal of Shantung lhese perpetually occurring
disasters entail a heavy expense on the government, and from the
mete pecuniary point of view 1t would well repay them to call in the
best foreign engineering skill available, an expedient, however, which
has not commended 1tself to the Chinese authoritics G J)

HWICCE, one of the kingdoms of Anglo-Saxon Britam. Its
exact dimensions are unknown, they probably comcided with
those of the old diocese of Worcester, the early bishops of
which bore the uitle “ Episcopus Hwicciorum It would there-
fore mclude Worcestershire, Gloucestershire except the Forest
of Dean, the southern half of Warwichshire, and the neighbour-
hood of Bath The name Hwicce survives m Wychwood n
Onfordshire and Whichford in Warwickshire. These districts,
or at all events the southern portion of them, were according
to the Anglo-Saxon Chronede, sa 577, ongmally conquered
by the West Saxons under Ceawhn In later times, however,
the kingdom of the Iwicce appears to have been always subject
to Meraan supremacy, and possibly 1t was separated from
Wessex i the time of Edwin.  The first kings of whom we read
were two brothers, Eanhere and Eanfrith, probably contempor-
aries of Wulfhere  They were followed by a king named Osric,
a contemporary of /Ethelred, and he by a king Oshere. Oshere
had three sons who reigned after him, /Ethelheard, Zthelweard
and Athelric  The two last named appear to have been reigning
m the year 706. At the beginning of Offa’s reign we again find
the kingdom ruled by three brothers, named Eanberht, Uhtred
and Aldred, the two latter of whom lived until about 780. After
them the title of king seems to have been given up. Therr
succeesor Ethelmund, who was killed 1n a campaign against
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Wessex 1n 80z, 1s described only as an earl The district re-
mained 1n possession of the rulers of Mercia untl the fall of that
kingdom. Together with the rest of English Mercia 1t submitted
to King Alfred about 877-883 under Earl Athelred, who possibly
himself belonged to the Hwicce. No genealogy or hist of kings
has been prescrved, and we do not know whether the dynasty
was connected with that of Wessex or Merua.

Sec Bede, Historia eccles (edited by C Plummer) v 13 (Oxford,
1890), W de G Birch, Cartularium Saxonicum, 43, 51, 76,85, 116, 117,
122, 163, 187, 232, 233, 238 (Oxford, 1885-1889) (FGMB)

HYACINTH (Gr vdkevfos), also called JACINTH (through Ital
gracinto), one of the most popular of spring garden flowers It
was 1n cultivation prior to 1597, at which date 1t 1s mentioned
by Gerard Rea mn 1665 mentions several single and double
varieties as being then m English gardens, and Justice n 1754
describes upwards of fifty single-flowered varieties, and nearly
one hundred double-flowered ones, as a selection of the best from
the catalogues of two then celebrated Dutch growers One of
the Dutch sorts, called La Reme de Femmes, a single white,
1s said to have produced from thirty-four to thirty-eight flowers
m a spike, and on 1ts first appearance to have sold for 5o guilders
a bulb ; while one called Overwinnaar, or Conqueror, a double
blue, sold at first for 100 guilders, Glona Mund for 500 guilders,
and Koning Saloman for 6oo guwlders. Several sorts are at
that date mentioned as blooming well 1n water-glasses. Justice
telates that he himself raised several very valuable double-
flowered kinds from seeds, which many of the sorts he describes
are noted for producing freely

The ongmal of the cultivated hyacinth, Hyacinthus orientalis,
a native of Greece and Asia Minor, 1s by comparivon an inwigmifi-
cant plant, bearing on a spike only a few small, narrow-lobed,
washy blue flowers, resembhng m form those of our common
bluebell So great has been the improvement effected by the
flonists, and chiefly by the Dutch, that the modern hyacinth
would scarcely be recogmzed as the descendant of the type above
referred to, the spikes bang long and dense, composed of a large
number of flowers, the spikes produced by strong bulbs not
unfrequently mecasure 6 to 9 . in length and from 7 to 9 1n
in arcumference, with the flowers closely set on from bottom to
top. Of late years much improvement has been effected in the
size of the individual flowers and the breadth of their recurving
lobes, as well as n securing increased brilhancy and depth of
colour,

‘The pecuharitics of the soil and climate of Holland are so very
favourable to their production that Dutch florists have made a
specialty of the growth of those and other bulbous-rooted flowers
Hundreds of acres are devoted to the growth of hyacinths in the
vicinity of Haarlem, and bring in a revenue of several hundreds
of thousands of pounds. Some notion of the vast number
imported mto England annually may be formed from the fact
that, for the supply of flowering plants to Covent Garden, one
market grower alone produces from 60,000 to 70,000 1n pots
under glass, their blooming period being accelerated by artificial
heat, and extending from Christmas onwards until they bloom
naturally in the open ground

In the spring flower garden few plants make a more effective
display than the hyacinth. Dotted in clumps n the flower
borders, and arranged in masses of well-contrasted colours in
beds mn the flower garden, there are no flowers which impart
during their season—March and April—a gayer tone to the par-
terre. The bulbs are rarely grown a second time, either for
ndoor or outdoor culture, though with care they mught be
utthzed for the latter purpose ; and hence the enormous numbers
which are procured each recurring year from Holland

The first hyacinths were single-flowered, but towards the ciose
of the 17th century double-flowered ones began to appear, and
till a recent period these bulbs were the most esteemed. At
the present time, however, the single-flowered sorts are in the
ascendant, as they produce more regular and symmetrical spikes
of blossom, the flowers being closely set and more or less horizontal
in direction, while most of the double sorts have the bells distant
and dependent, so that the spike 1s loose and by companson
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meffective. For pot culture, and for growth mn water-glasses
especially, the single-flowered sorts are greatly to be preferred.
Few 1if any of the original kinds are now 1n cultivation, a succes-
sion of new and improved varieties having been raised, the
demand for which 1s regulated 1 some respects by fashion

The hyacinth dchights n a rich hght sandy sol  The Dutch m-
corporate freely with their naturally hght soil a compost consisting
of one-third coarse sea or mivcr sand, one-thurd rotten cow dung
without ltter and one-third leaf-mould  The soil thus renovated
retains 1ts quahties for six or seven years, but hyacmnths are not
planted upon the same place for two years successively, intermediary
«rops of narcissus, crocus or tulips bewng taken A good compost for
hyacinths is sandy loam, decayed leaf-mould, rotten cow dung and
sharp sand 1 equal parts, the whole bemf collected and laid up mn a
heap and turned over occasionally Well-drained beds made up of
this co1l, and refreshed with a portion of new compost annually,
would grow the hyacinth to perfecion The best time to plant the
bulbs 15 towards the end of September and during October, they
should be arranged n rows, 6 to 8 mn asunder, there bemg four rows
m each bed  The bulbs should be sunk about 4 to 6.m deep, with a
small quantity of clcan sand placed below and around each of them.
The beds should be covered with decayed tan-bark, coco-nut fibre or
half-rotten dung htter As the flower stems appear, they arc tied to
ngid but slender stakes to preserve them from accident “1f the bulby
are at all prized, the stems should be broken off as soon as the flowes-
g 18 over, $0 as not to exhaust the bulbs , the leaves, however, must
be allowed to grow on till matured, but as soon as they assume a
yellow colour, the bulbs are taken up, the leaves cut off near thewr
base, and the bulbs laid out 1n a dry, airy, shady place to ripen, after
which they are cleaned of loose earth and shin, ready for storing
It 1s the practice n Holland, about a month after the bloom, or when
the tips of the leaves assume a withered appearance, to take up the
bulbs, and to lay them sideways on the ground, covering them with
an nch or two of earth About three weeks later they are agamn
taken up and cleancd  In the <tore-room they should be kept dry,
well-aired and apart from each other

Few plants ate hetter adapted than the hyacinth for pot culture
as greenhouse decorative plants, and by the aid of forcing they may
be had 1 bloom as early as Christmas  They flower fairly well in
5-1n pots, the stronger bulbs in 6-1n pots  To bloom at Christmas,
they should be potted early m September, 1n & compost resembling
that already recommended for thc open-air beds, and, to keep up a
suceession of bloom, others should tted at tervals of a few
weeko Uil the muddfe or end of November The tops of the bulbs
should be about level with the soil, and 1f a lhittle sand 15 put im-
medhately around them so much the better The pots should be set
1n an open place on a dry hard bed of ashes, and be covered over to a
depth of Gor 8 in - with the same material o1 with fibre or so1l, and
when the roots are well developed, which will take from wix to eight
weeks, they may be removed to a frame, and gradually evyoﬁed to
hght, and then placed i a forcing pit 1n a heat of from 60° to 70°
When the flowers are fairly open, they may be removed to the green-
house or consetvatory

The hyacinth may be very successfully grown in glasses for orna-
ment tn dwelling-houses  The glasses aie filled to the neck with ramn
or even tap water, a few lumps of charcoal being dropped mto them
Lhe bulbs are placed m the hollow provided for them, so that their
base just touches the water This may be done mn September or
October They are then set m a dark cupboard for a few weeks tll
roots are freely produced, and then gradually exposcd to hght The
early-flowering sugle white Roman hyacinth, a small-growing pure

white vanety, remarkable for its fragrance, and well adapted for
forcing, as 1t can be had in bloom if 1equired by November For
windows 1t grows well 1 the small glasscs commonly used for

crocuses , and for decorative purposes should be planted about five
bulbs 1n a 5-1n pot, or mn pans holding a dozen each If grown for
cut flowers 1t can be planted thickly 1n boxes of any convenient size
1t 1s lughly esteemed during the winter months by flonsts

The Spamsh hyaunth (H amethystinus) and H azureus are
charmung hittle bulbs for growing 1n masses 1 the rock garden or front
of the flower border. The older botanists included 1n the genus
Hyacinthus species of Muscart, Scilla and other genera of bulbous
Lilaceae, and the name of hyacinth 1s sull popularly applied to
several other bulbous plants Thus Muscars botryoides 1s the grape
hyacinth, 6 1n, blue or white, the handsomest, M tnoschatum, the
musk hyacinth, 10 1, has pecuhiar hvid greenish-yellow flowers and
a strong musky odour, . comosum var monstrosum, the feather
hyacinth, bears sterile flowers broken up into a featherlike mass,
M yacemosum, the starch hyacinth, 15 a native with deep blue plum-
scented flowers The Cape hyacinth 1s Galtonta candscans, a magmfi-
cent border plant, 3-4 ft high, with large drooping white f:nell-shaped
flowers, the star hyacinth, Sci/la amoena , ttie Peruvian hyacinth
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HYACINTH, or JACINTH, n mincralogy, a variety of zircon
(g v ) of yellowish red colour, used asagem-stone  The hyactnthus
of ancient writers must have becn our sapphue, or blue corundum,
while the hyacmth of modern muneralogists may have been
the stone known as lyncurium (Avykoipiov) The Hebrew
word leshem, translated hgure in the Authorized Version (Ex.
xxvi. 19), from the Awydpior of the Septuagint, appears mn
the Revised Version as jacmth, but with a marginal alternative
of amber Both jacinth and amber may be reddish ycllow,
but therr 1dentification 1s doubtful As our jacinth (zircon)
15 not known m ancient Egyptian work, Professor Ihinders
Petrie has suggested that the leshems may have been a yellow
quartz, or perhaps agate. Some old Enghsh wnters descrnibe
the jacinth as yellow, whilst otheis refer to 1t as a blue stone,
and the hyacnthus of some authorities secms undoubtedly to
have been our sapphire. In Rev. xx. 20 the Revised Version
retains the word jacmth, but gives sapphure as an alternative

Most of the gems known in trade as hyacinth are only garnets—
generally the decp orange-brown hessonite or cinnamon-stonc—
and many of the antique engraved stones reputcd to be hyacanth
are probubly garnets ‘Lhe difference may be detected optically,
since the garnet 15 singly and the hyacinth doubly refracting,
moreover the speaific gravity affords a simple means of diagnosis,
that of garnet being only about 3 7, whilst hyacinth may have
a density as high as 4 7. Again, 1t was shown many years ago
by Sir A H (hurch that most hyaunths, when exammncd by
the spectroscope, show a series of dark absorption bands, due
perhaps to the presence of some rare clement such as uranum
or erbum

Hyaunth 15 not a common muneral It occurs, with other
zircons, in the gem-gravels of Ceylon, and very fine stones have
been found as pehbles at Mudgee in New South Wales  Crystals
of zircon, with all the typical characters of hyacinth, occur at
Expailly, Le¢ Puy-en-Velay, in Central France, but they are not
large enough for cutting The stones which have been called
Compostella hyacinths arc simply ferruginous quartz from
Santiago de Compostella in Spain. (FWR*

HYACINTHUS,! in Greek mythology, the youngest son of the
Spartan king Amyclas, who reigned at Amyclac (s0 Pausanias
m 1 3,m 19 5, and Apollodorus 1 3 3, m. 10 3) Other
stories make him son of Ocbalus, of Eurotas, or of Pierus
and the nymph Cho (sce Hyginus, Fabulae, 271, Lucian, De
sallatione, 45, and Dial. deor 14) According to the general
story, which 1s probably late and composite, hus great beauty
attracted the love of Apollo, who killed him acaidentally when
teaching him to throw the discus (quoit), others say that
Zephyrus (or Boreas) out of jealousy deflected the quoit so that
1t it Hyacinthus on the head and killed him.  According to the
representation on the tomb at Amyclac (Pausanias, loc. )
Hyacmthus was translatcd into heaven with his virgin sister
Polyboea  Out of his blood there grew the flower known as
the hyacinth, the petals of which were marked with the mournful
exclamation Al, Al, “alas "’ (cf. ¢ that sanguine flower inscribed
with woe ”)  This Greek hyacnth cannot have been the flower
which now bears the name ; 1t has been identified with a species
of iris and with the larkspur (delphinium Aracts), which appear
to have the markings described  The Greek hyacinth was also
said to have sprung from the blood of Ajax Ewidently the
Greek authonties confused both the flowers and the traditions.

The death of Hyacinthus was celcbrated at Amyclae by the
second most important of Spattan festivals, the Hyacinthia,
which took place in the Spartan month Hecatombeus. What
month this was 15 not certain, Arguing from Xenophon (Hell.
wv. 5) we get May ; assuming that the Spartan Hecatombeus
15 the Attic Hecatombaton, we get July ; or again it may be the
Attic Scirophorion, June. At all events the Hyacinthia was an
early summer festival. It lasted three days, and the ntes

or Cuban lhly, $ peruviana, a native of the M region, to
which Linnacus gave the species name peruviana on a mistaken
assumption of 1ts origin; the wild hyacinth or blue-bell, known
variously as Ewndymion nomscriptum, Hyacimthus nonscripius or
Scilla nutans ; the wild hyacinth of western North America, Camassia
esculenta, They all flourish 1n good garden soil of a gritty nature.

dually passed from mourming for Hyacinthus to rejoicings

! The word is probably derived from an Indo-European root
meaning ‘‘ youthful,” found 1n Latin, Greek, English and Sansknt
Some have suggested that the first two letters are from (ew, to rain
(cf Haydes) .

&
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in the majesty of Apollo, the god of light and warmth, and giver
of the ripe fruits of the earth (see a passage from Polycrates,
Lacomea, quoted by Athenaeus 139D, criticized by L. R.
Farnell, Culls of the Greek States, v 266 foll.). This festival 15
clearly connected with vegetation, and marks the passage from
the youthful verdure of spring to the dry heat of summer and
the ripeming of the corn,

The precise relation which Apollo bears to Hyacinthus 1s
obscure. The fact that at Tarentum a Hyacinthus tomb 13
ascnbed by Polybs to Apollo Hyacinthus (not Hyacinthius)
has led some to think that the personalities are one, and that
the hero 1s merely an emanation from the god ; confirmation
15 sought in the Apolline appellation rerpdyxep, allcged by
Hesychius to have been used in Laconia, and assumed to describe
& composite figure of Apollo-Hyacinthus Agamnst this theory
15 the essential difference between the two figures, Hyacinthus
1s a chthonian vegetation god whose worshippers are afficted
and sorrowful ; Apollo, though interested m vegetation, 1s never
regarded as inhabiting the lower world, his death 1s not cclebrated
n any nitual, his worship 1s Joyous and triumphant, and finally
the Amyclean Apollo 18 speafically the god of war and song.
Moreover, Pausanias describes the monument at Amyclae as
consisting of a rude figure of Apollo standing on an altur-shaped
buse which formed the tomb of Hyacinthus Into the latter
offerings were put for the hero hefore gifts were made to the god.

On the whole 1t 1s probable that Hyacinthus belongs oniginally
to the pre-Dorian period, and that his story was appropriated
and woven mnto their own Apollo myth by the conquering
Dorians  Possibly he may be the apotheosis of u pre-Dorian
king of Amyclae J. G. Frazer further suggests that he may
have been regarded us spending the winter months in the under-
world and 1eturning to earth in the spring when the “ hyacinth ”
blooms. In this case his festival represents perhaps both the
Dorian conquest of Amy clae and the death of spring before the
ardent heat of the summer sun, typified as usual by the discus
(quort) with which Apollo 15 said to have slam him. With the
growth of the hyacinth from s blood should be compared the
oriental stories of violets springing from the bleod of Attis, and
roses and anemones from that of Adonis. As & youthful vegeta-
tion god, Hyacinthus may be compared with Linus and Scephrus,
both of whom are connected with Apollo Agyieus.

Sce I. R Farncll, Cults of the Greek States, v (1007), pp 125
foll, zba foll , ] G Frazer, Adoms, Attsis, Oswss (i9o0), Ek. u
ch.7; S, Wide, Lahonmische Kulte, p 290, L. Rohde, Psyche,
3rd ed. i, 137 foll , Roscher, Lexskon d griech w vom Myth, sv
“ Hyakinthos " (Greve), L. Preller, Griechische Mythol 4th ed
i 248 foll, (J.M. M)

HYADES (‘“the ramy ones”), m Greck mythology, the
daughters of Atlas and Aethra; their number vanes between
two and seven As a reward for having brought up Zeus at
Dodona and taken care of the infant Dionysus Hyes, whom they
conveyed to Ino (sister of his mother Semele) at Thebes when his
hife was threatencd by Lycurgus, they were translated to heaven
and placed among the stars (Hyginus, Poet astron u. 21).
Another form of the story combines them with the Pleiades.
According to this they were twelve (or fifteen) sisters, whose
brother lyas was killed by a snake whie hunting in Libya
(Ovid, Fasts, v, 165, Hyginus, Fab. 192). They lamented lum
so bitterly that Zeus, out of compassion, changed them into
stars—five into the Hyades, at the head of the constellation
of the Bull, the der nto the Plerad Their name 1s
derived from the jact that the rainy season commenced when
they rose at the same time as the sun (May 7-21); the ongmal
conception of them 1s that of the fertihzng principle of mosture.
‘The Romans derived the name from §s (pig), and translated it
by Suculae (Creero, De nat. deorum, 1, 43).

HYATT, ALPHEUS (1838-1902), American naturalist, was
born at Washington, D.C, on the 5th of Apnl 1838. From
1858 to 1862 he studied at Harvard, where he had Louis Agassiz
for his master, and in 1863 he served as a volunteer 1n the Civil
War, attaming the rank of captamn, In 1867 he was appointed

HYADES—HYBRIDISM

Institute of Technology (resigned 1888), and dian of the
Boston Society of Natural Hlstory (curator mn 1881) In 1886
he was app d for logy in the Cambridge

of comparative y, and 1n 1889 was attached
to the United States Geological Survey as palaeontologist for
the Trias and Jura. He was the chief founder of the American
Society of Naturalsts, of which he acted as first president m
1883, and he also took a leading part in cstablishing the marine
biological laboravories at Annisquam and Woods Ilole, Mass.
He died at Cambnidge on the 15th of fanuary 1902.

His works include Observatrons on Fresh-waler Folyzoa (1866),
Fossil Cephalopods of the Museum of Comparatsie Zcology (1872),
Revision of North American Porifera (1875-1877) , Genera of Fossi?
C?halopoda (1883) ; Larval Theory of the Origsn of Ccllulay 11ssue
(1884) ; Genesss of the Anetrdae (1889) ; and Phylogeny of an ac-

utred chavactersstic (1894) He wrote the cection on Cepl alopoda in

arl von Zittel's Paldontologie (1900 , 2nd his well-known study on
the fossil pond snails of Stemheim (“ The Geness oi the Tertiary
Species of Planorbis at Steinheim ") appeared in the Memoirs of the
Boston Natural History Society mn 1880 He was one of the founders
and editors of the American Naturalist

HYBLA, the name of several cities in Sicily The best known
historically, though 1ts exact site is uncertain, is Hybla Major,
near (or by some supposed to be 1dentical with) Megara Hyblaea
(gv.): another Hybla, known as Hybla Mmor or Galeatis, 1s
represented by the modern Paternd; while the site of Hybla
Heraea 15 to be sought near Ragusa.

HYBRIDISM. The Latin word kybrida, hibrida or ibrida
has been assumed to be derived from the Greek #f3pes, an insult
or outrage, and a hybnd or mongrel has been supposed to be
an outrage on nature, an unnatural product. As a gencral rule
animals and plants belonging to distinct species do not produce
offspring when crossed with each other, and the term hybnd
has been employed for the result of a fertile cross between
individuals of different species, the word mongrel for the more
common result of the crossing of distinct vaneties A closer
scrutmy of the facts, however, makes the term hybrnidism less
1solated and more vague. The words species and genus, and
still more subspecies and variety, do not correspond with clearly
marked and sharply defined zoological categories, and no exact
line can be drawn between the various kinds of crossings from
those between individuals apparently 1dentical to those belonging
to genera universally recognized as distinct,  Hybridism therefore
gradesinto mongrelism, mongrelisin into cross-breeding, and cross-
breeding 1nto normal painng, and we can say httle more than
that the success of thc union 1s the more unlikely or more un-
natural the further apart the parents are in natural affinity.

The interest 1n hybridism was for a long time chiefly of a
practical nature, and was due to the fact that hybnds are often
found to present characters somewhat different from those of
either parent. The leading facts have been known n the case
of the horse and ass from time immemorial  The earliest recorded
observation of a hybrid plant is by J. G Gmelin towards the end
of the 17th century ; the next s that of Thomas Fairchild, who,
in the second decade of the 18th century, produced the cross
whuch s still grown 1n gardens under the name of * Fairchild’s
Sweet Wilham ” Linnaeus made many expenments n the
cross-fertilization of plants and produced several hybrds, but
Joseph Gottlieb Kolreuter (1733-1806) laid the first real founda-
tion of our saicntific knowledge of the subject. Later on Thomas
Andrew Kmight, a celebrated Enghsh horticulturist, devoted
much successful labour to the improvement of frut trees and
vegetables by crossing. In the second quarter of the 1gth
century C. F. Gartaer made and published the results of anumber
of experiments that had not been equalled by any earlier worker.
Next came Charles Darwin, who first in the Origin of Spectes,
and later in Cross and Self-Fertilization of Plants, subjected the
whole question to a critical examination, reviewed the known
facts and added many to them.

" d wp by G. J R

Darwin’s were u|
9th edition of this B aodis as follows *—
1. The In'w‘:dpvu'n ng the production of ‘hzhndn are 1dentical, or
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often confounded by naturalists, are in reality quite distinct For
the sterlity may obtain between the two parent species when first
crossed, or 1t may first assert itself in their hybnd progeny In the
latter case the hybrids, although possibly produced without any
appearance of infortility on the part of their pareat species, neverthe-
less prove more or less infertile among themselves, and ako with
members of either parent species.

The degree of both kinds of infertiity varies in the case of
dltfenent spectes, and 1n that of their hybnid progeny, from absolute
stenlity up to complete fertihity Thus, to take the case of plants,
“ when po?]en from a plant of one family 18 placed on the stigma of a
plant of a distinct family, 1t exerts no more influence than so much
inorganic dust From tlus absolute zero of fertility, the pollen of
different species, applied to the stigma of some one species of the same
genus, yelds a fect gradation in the ber of seeds prod 1, w
to nearly complete, or even (Lune complete, fertility , so, i hybnds
themselves, there are some which never have produced, and probably
never would produce, even with the pollen of the pure parents, a
single fertile sced , but in some of these cases a first trace of fertihty
may be detected, by the pollen of onc of the pure parent species
causing the flower ot the hybrid to wither earher than it othcrwise
would have done, and the early withenng of the flower 1 well
known to be a sign of mcipient fertibzation From this extreme
degree of sterility we have self-fertihzed h%‘t-)rxldq rroducing a greater

tihty '

and greater number of seeds up to perfect
4 Although there 1s, as a rule, a certain parallelism, there 1 no
fixed relation between the degree of steriity fested by the
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Assam. StM Podmore has produced successful crosses between the
wood-pigeon (Columba p ) and a vanety of the
rock pigeon (C hwvta) Among mammals noteworthy results have
been obtained by Professor Cossar I:wart, who has bred nme zebra
hybnds by crossing mares of vanous sizes with a zebra stalhon, and
who has studied n addition three hybrids out ot zebra mares, one
sired by a donkey, the others by pontes (rosses have been made
between the common rabbnt (Lepus cumiculus) and the guinea-pig
(Cavia cobaya), and examples of the results have been exhibited in the
Zoological Gardens of Sydney, New South Wales The Carmuvora
generally are very easy to hybridize, and many successful expennments
have been made with animals i captivity  Karl Hagenbeck of
Hamburg T 1 crosses 1 the hon (Felss leo) and the
tiger (& t1gms) What was probably a ** tn-hybrid ** sn which hon,
leopard and jaguar were mingled was exhibtted by a London show-
man in 1908 Crosses between various species of the smaller cats
have been fertile on many occasions The black bear (Usrsus ameri-
canus) and the European brown bear (U arctos) bred mn the London
7oological Gardens 1n 1859, but thethree cubs did not reach maturity
Hybnids between the brown bear and the grizzly-bear (U homibelss)
have been produced 1n Cologue, whilst at Halle since 1574 a series of
successful matings of polar (U marifsmus) and brown bears have
been made Jxamples of these hybrid bears have been exhibated
by the London Zoological Society ~ The London Zoological Society
has also successfully mated several species of aniclopes, for instance,
the water-bucks Kobus ellspssprymuus and K snctuosus, and Selous's
)l L gus selouss with L. gratus

Earcnt species when crossed and that which 1s manifested by their
ybrid progeny There are many cases in which two pure spectes
can be crossed with unusual facility, while the resulting hybrids are
remarkably sterile, and, contranwise, therc are species which can
only be crossed with extreme difficulty, though the hybnds, when
produced, are very fertile  Even within the limits of the same genus,
these Ltwo opposite cases may occur

5 When two apeccies are reciprocally crossed, : ¢ male A with
female B, and male B with female A, the dcgrce of sterthty often
dffers greatly in the two cases. The sterility of the resulting hybrids
may differ hkewise

6 The degree of sterility of first crosses and of hybrnids runs, to a
certain extent, parallel with the systematic affimty of the forms
which are united * For species belonging to distinct genera can
rarely, and those belonging to distinct famihes can never, be crossed
The parallelism, however, 1s far from complete, for a multitude of
closely allied species will not unite, or unite with extreme difficulty,
whilet other species, widely different from each other, can be crossed
with perfect facihty Nor does the duficulty depend on ordmnary
constitutional differences, for annual and percnnial plants, decidu-
ous and evergreen trees, plants ﬂawenni; at different seasons, -
habiting different stations, and naturally Itving under the most
opposite chimates, can often be crossed with ease The difficulty or
faethty appx y depend. y on the sexual constitution of
the species which are crossed, or on their sexual elective affimty ™

There are many new records as to the production of hybrids.
Horticulturists have been extremely active and successful mn
their attempts to produce new flowers or new vareties of vege-
tables by sermmnal or graft-hybnds, and any flonst’s catalogue or
the account of any special plant, such as 1s to be found in Foster-
Melliar’s Book of the Rose, 1s 1n great part a history of successful
hybridization.  Much special experimental work has been done
by botanists, notably by de Vries, to the results of whose experi-
ments we shall recur. Experiments show clearly that the
obtarning of hybrids is in many cases merely a matter of taking
sufficient trouble, and the successful crossing of genera is not
nfrequent.

Focke, for mstance, cites cases where hybnds were obtained
between Brassica and Raphanus, Galsum and Asperula, Campanula
and Phyteuma, Verbascum and Celsta  Among animals, new records
and new_experiments are almost equally numerous Bovert has
crossed Ech: bercul with Sph, h I3
Thomas Hunt Morgan even obtamed hybnds between Asterias,
starfish, and Arbacia, a sea-urchun, a cross as remote as would be
that between a fish and a mammal. Vernon got many hybnds by
(erulmnq the eggs of Strongylocentrotus lvidus with the sperm of
Sph I3 ¥s Standfuss has carrnied on an enormous
sentes of expeniments with Leprdopterous insects, and has obtaed a
very large senes of hybmids, of which he has Lept careful record.
Lepwdoptensts g ly begin to suspect that many curious forms
offered by dealers as new species are products got by crossing known
species  Apelld has d with Tel sh; Geb and
others with A;'nph:;lﬂ'a'. ERjot and Suchetet have studied carefully

the q among tirds, and
have ?t ﬁedwx a very large body of evidence. Among the cases
cited by 0t the most s are that of the hybnd between

Cota%m cafey and C awuratus, which occurs over & very wide area of
North America and is known as C Aybridus, and the hybrid between
Euplocamus lensams and E. karsfields, which app tobe m

The causes muilitating agmnst the production of hybrids
have also recaved considerable attention. Delage, discussing
the question, states that there is a general proportion between
sexual attraction and zoological affinity, and in many cases
hybrids are not naturally produced simply from absence of the
stimulus to sexual mating, or because of preferential mating
within the species or variety. In addition to differences of
habit, temperament, time of matunty, and so forth, gross
structural differences may make mating mmpossible  ‘Lhus
Tscherick contends that among mnsects the peculiar structure
of the genital appendages makes cross-impregnation impossible,
and there 1s reason to believe that the speafic pecubanties
of the modified sexual palps in male spiders have a simlar
result.

The difficultacs, however, may not exist, or may be overcome b
experiment, and frequently 1t 13 only careful managawent that is

quired to 1 g Thuy 1t has been found that when
the pollen of one species does not succeed 1n fertihizing the ovules
of another species, yet the reciprocal cross may be suceessful , that
13 to say, the pollen of the sccond species may fertiize the ovules
of the fust  H M Vernon, wortking with sea-urcluns, found thit the
obtuning of hybrids depended on the riative matunty of the
sexunal | The dufficul g apparcntly may ex-
ted to the chemiotaxic processes of the actual sexual cells Thus
when the spermatozoa o} an urchin were placed 1n a drop of sea-
water containing nipe eggs of an urchin and of a starfish, the former
eggs became surrounded Ly clusters of the male cells, wlale the latter

peared to exert hittle attraction for the ahen germ-cells  Finally,
when the actual impregnation of the egg 13 possible naturally, or has
been sceured by artificial mncans, the development of the hybrid may
stop at an ca.r{ stage Thus hybrids between the urchm and the
starfish, ammals belongmg to diffcrent classes, reached only the
stage of the plutcus larva Apelld, experumenting” with
Teleostean fish, found that very ofien impregnation and scgmenta-
tion occurred, but that the development broke down immediately
afterwards W Gebhardt, crossing Rana esculenta with R arvalis,
found that the cleavage of the ovum was normal, but that ab-
normality began with the g: la, and that develor soon
stopped.” In a very general fashion there appears to be a parallel
Letween the zoological atiuty and the extent to wluch the incomplete
development of the hybnd proceeds

As to the steriity of hiybrids inter se, or with either of the
parent forms, information s still wanted. Delage, summing up
the evidence 1n a general way, states that mongrels arc more
fertile and stronger than their rarcnts, while hybrids are at
least equally hardy but less fertile. While many of the hybrid
products of horticulturists are certainly infertile, others appear
to be indefinitely fertile

Focke, 1t 15 true, states that the hybrids between Primula auricula
and P hirsuta are fertile for many generations, but not mdefintely
50, but, while this may be true for the particular casc, there seems
na reason to doubt that many plant hybrids are quite fertile  In the
case of amumals the evidence is rather aganst fertility Standfuss,
who has made experiments lasting over many years, and who has
dealt with many era of tera, obtained no fertile hybrid

gens Lepidog
females, although he found that hybnd males paired read: Imud
lly wa ot

th pure-bred females of the parent races.
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deahing with birds, concluded that no hybrids were fertile with one
another beyond the second generation, but thought that they were
fertile with members of the parent races Wallace, on the other
hand, cites from Quatrefages the case of hybrids between the moths
Bombyx cynthia and B arrindia, which were stated to be fertile
inter se for cight generations He also states that hybmh between
the sheep and goat have a imited fertility snfer s Charles Darwin,
however, had evidence that some hybrid pheasants were completely
fertile, and he himself interbred the progeny of crosses between the
common and Chinese geese, whilst there appears to be no doubt as to
the complete fertility of the crosscs between many species of ducks,
J L Bonhoto having mnterbred 1n various crosses for several genera-
tions the mallard (A4nas boschas), the Indian spot-ball duck (4
poecilorhyncha), the New Zealand grey duck (4 superciliosa) and the
pmn-tail (Dafila acuta). Podmore’s pigeon hybrids were fertile inter
se, a specimcn having been exhibited at the London Zoological
Gardens  The hybrids between the brown and polar bears bred at
Halle proved to be fertile, both with one of the parent species and
with one another

Cornevin and Lesbre state that in 1873 an Arab mule was fertihzed
in Africa by a stallion, and gave birth to female offspring which she
suckled Al three were brought to the Jardn d'Acclimatation n
Paris, and there the mule had a <econd female colt to the same
father, and subxequentlr two male colts 1n succession to an asg and
to a stalion  The female progeny weie fertilized, but their offspring
wore feeble and died at birth  Coysar Ewart gives an account of a
1ecent Indian case in which a female mule gave birth to a male colt
1Ie pomts out, however, that many mistakes have been made about
the breeding of hzbndﬂ, and 1s not altogether mclined to accept this
supposed case ery little has been published with regard to the
most important question, as to the actual condition of the sexual
organs and cells 1n hybrids, There does not appear to be gross
anatomical defect to account for the infertiity of hybuds, but
microscopical examination in a large number of cases 13 wanted
Cossar Ewart, to whom indeed much of the most interesting recent
work on hybrids 14 due, states that in male zebra-hybnds the sexual
cells were immadure, the tails of the spermatozoa being much shorter
than those of the wmular cells i stallions and zebras He adds,
however, that the male hybrids he examined were young, and might
not have been sexually mature  He examined microscopically the
ovary of a female zebra-hybrid and found one large and several small
Graafian follicles, 1n all respects similar to those in a normal mare or
female zebra A careful study of the sexual organs in animal and

lant hybrids 18 very much to be desired, but 1t may be said that so
ar as our present knowledge goes there 1s not to be expected any
obvious microscopical cause of the relative infertihity of hybnds

The relative variability of hybrids has received considerable
attention from many writers Horticulturists, as Bateson has
written, are ‘“ aware of the great and striking variations which
oceur in so many orders of plants when hvbridization is effected.”
The phrase has been used “ breaking the constitution of a
plant ' to indicate the effect produced in the offspring of a
hybrid union, and the device 1s frequently used by those who are
sceking for novelties to ntroduce on the market. It may be
said generally that hybrids are vanable, and that the products
of hybrids are still more vaniable  J. L. Bonhote found extreme
variations amongst his hvbnid ducks Y. Delage states that
m reciprocal crosses there 1s always a marked tendency for the
offspring to resemble the male parents ; he quotes from Huxley
that the mule, whose male parent 1s an ass, 15 more like the ass,
and that the hinny, whose male parent 1s a horse, 1s more hke
the horse. Standfuss found among Lepidoptera that males
were produced much more often than females, and that these
males paired readily. ‘The freshly hatched larvae closely
resembled the larvae of the female parent, but in the course of
growth the resemblance to the male increased, the extent of the
final approximation to the male depending on the relative
phylogenetic age of the two parents, the parent of the older
species heing prepotent  In reciprocal pairing, he found that the
male was able to transmut the characters of the parents in a
higher degree Cossar Ewart, 1n relation to zebra hybnds, has
discussed the matter of resemblance to parents in very great
detail, and fuller information must be sought i his writings
He shows that the wild parent is not necessarily prepotent,
although many writers have urged that view. He described
three hybrids bred out of a zebra mare by different horses, and
found 1n all cases that the resemblance to the male or horse
parent was more profound. Similarly, zebra-donkey hybrids
out of zebra mares bred in France and in Australia were in
characters and disposition far more hike the donkey parents.
The results which he obtained in the hybrids which he bred
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from a zebra stallion and different mothers were more vanable,
but there was rather a balance in favour of zebra disposition
and against zebra shape and marking.

“‘ Of the nine zebra-horse hybnids I have bred,” he says, *‘ only two
1 their make and disposition take decidedly after the wild parent
As explained fully below, all the hybrids differ profoundly QK:plan
of their markings from the zebra, while 1 their ground colour they
take after their respective dams or the ancestors of thewr dams far
more than after the zebra—the hybnd out of the yellow and white
Iceland pony, e g nstead of being light 1n colour, as I anticipated,
18 for the most part of a dark dun colour, with but indistinct stnpes
The hoofs, mane and tail of the hybrids are at the most intermediate,
but this 13 perhaps partly owing to reversion towards the ancestors
of these respective dams., In their disposition and habits they all
undoubtedly agree more with the wild sire **

Ewart’s experiments and his discussion of them also throw
important light on the general relation of hybrids to therr
parents  He found that the coloration and pattern of his
zebra hybrids resembled far more those of the Somah or Grévy’s
zebra than those of their sire—a Burchell’s zebra In a general
discussion of the stripings of horses, asscs and zebras, he came
to the conclusion that the Somal zebra represented the older
type, and that therefore his zebra hybrids furmshed important
cvidence of the effect of crossing in producing reversion to
ancestral type. The same subject has of course been discussed
at length by Darwin, m relation to the cross-breeding of
varieties of pigeons, but the modern experimentalsts who
are following the work of Mendel interpret reversion differently
(see MENDELISM)

Graft-Hybridism —It 1s well known that, when two varieties or
allied species are grafted together, each retamns its distinctive
characters  But to this general, if not universal, rule there are on
record several allcged exceptions, in which either the scion 1s said
to have partaken of the qualities of the stock, the stock of the
scion, or each to have affected the other.  Supposing any of these
mnfluences to have heen exerted, the resulting product would
deserve to be called a graft-hybrid. It 1s clearly a matter of
great interest to ascertain whether such formation of hybrids by
grafting 15 really possible, for, if even one instance of such
formation could be unequivocally proved, it would show that
sexual and asexual reproduction are essentially identical,

The cases of alleged graft-hybridism are exceedingly few, con-
sidering the enormous number of grafts that are made every year
by horticulturists, and have been so made for centuries. Of these
cases the most celebrated are those of Adam’s laburnum (Cyfsus
Adam:) and the bizzarna orange. Adam’s laburnum 1s now
flourishing in numerous places throughout Europe, all the trees
having been raised as cuttings from the onginal graft, which was
made by mserting a bud of the purple laburnum mnto a stock of
the yellow. M Adam, who made the graft, has left on record
that from 1t there sprang the exwsting hybrid. There can be no
question as to the truly hybrid character of the latter—all the
pecuharities of both parent specics being often blended 1n the
same raceme, flower or even petal , but until the experiment shall
have been successfully repeated there must always remamn a
strong suspicion that, notwithstanding the assertion and doubt-
less the belief of M. Adam, the hybrid arose as a cross in the
ordmary way of seminal reproduction. Similarly, the bizzarra
orange, which 1s unquestionably a hybrid between the bitter
orange and the citron—since 1t presents the remarkable spectacle
of these two different fruits blended into one—is stated by the
gardener who first succeeded in producing 1t to have arisen as a
graft-hybrid , but here again a similar doubt, similarly due to the
need of corroboration, attaches to the statement. And the same
remark applies to the still more wonderful case of the so-called
trifacial orange, which blends three distinct kinds of fruit in one,
and which 1s said to have been produced by artificially sphtting
and uniting the seeds taken from the three distinct species, the
fruits of which now occur blended in the triple hybnid

The other instances of alleged graft-hybridism are too numer-
ous to be here noticed 1n detail ; they refer to jessamine, ash,
hazel, vine, hyacinth, potato, beet and rose. Of these the cases
of the vine, beet and rose are the strongest as evidence of graft-
hybridization, from the fact that some of them were produced
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as the result of careful experiments made by very competent
experimentalists. On the whole, the results of some of these
expeniments, although so few in number, must be regarded as
making out & strong case in favour of the possibility of graft-
hybridism. For 1t must always be remembered that, in exper:-
ments of this kind, negative evidence, however great in amount,
may be logically dissipated by a single positive result

Theory of Hybridism —Charles Darwin was interested in
hybridism as an experimental side of biology, but still more
from the bearing of the facts on the theory of the origin of
species It 1s obvious that although hybridism 1s occasionally
possible as an exception to the general infertiity of species
tnter se, the exception 1s still more minimized when it 1s re-
membered that the hybnd progeny usually display some degree
of stenlity. The main facts of hybridism appear to lend support
to the old doctrine that there are placed between all species
the barriers of mutual steriity The argument for the fixity
of species appears still stronger when the general nfertiity of
species crossing 1s contrasted with the general fertihty of the
crossing of natural and artificial varieties Darwin himself,
and afterwards G. J. Romanes, showed, however, that the
theory of natural selection did not require the possibility of the
comminghing of specific types, and that there was no reason to
suppose that the mutation of species should depend upon their
mutual crossing. There existed more than enough evidence,
and this has been added to since, to show that infertiity with
other species 15 no cniterion of a species, and that there 1s no
exact parallel between the degree of affimity between forms and
their readiness to cross ‘The problem of hybridism 1s no more
than the explanation of the generally reduced fertility of remoter
crosses as compared with the generally increased fertility of
crosses between organisms shghtly different.  Darwin considered
and rejected the view that the inter-steriity of species could
have been the result of natural selection

“ At one time it appeared to me probable,” he wrote (Origin of
Spectes, 6th ed p 247), * as 1t has to others, that the sterility of
first crosses and of hybrids might have been slowly acquired throu~h
the natural selection of shghtly lessened degiees of fertility, which,
like any other variation, spontaneously appeared mn ccrtam indi-
viduals of one variety when crossed with those of another variety
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a new species, so also a portion separated by infertility with the
others would tend to form a new species  According to Romanes,
therefore, mutual infertihity was the starting-point, not the
result, of fi dification R s, however, did not
associate his interesting theory with a sufficient number of facts,
and 1t has left hittle mark on the history of the subject A. R
Wallace, on the other hand, has argued that sterility between
incipient species may have been increased by natural selection in
the same fashion as other favourable variations are supposed to
have been accumulated. He thought that “ some shght degree
of infertility was a not infrequent accompamment of the external
differences which always arise in a state of nature between
varieties and incipient species.”

Weismann concluded, from an examination of a series of plant
hybrids, that from the same cross hybrids of different character
may be obtamned, but that the characters are determined at
the moment of fertihzation ; for he found that all the flowers
on the same hybrid plant resembled one another in the minutest
detals of colour and pattern  Darwin already had pointed to the
act of fertihzation as the determiming point, and 1t 15 in this
direction that the theory of hybridism has made the greatest
advance.

The starting-point of the modein views comes from the
experiments and conclusions on plant hybrids made by Gregor
Mendel and pubhshed in 1865 It 1s uncertain if Darwin had
paid attention to this work , Romanes, writing 1n the gth edition
of this Encyclopaedia, cited 1t without comment. First H. de
Vries, then W Bateson and a series of observers returned to the
work of Mendel (sec MENDELISM), and made 1t the foundation
of much experimental work and still more theory It 1s still too
soon to decide if the confident predictions of the Mendchans
are Justified, but 1t seems clear that a combination of Mendel’s
numerical results with Weismann’s (see HEREDITY) conception
of the particulate character of the germ - plasm, or hereditary
material, 15 at the root of the phenomena of hybridism, and
that Darwin was justified 1n supposing 1t to he outside the
sphere of natural selection and to be a fundamental fact of
living matter,

AuTnoRriTIES = Apcllo, ““ Uber emige Resultate der Kreuz-
befruchtuag ber Knoch hen,” Bergens mus aarbog (1504) ,

For 1t would clearly be advantagcous to two vareties or
spectes 1f they could be kept from blending, on the same principle
tlxat, when man 15 selecting at the same time two vareties, it 15
necessary that he should keep them separate In the first place, 1t
may be remarked that species mnhabiting distinct regions are often
sterile when crossed , now 1t could clearly have been of no advantage
to such separated species to have been rendered mutually sterile and,
consequently, this could not have been eflected through natural
selection, but 1t may perhaps be argucd that, if a species were
rendered sterile with some one compatriot, steriity with other
sﬁcnes would follow as a necessary contingency In the second
place, 1t 1s almost as much opposed to the theory of natural selection
as to that of special creation, that i rcciprocal crosses the male
element of one form should have been rendered utterly impotent on a
second form, whilst at the same time the male element of this second
form 13 enabled freely to fertiize the first form, for this pecuhar
state of the reproductive system could hardly have been advantage-
ous to either species

Darwin came to the conclusion that the sterility of crossed
species must be due to some principle quite independent of
natural selection. In his search for such a principle he brought
together much evidence as to the instabihty of the reproductive
system, pointing out n particular how frequently wild ammals
n captivity fail to breed, whereas some domesticated races have
been so modified by confinement as to be fertile together although
they are descended from species probably mutually mfertie.
He was disposed to regard the phenomena of differential sterility
as, so to speak, by-products of the process of evolution. G. J.
Romanes afterwards developed his theory of physiological
selection, in which he supposed that the appearance of differential
fertihty within a species was the starting-point of new species ,
certain individuals by becoming fertile only snter se proceeded
along hines of modification diverging from the lines followed by
other members of the species. Physiological selection i fact
would operate in the same fashion as geographical isolation ;
if & portion of a species separated on an 1sland tends to become

Bateson, "lhylmdlzahun and Cross-brceding,”’ Journal of the Royal
Horticultural Socicty (1900), J. L. Bonhote, Hybrd Ducks,” Proc
Zool _Soc of London (1905), p 147, Bovan, artidle ** Befruchiung,”
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und Bonnet, 1 385-485, Cornevin et Lesbre, ** Etude sur un hybride
155u d’'une mule féconde ¢t d’'un cheval,” Rev Sci I 144, Charles
Darwin, Origin of Species (1859), The Lfjects of Cross and Self-
Fertilization sn the Vegetable Kingdom (1878) , Delage, La Structurc
du protoplasma et les théorses sur I'héycdrté (1895, with a hiterature) ,
de Vries, *“ Ihe Law of Disjunction of Hybnids,” Comptes rendus
1900), p 845, Llhot, Hybridism; Escherick, * Ine biologis he
edeutung der Genitalabhange der Insecten,” Verk ¢ B Wien, xln
225, Ewart, The Penycurk Expersments (1899), Focke, Die
Pflanzen-Mischlinge (1881), Foster-Mellar, The Book of the Rose
(1894) , C F. Gaertner, various papers mn Flora, 1828, 1831, 1832,
1833, 1836, 1847, on " Bastard-Pflanzen’’; Gebhardt, ** Uber dic
Bastardirung von Rana esculenta mut R arvalis,” Inaug Dissert
gSrcslau, 1894) , G Mendel, ““ Versuche iber Pﬂanzm-lfybndm,"
erh Natur Vereins in Brinn (186s), pp 1-52; Morgan, ™ Lxperi-
mental Studies,” Anat Anz (1893), p 141, 1d 803, G ]
Romanes, ““ Physiological Selection,”  Jour Linn. Soc xix 337,
H Scherren, ‘“Notes on Hybrnid Bears,” Proc Zool Soc of
London (1907), p 431, Saunders, Proc Koy Soc (1897), Ixn 11,
Standfuss, Etudes de zoologie expérimentale,” Arch Sc1. Nat
vi 495, Suchetet, ‘“ Les Owiseaux hybrides rencontrés 4 I'¢tt
sauvage,” Mém Soc Zool v 253-525, and vi 20-45, Vernon,
‘ The Relation between the Hybrid and Parent Forms of Lclunoid
Larvae,” Proc Roy Soc Ixv 350, Wallace, Darwinism (1889),
Weismann, The Germ-Plasm (1893) (PCM)
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the ureide of glycollic acid, may be obtained by heating a]la.ntom
or alloxan with hydriodic acid, or by heating bromacetyl urea
with alcohol It cry in needles, melting
at 216° C.

When hydrolysed with baryta water yields hydantoic

HYDANTOIN (glycolyl urea), C,H\N,0, or co<
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(glycoluric) acid, H,N CO-NH-CH,-CO,H, which 1s readily soluble
in hot water, and on heating with hydnodic acid decomposes
into ammonia, carbon dioxide and glycocoll, CH,"-NH,-CO,H.
Many substituted hydantoins are known ; the a-alkyl hydantomns
are formed on fusion of aldehyde- or ketonc-cyanhydrins
with urea, the S-alkyl hydantoms from the fusion of mono-alkyl
glycocolls with urea, and the y-alkyl hydantoins from the action
of alkahs and alkyl iodides on the a~compounds. y-Metbyl
hydantomn has been obtained as a spliting product of caffeine
(E. Fischer, Ann , 1882, 215, p. 253)

HYDE, the name of an Enghsh family distinguished in the
17th century. Robert Hyde of Norbury, Cheshire, had several
sons, of whom the third was Lawrence Hyde of Gussage St
Michael, Dorsetshire. Lawrence's son Henry was father of
Edward Hyde, earl of Clarendon (¢.v ), whose second son by his
sccond wife was Lawrence, earl of Rochester (¢ v.); another son
was Sir Lawrence Hyde, attorney-general to Anne of Denmark,
James 1’s consort; and a third son was Sir Nicholas Hyde
(d. 1631), chuef-justice of England. Sir Nicholas entered parha-
ment in 1601 and soon became prominent as an opponent of the
court, though he does not appear ‘to have distinguished himself
i the law  Before long, however, he deserted the popular
party, and 1n 1626 he was employed by the duke of Buckingham
in his defence to impeachment by the (ommons ; and in the
following year he was appomted chief-justice of the king’s bench,
sn wluch office 1t fell to him to give judgment in the celebrated
case of Sir Thomas Darnell and others who had been committed
to prison on warrants signed by members of the privy council,
which contamcd no statement of the nature of the charge agaimnst
the prisoners  Inanswer to the wnit of habeas corpus the attorney-
general relicd on the prerogative of the crown, supported by
a precedent of Queen Ehzabeth’s reign. Hyde, three other
jyudges concurring, decided an favour of the crown, but without
going so far as to declarc the nght of the crown to refuse in-
definitely to show cause aganst the discharge of the prisoners
In 1629 Hyde was onc of the yjudges who condemned Elot,
Holles and Valentine for conspiracy in parhament to resist the
king’s orders, refusing to admt their plea that they could not
be called upon to answer out of parliament for acts done in
parhament  Sir Nicholas Hyde died n August 1631.

Sir Lawrence Hyde, attorney-general to Anne of Denmark,
had cleven sons, four of whom were men of some mark. Henry
was an ardent royalist who accompanied Charles II. to the
continent, and returnung to England was beheaded 1n 1650,
Alexander (1598-1667) became bishop of Salisbury m 1665,
Edward (1607-1659) was a royahst divine who was nominated
dean of Windsor 1n 1658, but died before taking up the appont-
ment, and who was the author of many controversial works n
Anglican theology ; and Robert (1595-1665) became recorder of
Salisbury and represented that borough in the Long Parhament,
an which he professcd royalist principles, voting against the
attainder of Strafford. Having been imprisoned and deprived
of his recordership by the parliament in 1645/6, Robert Hyde
gave refuge to Charles 11, on his flight from Worcester in 1651,
and on the Restoration he was knighted and made a judge of
the common pleas. He died in 1665, Henry Hyde (1672-1753),
only son of Lawrence, earl of Rochester, became 4th carl of
Clarendon and 2nd carl of Rochester, both of which titles became
extinct at hus death  He was 1n no way distinguished, but his
wife Jane Hyde, of Clarendon and R d. 1725),
was a fi beauty celebrated by the h of Swift, Prior and
Pope, and by the groundless scandal of Lady Mary Wortley
Montagu. Two of her daughters, Jane, countess of Essex, and
Catherme, duchess of Queensberry, were also famous beauties
of the reign of Queen Anne. Ier son, Henry Hyde (1710-17 ﬁ 3
known as Viscount Cornbury, was a Tory and Jacobite member
of parhament, and an intimate friend of Bolingbroke, who
addressed to hum s Letters on she Study and Use of History, and
On the Sparst of Patrsotism. In 1750 Lord Cornbury was created
Baron Hyde of Hindon, but, as he predeceased hus father, this
title reverted to the latter and became extinct at hus death,
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HYDE (FAMILY)—HYDE

By his will he bequeathed the rs of his great-grandfather
L:))lrd Clarendon}):ge historian, top;xpeeBodlcian %.Ibl‘a;!;:t Oxford,

See Lord Clarendon, The I 1fe of Edward, Earl of Clarendon (3 vols ,
Oxford, 1827); Edward Foss, The Judges of England (London,
1848-1864) , Anthony & Wood, Athenae oxomensss (London, 1813~
1820), Samuel Pepys, Diary and Correspondencs, edited by Lord
Braybrooke (4 vols, Londox, 1854)

HYDE, THOMAS (1636-1703), English Onentalst, was born
at Billingsley, near Bridgnorth, in Shropshire, on the 29th of
June 1636  He inherited lus taste for linguistic studies, and
received hus first lessons in some of the Eastern tongues, from
his father, who was rector of the parish. In his sixteenth year
Hyde entered King’s College, Cambridge, where, under Wheelock,
professor of Arabic, he made rapid progress in Oriental languages,
so that, after only one year of residence, he was invited to London
to assist Brian Walton in his edition of the Polyglott Bible.
Besides correcting the Arabic, Persic and Synac texts for that
work, Hyde transcribed into Persic characters the Persian
translation of the Pentateuch, which had been printed in Hebrew
letters at Constantinople in 1546. To this work, which Arch-
bishop Ussher had thought well-nigh impossible even for a
native of Persia, Hyde appended the Latin version which accom-
panues 1t 1n the Polyglott. In 1658 he was chosen Hebrew reader
at Queen’s College, Oxford, and n 1659, n consideration of his
crudition m Oriental tongues, he was admitted to the degree of
M.A In the same year he was appomnted under-keeper of the
Bodleian Library, and 1n 1665 hbranian-in-chief. Next year he
was collated to a prebend at Salisbury, and 1 1673 to the arch-
deaconry of Gloucester, receiving the degree of D D shortly
afterwards. In 1691 the death of Edward Pococke opened up to
Hyde the Laudian professorship of Arabic; and i 1697, on the
deprivation of Roger Altham, he succeeded to the regius chair
of Hcbrew and a «anonry of Christ Church. Under Charles II ,
James II. and Wilhlam III. Hyde discharged the duties of
Lastern interpreter to the court.  Worn out by his unremtting
labours, he resigned his hibrarianship in 1701, and died at Oxford
on the 18th of February 1703. Hyde, who was one of the first
to direct attention to the vast treasures of Oriental antiquity,
was an excellent classical scholar, and there was hardly an Eastern
tongue accessible to foreigners with which he was not familiar
He bad even acqured Chinese, while his writings are the best
testimony to his mastery of Turkish, Arabic, Syriac, Persian,
Hebrew and Malay.

In his chief work, Historia relsgronss veterum Persarum (1700),
he made the first attempt to correct from Oriental sources the
errors of the Greek and Roman historians who had described the
religion of the ancient Persians. His other wntings and transla-
tons comprise T'abudae longsiud: et latsiud stellarum
fixarum ex observatione principss Ulugh Beighe (1665), to which
his notes have given additional value ; Quatuor evangelia et acta
apostolorum lingua Malaica, caractersbus Europaeis (1677),
Epistola de mensurts et pondersbus serum swve sinensium (1688),
appended to Bernard’s De mensurs el pomdenbus antiguss }
Abraham Perutsol tinera munds (1691) ; and De ludss ortentalibus
Librs 11 (1694).

With the exceptron of the Histona yehgioms, which was repub-
lished by Hunt and Costard 1n 1760, the wnitigs of Hyde, including
some unpublished MSS , were ¢ollected and printed by Dr Gregory
Sharpe 1n 1767 under the title Syntagma dssseriationum quas olim . .
Thomas Hyde sepavatim edid’t  There 18 a hie of the author pre-
fixed Hyde also published a ] of the dlefan Library
mn 1674,

HYDE, a market town and municipal borough i the Hyde
parhamentary division of Cheshire, England, 74 m E of Man-
chester, by the Great Central rallway. Pop. (1901) 32,766.
It Lies in the denscly populated district in the north-east of the
county, on the nver Tame, which here forms the boundary of
Cheshire with Lancashire. To the east the outlying hills of the
Peak district of Derbyshire rise abruptly. The town has cotton
weaving factories, spinming mills, print-works, wron foundries
and machine works ; also manufactures of hats and margarine.
There are extensive coal rines in the vicnity. Hyde 1s wholly

Lord<Cornbury was celebrated as a wit and a con .

of modern growth, though it tontains a few ancient houses, such
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as Newton Hall, mn the part of the town so called. The old family
of Hyde held possession of the manor as early as the reign of
John. The borough, mcorporated m 1881, i1s under a mayor,
6 aldermen and 18 counaillors. Area, 1 acres

HYDE DE NEUVILLE, JEAN GUILLAUME, Baron (1776~
1857), French politician, was born at La Chanté-sur-Loire
(Niévre) on the 24th of January 1776, the son of Guillaume
Hyde, who belonged to an Enghsh family which had emigrated
with the Stuarts after the rebellion of 1745. He was only seven-
teen when he successfully defended a man denounced by Fouché
before the revolutionary tribunal of Nevers. From 1793 onwards
he was an active agent of the exiled princes; he took part in the
Royalist rising 1n Berry 1n 1796, and after the coup d’éat of the
18th Brumaire (November 9, 1799) tried to persuade Bonaparte
to recall the Bourbons. An accusation of comphcity 1n the
infernal machine conspiracy of 1800-1801 was speedily retracted,
but Hyde de Neuville retired to the United States, only to return
after the Restoration. He was sent by Louis XVIIL. to London
to endeavour to persuade the British government to transfer
Napoleon to a remoter and safer place of exile than the 1sle of
Elba, but the negotiations were cut short by the emperor’s
return to France in March 1815. In January 1816 de Neuwville
became French ambassador at Washington, where he negotiated
a commercial treaty. On his return i 1821 he dechned the
Constantmople embassy, and m November 1822 was elected
deputy for Cosne Shortly afterwards he was appointed French
ambassador at Lisbon, where his efforts to oust British influence
culminated, in connexion with the coup d'état of Dom Miguel
(Apnl 30, 1824), In his suggestion to the Portuguese mmster
tomvite the armed mtervention of Great Britan. It was assumed
that this would be refused, m view of the loudly proclaimed
British principle of non-intervention, and that France would then
be 1n & position to undertake a duty that Great Britain had
declined  The scheme broke down, however, owing to the atti-
tude of the reactionary party in the government of Pans, which
disapproved of the Portuguese constitution. This destroyed
his influence at Lisbon, and he returned to Pans to take his
seat 1n the Chamber of Deputies In spite of his pronounced
Royalism, he now showed Liberal tendencies, opposed the
policy of Villéle’s cabinet, and 1n 1828 became & member of the
moderate admimistration of Martignac as mimister of marme
In this capaaity he showed active sympathy with the cause of
Greek independence. Dunng the Polignac ministry (1829~
1830) he was again in opposition, being a firm upholder of the
charter ; but after the revolution of July 1830 he entered an
all but solitary protest against the exclusion of the legitimate
Iine of the Bourbons from the throne, and resigned his seat
He died in Paris on the 28th of May 1857.
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and it remained the capital of Sind until 1843, when, after the
battle of Mceanee, 1t was surrendered to the British, and the
capital transierred to Karachi. The city 1s built on the most
northerly hills of the Ganga range, a site of great natural strength,
In the fort, which covers an area of 36 acres, 1s the arscnal of
the province, transferred thither from Karachi in 1861, and the
palaces of the ex-murs of Sind. An excellent watcr suprly 15
denved from the Indus. In addition to manufacturcs of silk,
gold and silver embroidery, lacquered ware and pottery, there
are three factories for ginning cotton. There are thiee high
schools, training colleges for masters and mistresses, a medical
school, an agricultural school for village offiuials, and a technical
school. The city suffered from plague in 1890-18¢7

The DisTricT OF HvDERABAD has an arca of 8291 sq. m.,
with a population in 1901 0f 989,030, showing an increase of
15 % in the decade. 1t consists of a vast alluvial plan, on the
left bank of the Indus, 216 m. long and 48 broad. Jertile along
the course of the river, it degencrates towards the east into
sandy wastes, sparsely populated, and defymg culuvation, The
monotony 1s reheved by the fringe of forest which marks the
course of the river, and by the avenues of trees that hine the
wrigation channels branching eastward from this stream. The
south of the district has a special feature in 1ts large natural
water-courses (called dhoras) and basin-lke shallows (chhaus),
which retamn the ramns for a long time. A limestone range
called the Ganga and the pleasant frequency of gardcn lands
break the monotonous landscape. The principul crops are
mullets. rice, ol-seeds, cotton and wheat, which are dependcnt
on irngation, mostly from government canals. There is a special
manufacture at Hala of glazed pottery and striped cotton cloth
‘Three railways traverse the district : (1) one of the mam lines
of the North-Western system, following the Indus valley and
crossing the niver near Hyderabad ; (2) & brond-gauge branch
running south to Badin, which will ulumately be extended
to Bombay , and (3) a metre-gauge line from llyderabad city
into Rajputana.

HYDERABAD, HAIDARABAD, also known as the Nizam's
Domunions, the principal native state of India i extent, popula-
tion and poltical importance; area, 82,698 sq. m., pop.
(1901) 11,141,148, showing & decrease of 3 4 % i the decade ;
estimated revenue 44 crores of Hyderabad rupees (£2,500,000).
‘The state occupies a large portion of the eastern platcau of the
Deccan. It 1s bounded on the north and north-east by Berar,
on the south and south-east by Madras, and on the west by
Bombay. The country presents much variety of surfuce und
feature ; but 1t may be broadly divided mto two tracts, dis-
tmguished from one another geologically and ethnically, which
arc locally known from the languages spoken as ‘Telingana and
Marathwara. In some parts it 18 mountanous, wooded and

His Mémorves et souvemrs (3 vols , 1888), compiled from his notes
by his nieces, the de Bard and &e b: uren-

ceau, are of great interest for the Revolution and the Restoration,

HYDE PARK, a small township of Norfolk county, Massa-
chusetts, U.S.A., about 8 m. S.W. of the business centre of
Boston.  Pop (1890) 10,193 ; (1900) 13,244, of whom 3805
were foreign-born,” (census, 1910) 15,507. Its area 1s about
4% 5q. m. It 15 traversed by the New York, New Haven &
Hartford railway, which has’ large repair shops here, and by
the Neponset niver and smaller streams. The township contains
the villages of Hyde Park, Readville (in which there 1s the famous
“Well ” trotting-track), Farmount, Hazelwood and Clarendon
Hulls. Until about 1856 Hyde Park was a farmstead. The value
of the total factory product increased from $4,383,959 1 1900
to $6,739,307 1 1905, or 53-7 %. In 1868 Hyde Park was
ncorporated as a township, being formed of territory taken
from Dorchester, Dedham and Mlton.

HYDERABAD, or HAIDARABAD, a city and district of British
Indis, m the Sind province of Bombay The city stands on a
h‘zue.bautsm.fmmtheleftbankufmelndus,mdhnd:popuh-
tion in rgot of 69,378. Upon the site of the present fort 15
supposed to have stood the ancient town of Nerankot, which
in the 8th century submutted to Mahommed bin Kasm. In
1768 the present city was founded by Ghulam Shah Kalhora ;

p que, In others flat and undulating Ihe open country
ncludes lands of all descriptions, including many nich and fertile
plains, much good land not yet brought under cultivation, and
numerous tracts too sterile ever to be cultivated. In the north-
west the geologrcal formations are volcanic, consssting principally
of trap, but n some parts of basalt; 1n the middle, southern
and south-western parts the country is overlaid with gneissic
formations. The terntory 1s well watered, rivers being humerous,
and tanks or artificial pieces of water abundant, especially in
Telngana. The puncipal nvers are the Godavan, with its
tributaries the Dudna, Manjira and Pranhita, the Wardha,
with its tributary the Penganga, and the Kistna, with its
tributary the Tungabhadra. The cl may be dered
m general good ; and as there are no arid bare deserts, hot
winds are little felt,

More than half the revenue of the state 1s derived from the
land, and the development of the country by imgation and
ralways has caused considerable expansion m this revenue,
though the rate of increase 1n the decade 18911901 was retarded
by a of unfi able The soil 1s generally
fertule, though 1n some parts 1t consists of chulka, a red and gritty
mould httle fitted for purposes of agriculturc. The prmcipal
crops are mullets of vanous kmds, nice, wheat, od-seeds, catton,
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tobacco, sugar-cane, and fruits and garden produce in great
variety. Silk, known as fussur, the produce of a wild species
of worm, 1s utilized on a large scale. Lac, suitable for use as a
resin or dye, gums and oils are found in great quantities. Hdes,
raw and tanned, are articles of some importance 1n commerce.
The principal exports are cotton, oil-seeds, country-clothes
and hides , the imports are salt, grain, timber, European piece-
goods and hardware. The mineral wealth of the state consists
of coal, copper, 1ron, diamonds and gold , but the development
of these resources has not hitherto been very successful. The
only coal mine now worked 1s the large one at Singarent, with an
annual out-turn of nearly half a million tons. This coal has
enabled the mzam’s guarantced state railway to be worked so
cheaply that 1t now returns a handsome profit to the state It
also gives encouragement to much-needed schemes of railway
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system, vied with each other in ostentatious extravagance.
But 1n 1902, on the revision of the Berar agreement, the mzam
received 25 lakhs (£167,000) & year for the rent of Berar, thus
substituting a fixed for a fluctuating source of income, and
a British financial adviser was appointed for the purpose of
reorganizing the resources of the state.

See S H Bilgrami and C Willmott, Historscal and Descriptine
Shetch of the Nisam’s Dominions (Bombay, 1883-1884)

HYDERABAD or HAIDARABAD, capital of the above state,
1s situated on the night bank of the river Musi, a tributary of
the Kistna, with Golconda to the west, and the residency and
1ts bazaars and the British cantonment of Secunderabad to the
north-east. It 1s the fourth largest city in Inda; pop. (1901)
448,466, including suburbs and cantonment The city itself 1s
n shape a parallelogram, with an area of more than 2 sq. m

extension, and to the erection of cotton presses and of g
and weaving mulls, The Hyderabad-Godavar: railway (opencd
m 1gor) traverses a rich cotton country, and cotton presses
have been erected along the line. The currency of the state
1s based on the halt stkka, which contamns approximately the
same weight of silver as the British rupce, but its exchange
value fell heavily after 1893, when free comage ceased mn the
mmt  In 1904, however, a new com (the Mahbubia rupee)
was minted , the supply was regulated, and the rate of exchange
became about 115 =100 British rupces. The state suffered from
famine during 1900, the totai number of persons n receipt of
rehef rising to nearly 500,000 1n June of that year. The nizam
met the demands for relief with great hiberality.

The mzam of Hyderabad 1s the principal Mahommedan ruler
m India. The family was founded by Asaf Jah, a distinguished
‘Turkoman soldier of the emperor Aurangzeb, who 1n 1713 was
appointed subahdar of the Dcccan, with the title of nizam-
ul-mulk (regulator of the state), but eventually threw off the
control of the Delhi court. Azaf Jah's death in 1748 was followed
by an internecine struggle for the throne among his descendants,
m which the British and the Fiench took part At one time
the French nominee, Salabat Jang, established himself with
the help of Bussy. But finally, in 1761, when the British had
secured thewr predomimance throaghout southern India, Nizam
Al took lus place and ruled till 1803 It was he who confirmed
the grant of the Northern Circars m 1766, and joined 1n the two
wats agamnst Tippoo Sultan in 1792 and 1799 The additions
of terntory which he acquired by these wars was afterwards
(1800) ceded to the British, as payment for the subsidiary force
which he had undertaken to mantain. By a later treaty mn
1853, the districts known as Berar werc  assigned ” to defray
the cost of the Hyderabad contingent In 1857 when the
Mutiny broke out, the attitude of Hyderabad as the premier
native state and the cynosure of the Mahommedans n India
became a matter of extreme importance ; but Afzul-ud-Dowla,
the father of the present ruler, and his famous mmster, Sir
Salur Jang, remaimned loyal to the Briush. An attack on the
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It was founded 1n 1589 by Mah d Kul, fifth of the Kutb
Shahi kings, of whose period several important buildings remain
as monuments. The principal of these i1s the Char Minar or
Four Minarets (1591). The munarets rise from arches facing the
cardinal points, and stand n the centre of the city, with four
roads radiating from their base The Ashur Khana (1594), a
cerecmomal building, the hospital, the Gosha Mahal palace and
the Mecca mosque, a sombre building designed after a mosque
at Mecca, surrounding a paved quadrangle 360 ft. square, were
the other principal buildings of the Kutb Shahi period, though
the mosque was only completed in the time of Aurangzeb. The
city proper 1s surrounded by a stone wall with thirteen gates,
completed in the time of the first nizam, who made Hyderabad
his capital The suburbs, of which the most important 1s
Chadarghat, extend over an additional area of 9 sq m. There
are several fine palaces built by various nizams, and the British
residency 1s an 1mposing building in a large park on the left
bank of the Musi, N.E of the city The bazaars surrounding 1t,
and under 1ts jurisdiction, are extremely picturesque and are
thronged with natives from all parts of India Four bridges
crossed the Musi, the most notable of which was the Purana
Pul, of 23 arches, buillt 1n 1593. On the 27th and 28th of
September 1908, however, the Musi, swollen by torrential rainfall
(during which 15 in fell in 36 hours), rose n flood to a height of
12 ft above the bridges and swept them away The damage
done was widespread , several important buildings were involved,
including the palace of Salar Jang and the Victoria zenana
hospital, while the beautiful grounds of the residency were
destroyed A large and densely populated part of the city was
wrecked, and thousands of lhves were lost. The prinapal
educational estabhishments are the Nizam college (first grade),
engineering, law, medical, normal, industrial and Sanskrit
schools, and a number of schools for Europeans and Eurasians
1Iyderabad 1s an important centre of general trade, and there 1s a
cotton mull in 1ts viaimty. The city 1s supplied with water from
two notable works, the Husain Sagar and the Mir Alam, both
large lakes retained by great dams Secunderabad, the British
mh , 15 situated 54 m N. of the residency ,

residency was repulsed, and the Hydcrabad contingent display
their loyalty 1n the ficld aganst the 1ebels. In 190z by a treaty
made by Lord Curzon, Berar was leased in perpetuity to the
British government, and the Hyderabad contingent was merged
in the Indian army. ‘The mzam Mir Mahbub Al Khan Bahadur,
Acaf Jah, a direct descendant of the famous mizam-ul-mulk,
was born on the 18th of August 1866 On the death of his
father n 1869 he succeeded to the throne as a minor, and was
invested with full powers 1n 1884. He 1s notable as the originator
of the Impenial Service Troops, which now form the contribution
of the native chiefs to the defence of India. On the occasion
of the Pan)deh incident in 1885 he made an offer of money and
men, and subsequently on the occasion of Queen Victoria’s
Jubilee in 1887 he offered 20 lakhs (£130,000) annually for three
years for the purpose of frontier defence. It was finally decided
that the native chiefs should maintain small but well-equipped
bodies of infantry and cavalry for imperial defence For many
years past the Hyderabad finances were in a very unhealthy
condition ; the expenditure consistently outran the revenue,
and *he nobles, who held their tenure under an obsolete feudal

1t includes Bolaram, the former headquarters of the Hyderabad
contingent

HYDER ALI, or HAIDAR ’ALt (¢ 1722-1782), Indian ruler
and commander This Mahommedan soldier-adventurer, who,
followed by his son Tippoo, became the most formidable Asiatic
rival the British ever encountered in India, was the great-grandson
of a faktr or wandering ascetic of Islam, who had found his way
from the Punjab to Gulburga in the Deccan, and the second son
of a natk or chief constable at Budikota, near Kolar in Mysore.
He was born 1n 1722, or according to other authorities 1717.
An elder brother, who like himself was early turned out into
the world to seek his own fortune, rose to command a brigade
n the Mysore army, while Hyder, who never learned to read or
wrnite, passed the first years of hus hfe aimlessly in sport and
sensuality, sometimes, howcver, acting as the agent of his brother,
and meanwhile acquining a useful famihanty with the tactics
of the French when at the height of thewr reputation under
Dupleix. He is said to have induced his brother to employ a
Parsee to purchase artillery and small arms from the Bombay
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government, and to enrol some thirty sailors of different European
nations as gunners, and 1s thus credited with having been  the
first Indian who formed a corps of sepoys armed with fire-
locks and bayonets, and who had a train of artillery served by
Europeans ” At the siege of Devanhall (1749) Hyder’s services
attracted the attention of Nanyra), the minister of the raja of
Mysore, and he at once d an independ d,
within the next twelve years his energy and abihty had made
him completely master of minister and raja ahke, and 1n every-
thing but 1n name he was ruler of the kingdom In 1763 the
conquest of Kanara gave him possession of the treasures of
Bednor, which he resolved to make the most splendid capital
in India, under his own name, thenceforth changed from Hyder
Naik into Hyder Al Khan Bahadur, and n 1765 he retneved
previous defeat at the hands of the Mahrattas by the destruction
of the Nairs or military caste of the Malabar coast, and the
conquest of Calicut Hyder Al now began to occupy the
serious attention of the Madras government, which in 1766
entered into an agreement with the nizam to furmish hum with
troops to be used against the common foe But hardly had this
alhance been formed when a secret arrangement was come to
betwcen the two Indian powers, the result of which was that
Colonel Smith’s small force was met with a umted army of
80,000 men and 100 guns British dash and sepoy fidelity,
however, prevailed, first in the battle of Chengam (September 3rd,
1767), and again still more remarkably in that of Tiruvannamalai
(Trinomala1) On the loss of his recently made fleet and forts
on the western coast, Hyder Al now offered overtures for peace ,
on the rejection of these, bringing all his resources and strategy
into play, he forced Colonel Smth to raise the siege of Bangalore,
and brought his army within 5 m of Madras The result was

the treaty of April 1769, providing for the mutual restitution |

of all conquests, and for mutual aid and alhance in defensive
war , 1t was followed by a commeraial treaty in 1770 with the
authorities of Bombay Under these arrangements Hyder Al,
when defeated by the Mahrattas in 1772, claimed British assist-
ance, but in vain, this breach of faith stung him to fury,and
thenceforward he and his son did not cease to thirst for vengeance
His time came when 1n 1778 the Bnitish, on the dcclaration of
war with France, resolved to dnive the French out of India
The capture of Mahé on the coast of Malabar 1n 1779, followed
by the annexation of lands belonging to a dependent of his own,
gave him the needed pretext Again master of all that the
Mabhrattas had taken from him, and with empire extended to the
Kistna, he descended through the passes of the Ghats amid
burning villages, reaching Conjeeveram, only 45 m. from Madras,
unopposed Not till the smoke was seen from St Thomas’s
Mount, where Sir Hector Munro commanded some 5200 troops,
was any movement made, then, however, the British general
gought to effect a junction with a smaller body under Colonel
Baillie recalled from Guntur. The incapacity of these officers,
notwithstanding the splendid courage of their men, resulted
n the total destruction of Baillie’s force of 2800 (September
the roth, 1780) Warren Hastings sent from Bengal Sir Eyre
Coote, who, though repulsed at Chidambaram, defeated Hyder
thrice successively 1n the battles of Porto Novo, Pollilur and
Sholingarh, while Tippoo was forced to raise the siege of Wandi-
wash, and Vellore was provisioned On the arnival of Lord
Macartney as governor of Madras, the British fleet captured
Negapatam, and forced Hyder Al to confess that he could never
ruin a power which had command of the sea He had sent his
son Tippoo to the west coast, to seek the assistance of the French
fleet, when his death took place suddenly at Chittur in December
1782.
See . B Bownng, Hasdar Al and‘Tspu Sullm:i ‘“Rulers of India ‘;
d of

33

HYDRA (or Siora, Nipra, IDERO, &c , anc Hydrea), an
island of Greece, lying about 4 m off the S E. coast of Argohs
in the Peloponnesus, and fornung along with the neighbouring
island of Dokos (Dhoko) the Bay of Hydra Pop about 6200.
‘The greatest length from south-west to north-east 1s about 11 m,
and the area 1s about 21 sq m , but it is hittle better than a
rocky and treeless ridge with hardly a patch or two of arable
soil  Hence the epigram of Antonos Knezes to the queen of
Greece  “ The 1sland produces prickly pears in abundauce,
splendid sea captains and excellent prime mumsters” The
highest point, Mount Ere, so called (according to Miaoules)
from the Albanian word for wind, 1s 1958 ft high The next in
importance 1> known as the Prophet Elias, from the large convent
of that name on its summit It was there that the patriot
Theodorus Kolokotrones was imprisoned, and a large pine tree
15 still called after im  The fact that in former times the island
was richly clad with woods 1s indicated by the name still employed
by the Turks, Tchamiiza, the place of pines, but it 1s only in
some favoured spots that a few trecs are now to be found
Tradition also has 1t that 1t was once a well-watered island
(hence the designation Hydrea), but the inhabitants are now
wholly dependent on the rain supply, and they have sometimes
had to bring water from the mainland This lack of fountains
1s probably to be ascribed n part to the effect of carthquakes,
which are not infrequent , that of 1769 continued for six whole
days Hydia, the chief town, 1s built near the middle of the
northern coast, on a very irregular site, consisting of three hills
and the intervening ravines  Irom the sea 1ts white and hand-
some houses present a picturesque appearance, and its streets
though narrow are clean and attractive Besides the principal
harbour, round which the town is built, there arc three other
ports on the north coast—Mandraki, Molo, Panagia, but none
of them 1s sufficiently sheltered Almost all the population
of the 1sland 1s collected 1n the chief town, which 15 the seat of a
bishop, and has a local court, numerous churches and a high
school  Cotton and sik weaving, tanming and shipbuilding
are carried on, and there 15 a fairly active trade.

Hydra was of no importance in ancient tunes  The only fact
mn 1ts history 1s that the people of Hermione (a city on the
neighbouring mainland now known by the common name of
Kastrs) surrendered 1t to Samian refugees, and that from these
the people of Troezen received 1t in trust It appears to be com-
pletely ignored by the Byzantine chroniclers In 1580 1t wa,
chosen as a refuge by a hody of Albanians from Kokkinyas in
Troezenia , and other emigrants followed n 1590, 1628, 1635,
1640, &c At the close of the 17th century the Hydriotes took
part 1n the reviving commerce of the Peloponnesus, and n
course of time they extended their range About 1716 they
began to build sakturia (of from 10 to 15 tons burden), and to
visit the islands of the Aegean, not long after they introduced
the latinadska (40-50 tons), and sailed as far as Alexandna,
Constantinople, Tnieste and Venice, and by and by they
ventured to France and even America From the grain trade
of south Russia more especially they derived great wealth In
1813 there were about 22,000 people in the 1sland, and of these
10,000 were scafarers At the time of the outbreak of the war of
Greek independence the total population was 28,190, of whom
16,460 were natives and the rest foreigners. One of their chief
families, the Konduriotti, was worth £2,000,000 Into the
struggle the Hydriotes flung themselves with rare enthusiasm
and devotion, and the final deliverance of Greece was mainly
due to the service rendered by their fleets

See Pouqueville, Voy de la Gréce, vol vi , Antonios Miaoules,
“Cwbépynua wepl s vhoov Tépas (Munich, 183,) , Id Zworrch laropla
Tor ravuaxidv Sid TOy wholwr Ty Tplwy viawr, “Tépas, Ilércwv xal Waplv

series (1893)  For the p | an

Hyder Ali see the History of Hyder Nask, wnitten by Mir Hussein Al
Kban Kirmam (translated from the Persian by Colonel Miles, and
published b{{ the Oriental Translation Fund), and the cunous work
wntten by M Le Maltre de La Tour, commandant of his artillery
(Hsstosre d'Hayder-Aly Khan, Pans, 11‘8%) For the whole hife and
times see ks, Historscal Sheiches of # outh of Indsa (1810—18!7) H
Attctuson’s Treatses, vol. v. (and ed , 1876), and Pearson, Memosrs
of Schwariz (1834)

(Naupha, 1833), Id ‘Ioropla Tns »hoov“T3pas (Athens, 1874), G D
Kriezes, lIoropla rijs vioov “Tdpas (Patras, 1860)

HYDRA (watersnake), in Greek legend, the offspring of Typhon
and Echidna, a gigantic monster with nine heads (the number
1s vanously given), the centre one being immortal Its haunt
was a hill beneath a plane tree near the river Amymone, in the
marshes of Lerna by Argos. The destruction of this Lernaean
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hydra was one of the twelve “ labours ” of Heracles, which he
accomphished with the assistance of Tolaus Finding that as
soon as onc head was cut off two grew up 1n 1ts place, they burnt
out the roots with firchrands, and at last severed the ymmortal
head from the body, and buried 1t under a mighty block of rock
The arrows dipped by Heracles in the potsonous blood or gall
of the monster ever afterwards inflicted fatal wounds The
generally accepted interpretation of the legend 15 that  the
hydra denotes the damp, swampy ground of Lerna with its
numerous springs (kegudai, heads), 1ts poson the miasmic
vapours rising from the stagnant water , 1ts death at the hands
of Heracles the introduction of the culture and consequent
purification of the sail” (Preller) A euhemenistic explanation
15 given hv Palaephatus (39)  An ancient king named Lernus
occupred @ small atadel named Hydra, which was defended
by so bowmen Heracles besteged the ctadel and hurled
firchrands at the garnson  As often as one of the defenders
fell, two others at once stepped mnto his place  The citadel
was finally taken with the assistance of the army of lolaus and
the garrson slun,

sec Hesiod, Theop, 313, Eurngndes, Hercules  furens, 419,
Pausamias 11 37, Apollodorus m 5, 2, Diod Sic v 11, Roscher’s
T exthon der Mythologte In the article GRLI K ART, fig 20 represents
the slaying of the Lernaean hydra by Heracles

HYDRA, m astronomy, a constellation of the southern
hemisphere, mentioned by Eudoxrs (gth century Bc) and
Aratus (3rd century n o ), and catalogued by Ptolemy (27 stars),
Tycho Brahe (19) and Hevelus (31)  Interesting objects are
the nebula /{1 1V 27 Hydrae, a planetary ncbula, gaseous and
whose hight 1s about equal to an 8th magmitude star, ¢ Hydrae,
a beautiful triple star, composed of two yellow stars of the 4th
and 6th magnitudes, and a blue star of the 7th magmtude,
R. Hydrae, a long period (425 days) vanable, the range mn
magnitude being from 4 to 9 7, and U. Hydrae, an irregularly
variable, the range 1n magmtude being 45 to 6

HYDRACRYLIC ACID (cthylene lactic acid), CH,OH CH,
(0,11, an organic oxyacid prepared by acting with silver oxade and
water on B-1odopropionic acid, or from ethylene by the addition
of hypochlorous acd, the addition product being then treated
with potassam cyanide and hydrolyed by an acid It may
also be prepared by oxidizing the timethylenc glycol obtamned
by the action of hydrobromic acid on allylbromide It 15 a
syrupy hquid, which on distillation 1s resolved nto water and
the unsaturated acryhe aad, (H, CHCO,H Chromic and
mtric aads oxuize 1t to oxahc acid and carbon dioxide
Hydracryhe aldehyde, CH,OH ( H, CHO, was obtained m 1904
by J U Nef (dnn 335, p 219) as a colourless oil by heating
acrolem with water  Dilute alkahs convert 1t nto crotonalde-
hyde, C1I; CH* CH CHO

HYDRANGEA, a popular flower, the plant to which the name
1 most commonly applied being Hydrangea Hortensta, a low
deciduous shrub, producng rather large oval strongly-vemed
leaves in opposite pairs along the stem It 1s termimated by
A massive globular corymbose head of flowers, which remain a
long period i an ornamental condition. The normal colour
of the flowers, the majonity of which have neither stamens nor
pistil, 1s pink , but by the mfluence of sundry agents in the soil,
such as alum or iron, they become changed to blue  There are
numerous varieties, one of the most noteworthy being * Thomas
Hogg ™ with pure white flowers  The part of the nflorescence
which appears to be the flower 15 an exaggerated expansion of
the sepals, the other parts being generally abortive  The perfect
flowers are small, rarely produced n the species above referred
to, but well illustrated by others, in which they occupy the mner
parts of the corymb, the larger showy neuter flowers being
produced at the arcumference

There are upwards of thirtv species, found chiefly i Japan,
in the mountains of India, and m North America, and many of
them are famihar in gardens H Hortensia (a species long
hnown n cultivation in China and Japan) 1s the most useful
for decoration, as the head of flowers lasts long in a fresh state,
and by the aid of forcing can be had for a considerable period
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for the ornamentation of the greenhouse and conservatory.
Therr natural flowering season 15 towards the end of the summer.
but they may be had earlier by means of forcmg H japomica
1s another fine conservatory plant, with foliage and habit much
resembling the last named, but this has flat corymbs of flowers,
the central ones small and perfect, and the outer ones only
enlarged and neuter This also produces pink or blue flowers
under the mfluence of different soils

The Japanese species of hydrangea are sufficiently hardy
to grow mn any tolerably favourable situation, but except m
the most sheltered locahties they seldom blossom to any degree
of perfection mn the open air, the head of blossom depending
on the uninjured development of a well-ripened terminal bud,
and this growth being frequently affected by late spring frosts
They are much more useful for pot-culture indoors, and should
he reared from cuttings of shoots having the terminal bud plump
and promnent, put n during summer, these developing a single
head of flowers the succceding summer Somewhat larger
plants may be had by mpping out the termmal bud and induang
three or four shoots to start i its place, and these, being steadily
developed and well ripened, should each yield its inflorescence
m the following summer, that 15, when two years old Large
plants grown n tubs and vases are fine subjects for large con-
servatories, and uscful for decorating terrace walks and similar
places duning summer, being housed n wmter, and started
under glass n spring

Hydrengea pantculata var  grandiflora 1s a very handsome
plant, the branched mflorescence under favourable circum-
stances 15 & yard or more in length, and consists of large spreacng
masses of crowded white neuter flowers which completely conceal
the few mconspicuous fertile ones  The plant attans a height
of 8 to 10 ft and when 1n flower late in summer and 1n autumn
1s a very attractive object in the shrubbery.

The Indian and American specics, especially the latter, are
quite hardy, and some of them are extremely effective

HYDRASTINE, C, H,NO,, an alkaloid found with berberine
m the root of golden seal, Hydrastss ¢ 15, & plant indig,
to North America It was discovered by Durand in 1851, and
its chemstry formed the subject of numerous communications
by E Schmmdt and M Freund (see Ann, 1892, 271, p 311)
who, aided by P Fntsch (Ann, 1895, 286, p 1), estabhished
1ts constitutton It 1s related to narcotine, which 15 methoxy
hydrastine The root of golden seal 15 used m medicine under
the name hydrastis rhizome, as a stomachic and nervine
stimulant

HYDRATE, m chemistry, a compound containing the elements
of water in combination , more specifically, a compound contamn-
g the monovalent hydroxyl or OH group. The first and more
general definition includes substances contaiming water of
crystalization , such salts are said to be hydrated, and when
deprived of their water to be dehydrated or anhydrous Com-
pounds embraced by the second defimtion are more usually
termed hydroxides, since at one time they were regarded as com-
binations of an oxide with water, for example, calaum oxide or
hme when slaked with water yielded calcium hydroxide, written
formerly as CaO*H,0. The general formulae of hydroxides
arc  M!' OH, M*OH),, M"(OH),, M™(OH),, &c, corresponding
to the oxides M,'0, MO, M,WO,, MO, &c, the Roman index
denoting the vaiency of the element There is an mmportant
difference between non-metallic and metalhc hydroxides ,
the former are invanably acids (oxyacids), the latter are more
usually basic, although acidic metallic oxides yteld acidic
hydroxides Elements exhibiting strong basigenic or oxygenic
characters yield the most stable hydroxides, in other words,
stable hydroxides are associated with elements belonging to the
cxtreme groups of the periodic system, and unstable hydroxides
with the central members The most stable basic hydroxides
are those of the alkah metals, viz hthium, sodum, potassium,
rubidium and cacsium, and of the alkaline carth metals, viz
calcium, barium and strontium, the most stable acidic hydroxides
are those of the elements placed i groups VB, VIB and VIIB
of the periodic table.




HYDRAULICS

HYDRAULICS (Gr. 38wp, water, and adAds, a pipe), the branch
of engineering science which deals with the practical applications
of the laws of hydromechamics

I THE DATA OF HYDRAULICS?

§ 1. Properties of Fluids —The fluds to which the laws of
practical hydraulics relate are substances the parts of which
possess very great mobility, or which offer a very small resistance
to distortion independently of 1nertia. Under the geneial
heading Hydromechanics a fluid is defined to be a substance
which yields continually to the shghtest tangential stress, and
hence in a fluid at rest theie can be no tangential stress  But,
further, mn fluds such as water, air, steam, &c, to which the
present division of the article relates, the tangential stresses
that are called into action between contiguous portions during
distortion or change of figure are always small compared with
the weight, nertia, pressure, &c, which produce the visible
motions 1t 15 the object of hydraulics to estimate  On the other
hand, while a flmd passes easily from one form to another, 1t
opposes considerable resistance to change of volume

It 15 casily deduced from the absence or smallness of the
tangential stress that contiguous portions of flud act on each
other with a pressurwhich 15 exactly or very nearly normal
to the interface which separates them. The stress must be a
pressure, ot a tension, or the parts would separate  Further,
at any pont in a flud the pressure in all directions must be the
same , or, m other words, the pressure on any small clement
of surface 1s independent of the orientation of the suiface

§ 2 Iluds are divided mto hquids, or incompressible fhuds,
and gascs, or compressible fluids — Very great changes of pressure
change the volume of hquids only by a small amount, and if
the pressure on them 1s reduced to zero they do not sensibly
dilate  In gascs or compressible fluids the volume alters censibly
for small changes of pressure, and if the pressure 1s indefimtely
dimmished they dilate without hmit

In ordinary hydraulics, hquids are treated as absolutely
mcompressible  In dealing with gases the changes of volume
which accompany changes of pressure must be taken into
awcount

§ 3 Viscous fluids are those in which change of form under a
continued stress proceeds gradually and increases indefimitely
A very viscous fluid opposes great resistance to <hange of torm
mn a short time, and yet may be deformed considerably by a
small stress acting for a long period A block of pitch 15 more
casily <phntered than indented by a hammer, but under the
action of the mere weight of 1ts parts acting for a long enough
time it flattens out and flows hike a hqud

All actual fluds are wviscous ‘They oppose a resistance
to the relative motion of their parts  This resistance diminishes
with the velocity of the relative motion, and becomes zero
in a flud the parts of which are relatively at rest  When the
relative motion of different parts of a fluid 1s small, the viscosity
may be neglected without introduang mmportant errors  On
the other hand, where there 1s considerable relative motion,
the wiscosity may be ex-
pected to have an influence
too great to be neglected.

Measurement of Viscossty
Coeffictent of Viscossty —
Suppose the plane ab, fig 1
of arca w, to move with the
velocity V relatively to the
surface ¢d and parallel to 1t
Let the space between be filled with iquid  The layers of lquid
m contact with ab and cd adhere to them  The mtcriediate layers

offeing an equal resistance to shearing or distortion, the rect-
angle of fluid abcd will take the form of the paraliclogram a'b’cd
Further, the resistance to the motion of ab may be expressed n

the form
R =«wV, (1)

where « 1s a coefficient the nature of which remains to be deter-
mued
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If we suppose the hquid between ab and ed divided into layers as
shown 1n fig 2,1t will be clear that the stress R acts, at each dividing
face, forwards m the direction of motion if we consider the upper
layer, backwards if we consider the lower laya  Now suppose the
origual thickuess of the layer 1 mcreased to nl, 1f the bounding
plane n 1ts new position has the veloaty nV, the sheanng at cach
dividing face will be exactly the name a5 befute, and the resistance
must therefore be the same  llence,

Rax'wmV) (3)
But equations (1) and (2) mav both be expressed n one equation if
« and x” are replaccd by a constant varying mversely as the thickness
of the layer ntting x =u/T, " =u/nT,

R =uwV/T,
or, for an ndefinitely thun layer,

R =pwaV/dt,
an expression first proposed by . M H Navier
termed the coefficient of viscosity

According to | Clcrk Maxwell, the value of w for air at 8° Fahr n
pounds, when the velocities are oxpressed in feet per second, 15

=0 000 000 025 0(401° +6) ,
that 15, the coefficient of viscosity 1s proportional to the absolute
temperature and mdependent of the pressure

The vilue of p for watcr at 77° Fahr 18, according to 1 von
Helmholts and ¢ Piotrowska,

A =0 000 001 9I,

the units bang the same as before  For watcr a4 decrcases rapidly
with mcrease of temperature

§ 4. When a flud flows 1n a very regular manner, as for mnstance
when 1t flows 1n a capillary tube, the veloaties vary gradually
at any moment from
one point of the flud
to « neighbouring
pont. The layer ad-
jacent to the sides of
the tube adheres to at
and 1s at rest. The
layers more interior
than this shide on each
other. But the resist-
ance developed by
these regular move-
mentsis very small  If
mn large pipes and open
channels there were a
amilar regulanty of movement, the neighbouring filaments
would acquire, especially near the sides, very great relative
veloaities V' J. Boussinesq has shown that the central filament
1n a semiarcular canal of 1 metre radius, and inchned at a slope
of only o ooor, would have a velocity of 187 metres per second,*
the layer next the boundary remaining at rest  But before
such a difference of velocity can anise, the motion of the fluid
becomes much more complicated  Volumes of flnd are detached
continually from the boundanes, and, revolving, form cddies
traversing the flud n all directions, and shiding with fimte
relative velocities agamnst those surrounding them  ‘These
shdings develop resistances incomparably greater than the
viscous resistance due to movements varying continuously from
pont to pont  The movements which produce the phenomcna
commonly ascribed to fluid friction must be regarded as rapidly
or even suddenly varymng from one pont to another ‘The
internal resistances to the motion of the flud do not depend
merely on the general veloaties of translation at different powmnts
of the flurd (or what Boussinesq terms the mean local veloaities),
but rather on the intensity at each pont of the eddying agitation
The problems of hydraulics are therefore much more comphcated
than problems i which a regular motion of the fluid i1s assumed,
hindered by the viscosity of the fluid

RELATION OF PRESSURE, DENSITY, AND TEMPRRATURY
or Liguips

§ 5 Units of Volume —In practical calculations the cubic foot
and gallon are largcl?z used, and 1 metric countries the htre and
cubic metre (=1000 litres) ~ The imperial gallon 18 now exclusively
used in Eugland, but the United States have retamed the old Fuglish
wine gallon

Che coethictent s

1 Except—;;li;e—:-e— other umits are given the umits throughout this
article are feet, pounds, pounds per 8q ft, feet per second

“xmi (1808), Mémoires de I’ Académe
ramce, t xxui , xxav. (1877) .
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7 481 U S gallons

1 cub ft = 6236 1mp gallons = >

1 xmg. gallon = o-1605 cub ft. = 1200 US gallons
1US gallon = o 1337 cub ft. = 08333 1mp gallon
1 htre = o2z0tmmp gallon = 02641 US gallon

Density of Water — Water at 53° F and ordinary pressure contains
62 41b per cub ft, or 101b per impenal gallon at 62° F The htre
contans one kilogram of water at 4° C or 1000 kilograms per cubic
metre  River and spring water 1s not sensibly denser than pure
water  But average sea water weighs 641 per cub ft at 53° F
1 he weight of water per cubic unit will be denoted by G Ice free
from air weighs 57 281b per cub ft (Leduc)

§ 6 Compressibality of Liguids —The most accurate experiments
show that hquids are senslb“{y compressed by very great pressures,
and that up to a pressure of 605 atmoslpheres, or about 10001b per
5q 1, the compression 13 proportional to the pressure  The chief
results of experiment are given n the following table Let V, be
the volume of a iquid in cnﬁnc feet under a pressure p, tb Pcr sq ft,
and V, its volume under a pressure p, Then the cubica compres-
sion 13 (V, -V,)/V,, and the ratio of the increase of pressure
p,—~py to the cub p on 14 1 hat 13,
k=(p, = p)Vi/(Vy - V}) 18 constant [Chis constant 13 termed the
elasticity of volume ~ With the notation of the differential calculus,

_ avy _ dp
r=ap/(-)=-Vay
Elasticity of Volume of Liguids
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the height 4 of the column 1s a measure of the piessure at the point

P Let w be the area of section of the pipe, 4 the height of the

pressure column, p the intensity of pressure at P, then
pw=Ghulb,

/G <h,
that 1s, A 13 the height due to the
be I;:m'med the free surface level
at

RELATION OF PRESSURE, TEMPERATURE, AND DENSITY OF GASES

§ 9 Relation of Pressure, Volume, Temperature and Denssty in
Compressible Fluids —Certain problems on the flow of awr and
steam are so similar to
those relating to the flow
of water that they are
conveniently treated
together It 1s neces-
sary, therefore, to state as
briefly as possible the
properties of compres-
sible fluids so far as know-
ledge of them 1s requisite
mn the solution of these
problems Awr may bc
taken as a type of these
fluids, and the numerical

ressure at The level OO will
corresponding to the pressure

I ladon | - data here given will relate
Canton Oersted I aS::l'“Satclllox-'r‘n Regnault to air Fro. 3.
— | of Pressure
and Volume at Constant T — At t
gz;‘tfv;tc, :2’;,92'332 #5,000,000 | 42,660,000 44,090,000 the product of the pressure p and volume V of a given qu';ntxty of
1900, )
Mercury 705,300,000 626,100,000 | 604,500,000 | | T 18 @ constant (Boyle's law)
Ol 44,000,000 Let p, be mean atmospheric pressure (2116 81 per sq ft), V,
Alcohol 32,060,000 23,100,000 the volume of 1 Ib of air at 32° Fahr under the pressure p,  Then
- L7 e e - PV, =26214 (1)
According to the experiments of Grassi, the compressibility of | If G,1s the weight per cubic foot of air in the same conditions,
water dumnishes as the temperature increases, while that of ether, Gy =1/V, =21106 8/26214 = 08075 (2)

alcohol an | chloroform 14 increascd

§ 7 Change of Volume and Density of Water with Change of Tem-
f':mluu——l\lthollgh the change of volume of water with change ot
temperature 15 so small that 1t may generally be neglected in ordnary
hydraulic calculations, yet it should be noted that there 15 a change
0{ volame which should be allowed for in very exact calculations
Che values of p 1n the following short table, which gives data enough
1orUhy«lmuhc purposes, are taken from Professor Everett's System
of Unmts

Denssty of Water at Different Temperatures

G [«
Tomperatuts |y op | Weghtof | T B | Weaghe ot
Cent| Fanr | Woter wh [ Cent| Fahr ater i
o| 320 999884 | b2 417 )l 20| 680 y98272 | 62 316
1]338 *999041 | b2 420 || 22| 716 997839 | 62 289
2356 Q99982 | 02 423 || 24 | 752 997380 | 62 261
3( 374 | T oooooy | 62 424 26 78 8 990879 62 229
4] 392 | toooor3 | 62425 | 28| 824 99634 62 196
5| 410 | 1°:000003 | 62:424 || 30 | 86 99577 62 161
6| 428 999983 | 62 423 || 35 | 95 99469 62 093
7] 446 999940 | 62 421 || 40 [ 104 99236 61 947
81 46 4 *999899 | 62 418 || 45 ) 113 99038 61 823
9| 482 999837 | 62 414 || 50 | 122 98821 61 688
10| 500 | +999760 | 62 409 | 55 | 13K 98583 61 540
11| 518 999608 | 62 403 || 60 | 140 98339 61 3387
12| 536 999562 | 62 397 || 65 | 149 98075 61 222
I3 (554 999443 | 62 389 || 70 | 158 97795 01 048
141 572 990312 ( 62 381 || 75 | 167 97499 60 863
15| 590 | 999173 | 62 373 || 8o | 176 ‘97195 60674
16 | 60 8 999015 | 62 363 || 85 | 185 96880 60 477
17 (626 | 998854 | 62 353 || 90 [ 194 96557 | 60 275
18 | 64 4 998667 | 62:341 |l100 | 212 95866 59 844
19 | 662 998473 | b2 329
[ S —

The weight per cubic foot has been calculated from the values of
p,0on the assumption that 1 cub ft of waterat 39 2° Fahr 13 62+4251d
For ordinary calculations in hydraulics, the density of water (which
will in future be designated by the symbol G) will be taken at 62 41b
per cub ft, which 1s 1ts density at 5;{ Fahr, It may be noted also
that ice at 32° Fahr contains 57 31b per cub ft. The values of p
are the densities 1n grammes per cubic centimetre

§ 8 Pressure Column Free Surface Level —Stlx’p a small
vertical pipe mtroduced 1nto a hiquid at mg point %ﬁg 3). Then
the iquid will nse i the pipe to a level OO, such that the pressure
due to the column 1 the pipe exactly balances the pressure on its
mouth If the flucd 1s 1n motion the mouth of the p:re must be
supposed accurately varallel to the direction of motion, or the
impact of the hquid at the mouth of the pipe will have an influence
on the height the column If this condition 13 complied with,

For any other pressure p, at which the volume of 11b 15 V and the
weight per cubic foot 1s G, the temperature being 32° Fahr,
PV =p/G =26214; or G=p 20214 (3)

Change of Pressure or Volume by Change of Temperature —Let p,,
Vo, Gy, as before be the pressure, the volume of a pound n cubic feet,
and the weight of a cubic foot 1n pounds, at 32° kabr Let p, V, G
be the same quantities at a temperature ¢ (measured strictly by the
air thermometer, the degrees of which differ a little from those of
a mercurial thermometer) Then, by expeniment,

PV =pVo(400 6 +8)/(160 6 +32) =p,V,7/r,, (4)

where r, 7, are the temperatures ¢ and 32° reckoned from the absolute
zoro, which 15 - 460 6° Fahr ,

/G =por/Goros (4a)
G =prGo/pr (s)

If p,=2116 8, Gy = 08075, 7, =400 6 -+ 32 =492 6, then
pIG =532r (sa)

Or quite generally p/G =R~ for all gases, 1f R 1s a constant varying
nversely as the density of the gas at 32° F. For steam R =85 5

1I. KINEMATICS OF FLUIDS

§ 10 Moving fluds as commonly observed are convenently
classified thus

(1) Streams are moving masses of indefinite length, completely
or incompletely bounded laterally by solid boundaries When
the sohd boundaries are complete, the flow 1s said to take place
in a pipe When the sohd boundary 15 incomplete and leaves
the upper surface of the fluid free, it 1s termed a stream bed or
channel or canal.

(2) A stream bounded laterally by differently moving flud
of the same kind 1s termed a current

3) A 7et 15 a stream bounded by fluid of a different kind.
§4 An eddy, vortex or whirlpool 1s a mass of fluid the particles
of which are moving circularly or spirally. .

(5) In a stream we may often regard the particles as flowing
along definite paths in space A chain of particles following
each other along such a constant path may be termed a flud
filament or elementary stream.

§ 11 Steady and Unsteady, Umiform and Varying, Motion —There
are two quite distinct ways of g hydrody 1 q
We may either fix attention on a given mass of flud and consider
1ts changes of position and energy under the action of the stresses
to which it 1s subjected, or we may have regard to a given fixed
portion of space, and consider the volume and energy of the flud
entenng and leaving that space.
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1f, 1n following a given path ab (fy
constant velouty, the motion 1s said to be umiform The kinetic
energy of the mass 4 remains unchanged If the velocaty vanes
from point to point of the path, the motion 15 called varying motion
If at a given pomt a 1n space, the particles of water always arnve
with the same velocity and 1n the same direction, during any given
time, then the motion 1s termed steady motion On the contrary,
if at the pont a the velocity or direction varies from moment to
moment the motion 13 termed
x unsteady A nver which ex-
cavates 1ts own bed 18 1n
unsteady motion so long as
the slope and form of the bed
15 changing It, however,
tends always towards a condition in which the bed ceases to change,
and 1t 1s then said to have reached a condition of permanent regime
No niver probably 1s 1n absolutely permanent regime, except perhaps
m rocky channels In other cases the bed 13 scoured more or less
during the rise of a flood, and silted again dunng the subsidence of
the flood But while many streams of a torrential character change
the condition of their bed often and to a large extent, i others the
changes are comparatively small and not easily observed
As a stream approaches a condition of steady motion, its regime
becomes permanent Hence steady motion and permanent regime
are sometimes used as meaning the same thing he one, however,
15 a defimte term applicable to the motion of the water, the other a
less definite term applicable in strictness only to the condition of
the siream bed
§ 12 Theoretical Notions on the Motion of Water — The actual
motion of the particles of water 1s 10 most cases very complex To
simphity hydrodynamic problems, simpler modes of motion are
assumed, and the results of theory so obtaned are compared ex-
perimentally with the actual motions
Motion 1n Plane Layers —The simplest kind of motion in a stream
18 one 1 which the particles imtially situated in any plane cros
section of the stream con-
—_ tinue to be found in plane
7 T cross scctions dunng  the
subsequent motion  Thus,
if the particles m a thin
_ Fla.ne layer (fig 5) are
ound again mn a thin plane
layer a’b’ after any interval
of tune, the motion 15 sad
to be motion 1n plane layers In such motion the mternal work
m deforming the layer may usually be disregarded, and the resist-
ance to the motion 1s confined to the circumference
Laminar Motion —In the case of streams having sohid boundanes,
1t 15 observed that the central parts move faster than the lateral
parts. To take account of these differences of velocity, the stream
may be conceived to be divided nto thin lammae, having cross
sections somewhat similar to the solid boundary of the stream, and
shding on ecach other The diffcrent laminae can then be treated
as having duffering velocities according to any law erther observed
or deduced from their mutual friction. A much closer approxima-
tion to the real motion of ordinary streams 1s thus obtane:
Stream Line Motion —In the preceding hypothesis, all the particles
m each lamina have the same velocity at any given cross section of
the stream If tlus assumption 18 abandoned, the cross section of
the strecam must be supposed divided into indefinitely small areas,
cach representing the section of a fluid filament Then these fila-
ments may have any law of vanation of velocity assigned to them
If the motion 1s steady motion these fluid filaments (or as they arc
then termed stream lines) will have fixed positions in space
Periodic Unsteady Motion —In ordinary streams with rough
boundanes, 1t 13 observed that at any given pomnt the velocity vanes
from moment to moment in magmitude and direction, but that the
average veloaity for a sensible period (say for 5 or 10 munutes)
varies very hittle either in magnitude or velocity. It has hence

4), a mass of water a has a

.. 4

Fic 5

$ud

been conceived that the v of d g of
the velocity are periodic, and that, if for each point of the stream the
mean velocity and direction of motion were substituted for the
actual more or less varying motions, the motion of the stream
might be treated as steady stream lne or steady laminar
motion.

§ 13 Volume of I'low —Let A (fig 6) be any 1deal plane surface
of area w, 1n a stream, normal to the direction of motion, and let v

and
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be the velocity of the lmd. Then the volume flowing through the
surface A n unit tume 1
Q=wV (1)

Thus, if the motion 1s rectilinear, all the particles at any mstant m
the surface A will be found after nne second mn a similar surtace A’,
at a distance V, and as cach particle 1s followed by a continuous
thread of other particles, the volume of flow 15 the rnight prism AA’
having a base w and length V

If the direction of motion makes an angle ¢ with the normal to
the surface, the volume of flow 1s represented by an obhque prism
AA’ (fig 7), and 1n that case

Q=wVcosd

If the velouty varies at different points of the surface, let the sur-

face be divded into very small portions, for each of which the

velocity may be regarded as constant If dw 1s the arca and v, or
v cos 8, the normal velocity for this element of the surface, the
volume of flow 13
Q= fvdw, or fvcos ddw,

as the case may be

§ 14 Princaple of Continuity —If we consider any completely
bounv}ed fixed space 1n a moving hquid mitially and finally filled
continuously with hquid, the mnflow must be equal to the outfiow
Expressing the mflow witha Fosmve and the outflow with a negative
sign, and estunating the volume of flow () for all the boundares,

2Q=0

In general the space will remain filled with fluid if the pressure
at every pomnt remains positive  There will be a break of continuity,
if at any pomt the pressure becomes negative, mdicating that the
stress at that pont 13 tensile In the casc of ordinary water this

t q dification  Water contains a variable amount

of air in solution, often about one-twentieth of 1ts volume Tl air
13 disengaged and breaks the continuity of the hquid, if the pressure
falls below a point corresponding to its tension It 15 for this reason
that pumps will not draw water o the full height due to atmospheric
pre%urc

Application of the Prm::flc of Continusty to the case of a Stveam —
If A, A, aie the areas of two normal cross sections of a streamn,
and \1,, V, are the velocities of the strcam at those sections, then
from the principle of continusty,

VA, - VA,

v Vi AYR, (2)
that 15, the normal velocities are inverscly as the areas of the cross
scctions. This 19 true of the mean velocities, if at cach section the
velocity of the stream vanies  In a niver of varying slope the veloaity
varies with the slope It 1s easy thcrefore to see that in parts of
large cross section the slope 15 smaller than in parts of small cross
section

If we conceive a space n a hquid bounded by normal sections at
Ay, A, and between A;, A; by stream lines (fig. 8), thcn, as there
13 no flow across the stream hines,

VilVe=AJA,,

as 1n a stream wath rgid boundaries
In the case of compressible fluids the vanation of volume duc to
the difference of pressure at the two sections must be taken into

Fra. 8.

account If the motion 1s steady the weight of fluid between two
cross sections of a stream must remain constant. Hence the weight
flowing 1n must be the same as the weight flowing out. Let #,, p,
be the pressures, v,, v, the velocities, G,, G, the weight per cubic foot
of fluid, at cross sections of a stream of areas A,, i, The volumes
of nflow and outflow are
Ayv, and Ay,

and, if the weights of these are the same,

GiAw, =G,yAg,,
and hence, from (5a) § 9, if the temperature 15 constant

PrAW;=PAL; (3)
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§ 15, Stream Lines —The characteristio of a perfect flud that is,
a flnd free from viscosity, 15 that the pressure between any two parts
mto which 1t 15 (hwdu{by a plane must be normal to the plane
One consequence of this 15 that the particles can have no rotation
wnpressed upon them, and the motion of such a flud 1s wrotational
A stream hne 14 the line, straight or curved, traced by a particle i
a current of fluxl i irrotational movement In a steady ourrent

F16 o

each strcam line proserves ats figure and position unchangcd, and
marks the track of a stream of particles formmg a flud filament
or dementary stream A current n steady wrrotational movement
may be concaved to be divided by mscnsibly thin partitions follow-
mg the course of the strcam lhines nto a number of elementary
streams  If the powtions of these partitions aie so adjusted that
the volumes of flow in all the clementary strcams are equal, they
represent to the mind the velouty as well as the direction of motion
of the particles m different parts of the current, for the veloaties

L] ,
| it !
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are mversoly proportional to the cross sections of the elementary
streatas No actual flud 15 devord of viscosity, and the ettect of
viscosily 15 to render the motion of a flind sinuous, o1 rotational or
eddying under most ordinary conditions At very low velocities
m & tube of moderate size the motion of watcr may be nearly pure
strcam hne motion  But at come vddocity, smaller as the diameter
of the tube 1s greater, the motion suddenly becomes tumultuous
[he laws of sunple stream line motion have hitheito been mvesti-
gated theoretically, and from mithcmatical dithiculties have only
been determuned for cortam siaple cases Professar H S Hele
Shaw has found means of exhilnting sticam
hine motion 1 a number of very mteresting
cases expenmentally  Generally m these ex-
periments a thin shect of fluid is caused to flow
tween two parallel plates of glass In the
eather exporiments streams of very small air
bubbles mtroduced nto the waler current
rendered visible the motions of the water By
the use of a lantern the image of a portion of
the current can be shown on a «creen or photo-
graphed  In later expeinnments streams of
coloured liquid at regular distances were mtro-
duced into the sheet and these much more
clearly marked out the forms of the stream
Ines ~ With a flurd sheet 0 0z mn  thick, the
stream hines were found to be stable at almost
any requred velocity For certamn sumple
cases Professor Hele Shaw has shown that the
erunental stream hnes of a viscous fluid are
5o far as can be measured identical with the calculated stream lmes of
apcrfect flud  Sir G G Stokes pomted aut that in this case, esther
from the thinness of the stream between its glass walls, or the
slowness of the motion, ot the high viscosity of the iquid, or from
a combmnation of all these, the lgow 18 regular, and the effects of
mertia disappear, the viscosity domunating everything  Glycerine
gives the stream lines very sausfantonl{“
Fig ¢ shows the stream hines of a sheet of fluid passing a fairly

D
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shipshape body such as a screwshaft strut  he arrow shows the
direction of motion of the luid  Fig 10 shows the stream hnes for
a very thin glycerme sheet passing a non-shipshape body, the
stream hnes being practically perfect Fig 11 shows one of the
earlier air-bubble experiments with a thicker sheet of water. In
this case the stream hnd, break up behind the obstruction, forming
an eddying wake Fig 12 shows the stream hines of a fluid SIng
a sudden contraction or sudden cnlargement of a pipe Lastly,
fig 13 shows the stream lines of a current passing an obhique plane
H S Hele Shaw, “ Lxperiments on the Nature of the Surface Re-
sistance 1n Pipes and on Ships,” Trans Inst Naval Avch (1897)
‘ Investigation of Strcam Line Motion under certain Ixperimental
Conditions,”” Trans Inst Naval 4rch (1898), " Stream I e Motion
of a Viscous Fluid,”” Report of British Assocration (1898)

11T PHENOMENA OF THE DISCHARGE OF LIQUIDS FROM
ORIFICES AS ASCERTAINABLE BY EXPLERIMENTS

§ 16 When a hquid 1ssucs vertically from a small orifice, it forms
a jet which 1ses nearly to the level of the free surface of the hiquid
m the vessdd from which
1t flows lhe difference
of levd k, (hg 14) 13
15 s0 small that it may be
at once suspected to be
due aither to arr 1esistance
on the surface of the jet
or to the viscosity of the
hiquid or to friction agamst
the sides of the onfice
Neglecting for the moment
this small quantity, we
may mfer, from the clova-
tion of the jet, that cach
molecule on leaving the
orifice possessed the yvelo-
city required to hft it
agamnst gravity to the
haght & From ordinary
dynamics, the relation
between the velocity and
haght of projection 1s
given by the equation

v NJ2gh (1)

As this velocity 15 nearly
reached m the flow from
well-formed orifices, 1t 1s
sometimes called the theoretical velocity of i charge
was first obtaned by lornceilt

If the orifice 15 ot a suitable conoidal form, the water 1ssues m
filaments normal to the plane of the orifice  Lel w be the aiea of
the orifice, then the discharge per second must be, from eq (1),

-
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Tlus relation

Q- wv=wa/2¢h ncarly (2)

This 15 sometimes quite improperly called the theoretical dise
chaige for any kiad of orifice  Lacept for a well-formed conordal
orifice the rosult 15 not approximate cven, so that af 1t 1, supposed
to be based on a theory the themy 1s a false one

Use of the tevin Hcad 1n Hydraulus ---the tcrm kead 13 an old
millwright’s term, and meant primanly the height through which a
mass of water doended m actuating a hydraulic machine  Since
the water 1n fig 14 descends through a baght & to the onfice, we
may say there are A ft of head above the orifice.  Still more gencrally
any mass ot hquid 4 ft above a horizontal plane may be said to have
h it of elevation head relatively to that datum plane Further,
smce the pressure p at the onfice which produces outfiow 1s connected
with & by the relation p/G =h, the quantity /GG may be termed
the pressure head at the onfice  Lastly, the velocity v s connected
with 4 by the 1elation v/2g=h, so that v?/2¢ may be termed the
head due to the veloaty v

§ 17 Coefpcients of V elocity and Resistance —As the actual vclocity
of discharge differs from 4/2gh by a small quantity, let the actual
velocity

=Va=Con/28h, 3)
where ¢, 1, a cocfficient to be determmed by experiment, called the
coefficient of velocsty ‘Lhis coethcient 15 found to be tolerably con-
stant for ditferent heads with well-formed simple onifices, and 1t very
often has the value 0 a7 -

‘The difference between the velocity of discharge and the velocity
due to the head may be reckoned i another way ‘1he total height
A causwg outtlow ts of two part: part h, expended
effectively mn producing the velocity of outflow, another A, 1n over-
coming tKe resistances due to viscosity and friction  Let

he=cohyy
where ¢, 1s a coefficient determined by expermment, and called the
coefficient of vessstance of the orfice It 1s tolerably constant for
duth eads with well-formed onfices Then

va= N/3gh, =/ {2gh/(x +¢))} 0]
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The relation between ¢, and ¢, for any onfice 1s easily found -—
Vo= 28k = A/ {2gB/(1 + ¢,)}
c=w/{t/(1+c))} (s)
=10t -1 (54)
Thusif ¢,=0 97, then ¢,=0 0628 That 15, for such an orifice about
6} % of the head 1s expended m overcoming frictional resistances
to flow
Coefficrent of Contraction —Sharp-edged Orifices sn Plane Surfaces —
When a jet 155ues from an aperture 1n a vessel, 1t may either spring

3

File 15
clear from the mncr edge of the onfice as at a or b (fig 15), or 1t
may adhcre to the skdcs of the orifice as at ¢ The former condition
will be found if the orifice 15 bevellad outwards as at a, <o as to be
<harp edged, and 1t will also occur gencrally for a prismatic apertuare
ke b, provided the thuckness of the plate m which the aperture 15
tormed 1s less than the diametcr
of thejet  Butif the thichness
15 greater the condition shown
at ¢ will occur

What the discharge occurs
as at aor b, the filamnts con-
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the orffice, and ¢ the time m which a particle moves from O to A,
then
x=ved, y= gt

o= N(gYY2Y)

Cv=vaf N/ (28h) = \/(aY/4vh)

In the case of large onfices such as wars, the viocily can be
directly deteimined by using a Pitot tube (§ 144)

The coetfiaent of discharge, which for practical purposes 1s the
most important of the three coeflicients, 15 best determimned by tank
measurement  of
the flow {rom the
given orifice n a
atable time  If
Q15 the discharge
nicasured 1 the
tank per second,

I iminating ¢

Then

then
= QfwaJ(2gh)
M ts of

this kmd though
sunple m principle
are not free from
some practical
dificulties, and
require much care
Infig 1815 shown
an arrangement of
mcasuring  tank TFic
The onfice s iixed

m the wall of the astern A and discharge. cither into the waste
channdd BB, or mto the mrasunng tank  Thare 15 a short trongh
on rollers C which when run undcr the jet duects the discharge
mto the tank, and when run back agan allows the discharge to drop

»
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vergmg  towards the onfice
continue to converge beyond
it, so that the sccuon of the
jet where the filaments have
become parallcl 1s smallcr than
the section of the onifice  The
mertia of the filaments opposes
sadden change of direction
of motion at the edge of the
onfice, and the convergence
continue, for a distance of
about half the diametcr of the
orifice beyond 1t Let w be the
area of the orifice, and ¢w the arca of the jet at the point where
convergence ceases, then ¢, 15 a coelhicient to be dctermined cxperi-
mentally for cach kind ot orifice, called the coefficient of contractson
\/hen the orifice 15 a sharp-edged orifice i a plane surface, the
value of ¢, 15 on the average o by, or the section of the jet 15 very
nearly five-cighths of the arca of the orifice

Coeflictent of Discharge —In applymng the gencral formula ()= wv
10 a stream, 1t 15 assumed that the ilaments have a common vdlouty
v normal to the scctionw — Butaf
thejet contracts, 1t 18 at the con-
tracted section of the jet that
the dircction of motion 15 normal
to a transverse section ot the
jet  Hunce the actual discharge
when contraction occurs 15

Qu=60x cw=ccw N/ (26h),
or simply, if c=¢, ¢,

Q= cun/(26h),

where ¢ 1s called the coefhcient
of dischavge ‘lhus for a sharp-
edged plane orfice ¢=097x
064=0062

§ 18 Lxpersmental Determsna-
tson of c,, G, @nd ¢ —lhe co-
efficient of contraction ¢, 18
directly determined by measur-
g the dimensions of the jet

Fic 16.
For this purpose fixed screws of fine pitch (fig 16) are convenint

These are set to touch the jet, and then the distance them
can be measured at leisure

The coefficient of velocity 18 determmned dwectly by mecasuring
the parabolic path' of a h 1 jet

Let OX, OY (fig 17) be horizontal and vertical axes, the ongin
bemng at the orifice Let k be the head, and x, y the coordinates of
a pomnt A on the parabolic path of the jet If v, 15 the velocity at

Fic 18
mto the waste channel D 15 a stilling scicen o provent agitation
of the sulace at the measuring pomt, 1, and s a dischage valve
for cinptving the measuring tank  Lhe rnise of lovad in the tank, the
time of the flow and the head over the onfice at that tune must
exactly observed

For wdll made sharp-cdged orfices, small relativaly to the wata
surface i the supply aeservorr, the coefficients under diffcrent
condition> of head are pretty exactly known  Supposc the samc
quantity of water 13 mule to How 11 succession through such an
orifice and through another orifice of which the cocthaient 15 1¢-
quired, and when the rate of flow 15 constant thc heads ovar cach
onfice are notcd  Let Ay, k, be the heads, w;, w, the arcas of the
orifices, ¢, ¢, the cocthcients  Then since the flow thiough cach

orifice 15 the sane
Q =cywy/(2gh)  Cagn/(2ghy)
ca =Cylnfwy) o /hy)
§ 19 Coeffictents for Bellmouths and Bellmouthed Orifices —1f an
orifice 13 furnished with a mouthpicce exactly of the form of the

-
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contracted vemn, then the whole of the contraction occurs within
the mouthpiece, and if the area of the orifice 18 mcasured at the
smaller end, ¢, must be pat=1. It 1 often desirable to bcllmouth
the ends of pipes, to avoid the loss of head which occurs if this 15



4.0
not done, and such a bellmouth may also have the form of the con-
tracted jet  Ii1g 19 shows the proportions of such a bellmouth
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Coefficients of Discharge from Crrculayr Orsfices.
Temperature 51° 10 55°

or bellmouthed orifice, which approximates to the form of the con-
tracted jet sutficiently for a.rw practical purpose Head in Diameters of Orifices in Inches (d)
For such an onifice L | Weisbach found the following values of feet 7 ]
the coeffivients with different heads h 1 | 1} I 1} . 1] | 2 I 2} | 24 | 2} | 3
Head over :n';hc:, n it h 66 | 164 J1148}5577133793 | Coefficients ()
Cocthcient of velouty = ¢, 959 967 975 | 994 *994 75 616 614 616| 610| 616| 612 607 | 607 | 609
Cocffictent of resistance - ¢, o087 069 | o052 o1z 012 1o 613 612 612 Grr| 612| 611 | 604 | 608 | 609
- 125 613 | 614| 610} 608 | 612 | 608 | Go5| 0O5| 606
As thcre 18 no contraction after the jet issues from the orifice, 1 50 610 | 612 | 611 606| 610| 607 [ 603 | 607 | 605
¢e=1,¢ =¢,, and therefore 175 612 g" g” zg.g z‘l)l ggg g:i 227 2005
Q=cuwn/(268) = wn/{2gh/(1 + )} L300 S9]fu] b) ¢ id 4TS
§ 20 Coefficrents for Shayp-edged or virtually Sharp-edged Orsfices — The g table, pled by ] T F: g (Treatise on Water
ul

There are a very large number of measurements of discharge from
sharp-edged orifices under different conditions of head  An account
of these and a very careful tabulation of the average values of the
coefticients will bé found in the Hydraulics of the late Hamilton
Smith (Wiley & Sons, New York, 1886) The following short table
abstracted from a Jarger one will give a fair notion of how the co-
efficient vanes according to the most trustworthy of the experiments,

Coefficient of Discharge for Vertscal Csrcular Orifices, Sharp-edged,
with free Discharge anto the Arr Q= cw.\/(2gh)

R Diameters of Orifice
Head — - - e
measured to I j
Centre of ,oi_J o4 I l,o [ 20 I .40 l E 60,, ! 0
Onifice Values of C
03 . 621 T
o . 637 | 618
og 655 | 630 | 613 | 6or | ‘596 | 588
o8 648 | 626 | 610 | 601 | 597 | 504 | 583
10 644 | 623 | 608 | 600 | 598 | 595 | 501
20 632 614 604 599 599 597 595
o 623 | bog | 602 | 599 | *508 | *597 | 596
‘0 614 | 005 [ *600 | *598 | *597 | *506 | *596
200 601 | *599 | *596 | *506 | *506 | *596 | ‘594

At the same time 1t must be observed that differences of sharpness
1 the edge of the onfice and some other circumstances atfect the
results, so that the values found by different careful experimenters
are not a hittle discrepant  When exact measurement of flow has
to be made by a aharg-edged orihice 1t 1s desirable that the coefficient
for the particular orifice should be directly determimed

The following results were obtamned by Dr H T. Bovey in the
laboratory of Lchlll University

Coefficrent of Discharge for Sharp-edged Orifices

Form of Onihice h
Head n Square Rt;l‘ung‘\;l:: R‘mo ula‘r K‘llm
o T o | o e [ | Tone |t
B I I Il I T S
verueal | vertcal [verucal | 100 fverucal | hort
1 620 | 627 | 628 | 642 | 643 | 663 | 664 ' 636
2 613 620 | 625 634 636 | 650 | 651 628
4 608 | 616 | 618 | 628 | 620 | 641 | b4z | 623
6 607 | 614 | 616 | 626 | 627 | 637 ] 637 | 620
8 606 | 613 614 | ‘623 | ‘625 | ‘634 | 635 | ‘619
10 605 612 613 622 624 | 632 633 | 618
12 6o4 [ 611 612 | 622 { 623 | 631 | 63r { ‘618
14 o4 | G6ro | *612 | *621 | 622 | 630 | 630 | 618
16 603 610 | ‘611 620 622 630 630 617
18 603 | 610 | 611 | *620 | 621 | 630 | 629 ; ‘616
20 0o} 000 611 620 621 629 628 616

The onfice was 0 196 sq 1n area and the reductions were made
with g =32 176 the value for Montreal The value of the coefficient
appears to increase as (perimeter) / (area) increases It decreases
as the head increases It decreases a little as the size of the orifice
18 greater,

Very careful experiments by ] G Mawr (Proc Inst Cw Lng
Ixxxiv ) on the discharge from circular orifices gave the results
shown on top of next column

The edges of the orifices were got up with scrapers to a sharp
square edge lhe coefficients generally fall as the head increases
and as the diameter mcreases Professor W C Unwin found that
the results agree with the formula

€ =0 6075+ 0 0098/ \/A - 0 0037d,
where /15 1n feet and d n inches

Supplv Engineering), gives values for rectangular orifices in ver-
tical plane surfaces, the head bemng measuied, not immechately
over the orifice, where the surface 1s depressed, but to the still-
water surface at some distance from the orifice The values were
obtained by graphic interpolation, all the most rehable ex-
periments being plotted and curves drawn so as to average the
discrepancies

Coeffictents of Discharge foy Rectangulay Orifices, Sharp-edged,
in Vertical Plane Surfaces

Head to Ratio of Height to Wadth
Centre of - -
Onfice 4 2 it 1 t 4 ] 3
|
4 '} ! f‘v f"d f"o Ed
5 2| £% | A% | & =3 -l
Reo | FR LT | G| BT | &3 | &% | &h | 93
dd | ed | S8 | ad Qe ] g
.= o = B o o= o~ o=
oz . . . ! 6333
‘3 . 6293 | 6334
4 . . | 6140 | 6306 | 6334
5 .. . bo50 | 6150 | 6313 | 6333
6 . 5984 | 0063 6156 | 6317 6332
5094 | 0074 6162 6319 6328
g . . 6130 | 6000 | 6082 6165 | 6322 6326
9 . . *6134 | 6006 | 6086 6168 | 6323 | 6324
10 6135 | 6o1o| 6ogo, 6172 | 6320 6320
125 6188 | 6140 Gor8 | Gogs' 6173 6317 | 6312
1-50 6187 | 6144 | 6026 | 6100 6172| 0313 | 6303
175 6186 | 6145| 6033 | 6103 6108 G307 | 6290
2 6183 | ‘6144 | 6036 | 6104 6166 | 6302 | 6291
225 . 6180 | 6143 | 6o29 | 6103 6163 | 6293 | -6286
2°50 | 6290 6176|6139 | 6043 | 6102 | 6157 | 6282 6278
275 | 6280 ! 6173 6136| 6046 | 6ro1 | 6155( 6274 6273
3 6273 | 6170 | 6132 6048 | “6100 | 6153 | 6267 ! 6267
35 6250 | 6160 6123 | 6050 | 6094 | 6146 | *6254 | *6254
4 6245 | 6150| 6110 | Go47 | 6085|6136 | 6236 | 6236
45 6226 | 6138 | -6100 | *6044 | *6074 | 6125 | 6222 | 6222
5 6208 | 6124 ) 6088
6 6158 | 6094 | 6063
g 6124 | 6064 | 6038
6090 | 6036 | 6022
9 6060 | 6020| 6ol4
10 6035 | 6015 | 6Goro
15 6040 | 6018 | 6oro
20 6045 | 602 bo12
25 6048 | 602 6014
30 *6054 | 6034 | 6o17
35 6060 | 6039 | 6o21
40 6066 | 6045 | 6025
45 6054 | 6052 | 6029
50 *6086 [ 6060 | 6034

§ 21 Onrtfices with Ldges of Sensible Thickness —When the edges of
the orifice are not bevelled outwards, but have a sensible thickness,
the coefficient of discharge 1s somewhat altered The following
table gives values of the of for the arrang
of the orfice shown m vertical section at P, Q, R (fig 20) The
plan of all the onfices 18 shown at S The planks forming the onfice
and sluice were each 2 mn_thick, and the orifices were all 24 1n wide

The heads wers measured immediately over the onfice  In this case,
Q=cb(H ~ k) \/{2¢(H + &)/2}.
§ 22 Partally Supp d Contract: S; the traction of

the jet 1s due to the convergence towards the orifice of the issuing

streams, 1t will be diminushed 1if for any portion of the edge of the

ortfice the convergence 1s prevented Thus, if ln( n nm or
ce

border 1s applied to part of the edge of the orfi ﬁi. 21), the con-
vergence for so much of the edge 1s suPpressed. or such cases
G gldone found the g emp 1 L pplicable —
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Table of Coeffictents of Discharge for Rectangular Vertscal Orifices tn Fig 20

Head b Height of Onifice, H ~ A, 1 feet ]
above |
upper 131 o 0L Q10 010 i
Ornee - ‘
rihce
In feet P Q R I3 Q R P Q R r Q ‘ R
0 328 0°598 0 044 0 648 0634 0 665 0 66% 0 691 0 664 0 660 o710 0094 0 LYo
656 0 609 0053 0657 0 640 0672 0 675 0 085 0687 0 688 0°696 0 704 0 700
787 0612 0 655 0659 0 641 0674 0677 0 684 0 090 0 692 0 694 o 700 o 708
984 0 616 0 656 0 6bo 0 641 00675 0678 0 083 0 0y3 0 695 0 692 0 709 o711
T 968 0618 0 649 0653 0 640 0076 0 679 0678 0 095 0 097 o0 688 o 710 0712
328 0 628 0632 0634 0638 0674 0 070 0673 0 094 0095 0 680 o 704 0 705
4 27 o 602 0 624 0 0626 0 637 0673 0 575 0 672 0 693 0 6y4 0678 o 701 o 702
492 0 598 o0 620 0622 0637 0673 0674 0 672 0692 0 693 0676 0 699 0 609
5 58 0 596 o 618 o 620 0637 0672 0073 0672 0 0692 0693 0 676 0 698 0 698
6 56 0 595 0 615 0617 00636 0 071 0072 0 071 0 691 0 692 0 675 0 690 0 690
9 8¢ 0 592 06rr 0612 0634 0 bby 0670 2 b8 0 6% 0 690 0672 0643 0693

For rectangular onifices,
€=0 62(1 +0 152n/p) ,
and for circular orifices,
€e-0 62(1 +0 128n/p),
where n 1> the length of the cdge ot the orifice over which the border
extends, and p 15 the whole length of edge or perimeter of the orifice
The following are the values of c., when the border (xtends over
1, § or § of the whole perimeter —

! Ce . Ce
}» nlp Rectangular Ouhices | Circular Orifices

025 | 0643 640
050 | 0 667 660
075 0 691 680 |
- — - ———
For larger values of n/p the formulac are not apphcable C R
Bornemann has shown,
however, that these for-

mulae for suppressed con-
traction are not rehable.,
y 23 Imperfect Con-
tractron —If the sides of
the vessd approach near
to the edge of the onifice,
they interfere with the
convergenceof the streams
to which the contraction
15 due, and the contraction
15 then modified It 1s
enerally stated that the
mfluence of the sides
begins to be felt if ther
distance from the edge of
the orifice 15 less than 2 7
times the corresponding

S N S —
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width of the orifice The coefficients of contraction for this case

are 1mperfectly known

§ 24 Onifices I urnished with Channeds of IDischarge —Ihise «x-
ternal borders to an orifice also modify the contraction

The following coefhcients of discharge were obtamcd with opcn-
ngs 8 1n wide, and «mall m proportion to the channdl of approach
(fig 22, 4,B,0)

- - - 7
By fret

| Aa-hm
feet. Y T T | !

obsh | 164 | 328 | 656 | 1640 | 348 | 492 | 656 | o84
A 480 s1r | 5421 574 suu| Oor | Gor| Gor| Got
B +0656 | 480] s10| 538 506 [ 502 | 6oo| 602| 602| Gor
C 527 553 574 *502| 6o7| 610| Gio| 60y | GOB
A 488 | 577| 024 031 625| 624 619| 613 | 006
B roibg | 487 571 o6 | 617| 626 628 027]| 623 018
C 5851 614 033) 045] 652( 651 650 | 650 | 649

§ 25 Inversion of the Jet —When a jet 1ssucs from a horizontal

orifice, or 15 of small size compared with the head, it prescnts no

a

e

d
\
AN

Fic 23
mmkoddpecnhanty of form But if the onfice 15 1 a vertical sur
face, and 1f 1ts dimensions are not small compared with the head,

C

Fic 22
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1t undergocs a serics of singalar changes of form aftcr leaving the
orifice These were first investigatud by G Bidone (1781-1839),
subscquently H G Magnus (1802 1870) measured jets from dufferent
onhices, and latar Lord Raylegh (Proc Roy. Soc xxix  71) -
vostigated than anew

L 23 shows somc forms, the upper figure giving the shape of
the onfices, and the othars seetions (-5 the jet  The jet first contracts
as described above, 1 conseguence of the convergence of the fud
sticams within the vessel, retaining, however, a form similar to that
of the orficc  Afterwards 1t expands into sheets n planes per-
pendicular to the sides of the orthce  1hus the jet from a trnangular
orfice (xpands into three sheets, m planes bisecting at right angles
the thre sides of the trangle  Generally a jet from an onfice, in
the form of a rcgular polygon of n sides, forms 7 shcets n planes
perpendicular to the sides of the polygon

Bidone explains thiy by roference to the suapler case of meeting
strcams  If two equal streams having the same axis, but moving
m opposite diections, mect, they spread out nto a thin disk normal
o the common axas of the streams  If the directions of two streams

ntcrscct oblkjuely they spread intoa symmetrical shec t perpendicular
to the plane of the streams

Let ay, 4, (hg 24) be two points m an orifice at depths Ay, by from
the frce surface

1he filaments 1ssuing at a,, 2, will have the different
velocities \/2gh,and \/2gh,
Consequently they wall
tend to Jescribe parabolic
paths awb, and axb, of
dutfcrent honizontal range,
and intersecing in the
point ¢ But since two
filaments  cannot  simul-
tanecously flow through the
same point, they must
xercise mutual pressure,
and will be deficeted out of
the paths they tend to
(A describe  Itis this mutual
pressure which causes
Fie 24 the (xpansion of the jct
mto shects
Tord Raylagh powmted out that, when the onfices are small and
the head 1 not great, the expansion of the sheets m dircctions per-
pendicular to the ducction of flow teaches a imit  Scetions taken
at greater distance from the onifice show a contraction of the sheets
untif a compact torm 1s reached similar to that at the first contrac-
tion  Beyond this point, if the jet rctams st cohcrence, sheets are
thrown out agam, but 11 dircctions bisecting the angles between the
previous sheats  Lond Rayleigh accepts an ¢aplanation of this con-
triction first suggeosted by 1 Buff (1805-1878), namely, that it 1s
due to surface tonsion
§ 20 Influence of Lemperature on Dischavge of Orifices —-Professot
W O Unwin found (Phy/ Mag , October 1878, p 281) that for
sharp-edgad oritices temperature has a very smail influence on the
discharge Lor an orifice t em m diameter with heads of about
1101} ft the cottheients were —

[empaature ¥ C
205° 594
62° 598

For a conordal or bell-mouthed orifice 1 cm diameter the cffect of
tamperature was greater -—

Temperature C
190° 0 987
130" 0974
60° < 00942

an ncrease 1 velocity of discharge of 4, when the temperature
mereased 130°
G Mair repeated these experments on a much laiger scale

(Proc Inst Cw Ing Ixxxav)  For a sharp-edged onfice 2§ mn
diameter, with a head of 1 75 {t, the coefficient was o 604 at 57°
and o boy at 170° F, a very small difference  With a conordal
orifice the coefficient was 0 961 at §5° and 0981 at 170° F The
corresponding coefficients of resistance are 00828 and o o301,
showing that the resistance decreases to about half at the higher
temperature

% 27 I'ire Hoss Noasles —xpeniments have been made by J R
I'recman on the coeflicient of discharge from smooth cone nozzles
used for fire purposes — Lhe coethcient was found to be o 983 for $-m
nossde, 098z for jth i , 0972 for 1 1n , 0976 for 14 m , and
o 97t for t} i The nozzles were ixed on a taper play-pipe, and the
cocfhicient mcludes the resistance of this pipe (Amer Soc Civ Eng
Xxi, 188qg) Other forms of nozzle were tried such as ring nozzles
for which the coethicient was smaller

IV THEORY OF THE STEADY MOTION OF FLUIDS
§ 28 ‘lThe general equation of the steady motion of a flurd grven

under Hydrodynamics furnishes mmediately three results as to the
distribution of pressure m a stream which may here be assumed

(a) 1f the motion 1s rectibnear and unmiform, the vanation of
pressuge as the same as n a fluid at rest  In a stream flowing in an
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open channel, for mstance, when the cffect of eddies produced by the
' roughness of the sides 1s neglected, the pressure at each point 1s
{ sunply the hydrostatic pressure duc to the depth below the free
surface

(b) If the velouty of the flud 15 very small, the distribution of
pressure 15 approximately the same as in’'a fluid at rest

(¢) If the flmd molccules take precisely the accdlerations which
they would have if independent and submitted only to the external
forces, the pressure 1s umform  ‘Thus m a jet falling frecly i the
air the pressure throughout any cross section 15 uniform and equal
to the atmosphenc pressure

(d) In any bounded plane section traversed normally by streams
which are rectilnear for a certain distance on erther side of the
section, the distribution of pressure »s the same as mn a fluid at rest

DisTRIBUTION OF ENLRGY IN INCOMPRFSsIBLL FLuIDS

§ 29 Application of the Principle of the Conservation of Lnergy to
Cases of Stream Line Motion —1he external and nternal work
done on a mass 15 cqual 10 the change of kinetic enurgy produced
In many hydraulic questions this principle 15 dutficult to apply, be-
cause from the comphcated nature of the motion producul 1t 13
difficult to estimate the total kinctic cnergy generated, and because
m some cases the internal work done mn overcoming frictional or
vIscous reststances cannot be ascertamned, but in the case of stream
Ine motion 1t furnishes a simple and mmportant result known as
Bernoullt’s theorem

Let AB (fig_25) be any one elementary stream, 1n a steadily movin,
flud mass  Then, from the steadiness of the motion, AB is a fixed
bath mn space through which a strcam of fluid 1s constantly flowmg

et OO be the fiee surface and XX any horizontal datum line  Lct

X
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w be the area of a normal cross section, v the velocity, p the mtensity
of pressure, and z the ¢levation above XN\, of the clementary strcam
AIf at A, and w,, {’,, vy, 2, the same quantities at B Suppose that
m a short time ¢ the mass of fluwd mitially occupying AB comes to
A’'B" Then A\’ BB’ atc equal to o2, v ¢, and the volumes of flurd
AA’, BB’ are the cqual mflow and ouldow:g)l:wtzu ¢, m the
gnven tune.  If we suppose the filament AB aurrounde«‘j hy other
hlaments moving with not very different velocities, the frictional
or viscous reqistance on ats wurface will be small enough to
be neglected, and 1f the fluid 1s ncompressible no mternal work 15
done in change of volume  Then the work done by external forces
will be equal to the hinetic energy produccd m the time considered

The normal pressures on the surface of the mass (cxcludmg the
ends A, B) are at cach pomt normal to the direction of motion, and
do no work Hence the only external forces to be rcckoned are
gravity and the pressures on the ends of the stream

The work of gravity when AB falls to A’B’ 1s the same a8 that of
tiansferrmg AA’ to BB’, that 1, GOt (z-2) The work of the
pressures on the ends, reckoning that at B negative, because 1t 13
oppostte to the direction of motion, 1s (p..rxvt)-(p,w,xv‘,‘?-—
QI& =) The change of kinctic energy in the time £ 15 the differ-
ence of the kinetic energy ongmnally possessed by AA’ and that
finally acquired by BB’, ﬁ")r mn the intermediate part A’B there 1s
no change of kinetic energy, 1 consequence of the steadiness of the
motion  But the mass of AA’ and BB’ 13 GQt/g, and the change of
hinetic energy 1s therefore (GQ#/g) (v1%/2 - v¥/2)  Equating this to the
work done on the mass AB,

GQIUa - ) + QUP - p)) = (GQUg) (1,2 - v¥/2).

Dividing by GQ# and rearranging the terms,

Y28+ p/G+2=v,%28 + /G +2,, . (0
or, as A and B are any two pomts,
v3/2g + p/G + s=constant=H (2}

Now v?/2¢ 18 the head due to the velocity v, p/G1s the head equivalent
to the pressure, and z 15 the elevation above the datum (see § 16)
Hence the terms on the left are the total head due to velocity,
pressure, and elevation at a given cross section of the filament, s 13
easily seen to be the work in foot-pounds which would be done
b! I of fluid falling to the datum hne, and similarly /G and
v¥/2g are the quantities of work which would be done by 11 of fluid
due to the pressure p and velocity v The expression on the left of
the equation 13, thercfore, the total energy of the stream at the
section considered, per !b of fluid, estimated with reference to the
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datum lme XX Hence we see that in stream line motion, under
the restrictions named above, the total en per b of fluid 15
uniformly distributed along the strcam hine  If the frec surface of
the fluid OO 15 taken as the datum, and - &, - k, are the depths of A
and B measured down from the free surface, the equation tukes the

form
V204 pIG - h=v"2g + )G = by, (3)

v%/2g + p/G - h = constant (38)
§ 30 Second Form of the Theorem of Bernoulli —Suppose at the
two sections A, B (fig. 26) of an clementary strcam small vcrtical
pipes are mtroduced, which may be termed pressute columns

or gencrally

o-——<

e

-

L]

(§ 8), having tharr lower ends accuratdly parallc] to the direction of
flow  In such tubes the watcr will rise to Laghts coricsponding to
the pressures at A and B Hence b= p/G, and 0= p,/G Conse-
quently the tops ot the pressure columns A and B’ will be at
total heights b+¢ -p/G+2 and V' +" = p/G+2 above the datum
hne NX  The difference of lovel of the pressure column tops, or
the fall of fice surface lcvdd between A un(} B, 13 thercfore
£2(p=p)/G+ (z-2),

and this by equation (1), § 20 15 (v,?~v?)/2¢  That 15, the fall of
frce surface levdl hetween two sections 15 equal to the differcnce
of the haghts due to the vadloeities at the scctions  The ine A'B’
18 somctimes culed the hne of hydraulic gradient, though this
tam 1y also used 1n cases where fniction needs to be tiken mto
account It 15 the hine the heght of which above datum 15 the
sum of the dlevation and pressurc head at that pomnt, and 1t falls
bclow a horizontal lhine A’B” drawn at H {t above N X by the
quantities a=¢?/2¢ and a’=v,%/2¢g, when friction 15 absent

§ 31 Illustrations of the Theovem of Rernoull: In a lecture to
the mecnanical section of the Butish Association n 1875, W Froudc
gave some caperimental illustrations of the prmaple of Bernoull
He 1emarked that 1t was o common but erroncous mmpression that
a fluid excrerses m acontracting pipe A (fig 27) an cxcess of pressurc
against the cntire converging surface
which 1t meets, and that, conversely,
asit enters an enlargement B, a rchef
of prcssure 15 experienced by the
«ntire diverging surface of the pipe.
Further 1t 1s commonly assumed that
when passing through a contiaction
C, there 1 1 the narrow neck an
excess uprressurc duc to the squeezing together of the liquid at that
point hese 1mpressions are 1 no respect correct, the pressure
15 smaller as the section of the pipe 1s smallcr and conversely

Fig 28 shows a pipe so formed that a contraction 15 followed by
an «nlargement, and fig 29 one mn which an enlargement 15 followed

HYDRAULICS

by a contraction The '

A B v crtical pressurc columns
T~ " show the decrease of
pressure at the contrac-

—_— TTT————___ tion and 1ucrease of

pressure at the enlarge-
ment.  The lne abc 1n
both figures shows the
vanation of free surface
level, supposing the pipe
fnctionless  In  actual
pipes, however, work 18
expended 1n f{riction
aganst the pipe, the
total head diminishes 1 proc along the pipe, and the free
surface level 1s a line such as abyt,, falling below abc
Froude further ponted out tht, if a pipe contracts and enlasges
again to the same size, the 1l on th 'ging part
emtlze; X the P on the diverging part so
that there 1s no tendeacy to move the pipe bodily when water flows
through .t Thus the conical part A

FiG. 37,

! P

(fig 30) presents the same | section
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projected surface as Hi, and the pressures paralld to the axis of
the pipe, normal to these projected surfaces, balance each other.
Simalarly the pressures on BC, CD balunce those on Gil, EG. In
thre same way, 1n any combination of enlargements and contracs
tions, a balance of pressures, due to the flow of hquid paralld to the

axi® of the pipe, will be found, providad the scctional arca and
direction of the (nds are the same

Ihe following experiment 1s anteresting Two disterns provaded
with convergmg pipes were placed so that the jet fiom one was ex-
actly opposite the entrance to the other The ustans bemng filled
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very nearly to the same lovel, the jet from the left-hand cistern A
entered the right-hand cstein B (fig 31), shooting across the fiee
space betwecn tl.em without any waste, except that due to umidirect-
ness of aim and want of exat correspondence 1a the form of the
orifices  In the actual experiment there was 18 1 of head n the
right and 20} mn of h in the Icft-hand astern, so that about

24 10 were wasted i friction It will be scen that i the open ¢
between the onficcs there was no pressure, except the ahno«]?ﬁtrarl
pressure acung uniformly throughout the system

§ 32 Vemturs Meler —An 1ngenious Ilppf;(«\tll"\ of the vanation
of pressure and veloaty 1n a converging and diverging pipe has been

N

Fie. 31

made by Clemens Herschel in the construction of what he terms a
Ventun Meter for measuring the flow in water mawmns, Suppose that,
as m 39, & contraction i1s made 1n a water main, the change of
gradual to avoud the production of eddies. The 12t10 p
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of the cross sections at A and B, that 19 at inlet and throat, 18 1n
actual meters 5 to 1 to 20 to 1, and 18 very carefully determined b
the maker of the meter. Then, if v and u are the velocities at
and B, u=pv Let pressure pipes be introduced at A, B and C,

— Latum Lin _
Fic. 32.

and let H,, H, H, be the pressure heads at those points Since the
velouty at B 1s gicater than at A the pressure will be less. Neglect-
g friction
H, rv%2g =H +u¥2g,
Hy =11 = (10 - 0%)2g = (2 - 1)0%/2¢
Let h=H, ~ H be termed the Venturi head, then
= {p! 2gh/(p* - 1)},
from which the veloaty through the throat and the discharge of the
main can be calculated if the areas at A and B are known and A
observed  LThus of the diameters at A and B are 4 and 12 1, the
arcasare 12 57and 113 19q 1n,and p=9,
= \/81/80/(2gh) = 1 007 A/(2gh)
1f the observed Ventun head 15 12 ft,
u =28 ft persec,
and the discharge of the main 15
28 x 12 57 =351 cub ft per sec.

Hence by a simple ob-crvation of pressure difference, the flow 1n
the mam at any moment can be detcrmined Notice that the
)‘m ssure height at C will be the same as at A except for a small loss
, due to friction and eddying between A and B To get the pressure
at the throat very exactly Hoischel surrounds it by an annvlar
passage communicating with the throat by scveral small holes,
sometimes formed in vulcanite to prevent corroston  Though con
structed to prevent eddymg as much as possible there 13 some edd:
loss  The main effect of tlus 1 to cause a loss of head between {
and C which may vary from a fraction of a foot to perhaps s ft
at the highest velocities at which a meter can be used  Lhe eddy:ng
also affects a little the Ventuni head h Conscquently an experi-
mental coefficient must bedetermined for each meter by tank measure-
ment The range of this coefficient is, however, surprivngly small
If to allow for friction, w=4k\/{p¥(p" - 1)} o/(2h), then Ilerschcl
found values of & from 0 97 to 1 0 for throat velocitics varying from
8 to 28 ft per sec The
meter 18 extiemely con-
venient At Stames reser-
vorrs there are two meters
of this type on mains 94 1n
mn diameter  Herschel con-
trived a recording arrange-
ment  which  records  the
variation of flow from hour
to hour and also the total
flow m any given time In
Great Britan the meter 15
constructed by G Kent,
who has made improvements
i the recording arrange-
ment

In the Deacon Waste
Water Meter (fig. 33) a
different principle 18 used
A disk D, partly counter-
balanced by a weight, 1
suspended 1n the water flow -
ng through the main mn a
conical chamber The un-
balanced weight of the disk
is supported by the impact
of the water. of the main ases the disk rises, but
s it rises its position n the chamber 13 such that in consequence of
the ldrﬁ{er area the velocity 1s less It finds, therefore, a new position
of equilibrium, A pencil P records on a drum moved by clockwork
;he p,oemon of the disk, and from this the vanation o(yﬁow 1S -
errec.

$ 33. Presswre, Velocity and Energy sn Dsflevent Stveam Lines —

If the di

HYDRAULICS

The equation of Bernoulit gives the vanation of pressure and velocity

(STEADY MOTION OF FLUIDS

from pomnt to pont along a stream line, and shows that the total
energy of the flow across any two scctions 15 the same Two other
directions may be defined, one normal to the stream line and 1n
the plane containing its radius of curvature at any point, the other
normal to the stream line and the radius of curvature For the
problems most practically uscful 1t will be suficient to consider
the stream hnes a5 parallel to a vertical or horizontal plane If the
motion 1s 1 a vertical plane, the action of gravity must be taken
mto the reckoning , if the motion 1s m a horizontal plane, the terms
expressing variation of clevation of the filament wili disappear !

t AB, CD {fig 34) be two consecutive stream lines, at present
assumed to be 1n a vertical plane and PQ a normal to these hnes
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making an angle ¢ with the vertical Let P, Q be two particles
moving along these hines at a distance P()=ds, and let z be the
height of Q) above the horizontal plane with reference to which the
cnergy 13 measured, v 1ts velocity, and p 1ts pressure.  Then, if Has
the total energy at () per umit of weight of flud,

H=z1+p[G +v¢2g
Differentiating, we get

dH =dz+dp/G +vdvjg, (x)
for the increment of energy between Q and P But
dz=PQ cos ¢p=ds cos ¢;
dH =dp/G +vdvjg +ds cos ¢, (xa)

where the last term disappears 1f the motion 1s in a horizontal plane
Now mmagme a small cylinder of section w described round PQ
as an axis  This will be in equiibrium under the action of 1ts
centrifugal force, 1ts weight and the pressure on 1ts ends But 1its
volume 1s wds and 1ts weight Guds  Hence, taking the components
of the forces parallel to PQ—
wdf =Godwdsfgp - Gw cos ¢ds,
where p 15 the radius of curvature of the stream hne at @ Conse-
quently, mtroducung these values i (1),
dH = v%ds/gp + vdv[g = (v[g) (v/p + dv/ds)ds (2)

CURRENTS
34 Rectsl Current —Supp the motion 15 1n parallel
straight stream lines (fig. 35) 1n a vertical plane. Then p 13 mfinite,
and from eq (2), § 33,

dH =vdv[g
Comparing this with (1) we see that
dz +dp/G =0,
£+ p/G =constant, (3)
or the pressure varies hydrostatically as in a fluid at rest. For twa
stream lnes n a horzon
lane, £ 13 constant, and there- P
ore p 15> constant
Radiating Current —Suppose
water flowing radially between
horizontal parallel planes, at
a distance apart=3 Conceive
two cylindrical sections of the Fio 3s.
current at radu #, and r,, where g
the velocities are v, and v,, and the fwessum poand p, Since the
flow across each cy&mdncal section of the current 1s the same,
Q=2xr8v, =27rdv,
NV =1yly
niry=vyvy (4)
! The following theorem 1s taken from a paper by ] H Cottenill,
** On the Distribution of Energy in a Mass of Fluid in'Steady Motion,”
Phi Mag , February 1876

o
-~~~
L.
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The velocity would be mfinute at radws o, if the current could be
conceived to extend to the axis  Now, if the motion 1s steady,

H=p/G +v,Y2¢ - pofG +v%2¢,

G+ n2yiir2g ,
(P~ PG =041 =7 [ry)[2¢, (s)
PG =H - vifryl2g )

Hence the pressure increases from the terior outwards, i a way
ndicated by the pressure columns 1 fig 36, the curve through the
free surfaces of the pressure columns bemg, m a radial section, the
quasi-hyperbola of the form xy?—¢*  Ihis curve 1s asymptotic to a
honzontal line, H ft above the lne from which the pressures are
measured, and to the axis of the current

Free Circular Vortes —A free crcular vortex 1> a revolving mass
of water, in which the streain lines are concentric circles, and mn which

Frc 36

the total head for each stream line 1s the same Hence, 1if by any
slow radial motion portions of the water strayed from one stream
line to another, they would take freely the velocities proper to thewr
new positions under the action of the existing fluid pressures only
For such a current, the motion bemng horizontal, we have for all

the circular elementary streams

H = p/G +v?/2g = constant ,

dH =dp/G +vdvfg=0 [

Consider two stream lines at radu r and r+dr (fig 36) Then in
(2), 3 33, p=rand ds=ady,
vidr[gr +vdvjg =o,
dvfv= ~drlr,
vec 1y, ()

precisely as in a radiating current, and hence the distnibution
of pressure 13 the same, and formulae 5 and 6 arc applicable to this
case

Fyee Spiwral Vortex —As 1n a radiating and circular current the
equations of motion are the same, they will also apply to a vortex
1 which the motion 18 compounded of these motions n any pro-
portions, provided the radial component of the motion varies in-
versely as the radius as in a radial current, and the tangential
component varies mversely as the radius as in a free vortex Then
the whole velocity at any pomnt will be inversely proportional to
the radius of the pomnt, and the fluud will describe stream hnes
having a constant inclination to the radius drawn to the axis of the
current That 15, the stream lines will be spirals

HYDRAULICS
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pressure increasing according to the law stated above, and the head
along each <piral strcam line 13 constant
Forced Vortex —If the law of moton n a rotating current 1s
different from that in a frce vortex, some force must be apphed to
cause the variation of velocity The simplest case 1s ({):u of a
rotating current m which all the particles have equal angular velocity,
as for instance when they are dniven round by iadiating paddles
revolving uniformly  Then m equation (2), § 33, considaring two
arcular stream hines of radn v and r+dr (fig 37), we have p 7,
ds -dv If the angular vdloaty v e, then ¢ arand dv - adr  Hoe
H - a¥%dr[g4 a¥rdr[g < 205 dr[g
Comparmg this with (1), § 33, and putting dz - o, because the motion
15 honizontal,
dp,G t a’rdr)g - 2a°rdyjg,
dp)G = ardrjg,
PIG = a¥¥[2g + constant (9)
Let py, 7, v, be the pressure, radius and velouty of one cyhindiical
scction, pg, 74, vy those of another, then
PG -a'ryli2g £ - atr i,
(P PG = alir = v, ]2 = (v~ 0,928 (10)
That 15, the pressure mcreases from within outwards in a curve

0?_________;

[l
[ P——
'
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which m radial sections 15 a parabola, and sutfaces of equal pressure
are paraboloids of revolution (fig 37)
Disstpa1ioNn oF HFAD 1N SHock

§ 36 Relation of Pressure and Velocity 1n a Stream in Steady
Motson when the Changes of Section of the Strcam are Abrupt —
When a stream changes section abruptly, rotating eddies are formed
which dissipate energy  The cnergy absorbed in producing rotation
15 at once abstracted from that effecive in causing the flow, and
sooner or later 1t 15 wastcd by frictional resistances due to the rapid
relative motion of the eddying parts of the luid  In such cases the
work thus expended internally in the flud 18 too important to be
neglected, and the energy thus lost 15 commonly termed encrgy lost
wn shock Suppose fig 38 to regrcunt a strcam having such an
abrupt change of section Let AB, CD be normal sections at points
where ordinary stream hne motion has not been disturl
where 1t has been re-established

and
Let w, p, v be the area of section,

When water 18 delivered from the circumference of a centrifugal
ump or turbine into a chamber, 1t forms a free vortex of this kind
e water flows spirally outwards, its velocity diminishing and its

an ty at AB, and w,, #,, ¥, corresponding quantities
at CD Then if no work were ,' ded 'mt lly, an
the stream horizontal, we should have
P/G +v¥2g = 1,/G + v)¥2g.

"(x)
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But 1f work 1s exp 8 4
head at the section CD will be dimmshod.
Suppose the mays ABCD comes m a short time # to A’'B'C’'D’
‘The resultant force parallel to the axis of the stream 13
P+ poluy, — @) = Py,

tod 1 1 1

eddyng motion, the

HYDRAULICS

(DISCHARGE FROM ORIFICES

Suppose that 1n a short time ¢, the mass OOaa comes to the position
0’0’ @’a’, the mpulse of the h 1 | forces acting on
the mass during that tume 18 equal to the horwzontal change of
romentum

Lhe pressure on the side OC of the mass will be balanced by the

where p, 13 put for the unk 1 on the
botween AB and EF ‘L he unpulse of that force 13
{pw -+ polw, - @) = pyojjt

The horizontal change of momentum 1n the same tune 15 the differ-
euceof themomentaof
CNC'D’ and ABA'BY,
b the

of momentum be-
tween A’B’ and CD
ramams unchanged
i thc motion 1s
steady 1he V(rllzmu.-

space

of APA’W or CDC'D
bemng the inflow and
outflow 1n the time
t 18 Qt=wvt=wul,
and the momntum of
these masscs 1s
Fie 38 (G/gYQutand (G/g)Qu,t
The change of mo-
mentum 13 therefore (G/g) (v, -v)  Equating this to the impulse,
10+ pofun = ) = pron} = (GlE) Qe - 1)
Assume that p,  p, the pressure at A B extending unchanged through
the portions of fluid 1 contact with AL, BF which lic out of the
path of the strcam  Then (since ) = w,vy)

(p=2) - (Gle)v,(v) - ) ;
2(G = pfG =v vy =k . ()
bl 4 v‘}z PG+ g+ (v~ v)¥2g 3)

This differs from the expression (1), § 29, obtuned for cases where
no scnsible mternal work 15 done, by the last term on the right
Lhat 15, (v - v})%2¢ has to be added to the total head at CD, which
8Py G+ v,“{z , to make 1t equal to the total head at AB, o1 (v — u,)gzg
15 the head bost 1 shock at the abrupt change of section ut
v -y, 15 the rdative velocity of the two parts of the stream  Hence,
when an abrupt change of section occurs, the head due to the relative
velocity 13 lost i shock, or (v=-wv)%2¢ foot-pounds of energy 1s
wasted for cach pound of flund llixpcrlm«-nt vernifies this result,
sc that the assumption that py= p appears to be admissible
If there 18 no shock,

PG =pIG+ W =) )2¢

PG = PG = vy(vy - v) /g
Hence the pressure head at CD in the second case 1s less than m the
former by the quantity (v -v,)%2¢, or, putting w;n, =wv, by the

1f there 1s shock,

quantity
(v%/28) (1 = w]uy)® (4)
V 1HLEORY OF 1HE DISCHARGE FROM ORIFICLS AND
MOUTHPILCES

§ 37 Mwmmum Coefficient of Contraction Re-sntrant Mouth-
prece of Borda —In one special case the coefficient of contraction
can be determined
theoretically, and, as
it 13 the case where
the convergence of the
strcams approaching
the orifice takes place
through the greatest
possible angle, the co-
cfacient  thus  deter-
mincd 18 the mmimnm
coefficient

Let fig 39 represent
a vessel w’xth vertical
sides, OO being the
free water surface, at
whuch the psessure 13

T on the opposite side OL, and so for all other portions of the
vertical surfaces 0} the mass, excepting the portion LF opposite the
mouthpicce and the surface AgaB of the jet  On ET the pressure 1
simply the hydrostatic pressure due to the depth, that s, F, +Gh)Q
On the surface and scction AaaB of the jet, the horizontal resultant
of the pressure 15 equal to the atmospheric pressure p, acting on the
vertical projection AB of the jet, that is, the resultant pressure 1s
- pa8  Hence the resultant horizontal force for the whole mass
00aa 15 (pa+ GA)B - p8=0GAA  Its impulse m the tme £ 15 GAQ ¢
Since the motion 15 steady there 1s no change of momentum between
0’0’ and as lhe change of horizontal momentum 15, therefore
the difference of the horizontal momentum lost in the space 000’0
and gancd mn the space aaa’s’ In the former space there 1s no
horizontal momentum

The volume of the space aaa’a’ 15 wrt; the mass of hquid in that
space 15 (G/gwes, 1ts momentum 1s (G/g)wv't. Lquating impulse to
momentum gamcd,

Ght = (Glg)wv™,

w/Al—gh/v
But v¥s 2gh, and w/Q=c,;
w/Q=1} ¢,

a result confirmed by experiment with mouthpieces af tlus kmd
A similar theoretical iavestigation 13 not possible for orifices m
plane surfaces, because the velocity along the sides of the vessel m
the neighbourhood of the orfice 1s not so small that 1t can be
neglected  The resultant horizontal pressure 1s thercfore greater
than GAg, and the contraction 13 less,  The experimental values of the
coefficient of discharge for a re-entrant mouthpiece are o 5149
(Borda), o 5547 (Bidone), o 5324 (Weirbach), values which differ
Iittle from the theoietical valug, o 5, given above

§ 38 Velocaty of Filaments 1ssuing i a Jet —A jct 15 composed
of fluid filaments or elementary strecams, which stait ;nto motion at
some pownt m the
mterior of the vessel
from which the fluid
15 discharged, and
gradually acquire
the velocty of the
jet  Let %[m, fig
40 be such a fila-
ment, the pomt M
bung taken where
the velocity 1s in-
sensibly small, and
m at the most con-
tracted scction of
the jet, where the
filaments have be-
come parallel and
cxerase uniform mutual pressure Take the free surface AB for
datum line, and let p,, v,, k), be the pressure, velocity and depth
below datum at M, p, v, b, the corresponding quantities at m
Then § 29, eq (34),

v?/2g4 p/G - v¥2g+p/G = h. (1)

But at M, since the velocty 13 insensible, the pressure 1s the hydro-
static pressure due to the depth, that is, v,=0, p, =pa+Gh,. At
m, p = pa, the atmospheric pressure round the jet. i-lencc, mserting
these valucs,

I 40

O+ pafCe+ by = hy=1Y2g + pa/G -k,

vY2g —h, (2)

or v=y/(2gh) =8 025k (2a)
That 15, neglecting the viscosaty of the fluid, the velocity of fila-
ments at the contracted section o{thc jet 1s sumply the velocity due
to the difference of level
of the free surface m the
teservorr and the oufice.
1f the orifice 1s small in

e the biqu:d
a h 1

d with
h, the ALl will all

o
isaues
mouthpicce, which 13
re-eatrant and of the
groatest length whach
permits the jet to
spring clear the
inner end of the
arfice, without adher-
mg toits ides  With
such an onfice the
FiG. 39. valocntlv) near the

pownts CDws neglhigible,
and the pressure at those points may be taken oqual to the hydro-
static, pressure due to the depth from the froe surface. Let 0 be
the area of the mouthpiece AB, w that of the contracted jet aa

have ncarly the same vcl-
oaty, and if A 18 measured
to the centre of the orifice,
the equation above gives
the mean velocity of the
et.
Case of a Submerged
Orifice.—Let the ondice
discharge below the level
of the tail water. Thea

Fro. 41,
using the notation shown in fig, 41, we haveatM, v;=0, 9, =Gk, +pe

at m, p=Ghy+pa..  Inserting these values in (3), § 29,

R
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where 4 15 the difference of level of the head and tail water, and may
be termed the effective head producing flow

Case wheve the Pressures are different on the Iree Swrface and at
the Orifice. —Let the
flud flow from a vessel
m which the pressure
15 p, mnto a vessel m
which the pressure 15
P, g 42 The pres-
sure p, will produce the
same effect as a layer
of fluld of thickness
$o/G added to the head
water, and the pres-
sure p will produce
the same effect as a
la.Yer of thickness p/G
addcd to the tail
water Hence the
effective ditference of
level, or etfective head
glc\)tluuug flow, will

B Calei

|- ===

P

.?-.
-
.
|
-
.

S

Fic 42 h=hy+ PG - G,
and the velocity of discharge will be
7= W(2g{ho+ (o - P)/G}] ()

We may express tus result by saymg that ditferences of pressure at
the free surface and at the orifice are to be reckoncd a3 part of the
ctectave head

Hence 1 all cases thus far treated the vcloaty of the jet 15 the
velocity due to the effective head, and the discharge, allowwg for
contraction of the jct, 15

Q =cwv=cw\/(2¢h), (5)

where w 15 the atea of the onfice, cw the area of the contractcd
section of the jet, and & the etfectin e head measurad to the centre of
the onifice  1f hand w are taken m feet, ©) 15 1n cubic feet per sccond

It 15 obvious, however, that this formula assumes that all the
filaments have sensibly the same vidouty That will be true for
honzontal onfices, and very approximatcly true m other cascs, af
the dimenstons of the onfice are not large compared with the head &
In large orifices 1n say a vertical surface, the value of A 1s diftcrent
for ditferent filaments, and then the veloaty of different filaments 1s
not sensibly the same

Stmp1r ORIk ICES—~IILAD CONSTANT

§ 390 Large Rectangular Jels from Orifices tn Vertical Plane Suy-
faces —Let an onifice 1n a veitical plane surface be <o formed that at
produces ajet having
4 rectangular  con-
tracted section with
vertical and horizon-
tal aides Lt b (fig
43) be the breadth ot
the jet, A, and A, the
depths below the free
surface of its upper
and lower surfaces
Consider a lamina of
the jet between the
depths & and A +dh
Its normal section 15
bdh, and the veloaty
of discharge A/2gh
B The discharge per
second in this lamina 15 therefore b,/2gk dh, and that of the whole
Jet 15 therefore

oo -b--u

FI1c 43.

Q= :’b (2gh)dh
2!

=n2g{hd - b1}, (6)
where the first factor on the right 1s & coefficient depending on the
form of the onifice

Now an onifice producing a rectangular jet must itself be very
approxnuately rectangular Let B be the breadth, H,, H,, the
depths to the upper and lower edges of the onfice Put

b(hy - kyl)/B(H,! - H,l) =¢ (7)
Then the discharge, in terms of the dimensions of the orifice, instead
of those of the jet, 1s

Q=¥ByagH,l - Hi), ®)
the fornmula commonly given for the discharge of rectangular orifices
The coeffi ctsnot, h T, sunply the coeffi o ,

the value of which is
b(ky~ h))/B(H, - H,),

and not that given in (7) It cannot be assumed, therefore, that ¢

n equation ﬁ) 15 constant, and m fact 1t 1s found to vary for different
values of B/H, and B/H” and must be ascertained experimentally
Relation between the Expr (s) and (8) —For a rectanguiar

HYDRAULICS

47

onfice the area of the orifice 18 w = B(H, - H,), and the depth measurexl
to its centre 15 §Hy + H))  Putting these values m (5),
Q=cB(H, - H,) /{g(Ha + H,)}.
From (8) the discharge s H : ~ ' it
0= B2 Hd - )
Hence, for the same valuc of ¢ 1n the two cascs,
Q/Qy = AH.E - H)/[(Hy - Hy) V{(H, + Hy)/2)]
Let HH, =0, then © 0 0 oM EERTE
Q=0 9427 (1 = oh)/{1 - (1 +0)} ©
If H, vares fiom o to ©, ¢(=H,/Hy) varies from o to 1 Ihe
following table gives values of the two estimates of the discharge
for ditterent values of ¢ —

M, <o ) 0000 | HyHy-o | QU
oo a33 o8 999
o2 979 09 999
o5 995 10 1 000
[ 07 998
Hence 1t 15 obvions tha 1M~;|xtﬂlu;r_v1 Ty s dl values of g, the

simpler equation (5) gives values sensibly identical with those of
(8)  When ¢ 051t 1s better to use 2quation (3) with valucs ol
¢ determined experimentally for the particular propertions of orfice
which are in question

§ 40 Large Jets having a Circular Section from Ovifices 1n a Vertical
Plans Surface —Let fig 44 represent the section of the jct, OO bung

) o _
¥ T
. e ” hy :

Fiu 44.
the free surface level in the reservorr  The discharge through the
horizontal strip aabb, of hreadth aa- b, between the depths A, +3

and by +y +dy, 15
dQ b Ji2g(hy +y)idy
The whole discharge of the jet 1y

"
Q= [ Ytseth+ iy

Butb=dsmng¢, y={d(r-cos¢), dy=}dm¢dep Lete=d/(2h, +d),
then

Q=4 aglhy +d/2)} [ oin 2 i - o g do
»

From (5), putung w=rwxd?/4, h- h +d/2, c=1 when d 15 the
diameter of the jet and not that of the ornifice,
D= trd J{2g(hy 1 df2)},
"
QU= z/‘r] "san % {1 - ¢ cos p}dp
o

For =0, e=0and Q/Q -1,
and for 1 70, e=1 and Qf(), =0 96

So that in this case also the difference between the simple formula
(5) and the forinula above, 1n which the variation of head at ditfercnt
parts of the orifice 1, taken into account, 1 very small

Notcnes ~ND WFIRS

§ 41 Nolches, Weirs and Byewashes —A notch 1s an orifice (x-
tending up to the free surface level in the reservoir fiom which the
discharge takes place A weir 15 a structure over which the water
flows, the discharge being mn the same conditions as for a notch
The formula of discharge for an onficc of this kind 15 ordinanly
deduced by putting H, = 01n the formula for the corresponding orificé,
obtained as n the preceding section  Thus for a rcctangular notch,
put Hy=o01n (8) hen

Q=1cBy(xg)HY, (11)

where H 15 put for the depth to the crest of the war or the bottom
of the notch.  Fig 45 shows the mode 1 which the discharge occurs
1n the case of a rectangular notch or weir with a levdl crest As the
frec surface level falls very senwbly near the notch, the head H
should be measured at some distance back from the notch, at a
pont where the velocity of the watcr 1s very small

Since the area of the notch opening 15 BH, the above formula 1s

of the form
Q=cxBH x k/(2¢H),

where 4 15 a factor depending on the form of the notch and expressing
the ratio of the mean velocity of discharge to the velocity due to the
depth H

42 Francis's Formula for Rectangulay Nolches —1he jet dis-
charged through a rectangular notch has a section smallcr than BH,
(@) because of the fall of the water surface from the powt wlere H
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13 measurcd towards the war, (b) n consequence of the crest con- |
traction, (c) m consequence of the end contractions It may be |
ponted out that while the diminution of the section of the jet due
to the surface fall and
to the crest contraction |
13 proportional to the
length of the werr, the
end contractions bhave
nearly the same cffcct
whether the weir iswide
or narrow
] B Franas'sexperi-
ments showed that a
perfect cnd contraction,
when the head. varned
from 3 to 24 n, and
the length of the werr
was not less than three
tumes the head, dimin-
1shed the cifective
length of the war by
an amount approxi-
matcly cqual to one-
tenth of thehead
Hence, 1f 215 the length
of the notch or weir, and
H the hcad measured
behind the weir where
the water 15 nearly still,
then the width of the
jet passing through the
notchwouldbel -0 zH,
allowng for two end
contractions  Inawmr
divided by posts there
may be more than two
cnd contractions
Hence, gencrally, the

45
widthof the jet 157~ o 1nH, where » 15 the number of end contractions

of the stream  The contractions due to the fall of surface and to the
crest contraction are proportional to the width of the jet - Hence,f cH
1> the thicknessof the stream over thewar, measured at the contracted
section, the section of the jet will be ¢(/ -0 1mH)H and (§ 41) the
maan vdoety will be §4/(2¢1)  Consequently the discharge will
be gven by an equation of the form
Q={c(l -0 1nH)ll /2gH
=5 35¢(/ -0 1nH)HY

This 15 Francws's formula, i which the coethaent of dischaige ¢ s
much more nearly constant for ditferent values of / and 4 than in
the ordimary formula  Francis found for ¢ the mean value o 622,
the weir being sharp-edged

§ 43 Twiangular Notch (fig
tween the depths k and 4 + d
be bdh, and the velocity at that depth s y/(2gh).
charge for this lamma s

byJ2gh dh
But B/b=H/(H-h), b=B(H-h)/H
Hence discharge of lamma
— B(H - h) /(2gh)dh[H ,

and total discharge of notch

H

=Q-= B,J(zg)f (H - h)hidh/H
0

= 4B (29 H°

6) —Consuder a lamina 1ssumng be-
ts area, neglecting contraction, will
Hence the dis-

Coefficsents for the Discharge over Werrs, derwved from the Evperiments of T. E Blackwell
same head, and the vesults weve pretty uniform, the vesulbing coefficients are marked with an (*)

1s very strongly marked
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or, mtroducing a coefficient to allow for contraction,
Q=B y(2)H,

When a notch 1s used to gauge a stream of varying flow, the ratio
B/H varies if the notch 15 rectangular, but 15 constant if the notch 1s
triangular  This led Professor James lhomson to suspect that the
coethcient of dis-
charge, ¢, would

be much more
constant  with -
difficrent  values

of H m a trian-
gular than m a
1ecctangular
notch, and this
has been expen-
mentally  shown
to be the case
Hence a tnan-
gular notch 13 more suitable for ging: g
notch  For a sharp-vdged triangular notch Professor ] Thomson
found c:=0 617 It will be seen, as 1 § 41, that since §BH 1s the
area of section of the strcam through the notch, the formula 1s

agan of the form
Q=cx }BH x k,/(2¢H),

where & =4% 15 the ratio of the mean velouty m the notch to the
velocity at the depth H It may casily be shown that for all notches
the discharge can be expressed in this form

§ 44 Werr with a Broad Sloping Crest —Suppose a weir formed
with a broad crest so sloped that the streams flowing over 1t have a
movement sensibly rectilinear and uniform (fig 47)  Let the inner
edge be so rounded as to prevent a crest contraction Consider a
filament aa’, the pomt a bang so far back from the weir that the

than a

(¢
4 el St

2
.
VY 727
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velocity of approach is neghgible  Let OO be the surface level in the
reservorr, andplet a be at a haght 4" below OO, and 4’ above a’
Lect A be the distance from OO to the weir crest and e the thickness
of the stream upon 1t. Neglecting atmospheric pressure, which has
no mfluence, the pressure at a 15 GA”, at a’1t 15 Gz If v be the
velocity at a’,

v¥2g=h' vh"-2—~h-e,

Q=be y2g(h=7)

Theory does not furnish a value for ¢, but Q) =0 for ¢--0 and for
e=h has therefore a maximum for a value of e between o and 4,
obtained by equating dQ/de to zero  This gives e = {h, and, mnserting
this value,

Q=0 385 bk J/2gh,
as a maximum value of the discharge with the condit.ons assigncd
Lxperiment shows that the actual discharge 1s very approximately
cqual to this maximum, and the formula 15 more legitimately ap-
plicable to the discharge over broad-ctested weirs and to cases such
as the discharge with free upper surface through large masonry

When more than one experiment was made with the
The effect of the converging wing-bourds

Headsun | Shurp Bige | Planks 2 1n_thick, square on Crest Crests 3 ft_wide
inches - T i Ty T, L T
euured ] ronk boar I 1 ¢ long, | 61 1 fl o1
c win 3 , ,
Wateron | 37 Tong [10f long | 30 long | 6 long. |10t long m.k.,,‘, anangle | 2 level ™ [T ss |l zins | leve S | “levet " |f1 1 m1s
Resetvorr ‘ | of 60"
v | ey Yoq 467 459 435! *754 *452 *545 467 +381 467
2 1675 803 509% 561 585* 675 482 *546 *533 *479* 405*
3 1 630 | 642* 563* 597* | *569* 441 537 539 *492°
v 617 656 sgo 575 602* 656 419 *431 *455 *497* *515
5 602 650* | 588 6or* 609* 671 479 516 +518
6 593 ' 503* 6o8* | +576* sot* *531 *507 513 543
7 617 608* 576* 488 513 527 497
8 58t . So6* 590° 548 470 491 . *468 *507
9 ' *530 600 569* | s558° 476 '492° | 498 +480% | 486 .
10 | 614% | 539 534* 4057 | 455
12 | 525 534* 467*
14 l . l 540* . . .

! ‘Lhe discharge per second varied from +461 to ‘665 cub ft. 1n two experiments

The coefficient +435 18 denved from the mean value.
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sluice openings than the ordinary weir formula for sh: ged
weirs It should be remembered, however, that the friction on
the sides and crest of the weir has been neglected, and that this
tends to reduce a httle the discharge The formula 1s equivalent
to the ordinary weir formula with c=0 577

SPECIAL CASES OF DISCHARGE FROM ORIFICES

45 Cases in which the Velocity of Approack needs to be taken
nto Account Rectangular Orifices and Notches —In finding the
velocity at the ornfice in the preceding investigations, 1t has been
assumed that the head & has been measured from the free surface
of still water above the onfice In many cases which occur in
practice the channel of approach to an onfice or notch 1s not so
large, relatively to the stream through the onfice or notch, that the
velocity n 1t can be disregarded

Let h), b, (fig 48) be the heads measured from the free surface to
the top and bottom edges of a rectangular orifice, at a point m the

Fic 48

channel of approach where the velocity 15 % It 15 obvious that a
fall of the free surface,

h=uzg
has been somewhere expended in producing the veloaty u, and
hence the truc heads measured 1n still water would have been 4, +h
and hy+h Consequently the discharge, allowing fo1 the velocity
of approach, 15

Q={gcb g {(hy +H)} - (b +h)Y} (1)
And for a rectangular notch for which k, =o, the discharge 13
Q =3cbv/2g {(hs +h)3 - hi} (2)

In cases where u can be dircctly determined, these formulae give the
discharge quite simply When, however, # 15 only known as a
function of the section of the stream in the channel of approach, they
become complicated Let @ be the sectional area of the channel
where h; and k; are measured  Then # =Q/Q and h =Q?2¢0?

This value ntroduced 1n the equations above would render them
excessively cumbrous  In cases therefore where § only 1s known,
1t 15 best to proceed by approximation  Calculate an approximate
value Q' of d by the equation

Q =Ycb/2g {h3 ~ by i}

Then ) =Q’ /2g* nearly  Thus value of fj introduced 1n the equations
above will give a second and much more approximate value of Q

§ 46 Partially Submerged Rectangular Onfices and Notches —
When the tail water 15 above the lower but below the upper edge
ot the orifice, the flow 1n the two parts of the onfice, into which 1t
15 divaded by the surface of the tail water, takes place under different
conditions ~ A filament Mm, (fig 49) in the upper part of the
onfice 1ssues with a head 4’ which may have any value between

FIG 49.

h, and & But a filament 1ssuing 1n the lower part of the
orifice has a velocity due to A” - A", or 4, simply In the upper part
of the ortfice the head 1s vanable, in the lower constant 1f Q), Q,
are the discharges from the upper and lower parts of the onfice,
b the width of the orifice, then
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Qu=1cb 2 bl - h} }
Qu=cblh, - k) (/zgh
In the case of a rectangular notch or war, A —o Inserting this

value, and adding the two portions of the discharge together, we get
for a drowned weir

3)

) =cb/2gh(hy = h/3), (1)
where A 15 the difference of level of the head and tail water, and k,
15 the head from the free surface above the war to the war crest
(hig_50)
From some experiments by Messrs A Fteley and F P Steams
(Trans Am Soc C [k, 1883, p 102) some values of the cocthant ¢
can be deduced

hy/hy ¢ hofhy «
o1l 0 029 o7 0578
0z 001y o8 0 583
03 0 600 09 0 590
o4 0 590 095 0 oy
o5 o 582 100 o028
00 0578

If velocity of approach 1s taken mto account, lct ) be the head due
to that velocity , then, adding [ to each of the heads n the (quations
(3), and reducing, we get for a war
Q=cb J2gl(hy +h)( +)} - §(h +h) - WhH), (5)

an equation which may be useful i estimating flood discharges

Bridge Piers and othey Obstructions 1 Styeams —When the pirs
of a bridge are erected in a stream they create an obstruction to the
flow of the stream, which
causes a difference of surface-
level above and below the
peer (fig 51) Ifit 1s neces-
sary to estimate this differ-
ence of level, the flow
between the piers may be
treated as 1f 1t occurred over
a drowned werr But the
value of ¢ m this case 18
imperfectly known

§ 47 Bann's Researches on
Weirs —H DBazin has executed a long series of rescarches on the
flow over weirs, so systematic and complcte that they almost
supersede other observations lhe account of them 1s contamed
mn a series of papers in the Ammnales des Ponts et Chaussies
(October 1888, January 1890, November 1891, February 1894,
December 1896, 2nd trimestre 1898) Only a very abbreviated
account can be given here T1he general plan of the experiments
was to establish fitst the coefhcients of discharge for a standard
weir without end contractions, next to establish weirs of other
types n series with the standard war on a channel with steady
flow, to compare the observed heads on the different weirs and
to determinc their coethcients from the discharge computed at
the standard wewr A channel was constructed paralld to the
Canal de Bourgogne, taking water from it through thrce sluices
03 x1o0 metres The water enters a masonry chamber 15 metres
long by 4 metres wide where 1t 1s stilled and passes into the canal
at the end of which 15 the standard weir The canal has a length
of 15 metres, a width of 2 metres and a depth of 1 6 metres From

this extends a channel 200 metres in lcngth with a slope of 1 mm
per metre The channel 13 2 metres wide with vertical sides  The
channels were constructed of concrete rendered with cement The
water levels were taken in chambers constructed near the canal,
by floats actuating an index on a dial  Hook gauges werce used
determining the heads on the weirs

Standard Weir —The weir crest was 3 72 ft above the bottom
of the canal and formed by a plate } 1in thick [t way sharp-edged
with free overfall It was as wide as the canal so that end con-
tractions were supp d, an \Z ts were formed below
the crest to admit air under the water shcet The channel below
the weir was used as a gauging tank Gaugings were made with the
weir z metres n length and afterwards with the weir reduced to
1 metre and o 5 metre 1n length, the end contractions being sup-
pressed in all cases. Assuming the general formula

Q=mih /(2gh), @
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Bazin arnives at the following values of m —
Coefficients of Discharge of Standard Wesy

| Head 5 metres I m
005 164 0 4485
o 10 328 04336
015 492 0 4284
o 20 656 0 4262
0 25 ‘820 0 42590
o 30 ‘984 0 4200
035 1148 0 4275
o {0 1312 0 4286
0 15 1476 0 4299
0 50 1 040 0 4313
055 1 8o. 0 4327
o 6o 1 963 0 4341

Bazin compares his results with those of Fteley and Stearns 1n 1877
and 1879, correcting for a difierent velocity of approach, and finds
4 close agreement.

Influence of Velocity of Approack —To take account of the velocity
of approach u it 15 usual to veplace 4 i the formula by A +auw?/2g
where a 19 a coefficient not very well ascertained Then

Q = ul(h +aw?{2g) J{26(h + aw?]20)}
=ulh \/(2gh) (1 +andf2gh)} (2)
The original stmple equation can be used if
m =pu(t +au?/2gh)d
or very approximately, since #/2gh 13 small,

e ol v aghy @)
Now 1f p 1s the height of the weir crest above the bottom of the
canal (g 53), ¥ =Q/[I(p +4)
Replacing Q by 1ts value

an (1
u?/2gh = Q% {2g hP2(p + )%}
ki M (1
so that (3) may be wrntten
m=plt bR (/P +M}T] (5)
Gaung were made with
weirs of 0 75,0°50,0 35, and
o 24 metres height above
the canal bottom and the
results compared with those of the standard weir taken at the same
time, The discussion of the results leads to the following values of
m i the general equation (1) —

m=u(r +2-54% 2¢h)
=u(x+0 55{h/(p +h)}%)

Values of u—

Head h metros | Hend A feet »
o o5 ' 164 0 4481
o‘1o0 328 0 4322
020 656 0 421§
0 30 984 l 0 4174
040 1312 0 4144
0 50 1 640 04118
o o 1 968 0 4092

An approximate formula for 18
#=0 405 +0°'003/h (h 1n metres)
#=0 405 +0 o1}k (hn fect)

Inclined Weairs —Expenments were made m which the plank weu
was clined up or down stream, the crest being sharp and the end
contraction suppressed The following are coefficients by which
the dnscharge of a vertical weir should be multiplied to obtain the

discharge of the inclined weir.
Coefficient
Inchnation up stream . . 1tot 093
» » 3 :0 2 o gg
. 3tor o
Vertical weir " 1 00
Inchination down stream 3tor 104
" » Jtoz 107
" " 1tor 110
» " 1toz 113
» » 1to4 T 09
The sho:ld on az::';i‘ PP bly, 1f A/p app! hes umity, which

In all the rrecedmg cases the sheet passing over the werr is de-
tached completely from the weir and its under-surface 1s subject
to atmospheric These d permit the most exact
de tion of the fi of discharge If the sides of the
canal below the weir are not so arranged as to permat the access
of air under the sheet, the ph are more plhicated S
long as the head does not exceed a certain Limit the sheet 1s detached

=]
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from the weir, but encloses a volume of air which 1s at less than
atmosphonic pressure, and the tail water rises under the sheet
The discharge 13 a little greater than for frec overfall At greater
head the air dnsnppears from below the sheet and the sheet 1s said
to be “ drowned ” The drowned sheet may be independent of the
tail water level or influenced by it

it 1 nd, ma
case when the foot of the
sheet 13 drowned the lovel
of the tail water iufluences
the discharge even if 1t 18
below the weir crest

Weirs with Ilat Crests -—
The water sheet may spriung
clear from the upstream edge
or may adhere to the flat
crest falling free beyond the
downstream edge  In the
former case the condition 1s that of a sharp-edged weir and it 13
realized when the head 15 at least double the width of crest It may
anse 1f the head 1s at least 14 the width of crest Between these
himits the condition of the sheet 1s unstable  When the sheet
13 adherent the coetficient m depends on the ratio of the head h
to the width of crest ¢ (fig 53), and 1s given by the equation
m —=my [0 70+0 185h/c], where m, 15 the coefficient for a sharp-
edged weir m sunitlar con-
ditions  Rounding the up-
stream cdge cvea to a small
extent modifies the dis-
charge If R 1s the radws
of the rounding the co-
eficient m 15 increased in
theratio 1 to 1 + R/A nearly
Lhe results are hmited to R
less than § 1

Drowned Weirs —Let h
(fig 54) be the height of
head water and A, that of
tail water above the weir crest  Then Bazin obtains as the approxi-
mate formula for the coeflicient of discharge

m =t osmy (1 +in/p) N (U = hi)/hY,

where as before m, 1s the coctficient for a sharp-edged weir 1n simular
conditions, thatis,
when the shect 1s
frec and the weir
of the same height

§ 48 Separating
Weirs —Many
towns derive their
water-supply from
streams in hugh
moorland dis-
tricts, in which the
flow 1s extremely variable 7The water 1s collected 1n large storage
reservorrs, from which an uniform supply can be sent to the town  In

In the former case the fall 15
g wave

In the latter

FiG 55

Plan of
Cast Iron

such cases 1t 13 d the d water which comes
down the streams m high floods from the purer water of ordinary
flow The latter 1s sent mto the reservoirs, the former 1s allowed

ble to se he col
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to flow away down the oniginal streami channel, or 13 stored in
separate reservorrs and used as compensation water. To accomplish
the separation of the flood and ordinary water, advantage is taken of
the ditferent horizontal range of the parabolic path of the water
falling over a wer, as the depth on the weir and, consequently, the
velocity change  Fig 55 shows one of these separating weirsn the
form 1n which they were first introduced on the Maach Water-
works ; fig. 56 a more modern weir of the same kind designed by
Sir A Bmmnie for the Bradford Waterworks When the quantity of
water comung down the stream 1s not excessive, 1t drops over the
weair 1nto a transverse channel leading to the reservoirs In flood,
the watcr springs over the mouth of this channel and 1s led mto a
waste channel.

It may be assumed, probably with accuracy enough for practical
purposes, that the particles describe the parabolas due to the mean
velocity of the water passing over the weir, that 1s, to a velocity

1v(2gh),
where 4 15 the head above the crest of the weir

Tet ¢b=x be the width of the onifice and ac =y the difference of
level of 1ts edges (fig 57). Then, 1f a particle passes from a to bn ¢
seconds,

y =4, ¥ =3/ (2ah)t,
y=1ax’h,

which gives the width # for any given ditference of level y and head
h, which the jet will just pass over the onfice  Set off ad vertically
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and equal to ¢ on any scale, af honzontally and equal to g\g(gh)
Divide af, fe into an equal number of equal parts Join a with the

on ef e of these lines with verticals from
the divisions on af give the parabolic path of the jet

MouTnPiRCES—HEAD CONSTANT

§ 49 Cyhndrical Mouthpieces —When water issues from a short
cyhndrical pipe or mouthpiece of a length at least equal to 1§ times
its llest t: d the stream, after contraction within
the mouthpiece, expands to fill it and 1ssues full bore, or without
contraction, at the point of discharge The discharge 1s found to
be about one-third greater than that from a simple ornfice of the
same size  On the other hand, the energy of the fluid per unit of
weight is Jess than that of the stream from a simple onfice with the

same , use of the energy 1s wasted in cddies produced
at the it where stream expands to fill thc mouthpicece, the
action being something like that which occurs at an abrupt change
of sectwan.

Let fig 58 represent a vessel discharging through a cylindrical
mouthpiece at the depth A fram the free surface, and let the axis of
the jet XX be taken as the datum with reference to which the head
13 eshmated. Let @ be the area of the mouthpiece, w the area of
the stream at the contracted section EF. Let v, p be the velocity
and pressure at EF, and v, , the same quantities at GH If the
discharge 1s into the air, , 1] equat to the atmospheric pressure &

The total head of any Alament which goes to form the jet, ken
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at a point where its velocity 18 sensibly zero, 18 b +./G ; at EF the
total head 15 v‘[zg-i»é/G , at GH 1t 18 v)jag :f’,/

Between EF and GH there 1s a loss of head due to abrupt change
of velocity, which from eq (3), § 30, may have the value

v =v)"2g
Adding this head lost to the head at GH, before cquating it to the
heads at EF and at the point where the filaments start into motion,—
b+ oG =v%2g + p[G =vY2 + /G + (v - v)% 28
But wv =Gr,, and w=¢0, 1f ¢; 13 the coeflicient of contraction within
the mouthpiece Hence
v =0 fw=vfe
Supposing the discharge into the air, so that p, =p,
B+ pafG =028 +Pu[G + (v 26) (1[ec = 1)*,
@l + (e = 1)y =k,
vy = J(26h) AT+ (1/ce = 1), (1)

where the coefficient oa the nght 1s evidently the coetficient of velocity
for the cylindriral
mouthpicece in terms of
the coefficient of con-
traction at LEF Let
c.=0 04 the value for
simple orifices, then the
coethcient of veloaty 1s

=1+ (/e - 1)
=o'ty (2)

The actual value of ¢,
found by expcriment 15
0 82, which doe¢s not
dificr more from the
theoretical value than
might Le expected if

the friction of the -

mouthrlcce 13 allowed Fie s8.

é_or Hence, for mouthpieces of this kind, and for the section at
1,

c,=082 ¢ =100 c¢=o082,
Q =0 820./(2¢h)
It 15 easy to sce from the cquations that the pressure p at EF 1s
less than atmospheric pressure  Elimmating v, we get
(pa = p)/G =}k nearly, )
or P =pa=1Ghlb persq ft
If a pipe connected with a reservoir on a lower level 13 intioduced
mto the mouthpicce at the part where the contraction 18 formed
(g 59), the water will nse 1n {lus pipe to a height
KL =(p, - )/C = 1h nearly
If the distance X 13 less than this, the water from the lower reservoir
will be forced continuously to the jet by the atmospheric pressure,
and discharged with st I'lus 1s the crudest form of a kind of pump
known as the jet pum,
§ 50 Convergent xlauthpleum-—“'nh convergent  mouthpieces
there 15 a contraction within the mouthpicce causing a loss of head,
and a dumwnution of the velocity of discharge, as with cylindrcal
mouthpieces. There 13 also a sccond contraction of the stream out-
side the mouthpicce Hence the discharge 1s given by an equation

of the form

Q =ccdd/(28h), (1)
where (13 the arca of the external end of the mouthpicce, and ¢
the section of the contracted jet beyond the mouthpiece
Convergent Mouthpreces (Castel's Expe ) llest di tey of
orifice=0 05085 ft  Length of mouthpiece =2 6 Diameters

Angle of Coefficient of | Coefficient of | Coefficient of
ConVLBrgcncc Contraction, Veloaty, Discharge,
Ceo Cy c
e | | B | m
i e os
N o 912
5% 26/ 1-004 920 924
g: :;'g, 998 931 929
992 942 93
xo: ao: 987 950 03
i3y 53 o W
14> 28 ‘979 966 041
e 5 969 971 98
o s | o ke
237 o ‘937 974 o13
29° 58’ 919 975 806
40° 20° 887 980 -860
48° 50 861 984 847
b U LA
The d‘ tent of discharge is that for a mouthpiece
with a convergence of 13° 24",
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The values of ¢, and ¢, must here be determined by experiment
The above table gives values sufficient for practical purposes  Since
the contraction beyond
the mouthpiece increases
with the convergence, or,
what 13 the same thmng,
c.iminishes, and on the
other hand the loss of
energy  dimimishes,  so
that ¢, increases with
the convergence, there
15 an angle for which the
product ¢, ¢, and con-
sequently the discharge,
13 4 maximum
§ 51 Divergent Con-
ordal Mouthprece —Sup-
pose a mouthpiece so
designed that there 13
no abrupt change n the
section or velocity of
the strcam  passing
through 1t It may
have a form at the
mner  end  approxi-
mately the same as
that of a sunple contracted vein, and may then enlarge gradu-
.cllr, as shown in fig 6o  Suppose that at EF 1t becomcs
cyhndrical, so that the jet may taken to be of the diameter
EF  Let w, v, p the section, velocity and pressure at (D,
and 0, v, p, the same quantities at IF,” p, beng as usual the
atmospheric pressure, or pressure on the free surface AB  Then,
since there 13 no loss of
energy, except the small
frictional resistance of the
surface of the mouthpiece,
h + pa/G =v%2g +p/G
=v/2g +$,/G
If the jet discharges nto
the air, p, =p,, and
v2¢ =h,
v = A/(2gh);
or, if a coefficient 1s mntro-
duced to allow for friction,
vy =¢.\/(2¢h) .
where ¢, 15 about o g7 1f
the mouthpiece 15 smooth
and well formed
Q =0, =c,0/(2gh)
Hence the discharge de-
pends on the area of the
stream at EF, and not at
all on that at CD, and the
latter may be made as
small as we please without
affecting the amount of
water discharged
There 1s, however, a it to this  As the velocity at CD 1s greater
than at EF the pressure is less, and therefore less than atmospheric
pressure, 1if the discharge 1~ into the air  If CD 18 so contracted that
p=o0, the continuity of flow 1s mmpossible In fact the stream
disengages 1tself from the
mouthpiece for some value
of p greater than o (hg 61)
“rom the equations,

£/G =$u/G - (v? - /)28
Let Q/w=m Then

e e
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v=um,
£G=pJG ~u(m - 1), 2¢
oG = (mi=1)h,

whence we find that p)
will become zero or nega-
tive if

0w /(b +p,/G)/h}
=t +p.,GhY,

or, putting $,/G =34 ft , of
QLo 1k +34)/h}

In practice there will be an interruption of the full bore flow with
a less ratio of (1/w, because of the disengagement of air from the water
But, supposing this does not occur, the maxunum discharge of a
mouthpiece of this kind 18

Q= {2g(h +pa/G)}

that 1s, the discharge 1s the same as for a well-bellmouthed mouth-
picce of area w, and without the expanding part, discharging mto
a vacuum.

§ 52 Jet Pump —A divergent mouthpiece may be arranged to act
as a pump, as shown in fig 62 The water which supplies the energy

Fic 61
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required for pumping enters at A. The water to be pumped enters
at B The streams combine at DD where the velocity 1s greatest
and the pressure least Beyond DD the stream enlarges 1n section,

Fie G2,

and 1ts pressure fncreases, till 1t 1s sufficient to balance {he head due
to the height of the hft, and the water flows away by the discharge
pipe C

1z 63 shows the whole arrang m a di 1Ic way
A 15 the reservoir which supphes the water that effects the pumping,

TG 03,

B 15 the reservoir of water to be pumped, C 15 the reservorr into
which the water 15 pumped.

DiscHARGE witt VARYING HEaDp

§ 53 Flow from a Vessel when the Lffective Head vares with the
Time —Various useful problems anse relating to the time of empty-
ing and filling vessels, reservorrs, lock chambers, &c , where the flow
15 dependent on a head which increases or diminishes during the
operation The siumplest of these problems 1s the case of filing or
emptying a vessel of constant horizontal section.

wme of Lmptying or Filling a Vertical-sided Lock Chamber —
Suppose the lock chamber, which has a water surface of {2 square
ft , 18 emptied through a sluice in the tail gates, of area w, placed
below the tail-water level Then the effective head producing flow
through the sluice 1s the difference of level 1n the chamber and tail
bay LetH (fig 64) be the mtial difference of level, & the difference

FiG. 64.

of level after ¢ seconds  Let - dh be the fall of level in the chamber
dunng an intervaldf Then in the time d¢ the volume 1n the chamber
18 altered by the amount - (}dh, and the outflow from the sluice mn
the same time 15 cwo/(2gh)dt Hence the difierential equation con-
necting A and #1s

cw\/(2gh)dt +Qh =o.
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For the time ¢, during which the imtial head H diminishes to any
other value 4,

- 0/(cov/20)} [ ahin/h = [

« t=20(H - Jh)/ {cw/(26)}
=(@/cw) { N/(2H/g) - J/(2h/g)}

For the whole time of emptying, during which A diminishes from

o,
T =(@fcw)/(2H[g)
Comranng this with the equation for flow under a constant head,
1t will be seen that the time 1s double that required for the discharge
of an equal volume under a constant head

The time of fill.ng the lock through a sluice in the head gates 13
exactly the same, 1f the sluice 1s below the tail-water level But if
the sluice 1s above the tail-water level, then the head 1s constant
till the level of the sluice 13 reached, and afterwards it diminishes
with the tune

PracticaL USE oF ORIFICES IN GAUGING WATER

§ 54 1f the water Lo be measured 1s passed through a known orifice
under an arrangement by which the constancy of the head 1s ensured,
the amount which passes 1n a given time can be ascertamned by the
formulae already given It will obviously be best to make the
orifices of the forms for which the are most 1
determined, hence sharp-edged orifices or notches are most com-
monly used

Water Inch —For measuning small quantities of water circular
sharp-cdged orifices have been used The discharge from a circular
orihice one French inch i diameter, with a head of one line above the
top edge, was termed by the older hydraulic writers a water-inch
A common estimate of 1ts value was 14 pmnts per minute, or 677
English cub ft mn 24 hours An experiment gy C Bossut gave
634 cub {t n 24 hows (scc Navier's edition of Belidor's Arch
Hydr , \) 212)

L ] Wesbach points out that measurements of this kind would be
marle more accurately with a greater head over the orifice, and he
groposes that the head should be equal to the diameter of the onitice,

everal cqual orifices may be used for larger discharges

Pin Ferrules or Measuring Cocks —Io give a tolerably definite
supply of water to houses without the expense of a mcter, a ferrule
with an orifice of a definite size, or a cock, 18 introduced 1n the
service-pipe  If the head in the water main 13 constant, then a
definite quantity of water would be delivered 1n a given time  The
arrangement 18 not a very satisfactory one, and acts chiefly as a
check on extravagant use of water It s intercsting here chiefly as
an example of regulation of discharge by means of an onfice  Fig 05
shows a cock of
this kind used at
Zurich  Itconsists
of three cocks, the
middle one having
the orfice of the
predetermined size
in a small circular
plate, protected by
wire gauze from
stoppage by im-
puntties 1 the
water. The cock
on the right hand
can be used by the
consumer for emptymng the pipes The one on the left and the
measuring cock are connected by a key which can be locked by a
padlock, which 1s under the control of the water company

§ 55 Measurement of the Flow in Streams —To determine the
quantlt?' of water flowing off the ground in small streams, which 1s
avatlable for water supply or for obtaining water power, small
temporary weirs are often used These may be formed of planks
supported by piles and puddled to prevent leakage The measure-
ment of the head may %e made by a thin-edged scale at a short
distance behind the werr, where the water surface has not begun to
slope down to the weir and where the velocity of approach 1s not
hlgll)le T'he are ly made from a short pile
driven 1nto the bed of the niver, accurately level with the crest of
the weir (fig 66). Then if at any moment the head s A, the dis-
charge 1s, for a rectangular notch of breadth b,

Q ={§cbh y2gh

where ¢ =0 62, or, better, the formula 1n § 42 may be used

Gauging wewrs are most commonly in the form of rectangular
notches; and care should be taken that the crest 18 accurately
hornizontal, and that the wetr 1s normal to the direction of flow of
the stream  If the planks are thick, they should be bevelled (fig 67),
and then the edge may be protected by a metal plate about 4th
mn thick to secure the requisite accuracy of form and sharpness of
edge. In permanent gauging weirs, a cast steel plate 1s sometimes
used to form the edge of the weir crest The weir should be large
enough to discharge the maximum volume flowing in the stream
and at the same time 1t 13 desirable that the minimum head should
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not be too small (say half a foot) to decrease the eitects of errors of
measurement The scction of the jet over the weir should not exceed
one-fifth the section of the stream behind the weir, or the velucnﬁ
of approach will need to be taken mto account. A tniangular notcl
18 very suitable for measurements of thus kind

If the flow 1s vanable, the head & must be recorded at equidistant
mtervals of time, say twice daily, and then for each 12-hour period

Scale Weer

Fic 66

the discharge must be calculated for the mecan of the heads at the
begnning and end of the time As this mvolves a good deal of
troubl Iculation, E. Sang proposed to usec a scale so graduated
as to read ofl the discharge in cubic feet per sccond The lengths of
the principal graduations of such a scale are easily calculated by
putting Q=1, 2, 3 . i the ordmnary formulae for notches,
the mntermediate graduations may be taken accurately cnough by
subdividing equally the distances betwecn the principal graduations

The accurate measurement of the discharge of a stream by mcans
of a weir 19, however, 1n practice, rather more dufficult than might
be inferred from
the sumphaty of
the principle of thc
operation Apart
from the difficulty
of sclecting a suit-
able coefficient of
discharge,  which
need not be serious
if the form of the
wetr and the nature
of 1ts crest are pro-
perly attended to,
other difficulties of
measurement arise The length of the
werr should be very accurately deter-
mined, and 1if the weir 1s rectangular
its deviations from exactness of level
should be tested Then the agitation
of the water, the ripple on 1ts surface,
and the adhesion of the water to the
scale on which the head 1s measured,
are hable to introduce errors Upon a
weir 10 ft long, with 1 ft depth of
water flowing over, an error of 1-1000th
of a foot 1n measuring the head, or an
error of 1-1ooth of a foot 1n measuring
the length of the weir, would cause an
error 1n computing the discharge of
2 cub ft per minute

Hook Gauge —For the determmnation
of the surface level of water, the most
accurate instrument 13 the hook gauge
used first by U Boyden of Boston, in
1840 It consists of a fixed frame with
scale and vernier In the mnstrument
m fig 68 the vernier 1s fixed to the
fiame, and the scale shdes vertically
The scale carnes at 1ts lower end a hook
with a fine pownt, and the scale can be
raised or lowered by a fine pitched
screw. If the hook 1s depressed below
the water surface and then raised by the screw, the moment of its
reaching the water surface will be very dwstinctly marked, by the
reflection from a small capillary elevation of the water surface over
the pownt of the hook In ordinary hight, differences of level of the
watcr of oot of a foot are easily detected ivy the hook gauge If such
a gauge is used to determine the heads at a weir, the hook should

Fie 07
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first be set accurately level with the weir crest, and a readng taken
Then the diffierence of the reading at the water surface and that
for the weir crost will be the head at the weir

§ 50 Modules wused n [vrigahion -—In distnbuting water for
wngation, the charge for the water may be simply assessed on the
area of the land 1rrigated for each consumer, a method followed n
India, or a regulated quantity of water 1aay be given to each
consumer, and the charge mday be made ;)rapummml to the qrantity
of water supphed, a method employed for a long time 1 Italy and
other parts of kurope. 1o deliver a regulated quantity of water

_}—,:

s opwern

from the irrgation channcl, arrangements termed modules are used
Ihese are constructions mtended to maintam a constant or approxi-
mately constant hewd above an onfice of fixed wize, or to regulate
the sive of the orifice o as to give a constant discharge, notwith-
standing the varniation of level 1 the irnigating channel

§ 57 [ltalian Module ~The Ttahan modules are masonry construcs
tons, conssting of & requlating chamber, to which water 1s admitted
by an adjustable shuce from the canil At the other end of the
chamber 13 an orifice in a thin flagstone of fixed size By meons
of the adjustable sluice a tolerably constant head above the fixed
orifice 13 maintaned, and theretore thero 13 a nearly constant dis-
charge of ascertamable amount through the onfice, mnto the channel
leading to the tields which are to be nngated

In hg 69, A is the adjustablo sluice by which water 1s admitted
to the regulating chamber, B 15 the fixed onfice through which the
water 19 discharged  The sluice A 13 adjusted from time to time by

Fic 69

the canal officers, so as to bring the level of the water i the regulating !

chamber to a fixed level marked on the wall of the chamber. When
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time to tme It has further the advantage that the cultivator, by
observing the level of the water mn the chamber, can always sce
whether or not he 1s receiving the proper quantity of water

On cach canal the onfices are of the same height, and intended to
work with the same noimal head, the width of the orfices bang
varicd to swit the demand for water  The unit of discharge vaiies on
different canals, beng fixed 1n each case by legal artangements
1hus on the Canal Lod: the umt of discharge or one medule of watcr
15 the discharge through an orifice 1 12 ft high, o 12416 ft wide,
with a head of o 32 ft above the top edge of the onfice, or 88 ft
above the centre = This corresponds to 4 discharge of about o 6165
cub 1t. per second

In the most elaborate Itahan the regul hamber 18
arched over, and its dimensions are very exactly prescribed. Thus
n the modules of the Navigho Grande of Milan, shown m fig 70,
the measuring onifice 1s cut i a thin stone slab, and so placed” that
the discharge 1s into the air with fice contraction on all sades  The
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adjusting sluice 18 olaced with 1ts sill flush with the bottom of the
canal, and 18 provided with a rack and lever and lnckxnf arrange-
ment The covered regulating chamber 18 about zo ft long, with
a breadth 1 b4 ft greater than that of the discharging onfice. At
precisely the normal level of the water i the regulating chamber,
there 15 a ceiling of planks mntended to still the agitation of the
water. A block ot stone serves to indicate the normal level of
the water m the chamber ‘lho water 1s discharged mto an open
channel 0655 tt wider than the ontice, splaying out till 1t 1s 1 637
ft wider than the onfice, and about 18 {t in length

§ 58 Spamish Module —On the canl of Isabella 1T, which supphes
water to Madiid, o module much more perfect in princple than the
Italian module 1s employed  Part of the water 1s supphed for irnga-
tion, and as 1t 1s very valuable 1ts
strict measurement 1s essential. The
module (fig 72) comsists of two

F16 70 —Scale t}y.

adjusted 1t 15 locked Let w, be the area of the
onfice through the sluice at A, and wy that of the
fixed onifice at B, let b, be the difference of level
between the surface of the water i the canal and
1egulating chamber , &, the head above the centre of
the dischargng orifice, when the sluice has been
adjusted and the flow has become steady, ?lhe
normal discharge in cubic feet per 'acconz hen,
since the flow through the onfices at A and B is the same,
Q =cyun/(2gh) =cqwy N/ (24h3),
where ¢, and ¢, are the cocflficients of discharge suitable for the two

onfices Hence
ey =/ (hy/by).

If the onfice at B opened directly into the canal without any
intermediate regulating chamber, the disch would for
agven d\mYc of level in the canal in exactly the same ratio  Conse-
3uentl) the [talian module 1n no way moderates the fluctuations of

ischarge, except so far as 1t affords means of easy adjustment from

]
i

JdLirs A Y,

chambers one above the other, the
upper chamber being 1n free commum-
cation with the irrigation canal, and
the lower chamber discharging by a
culvert to the fields In the arched
roof between the chambcrs there 1s a
arcular sharp-edged orifice i a bronze
{)lnlc Hanging m this there 15 a
bronze plug of variable diameter sus-
pended from a hollow brass float, If
the water level in the canal lowers, the
plug descends and gives an enlarged
opening, and conversely Thus a per-
fectly constant discharge with a vary-
mg head can be obtained, provided o
clogging or siling of the chambers pro-
vents the free discharge of the water
or the nse and fall of the float. The theory of the module 15 very
simple Let R (fig 1) be the radius of the fixed opening, r the
radius of the &lcug at a distance 4 from the plane of flotation of the
float, and Q required discharge of the module. Then

Q =cx(R® - %) /(2gh).

Q=15 88(RY -/ Vb, .

r=a/{R?~Q/15-884/h}
Choosing a value for R, successive values of » can be found for
cifferent values of ), and from these the curve of the plug can be
drawn The module shown in fig 72 will discharge 1 cubic metre per
second The fixed ing 1s 0'2 metre and the g
head above the fixed orifice 1s I metre The use of this module
mmvolves a great sacrifice of level between the canal and the fields.
The module 15 m Sir C Scott-¥ fi’s Irnigation
Southern Euyope.

§ 50 Reservosr Gauging Basims —In obtaiming the power to store

the water of streams in reservorrs, it is usual to concede to nparan

Taking ¢ =0 63,
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owners below the reservours a 1ight to a regulated supply through-
out the year. This compensation water requures to be measured 1n
such a way that the millowners and cthers mterested m the matter
can assure themselves that they are receiving a proper quantity, and
they are gencrally allowed a certain amount of control as to the
times durmg which the daily supply 1s dischargcd nto the stream
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flows over this, without entering 1t, on a floor of cast-ron plates.
1f the discharge 1s to be tested, the water 1s turned for a definite ime
into the gauging basin, by suddenly opcning and closing a sluice at ¢
'ALhe vlalume of flow can be ucertamurf.rolp the depth m the gnuging

B ar (fig 73 was designed for
securing an absolutely constant head over the onhcos at @, ¢ Lhe
onfices were formed 1 a cast-iron plate capable of shding up and

NN
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down, without sensible leakage on the face of the wall of the chamber
The orifice plate was attached by a link to a lever, one end of which
rested on the wall and the other on floats / in the chambcr A 1he
floats rose and fell with the changes of level m the chamber, and
raiscd and lowered the orfice plate at the same time lhs

7% a2/
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Fig 74 shows an ar
works The water enters from the reservoir a chamber A, the ob,
of which 1s to still the irregular motion of the water e ad

water
ject

was not finally adopted, careful watching
of the sluices at b, b, b, being sufficient {0 secure a regular discharge
e arrang 19 then eq to an Itahan module, but on a

1s regulated by sluices at b, b, & The water
hea

15 discharged by orifices
tant d s 1

or notches at a, a, over which a

sce whether the dischar,
maintained over the orifices

To test at any time the
the ortfices, a gauging basin B 13 provided

Yy
by adfusung the sluices at b, b, b At any time the millowners can
1s given and whether the prty)er head 15
1scharge of
The water ordinarily

large scale

§ 60 Professor Fleewmng Jenksn's Constant Flow Valve —In the
modules thus far described constant diccharge 13 obtamed by vary-
g the area of the onfice through which the water flows Professor
F " Jenkin has contrived a valve mn which a constant pressure head
1s obtaned, so that the orifice nced not be varied (Roy Scof Sogrety
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of Arts, 1876) quf 75 shows a valve of this kind suitable for a
6-1n water main. The water arrniving by the main C passes through
an cquilibrium valve D into the chamber A, and thence through a
sluice O, which can be set for any required arca of opening, into the
discharging main B The object of the arrangement 14 to secure a
constant difference of prcssure between the chambers A and B, so
that a constant discharge flows through the stop valve O The
equilibrium valve D 1s rigidly connected with a plunger P loosely
fitted 1n a diaphragm, separating A from a chamber B, connected by
4 pipe B, with the discharging mamn B Anfr ncrease of the differ-
ence of pressure n A and unger up and close the

will dnive the pl
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equilibrium valve, and conversely a decrease of the diference of
pressure will cause the descent of the plunger and open the equilibrium
valve wider  Thus a constant ditfcrance of pressure 1s obtaned n
the chambers A and B Let w be the arca of the plunger i square
feet, p the difference of pressure m the chambers A and B n pounds
per square foot, w the weight of the plunger and valve  Then if at
any moment pw exceeds w the plungcr will rise, and f 1t 15 less than
w the gungvr will descend  Apart from friction, and assuming the
valve to be strictly an equiibrium valve, smce w and w are
constant, p must be constant also, and equal to w/w By making w
small and w large, the difterence of pressure required to ensure the
working of the apparatus may be made very small  Valves working
with a difference of pressure of § mn of water have been constructed

VI. STEADY FLOW OF COMPRESSIBLE FLUIDS

§ 61 Eaternal Work during the Lipansion of A —I1f air expands
without doing any external work, 1ts temperature 1emains constant
This result was  first
experimentally  demon-
strated by J P Joule
It lcads to the conclu-
sion that, however air
changes its state, the n-
ternal work done 15 pro-
portional to the change
of temperature When,
mn cexpanding, awr does
work agamnst an external
resistance, either heat
must be supplied or the
temperature falls

To fix the conditions,
| suppose 11b of awr con-
fined behind a piston of
1 sq ft area (fig 76)
Let the mmtial prescure
be p, and the volume of
the ar v;, and suppose
this to expand to the

ressure p, and volume
vy If p aud v are the corresponding pressure and volume at any
intermediate powmt 1n the expansion, the work done on the piston
durmg the expansion from v to v+dv 1s pdv, and the whole work
during the expansion from v, to v,, represented by the area abed, 18
faoe

N

Amongst possible cases two may be selected
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Case 1 —So much heat 15 supplied to the air during expansion
that the p Hyperbolic expansion
Then pv=pu,

Work done during expansion per pound of air

=j:pd|/ =p,v,f:du/v

=piv,logevy/v,=p v, 1oge pi/p, (1)
Since the weight per cubic foot 1s the reciprocal of the volume per
pound, this may be wnitten
(1/Gy) log. G,/G, (ra)
Then the expansion curve ab 13 o common hyperbola
Case 2 —No heat 13 supplied to the air during expansion Then
the air loses an amount of heat equivalent to the external work done
and the temperatuce falls  Adiabatic expansion
In this case 1t can be shown that
poY=pey,
where y 18 the ratio of the specific heats of air at constant pressure
and volume Its valuc for air 1s 1 408, and for dry steam 1135
Work done dunng expansion per pound of air

- f o= piny j oy

== {pUY/(y -1)H{1joy " = 1)o7y
={pfly = 1)} /ot = 1juy )
= {pw/y = DHr = (va/v) 7} (2)
‘The value of pyw, for any given temperature can be found from the
data alrcady given
As before, substituting the waghts G, G, per cubic foot for the
volumes per pound, we get for the work of expansion
(PG {rily = 1) H{x = (GJGYT— 1, (2a)
=P {t/(r = D} {E= (py )7 =} (2b)
§ 62 Modification of the 1heorem of Bernoulls for the Case of a
Compressible I'lusd —In the application of the principle of work to a
filament of compressible fluid, the internal work done by the ex-
pansion of the fluid, or absorbed
i ats compression, must be 4 ’
taken nto account Supposc, B’
as before, that AB (fig 77) o i
comes to A’B’1n a short tune ¢ | |
Let p,, w), v;, G, be the pres-
sure, sectional aica of stream,
velocity and weight of a cubic
foot at A, and p,, w, v, G, the
same quantities at B~ 1hen, from the stcadiness of motion, the
weight of fluid passing A 1 any given time must be cqual to the
weight passing B

Fi. 77

G- Gt
Let 2, z, be the heights of the sections A and B above any given
datum Then the work of gravity on the mass AB 1 ¢ seconds 15
G bz, - 25) = W(z, - 25},

where W 15 the weight of g s passing A or BB per second As mn
the case of an mncompressible fluid, the work of the pressures on the
ends of the mass AB1s

Dyt = pgw vt

= (pi[Gy - PG WE
The work done by expansion of V¢ 1b of fluid between A and B 1s
W_l/:ffpdv ‘The change of kinetic energy as before 1s (W/2g) (vg? - v,%)¢
Hence, equating work to change of kinetic energy,

Wity = 800+ (/G = PG We-+ We = (W/ag) - w1,

5+ PG+ uYag =a+ pYCy +odiag - [Tpd ()
Now the work of expansion per pound of fluid has alrcady been
given If the temperature 1s constant, we get (eq. 14, § 61)
2+ P1fGy + 0,28 = 53+ oGy + vi/2g = (£1/Gy) 10ge (Gy/Gy).-
But at constant temperature p,/G, = po/G,,
£ +v,/2g = 53+ v3%/2¢ - (£1/G,) loge (pr/Pa), (2)
or, neglecting the difference of level,
(v* - v)%)/28 = ($,/G,) loge (p1/Ps)
ly, if the exp 15 adiab: eq 24, §01),
3+ 1[Gy + 0128 = 23+ Pa/Gy + V428 - (P1/G)) {1/(y - 1)}

(1= (pdp)=0, (3
or neglecting the difference of level
(vg® - v f2g = (Py/GY[x + 1/(y = 1) {T = (Pa/P)Y =DM} = p)/Gy.  (30)
It will be seen hereafter that there 13 a limit in the ratio p,/p, beyond
which these expressions cease to be true
§ 63 Discharge of Asr from an Orifice —The form of the equation
of work for a steady stream of compressible fluid 13
5+ PGy + 1)28 = 83+ py/Gy + v3¥2¢ - (PJG) {1/(y - 1)}
&= (pdp)=M,

(2a)
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the exp being adiab b 1n the flow of the streams of
air through an onfice no sensible amount of heat can be communi-
cated from outside
Suppose the air flows from a vessel, where the pressure 1 p, and
the velocity sensibly zero, through an onfice, into a space where the
pressure 1s p;  Let v, be the velocity of the jet at a point where the
convergence of the streams has ceased, so that the pressure in the
jet 18 also p, As air 13 light, the work of gravity will be small
compared with that of the pressures and expansion, so that 5,5
may be neglected Putting these values 1n the equation above—
PGy =PafGo+ vit]28 = (P/Gy) {1/ly = D} 1 = (py/p)7 =),
%28 = $)[Gy = po/Ga+ (P1/G) {1/y = DHI = (py/p) ¥~ W1}
= (PG frl(y = 1) = (ol P2 =My = 1)} = pofCy
PG = oGy p,/Gz=(p./o,)(m/m)‘vv;'”'
votfag = (p,/Gy) {v/(y = N} {1 = (po/p)Y =},
or "526: /ly = DHPIG) - (PG},
an equation commonly ascribed to L ] Weisbach (Civslingenseur,
1856), though 1t appcars to have been given carlier by A J C Barre
de Saint Venant and L Wantzel
It has already (§ 9, eq 4a) been seen that
£1/G1= (PGl ()
where for air p, = 21168, G,= 08075 and 7, =492 6.
vgfj2g = {peryy/Goroly - D} 1 = (/) ¥}, (2)
or, mserting numerical values,
vy/2g =183 67, {x - (po/p))" =}, (za)
which gives the velocity of discharge v, 1n terms of the pressure and
absolute temperature, p,, 7,, 1n_the vessel from which the air flows,
and the pressure p, n the vessel mto which 1t flows
Proceeding now as for hquids, and putting w for the arca of the
orifice and ¢ for the coefficient of discharge, the volume of air dis-
charged per second at the pressure p, and temperature 7, 15
Qu=con,=cw /{2670 (y = )Gy (X = (po/py) ¥ =2)T)]
=108 7eun/[m {1 - (p/p1)? 2}]
If the volume discharged 1s measured at the pressure p, and
absolute tcmreraturc 7, 1n the vessel from which the air flows, let
Q, be that volume, then

But
(1)

P =P
Qu=(p/p) Q.
Qu=cwn/T2gypil (v = 1)Ga} {(pa/p2) 17 = (Pl pr) Y00}
(Pa/P1)*1Y = (pJp) Y= D = (po/p1)' = (pafp1)! "=, then
D =cwonlzgvmy/ly - 1)G))
=108 7cwN/(ry¥) (4)
The weight of air at pressure p; and temperature 7,15
G, =p1/53 27, 1b per cubic foot
Hence the weight of air discharged 15
W=06iQy = con/[267Gry/ (v = 1))
=2 043cwpv/(¥/m) (5)
Weisbach found the following values of the coefficient of dis-
charge ¢ —
Conoidal mouthpieces of the form of thc}

Let

097 l:)ogg

contracted vein with etfective pressures

of 23 to 1 1 atmosphere . .
Circular sharp-edged orifices 0 563 ,, 0 788
Short cylindrical mouthpieces o081 ,, 084
The same rounded at the inner end . 092 ,, 0093
Conical converging mouthpieces . 090 ,, 099

§ 64 Limt to the Apphcation of the above Formulae —In the
formulae above 1t 1s assumed that the fluid 1ssuing from the orifice
expands from the pressure p, to the pressure p,, while passing from
the vessel to the section of the jet considered in estimating the arca
w Hence p, 15 strictly the pressure in the jet at the plane of the
external ontzce in the case of mouthpieces, or at the plane of the
contracted section 1n the case of simple orifices Till recently it
was tacitly assumed that this pressure p, was identical with the
general pressure external to the orifice R b Napier first discovered
that, when the ratio p,/p, exceeded a value which does not greatly
differ from o 5, this was no longer true In that case the expansion
of the fluild down to the 1 p 18 not ! at the
time it reaches the plane of the contracted section, and the pressure
there 1s greater than the general external pressure , or, what amounts
to the same thing, the section of the jet where the expansion 13 com-
pleted 13 a section which 1s greater than the area c,w of the contracted
section of the jet, and may be greater than the area w of the onfice
Napirer made experiments with steam which showed that, so long as
bo/Hr>0'5, the formulac above were trustworthy, when p, was taken
to the general external pressure, but that, if £g/p,<o0 5, then the
pressure at the contracted section was independeut of the external
pressure and equal to o 5, Hence 1n such cases the constant value
o 5 should be substituted in the formulae for the ratio of the mnternal
and external pressures py/p;
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It 1s easily deduced from Weisbach’s theory that, 1f the pressure
external to an onifice 1s gradually diminished, the weight of air dis-
charged per second increases to a maximum for a value of the ratio

Pty ={2)(y + )}y
=0 527 for air
=0 58 for dry steam
For a further decrease of external pressure the discharge diminishes,
—a result no doubt improbable The new view of Weisbach's
formula 18 that from the point where the maximum 1s reached, or
not greatly difiering from 1t, the pressure at the contracted section
ceases to diminish
A F Fhegner showed (Csuslingenseur xx , 1874) that for air flow-
ng from well-rounded mouthpieces there 18 no discontinuity of the
law of flow, as Nig}lcl"l hypothesis implies, but the curve of flow
bends so sharply that Napier's rule may be taken to be a good
approximation to the true law The hnutmT value of the ratio
£a/py, for which Weishach’s formula, as ongmally undauistood, ceases
to apply, 1s for air 0 5707, and this 1s the number to be substituted
for p/p, n the formulae when py/p, falls below that value For later
researches on the flow of air, reference may be made to G A Zeuner's
pgper (Csuthingenseur, 1871), and Fliegner's papers (1id, 1877,
1878)
VII FRICTION OF LIQUIDS
§65 When a stream of flud flows over a solid surface, or con-
versely when a solid moves 1n still flmd, a resistance to the motion
1s generated, commonly termed fluid friction 1t 1s duc to the vis-
costty of the fluid, but generally the laws of fluid friction are very
ditferent from those of simple viscous resistance It would apr
that at all speeds, except the slowest, rotating eddies are formed by
the roughness of the solid surface, or by abrupt changes of velocity
distributed throughout the flmd, and the encrgy expended in pro-
ducing these eddying motions 18 gradually lost in overcomng the
viscosity of the flurd in regions more or less distant from that where
they are first produced
The laws of fluid friction are generally stated thus —
1 The frictional stance 18 independent of the y between
the fluid and the solid against which 1t flows This may be verfied
by a simple direct experiment C H Coulomb, for instance, oscil-
lated a disk under water, first with atmospheric pressure acting on
the water surface, afterwards with the atmospheric pressure removed.
No difference 1n the rate of decrease of the oscillations was observed
‘The chief proof that the friction 1s independent of the pressure 1s
that no difference of resistance has been observed in water mains
and 1n other cases, where water flows over solid surfaces under widely
chifferent pressures
2 The frictional resistance of large surfaces 1s proportional to the
area of the surface
At low velocities of not more than t in per second for water,
the frictional resistance increases directly as the relative velocity of
the flud and the surface against which it flows At velocities of
} {t per second and greater velocities, the frictional resistance 1s
more nearly proportional to the square of the relative velocity
In many treatises on hydraulics 1t 13 stated that the frictional
resistance 1s independent of the nature of the sohd surface The
explanation of this was supposed to be that a film of fluid remained
attached to the solid surface, the resistance being geneiated between
this flmd layer and layers more distant from the surface At ex-
tremely low velocities the solid surface does not secm to have much
influence on the friction  In Coulomb’s experiments a metal surface
covercd with tallow, and oscillated in water, had exactly the same
resistance as a clean metal surface, and when sand was scattered over
the tallow the resistance was only very shightly mncreased The
earlier calculations of the resistance of water at higher velocities n
1ron and wood pipes and ecarthen channels seemed to give a similar
tesult These, however, were crroneous,and 1t 1s now well understood
that differences of roughness of the solid surface very greatly influ-
ence the friction, at such velocities as are common 1 enginecring
practice H P G Darcy'’s experiments, for instance, showed that
in old and incrusted water mains the resistance was twice or some-
times thrice as great as in new and clean mains
§66 Ordinary Expressions for Flusd Friction at Velocities not
Lxtyemely Small —Let f be the fricuonal resistance estimated n
pounds per square foot of surface at a velocity of 1 ft per second ,
w the area of the surface in square fcet, and v its velocity in fect
second relatively to the water in which 1t 1s immersed Then,
in 1_a{«:cordm‘u:e with the laws stated above, the total resistance of the
surface 13

R =fuwt? (1)
nhere fsaq pp ly for any given surface.
£ =2¢f/G,
R =£Guv?(zg, (2)

where ¢ 13, like 1, nearly constant for a given surface, and 1s termed
the coefficient of friction

The lollown:(f are average values of the coefficient of friction for
water, obtained from experiments on large plane surfaces, moved n
an indefinitely large mass of water
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the resistance measured. For two planks differing in area by 46 sq.
it, at a velocity of 10 ft, per second, the difference of resistance,

’ C Frictional
Resust: mn
of FI’{IC!\OI’I, 'Ib per sq ft
N /

New well pamnted iron plate 00489 00473 l
Painted and planed plank (Beaufoy) 00350 00339 |
Surtace of 1ron ships (Rankine) 00302 00351 |
Varnished surface (Froude) 00258 00250
Fine sand surfaco ” 00418 00408
Coarser sand surface ,, 00503 00488

The distance through wluch the frictional 1esistance 13 overcome
1o ft per second  Lhe work expended n fimd friction 1s therefore
given by the equation—

Work cxpended - fwr? foot-pounds per second
={Guwvif2g G)

The coclficient of friction and the friction per square foot of
surface can be indircctly obtamcd from observations of the discharge
of pipes and canals  In g tham, h T, S0me ass 100
as to the motion of the water must be made, and 1t will be better
therefore to discuss these values i connexion with the cases to
which they are related

Many attempts have been made to cxpress the coefficient of
friction 1n a form applicable to low as well as high velocities  The
older hydraulic writers considered the
1esistance termed fluid  friction to be
made up of two parts,—a part due
drrectly to the distortion of the mass of
water and proportional to the velocity
of the water relatively to the solud sur-

1 on the diffcrence of area, was o 3391b per square foot.
Also the resistance varied as the 1 g4oth power of the velocity

§68 Froude's Experiments —The most important direct experi~
ments on flud friction at qrdinary velocities are those made by
Wilham Froude (1810-187¢) at Torquay [he mcthod adopted m
these expeniments was to tow a board 1n a still water canal, the
velocity and the resistance being registered by very imgenious re-
cording arrangements The general arrangement of the apparatus 1s
shown 1 fig 79 AA 15 the board the resistance of which 1s to be
determmed . B 1s a cut-water givang a fine entrance to the plane
surfaces of the board  CCas a bar to which the boaid A A 1s attached,
and which 15 suspended by a parallel motion from a carriage running
on rails above the still wataa canal G 15 a hnk by which the re-
sistance of the board 15 transmitted to a spiral spring H A bar [
ngdly connects the other end of the spring to the carnage The
dotted lines K, L indicate the position of a couple of levers by which
the extension of the spring 15 caused to move a pen M, which records
the (xtensions on a greatly mcreased scale, by a hine drawn on the
paper ¢yhinder N This cylinder revolves at a w})eed proportionate
to that of the carriage, its motion being obtained from the axle of the
carriage whecls A sccond pen O, receiving jerks at every second

and a quarter from a clock P, records time on the paper cylinder
The scale for the hne of resistance 1s ascertamned by stietching the
<piral spring by known weights

The boards uscd for the experiment

face, and anothcr part due to kinetic
onergy imparted to the water striking
the roughnesses of the solud surface and
propottional to  the square of the
velouty Hence they proposed to take

§=a tpfv
i which cxpression the second term 1s

of greatest 1mpottance at very low

velocities, and ot comparatively hittle
importance at velocities over about § ft
persecond  Values of § expressed i this
wnd sunlar forms will be given i con-
nexion with pripes and canals

All these expressions must at picsent

be regarded as mcrddy empirical ex-
pressions serving practical purposcs

JThe frictional resistance will be seen
to vary thiough wider hmits than these
cxprossions allow, ail to depend on circumstances of which they do
not take account

§07 Cowlomb’s I'spersments —The first direct experiments on
flutd fuction were made by Coulomb, who employed a circular disk
uspended by a thin brass wire aud oscillsted m its own plane  His
«xperiments were chiefly made at very low velocities  When the
disk 1s rotated to any given angle, 1t oscillates under the action of 1its
wmertia and the torsion of the wire
of the disk  Lhe diminution furnishes a means of determining the
friction

Fig 78 shows Coulomb’s apparatus LK sugport\ the wne and
disk, ay 18 the brass wire, the torsion of which causes the oscilla-

tions, DS 1sagraduated

Lo ey K disk serving to measme
e g the angles thiough whach
o ihe apparatus oscillates

To this the friction disk
15 ngidly attached hang-
mg 1 a vessel of water
The fuction disks were
from 4 7 to 7 7 m dia-
meter, and they gener-
ally made one oscillation
m from 20 to 30 scconds,
through angles varying
from 360° to 6° en
the velocity of the cir-
cumference of the disk
was less than 6 m per
«ccond, the resstance
was sensibly propor-
tional to the velouty
Beaufoy's Lxperiments —lowards the end of the 18th century
Colonel Mark Beaufoy (1704-1827) made an wnmense mass of
experiments on the resistance of bodies moved through water
(Nautical and Hydrawli. Expersments, London, 1834) Of these the
only ones directly bearing on surface friction were some made 1n 1796
and 1798 Smooth painted planks were drawn through water and

The osallations dunmish |
gradually in consequence of the wark done 1n overcomung the triction |

Fic 79
were o thick, 10 deep, and from 1 to 50 ft 1 kngth, cutwater
meluded A Jcad 1 counteractcd the buoyancy of the bhoard
1he boards were covered with various substances, such as pant,
varnish, Ilav's composition, tmfoll, &c, so as to try the effect of
different degrees of roughness of surface  lhe recult, obtanad by
Froude may be summarized as follows —

1 The friction per square toot of surface varis very greatly for
different surfaces, bang gencrally greater as the sensible roughness
of the surface 1s grcater  Thus, when the surface of the board was
covered as mentioned below, the resistance for boards 50 {t long,
at 10 {t per second, was—

Tinfoil or varmish 0 25 1b persq ft
Calico 047 »
Fino sand 0405
Coarser sand 0488

2 The power of the velocity to which the friction 15 proportional
varies for ditferent surfaces  Thus, with short boards 2 ft long,
For tinfoil the resistance varied as v? 1
For other surfaces the resistance varied as y? ®
With boards so ft long,
For varmsh or tinfoul the resistance varied as ' 8
Tor sand the resistance vaned as v*

The average resistance per square foot of surface was much
greater for <hort than for long boards, or, what .s the same thing,
the resistance per square foot at the forward part of the board was
greater than the friction per square foot of portions more stetnward.

Thus,
Mean Resistance in

b persq ft.
Varnished surface . 2 ft. long 041
50 5 0125
Fine sand surface 2, obL
50 . 0 405

This remarkable result is explained thus by Froude: *‘The
portion of surface that goes first 1n the line of motion, in experiencing
resistance from the water, must 1n turn commumcate motion to the
water, in the direction 1n which 1t 1s itscH travelling Consequently
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the portion of surface which succeeds the first will be rubbing, not
against stationary water, but against water partially moving n its
?wn direction, and cannot therefore experience so much resistance
rom 1t "

§69 The followmg table gives a general statement of Froude's
results, In all the experiments in this table, the boards had a fine
cutwater and a fine stern end or run, so that the rcwstance was
entirely due to the surface The table gives the resistances per
square foot m pounds, at the standard speed of 600 feet per minute,
and the power of the speed to which the friction 15 proportional, so
that the ressstance at other speeds 13 easily calculated
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sponding to any spced N From these the values of f and # can be
deduced, f bemg the friction per squarc foot at umit vidoarty  For
comparison with Froude’s results 1t 1s convenient to calculate the
resistance at 10 ft per second, which s F - f1av

The disks were rotated m chambers 22 in duamcter and 3, 6 and
12 1 daep  Inall cases the friction of the disks mereased a hittle
as the chamber was made larger  Thas 1s probably due to the stilling
of the cddies agamst the surface of the chamber and the feeding back
of the <tilled water to the disk  Hence the friction deponds not only
on the surface of the disk but to some extcut on the sutface ot the
chamber mn which it rotates  1f the surface of the cnamber 15 made
rougher by covering with coarse sand thae s

| Length of Surface, or Distance hom-( utwater, in fcet

also an mcrease of resistance
For the \moother surfaces the friction varicd

21t 81t ]- 20 ft 50 ft as the 1 85th power of the veloaity  For the
e - S DS rongher surfaces the power of the veloaty to
A ! B C A [ B | \ B C \ l B which the resistance was proportional vaned
| SN JUU N %{mndl 9 to f 1 This 15 1 agreement with
2 00 8 ' 8 - 210 9 22 Froude’s results
}::1‘:2(‘1’;?\ -::3 ;‘7)2 i :i ';:: :gé : .)z f;: 1;7 183 250 > Lapcriments with a bright brass disk showed
Linfoul 216| 30| 205|1 00| 273 | 2631 90| 202 274 (183 246|232 that the inction deaeased with increase of
Calico Togl 87| 725/ 192| 626 504 189 | 530\ 447 | 137 | 474 | 423 temperature The dmmution betwan 41
Tine sand 200| BI| 690|200 , 583 | 4501200 430 |*384|2 00| 05337 and 130° F amounted to 18 ©,  In the gencral
Medium sand | 2 oo 90| 730 |2z 00| 025 498 200 534 | 4652 00| 488 450 equation M =¢N» for any given disk,
Coarse sand | 200]1 10 830200 714! 520" 200} §8% =0 1328(1 - 0 00211),
St | _

Columns A gmive the power of the specd to which the rest.tance i1s

approximately propurtional
olumns B give the mean resistance per square foot of the whole
surface of a hoard of the lengths stated 1n the table

Columns C give the resistance 1 pounds of a square foot of surface
at the distance sternward from the cutwater stated in the heading

Although these experiments do not dircctly deal with surfaces of
greatcr length than 5o ft | they mdicate what would be the resistances
of longer surfaces  For at 50 ft the decrease of reastance for an
ncrease of length 1s so small that it will make no very gieat difterence
m the estimate of the fiiction whether we suppose 1t 1o continue to
cdimnich at the same rate or not to dsmuish at all - For a vaimshed
surface the friction at 10 ft per second dumna hes froo o 41 10 0°32

1b per square foot when the length 1s mercascl from 2 to 8 4t , but 1t
only dimushes from o 278 to 0 2501b per wpuare foot for an mcrease
from 20 it to 50 ft

If the decrca ¢ of friction sternwaids 15 due to the gencration of a
current accompanymg the moving plane, there 15 not at first sight
any reason why the decrease should not be gicater than that shown
by the expetiments  Lhe corrent accompany ing the boatd might be
assumed to gun m volume and vdloaity sternwards, Gl the vdlocity
was neaily the same as that of the moving pline and the frnction per
square foot neatly zcro  1hat this docs not happen appears to be due
to the mixing up of the curreni with the stil water surroundiag it
Part of the water m contact with the board at any pomt, and recav-
mg encrgy of motion from 1t, passes afterwards 1o distant rcgious of
still watcr, and portions of still water are fed 1 towards the boad
10 tako 1ts place In the fouward part of the board more kinetic
eneigy 15 givan to the current than 1s diffused te surroundug space,
and the cutient gans 1n veloaty At a graater distance back there s
an approzimate balance between the energy communicatad to the
water and that diffused The velocity of the current accompanyig
the board becomes constant or nearly constant, and the friction per
square foot 15 therefore ncaily constant al.o

§ 70 Lriction of Rotating Dishs — \ rotating disk 15 virtually a
surface of unhmited extent and 1t 1s convenient for eaperimeants on
fnction with different surfaces at diiferent speeds Expeniments
carnied out by Professor W C Unwin (Proc Inst Civ Lng Ixxx)
are useful both as illustrating the Jaws of flmd friction and as giving
data for calculating the rewstance of the disks of turbines and
centrifugal pumps Disks of 10, 15 and 20 1in diameter fixed on a
vertical shaft were rotated by a belt driven by an engine They were
enclosed 1 a cistern of water between paraliel top and bottom fixed
surfaces 1 hecistern was suspended by three fine wires  The friction
of the disk 18 equal to the tendency of the cistern to rotate, and this
was measured by balancing the cistern by a fine silk cord passing ovet
a pulley and carrying a scale pan in which weights coukl be placoed.

If w14 an element of area on the disk moving with the velocity v,
the friction on this element 18 fwu®, where f and n arc constant for
any given kind of surface Lot a be the angular velocity of rotation,
R the rachus of the disk  Consider a ring of the surface hetween » and
v+dr Tts area 1s 2mrdr, 1ts velocity ar and the friction of this ring
15 fzmrdrar®  The moment of the friction about the axas of rotation
19 2wanfr*+2dy, and the total moment of frnction for the two sides of

the disk 15 }
M = gxarfffrmtidr = {gran/(n + 3)} R4, '
i

If N is the number of revolutions per sec ,
M = {2r+2xn HNY/(n + 3)} R,
and the work expended in rotating the disk 1s
Ma = {2"+3x™+INn+ /(1 + 3)} fR* foot b per sec
The experiments give directly the values of M for the disks corre-

190

RPN S W where ¢, 15 the value of ¢ for a bright it

disk o 85 {t n diamdter at a tamperatme © 1

I'he diskhs usad were ather polished or made 1ougher by varnish

or by varnish and sand  1he following table gives o comparison of

the results obtained with the disks and Froude'’s results on plank:

50 ft long  The values given are the ressstances per squarc foot at
1o ft pasce

I'yvoude's L1 periments Dusk Frperimicnts

Vinforl sutface 0232 Bright brass 0 20:to0 229
\arnsh 0220 Varnish 0220100 233
T'ine sand 0337 Iune sand 0339

Medium sand 0 456 Very coarse rand 0 587 too 715

VHI SIEADY FLOW OF WAILLR IN PIPES OF
UNIFORM SLCITION

§ 71 ‘The ordinary theory of the flow of water m pipes, on which
all practical formulae are based, assumes that the variation of velocity
at ifferent pomts of any cross section may be neglected 1he
water 18 consdered as moving m plane lavers, which are driven
through the pipe agamst the frictional resistance, by the ditfcrance
of pressure at or clevation of the ends of the pipe I the motion
15 stcady the velocity at each «ross section remains the <ame from
monunt {o moment, and if the cross scctional arca 1s constant the
vedoaty at all sections must Le the same  Hence the motion 14
uniform  The most important resistance to the motion of the water
15 the surface friction of the pipe, and 1t s convenwnt to «stimate
this mdcpendently of somc smallcr resistances which will be ac-
counted for presently

In any poition of a uniform pipe, excluding for the proacnt the
«nds of the pipe, the water enters and leaves at the same velouty
Lor thet portion therc-
fore the woik of the
xternal forces and of
the surface  frction
must be equal  Lat
fig 8o represent a very
short portion of the
pipe, of length dl, be-
tween cross sections at
z and z4dz it above
any horizontal datum
line ax, the pressurcs at
the cross sections bang
p and pidp b per
square foot Further,
let €) be the volume of
flow or discharge of the pipe per second, {2 the arca of a normal
cross section, and x the perimeter of the pipe. The Q cubiwe feet,
vhich flow through the space considercd per second, weigh GO b,
a1d fall through a height - dz ft. The work done by gravity 15 then

-GQdz,
a postive quantity if ds 18 negative, and vice versa The resultant
pressure parallel to the axis of tho ppe 13 p~(p4 dp) = ~dp 1b per
square foot of the cross section The work of thiy pressure on the
volume () 18
Qdp

The only remaining force doing work on the system 13 the fnction
against the surface of the pipe  The area of that surface 15 x d/
The work expended in overcoming the frictional resistance pcr
second 13 (see § 66, eq 3)
- {Gdlv?f2g,

={Gx/MQ2g)dl

or, since Q=0v,
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the negative sign being taken because the work 1s done against a
resistance  Adding all these portions of work, and equating the
result to zero, since the motion 13 uniform,—

= GQds - Qdp - ;G (x/0)Q(vY/2g)dl =0
Dividing by GQ),
ds+dp[G + H{x/0) (v¥/2g)dl =0
2+ p|G + §(x/0) (v¥/28)} = constant (1)
§72 Let A and B (fig 81) be any two scctions of the pipe for
w{uch b, %, have the values p, 1, /), and p,, £, I, respectively
Lhen
5+ PG+ E(x/0) (v¥26) = 2+ poJG + $(x/0) (v¥]2g)1;
or,1f Iy - |, = L, rearranging the terms,
fv¥/ag = (1/L){(2, + £\/G) = (83 + Po/G) } 3/x (2)

Suppose pressure columns introduced at A and B The water will
nise 1n those columns to the hewghts p,/G and p,/G due to the

Integrating,
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pressures p, and p, at A and B. Hence (5, + p,/G) = (£5+ po/G) 15
the q\mntﬁly represented 1n the figure by Db, the fall of fcvc) of
the pressure columns, or viriual fall of the pipe If there were no
friction 1n the pipe, then by Bernoullt's equation there would be no
fall of level of the pressure columns, the velocity being the same at
A and B Hence DE or A 1s the head lost 1n friction i the distance
AB  The quantity DE/AB=A/L 15 termed the virtual slope of
the pipe or virtual fall per foot of length It 1s sometimes termed
very conveniently the relative fall. It will be denoted by the
symbol ¢

‘The quantity O/x which appears in many hydraulic equations 13
called t(Le hydraulic mean radius of the pipe It will be denoted

y m
Introducing these values,

{v?/2g = mh/L =ms. (3)
For pipes of circular section, and diameter d,
m =[x = txdixd =}d
Then {v¥2g =}dh/L=}ds, (1)
or h= (L) (0¥2g) , (4a)

which shows that the head lost i friction 18 proportional to the
head due to the velocity, and 1s found by multiplying that head by
the coethetent 4¢1./d It 15 assumed above that the atmospheric
Ynmsure at C and D 1s the same, and this 1s usually nearly the case
3ut if C and D are at greatly different levels the excess of baro-
metric pressure at C, 1n feet of water, must be added to ,/G

§73 Hydraulic Gradient or Line of Virtual Slope —Jomn CD.
Since the head lost 1n friction 15 proportional to L, any mtermediate
pressure column between A and B will have its free surface on the
e CD, and the vertical distance between CD and the pipe at any
pownt measures the pressure, exclusive of atmospheric pressure, 1n
the pipe at that pomnt. If the pipe were laid along the line CD
mstead of AB, the water would flow at the same velocity by gravit
without any change of pressure from section to section }'{encc C
19 termed the virtual slope or hydraulic gradient of the pipe It 1s
the line of {ree surface level for each poimnt of the pipe

If an ordinary pipe, connecting reservours open to the air, rises at
any pomt above the hne of virtual slope, the pressuro at that pont
14 less than the atmospheric d through the pipe.
At such a pownt there 1s a hahhty that air may be disengaged from
the water, and the flow stopped or ded by the 10n o
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measured along the horizontal projection of the pipe Hence the
line of hydraulic gradient may be taken to be a straight line without
error of practical importance.

§ 74 Case of a Unsform Pipe connecting two Reservorrs, when all the
Ressstances ave taken into account.—Let h (fig 82) be the difference
of level of the reservoirs, and v the velocity, in a pipe of length L
and ciameter d The whole work done per mon(}) 1s virtually the
removal of Q cub ft of water from the surface of the upper
reservoir to the surface of the lower reservorr, that 1s GQA foot-
pounds This 1s expended in three ways (1) The head v%/2¢, corre-
sponding to an expenditure of GQu¥2¢ foot-pounds of work, 18
employed 1 giving energy of motion to the water This 15 ulti-

o
2

) [<’t 8)eg
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mately wasted i eddying motions 1n the lower reservorr (2) A
portion of head, which experience shows may be expressed 1n the
form {w¥/2g, corr ding to an diture of GQgv?/zg foot-
pounds of work, 1s employed 1n overcoming the resistance at the
entrance to the pl;)e 3) As already shown the head expended n
overcomung the surface friction of the pipe 1s {(4L/d) (v¥/2g) correspond-
mg to GQ¢(41./d) (v?/2g) foot-pounds of work Hence
GQb =GQOv?/2g + GQw?2g + GQE 4L v¥d 2¢,
h=(1+ 8+ 4L/d)v?/2g } (s)
v=8 o25v/[hd/ (1 + fod + 45L}] 3

If the pipe 13 bellmouthed, { 1s about = 08 If the entrance to
the pipe 15 cyhindrical, {=o0 505 lHence 1+§,=1 08 to 1 505
In general this 15 so small compared with $41./d that, for practical
calculations, 1t may be neglected ; that 15, the losses of head other
than the loss 1n surface friction are left out of the reckoning Jt
1s only 1n short pipes and at high velocities that 1t 1s necessary to
take account of the first two terms in the bracket, as well as the
third  TFor mnstance, i pipes for the supply of turbines, v 1 usually
lmited to 2 ft per second, and the pipe 1s bellmouthed Lhen
1 08v¥2g =0 067 ft In pipes for towns’ supply v may range from
2 to 43 it per second, and then 1 sv¥/2¢=01 to 0 5 ft In either
case this amount of head 1s small compared with the whole virtual
fall 1n the cases which most commonly occur

When d and v or d and 4 are given, the equations above are solved
quite ssmply 'When v and 4 are given and d 1s required, 1t is better
to p d by apr Find an apy value of 4 by
assuming a probable value for { as mentioned below Then from
that value of d find a corrected: value for ¢ and repeat the calculation

The equation above may be put in the form

= (45/a){{(x +0)d/4s} +L)v%2¢, (0)
from which 1t 1s clear that the head expended at the mouthpiece 13
equivalent to that of a length
(1 + $o)d/48

of the pipe Putting 1 +{,=1 505 and {=o o1, the length of pipe
equivalent to the mouthpicce 1s 37 6 d nearly This may be added
to the actual length of the pipe to allow for mouthpiece resistance
1 approximate calculations

§ 75 Coefficsent of Frsction for Pipes dlschargmf Water —From the
average of a large number of experiments, the value of § for ordinary

1ron pipesis

§=0 007567 (7)
But practical experience shows that no single value can be taken
applicable to very different cases. The earlier hydraulicians occupied
themselves chiefly with the dependence of { on the velocity Having
regard to the difference of the law of resistance at very low and
at ordinary velocities, they assumed that ¢ might be expressed in the

form
$=a+p/v.
The following are the best numerical values obtamed fof { so ex-

pressed —
— A_._.._._i-_ . _I s

air  If the pipe rises more than 34 ft above the line of virtual slope,
le, the
s

E R lglc(ﬁ;ouy (from 51 experiments) 0 006836 | 0 001116

the pressure is negative But as this 15 L
of the flow will be broken

If the pipe 1s not straight, the e of virtual slope becomes a
curved line, but since in actual pipes the vertical alterations of level
are generally small, compared with the length of the pipe, distances
measured along the pipe are sensibly proportional to distances

P Y

de Voisins 000673 |0 oorz1t
& A Eytelwein . 0 005493 [ © 00143
Weisbach proposed the formula

4§ =a + B/ Jv =0 003598 +0:004289/+/v. ®
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§ 76 Darcy’s Expersments on Friction in Pipes —All previous
experiments on the resistance of pipes were superseded by the re-
markable researches carned out by P G Darcy (1803-1858), the
Inspector-General of the Panis water works His experiments were
carried out on a scale, under a vanation of conditions, and with a
degree of accuracy which leaves httle to be desired, and the results
obtained are of very great practical importance These results may
be stated thus —

1 For new and clean pipes the friction vanes considerably with
the nature and polish ofp the surface of the pipe  For clean cast
wron 1t 1s about 1§ tumes as great as for cast 1ron covered with pitch

2 The nature of the surface has less influence when the pipes
are old and incrusted with deposits, due to the action of the water
Thus old and incrusted pipes give twice as great a frictional resist-
ance as new and clean pipes Darcy’s coefficients were chiefly
determined from experiments on new pipes He doubles these co-
efficients for old and incrusted pipes, in accordance with the results
of a very imited number of expcriments on pipes containing ncrus-
tations and deposits

3 The coctficient of friction may be expressed in the form
{=a+pB/v, but i pipes which have been some time in use it 13
sufficiently accuiate to take {=a, simply, where a, depends on the
diameter of the pipe alone, but a and 8 on the other hand depend
both on the diameter of the pipe and the nature of 1ts surface The
following are the values of the constants
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even selected experiments the values of the empincal cocflicient ¢
range from o 10 to 0 0028 n different cases Hence means of dis-
crimmating the probable value of { are necessary i using the equa-
tions for practical purposes To a certam catent the knowledge that
§ decreases with the size of the pipe and mndicases very much with
the roughness of 1ts surface 1s a guide, and Darcy’s method of deal-
mg with these causes of varation 1s very helpful  But a fuither
difhculty anses from the discordance of the results of different ex-
periments  For mnstance F I’ Stearns and ] M Galc both expern-
mented on clean asphalted cast-iron pipes, 4 ft mn diamcter  Ac-
cording to one set ot gaugmgs {= oosi, and according to the other
§= 0031, Itismpossible 1 such cases not to suspect some error mn
the observations or some difference in the condition of the pipes not
noticed by the observers.

It 1s not likely that any formula can be found which will give
exactly the discharge of any given pipe  For one of the chief factors
n any such formula must express the exact roughness of the pipe
surface, and there 13 no scientific measure of roughness I'he most
that can be done 1s to hmt the choice of the cocfhicient for a pipe
within certain comparatively nairow hmits  ‘The experiments on
flud friction show that the power of the velouty to which the
resistance 18 proportional 18 not exactly the square” Also m deter-
mining the form of his equation for ¢ Darcy used only eight out of lus
seventeen series of experiments, and there is reason 1o think that some
of these were exceptional — Barré de Sant-Vinant was the first to

For pipes which have been some time 1 use, g the term | prog a formula with two constants,

depending on the velocity , k|4l =mVn,

—a(1 4 8/d) = 3
§=alr 4 p/d) © where m and # are expernimental constants If this 15 written In the

- - . A form
~ ‘ * B ’ log m +n log v =log (dh/4),

For drawn wrought-ron or smooth cast- I'| we have, as Saint-Venant ponted out, the equation to a stiaight
ron pipes 004973 o84 | hine, of which m 18 the ordinate at the ongin and n the ratio of the
For pipes altered by hight incrustations 00996 o84 i | slope If a series of experimental values are plotted loganthmically
— —— | the determination of the constants 1s reduccd to finding the straight

These coefficients may be put in the followng very simple form,
without sensibly altering their value —
For clcan pipes §= 005(1 +1/12d)
For shghtFy ncrusted pipes §— o1(1 +1/12d) } (9a)

Darcy's Value of the Cocfficient of Friction ¢ for Velocitses not lsss
than g1 per second

Dl?“[l)cur 1 ‘\} Diameter ¢
Ol iape New | Incrusted | OfI'pe New | Incrusted
m Inches Pipes Pipcs “ 1 Inches Pipes Pipes
2 0 00750 ’ 001500 | 18 00528 | 01056
3 00667 01333 || 21 | oos24 01048
4 00625 | 01250 i 24 | vo521 *01042
5 00600 orzoo |l 27 00519 01037
6 00583 ori67 | 30 00517 *01033
7 00571 | 01143 | 36 00514 ‘01028
8 00563 1 rorrzs | 42 *00512 o1024
9 00556 | -orrrr ! 48 100510 oroz1
12 00542 | roro83 |l 54 *00509 oro19
15 00533 | 01067 ;L

‘These values of { are, however, not exact for widely differing
velocities  To embrace all cases Darcy proposed the expression

f=(a+a)/d) + (B +B/d)|v, (x0)

which 1s a d: 1on of Coulomb's, 1 terms exp! g the
nfluence of the diameter and of the velocity For clean pipes Darcy
found these values

a
B
Bi=

004346
0003992
oo10182
000005205

It has become not to calculate the of pipes
by the formula of E Ganguillet and W R Kutter, which will be
discussed under the head of channels For the value of ¢ in the
relation v =c \/(m1), Ganguillet and Kutter take

__416+1 811/m+ 00281/s
TTH((41 6+ 00281/1)(n/ \/m))

where # 15 a coefficient depending only on the roughness of the pipe
For glpes uncoated as ordinanly laid # =0 or3 ‘lshe formula 18 ver
cumbrous, 1ts form 13 not rationally justifiable and 1t 1s not at all
clear that 1t gives more accurate values of the discharge than simpler
formulae

§ 77 Later Investigations on Flow sn Pipes —The foreg:mg state-
ment gives the theory of flow in pipes so far as it can ut n a
simple rational form  But the conditions of flow are really more
complicated than can be expressed in any rational form Taking

<

line which most nearly passes through the plottcd pomnts  Saint-
Venant found for » the value of 1 71 In a mamoir on the influence
of temperature on the movement of water m pipcs (Berhn, 1854) by
GH Hagen (1797-1884) another modification of the Sant-Venant
formula was given  This 18 A/l e=mun/d*, which mvolves three ex-
perimental coefficients Hagen found #=175, x.125, and m
was then nearly independent of vanations of v and d  But the range
of cases examined was small In a remarkable paper mn the /rans
Roy Soc , 1883, Professor Osborne Reynolds made much clearer the
change from regular stream line motion at low velouties to the
eddying motion, which occurs 1n almost all the cases with which the
engincer has to deal Partly by rcasonmng, partly by mduction
from the form of logarithmically plotted curves of experimental
results, he arrived at the general equation A/l =c(v®/d*-")P4-n,
where # =1 for low velocitics and # ~ 1 7 to 2 for ordinary veloaties
Pisa function of the temperature  Neglecting vanations of tempera-
ture Reynold’s formula 1s identical with Hagen's if x==3-n For
practical purposes Hagen's form is the more convenient

Values of Indea of Velouty

| - 7| Diameter
Surface of Pipe Authonty i o{{ Pipe | Values of n
| 1n Metres
Tin plate . B t . . f o360 1 697
Wroughtron (gas1 o l U 054 ’ 1 732) 1
rought iron (gas o159 |1 75 .
pipe) | Hamilton Smaith { 0207 1 ggg} 175
or4 1
Lead Darcy { 027 1 755} 177
041 1 700
Clean brass Mair 036 1795 1795
I Elaamnlton Smith [ 0266 |1 760]
mpe 4185 1 850
Asphalt.d w \E Bonn l 306 1 581[ 185
l Stearns . 1219 1 880
o 2776 |1 804
R‘.‘:,;;ed wroughl} Hamilton Smith { 3219 1 892} 187
3749 |1 852
o122 | 1 oo
Wr(:ug)ht tron (g”} Darcy . 1 0266 1 694)' 187
PP 0395 | I 3351
[ 0819 |1 950
New cast iron Darcy . . "3 19231 95
l 18 1957
‘50 1950
0364 1 835
Cleaned castiron. | Darcy . . ' oor |2000( oo
2447 |2 000
397 2 0;
Incrusted castron | Darcy . { g;gg :gqg 2000
i U 2432 | 1990l
S — — S
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In 1886, Professor W C Unwin E]nltcd loganthmically all the
most trustworthy experunents on flow mn pipes then available !
Fig 83 gives one such plotting  The results of measuning the slopes
ufl {he hines drawn through the plotted points are given m the
table

It will be scen that the values of the index » range from 1 72 for
the smoothest and cleanest surface, to 2 oo for the roughest The
numbers after the brackets are rounded oft numbers

83

Here, considering the great range of diameters and velocities
the experiments, the constincy of m 1s very satisfactorily close
Lhe asphalted pipes give rather vanable values But, as some of
these were new and some old, the vanation 15, perhaps, not surpnising
The ncrusted pipes give a value of m quite double that for new pr
but that 1s perfectly consistent with what 1s known of fluid friction
n other cases

The value of # having been thus determined, values of m/d* were - T
next found and averaged for each pipe  These were agam plotted N Diameter Value of Mcan
loganthmally 1n order to find a value for # The hnes were not Kund of Pipe mn ” | Value Authority
very regular, but m all cases the slope was greater than 1 to 1, so Metres | of m
that the value of ¥ must be greater than umity The g table - D
gives the results and a comparnson cf the value of # and Reynolds's | | T plate (0036 | o010y7 01686 | Bowsut
value 3 - » \o o5é 01676
) e Wrought iron {Z g; g: 322 } or3ro Haimulton Smith
Kind of 1'ipe n ' j=n x 7 319 , )
. - ——— i (:‘;:g g;g;g i &ar&;lt;m Smith
Tw plate . .| 172 | 128 | 1100 ¢ ' Bonn
Wrought won (Sinith) 175 12 I 210 l Asphalted 0 300 0:;07 01831 1 | W W Bonn
Asphalted pipes . . | 185 | 115 | 1127 ppes O tro | 01950 Lampe
Wrought iron (Darcy) . 187 113 | 1680 T "? °;3l7 Stearns
Riveted wrought won 18 | r1> | 1390 I “é oz107. Gale
New cast iron 105 | 105 | 1168 Ruveted : ;Zz g:izgl
Cleaned cast iron 200 | 100 | 1168 vete
. o | . 0375 | 01390 o1403 Hamlton Smith
. {mm»ud cast Arr? o z_o}o__‘mx f“i_ T ’6°__| wrought iron l° 432 °'363J ! A
With the excepton of the anomalous values for Darcy’s wrought- gggg z;;g? !
1ron pipes, there 13 no great discrepancy between the values of x and 0137 | o1427
3 —n, but there 15 no appearance of relation in the two quantities New cast wron 0188 01;3 4 01658 Darcy
Fot the present it appears pieferable to assume that » 15 independent l0'50° °l745J
ot n .
It 1 now possible to obtain values of the third constant m, using Cleaned cast :_28: g:z;?
the values found for # and ¥ The following table gives the results, won ° 2‘ o101 -o1994 | Darcy
the values of m being for metric measures . 9; P 293
Incrusted cast | (%239 og”g w3643 | D
! " Formulae for the Flow of Water in Pipes,” Industries (Man- ron R rey
chester, 1886) pes: ¢ L 0243 '_°37°6
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General Mean Values of Constants
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| This shows a marked d of as the T
| rses  If Professor Osbomue Reynolds’s equation 13 assumed
h=mLV#/d*= and » 1s taken 1 795, then values of m at cach

The general formula (Hagen's)—h/l =muv"/d* 2g—can therefore be
taken to fit the results with it if the foll g
mean values of the coethcients are taken, the unit hemg a metre —

' Kund of Pipe ‘I m x n
.
Tin plate 0109 110 172 |
Wrought 1ron o131 121 175 |
' Asphalted iron o183 ! 1127 | 185
| Riveted wrought non or4o ' 13yo | 187
New cast 1ron | 0166 | 1168 | 195
Cleaned cast iron ! o199 | 1168 | 20 l
| Incrusted cast iron i 0364 ' 1160 | 20 |

The variation of each of these coefficients 1s within a comparatively
narrow range, and the selection of the proper coefficicnt for any given
case presents no difficulty, if the character of the surface of the pipe
13 known

It only remains to give the values of these cocfficients when the
quantities are expressed i English feet  For English measures the
following are the values of the coefficicnts -

f Kind of Pipe o b n

|
[ plate | 0205 110 172
Wrought iron 0220 121 175
Asphalted ron . 0254 |1 127 1 85
Riveted wroughtron | 0260 | 1 390 187
New cast ron ! 0215 | 1°168 195
Cleaned cast 1ron ! 0243 | 1168 zo0
Incrusted cast iron [ 0140 | 1100 | 20

§ 78. Dsstribution of Velocity in the Cross Section of a Prpe —Darcy
made experiments with a Pitot tube n 1850 on the velocity at
different points 1n the cross section of a pipe He deduced” the

relation V-v=11 3(r'/R)\/1,

where V 1s the velocity at the centre and v the velocity at radwus » in
a pipe of ridius R with a hydraulic gradient 1 Latcr Bazin repeated
the experiments and extcnded them (Mom de I' Académie des Sciences,
xxxu No 6) The most unportant result was the ratio of mean to
central velocity  Let b= l(l/YJ(“, waere U 15 the mean velocity in the
pipe, then V/U=1+9 0346 A very useful result for practical
purposes 13 that at o 74 of the rachus of the pipe the velocity 1s equal
to the mean velocity Fig 84 gives the velocities at different radn
as dctermined by Baun

§ 79 Influence of Femperature on the Iiow through Pipes —Very
careful experiments on the flow through a pipe 0 1236 t 1 diamcter

P ure are practically constant—

Temp F m Temp F m
! 57 0 000270 100 0 000244
70 0 000203 110 0 000235
8o 0 000257 120 0 000229
90 0 000250 | 130 0 0002125
| 160 0 000200

where agamn a regular decrease of the coelhaent occurs as the
temperature nses  In experiments on the friction of disks at
cifferent temperatures Professor W C Unwin found that the re-
k sistance was proportional to constant x (1 =0 0o214) and the values
of m given above are expressed almost exactly by the rddation
7 :20°0003T1(1 -0 002I5

In tank experiments on ship maodels for small ordinary variations
of temperature, 1t 15 usual 1o allow a decreasc ol 3 9 of resistance for
10° I Increase of temperature

§ 80 Influcnce of Deposits in Pipes on the Iischarge  Scraping
Watcr Mains —-TChe mfluence of the condition of the sutfacc of o pipe
on the friction 18 shown by various facts known to the cngimeers ot
waterworks  In pipes which convey certun kinds of water, oardation
proceeds rapidly and the discharge 15 considerably dimmished A
man laud at lorquay m 1858, 14 m i length, consists of 101m, g-m
and 8-in pipes It was not protected frem corrosion by any coating
But 1t was found to the surprise of the cngincer that m aght years
the discharge had dunmmished to 51 °; of the ongmal discharge
J G. Appold suggested an apparatus for scraping the intertor of the
ppe, and this was constractad and used under the direction of
Williamn Froade (see ** Incrustation of Iton Pipes,” by W Ingham,
Proc Inst Mech Lng, 1599) 1t was found that by scraping the
mnterior of the pipe the discharge was mncreased 56 9, lhe scraping
requires to be repeated at mtcrvals  After each scraping the dis-
charge diminishes rather rapudly by 10 %) and afterwards morc
slowly, the diminution 1n a year being about 25 %

Fig 85 shows a scraper for water mains, similar to Appold’s but
mochfied in details, as construeted by the Glenfield Company, at
Xal k Aisal linal section of the pipe, showmng the
scrapern place, B1s an end view of the plungers, and €, D sections
of the boxes placed at mtervals on the mam for introducing or with-
drawing the scraper lhe apparatus comsists of two plungers,
packed with leather so as to fit the mamn pretty closely On the
spmadle of these plungers are fixed eight stcel scraping blades, with
curved scraping edges fiting the surface of the mamn lhe nl;p.u’(“us
13 placed mn the mamn by removing the cover from one of the boxes
shown at C, D lhe cover 1s then replaced, water pressure 18 ad-
mutted behind the plungers, and the apparatus driven thiough the

and 25 ft long, with water at different temperatures, have been
made by ] G Maur (Proc Inst Ctwv Eng lxxxiv)  lheloss of head
was measured from a pomnt 1 ft, from the inlct, so that the loss at
entry was ehminated The 1} n pipe was made smooth inside and
to gauge, by drawing a mandnl through it Plotting the results
logarithmically, 1t was found that the resistance for all temperatures
varied very exactly as v'™, the index being less than 2z as
other experiments with very smooth surfaces Taking the ordinary
equation of flow h ={(4L/D)(v¥/2g), then for heads varying from r ft
to nearly 4 ft , and velocities in the pipe varying from 4 ft to g ft per
second, the values of { were as follows —

emp F. Temp F ¢
57 +0044 to 0052 100 0039 10 0042
70 *0042 to 0045 110 *0037 to 0041
8o *0041 to *0045 120 0037 to 0041
90 *0040 to 0045 130 0035 to 0039
160 0035 to 0038

Fi6 85

Scale ¢

At Lancaster after twice scraping the discharge was mercased
| 508 %, at Oswestry 543 9, The incriased discharge 1s due o the
| diminution of the friction of the pipe by rcmovimg the roughnesses
i due to oxidation  The scraper can be casily followed when the mains
| are about 3 ft decp by the nose 1t makes The ax crage specd of the
| scraper at Torquay is 24 m r hour At Torquay 49 °, of the
| deposit 1s 1ron rust, the rest being sihica, ime and organic matter
| Y: the opmion of some engincers 1t 15 madvisable to use the
| scraper  The incrustation 13 only temporanly removed, and if the

use of the scrapcr 15 continued the hife ot the pipe 1s reduced  Lhe
only trcatment eficctive 1n preventing or rctarding the mcrustation
due to corrosion 1s to coat the p.pcs when hot with a smooth and
erfect layer of pitch  With certam waters such as those denived
rom the chalk the incrustation 1s of a different character, consisting
of nearly pure calcium carbonate A deposit of another character
which has led to trouble 1n some mains is a black shme contaning a
good deal of won not derived from the pipes It appears to be an

main



64

organic growth Filtration of the water appears to prevent the
growth of the slime, and 1its temgorary removal may be effected by
a kind of brush scraper devised by G _F. Deacon (see ** Deposits 1n
Pipes,” by Professor ] C Campbell Brown, Proc Inst Csv. Eng,
1903-1904)

§ 81 Flow of Water through Fire Hose —The hose pr used for
fire purposes are of very varied character, and the roughness of the
surface varies Very careful experiments have been made by J R.
Freeman (Am Soc Civ Eng xxi1, 1889) It was noted that under
pressure the diameter of the hose increased <ufiiciently to have a
marked influence on the discharge In reducing the results the true
diameter has been taken Let v=mean velocity n ft T sec ,
r=hydraulic mean radws or onc-fourth the diameter 1n feet; s=
hydraulic gradient Then v =n/(r1)

Gallons o
Diameter (United
n States) ¢ v »

Inches. )

per min
Solid rubber { 265 215 +1863 |12 50 [ 123 3
hose » 344 *4714 2000|124 0
Woven cotton, 2 47 200 2464 | 13 40| 119 1
rubber hined " 209 5269 [ 20 00 | 121 §
Woven cotton, { 249 200 2427|1320 117 7
rubber hined ” 319 5708 | 2100 [ 122 I
Knit cotton, { 268 132 o809 | 750|111 6
Kr:mtmrc]":ctd 'c'.q 299 3931 | 17°00 | 1148
1t cotton, 2 204 2357 | 11°50 | 100°1
rubber lined { » 319 5165 [ 18 00 | 105 8
Woven cotton, { 212 154 3448 | 14 00| 1134
rubber lined ” 240 7673 | 21 81 [ 118 4
aber fmea 41231 80| S [i3%e] ot
b ined ” 29 264 | 19700 | 91 ©
Unhined hinen 260 579 ‘041 50 39

{ 7 414 | 350 73

ho% » 331 11624 (2000 796

§ 82 Reduction of a Long Pipe of Varying Diametey to an Equivalent
Pipe of Uniform Diameter  Dupust's Equation —Water maimns for
the supply of towns often consist of a series of lengths, the diameter
being the sume for each length, but differing from length to length
in approxunite calculations of the head lost in such mans, 1t 15
generally accurate enough to ncglect the smaller losses of hea
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§ 83 Other Losses of Head 1n Pipes —Most of the losses of head n
pipes, other than that due to surface friction agamnst the pipe, are due
to abrupt changes mn the velocity of the stream producing eddies
The kinetic energy of these 1s deducted from the general energy of
translation, and practically wasted

' Enlarg of Sectton —Suppose a pipe enlarg
from an area w, to an area w, (fig

1n section

87); then ﬁ
/vy =wylw, , .

or, 1f the section 1s circular, PR3 v, dy
/o= (do/d,)? - -—— -

The head lost at the abrupt change H

of velocity has already been L

shown to be the head due to the

relative velocity of the two parts Fic 87.

of the stream Hence head lost

Bo = (vg - v1)%/2g = (w/wo — 1)*v1%2¢ = {(d/do)* - 1} ™0,¥/2¢
or B =ga?/2g, (1)
1f §, 13 put for the expression in brackets

efwg= |r1 |12 [rs 17 (1819|2025 |30 3540
dyJdy= 200| 224| 3 45| 265] 28

= | ot] o] 55| 40| 64 81]1 oos 25l co6 asls oofs6 colas wolasio |4

5060|7080

2081 10|x 32t 30|t 341 38{1 411 58] 731 87
°

o
E3

Abrupt Contractson of Section —When water passcs from a larger
to a smaller scction, as 1n figs 88, 89, a contraction 1s formed, and
the contracted stream abruptly expands to fill the section of the pipe

Fic 89

Fic 88

Let w be the section and v the velocity of the stream at bb At aa
the section will be ¢w, and the velocity (w/cw)v =v/c., where ¢, 1s
the of tract Then the head lost 1s

and to have regard to the pipe friction only, and then the cal
tons may be facilitated by reducing the mam to a mamn of umform

iameter, m which there would be the same loss of head Such a
umform mam will be termed an equivalent main
! 1 '
[ORS EN P— SR
A % 'R 73
'
! 7 '
»
B M
Fic 86

In fig 86 let A be the main of vanable diameter, and B the equiva-
lent uniform main  In the given mawm of vanable diameter A, let

b, ly .be the lengths,
d,, dy the diameters,
vy, Uy the velocities,
4, ‘g the slopes,

for tbe successive portions, and let /, d, v and 3 be corresponding
quantities for the equivalent uniform main B The total loss of
head 1n A due to friction 18
h=sd +1dy+ ..
=5(v,? 4h/2gd;) +3(v" 4laf2gdy) +
and 1n the uniform mamn
=Y 4lf2gd)

If the mains are equivalent, as defined above,
$(* alj2gd) =Hv,0. 4hf2gdy) +5(vy® 4laf2gdy) +

Baut, since the discharge is the same for all portions,

rd = twd, W, ={wdy 2y =

v, =ud'/3" ,' v: =ud"/a," .
’?hlso suppose that { may be treated as constant for all the pipes

en
}d =(dYyd, 4 (1,/d)) + (d*/dy%) (Ig/dy) + .
I= 24'/4:‘)':«‘ (@i,

which gives the length of the equivalent uniform main which would
have the same total loss of head for any given discharge

on = (v/ce = v)?/2g = (1]cc = 1)*0%[28
and, 1f ¢, 1s taken o 04,
B =0 316 v¥/2¢ (2)
The value of the coefhcient of contraction for this case 1s, however,
not well ascertained, and the result 1s somewhat modified by friction
For water entering a cylindncal, not bell-mouthed, pipe from a
reservorr of indefimtely large size, experiment gives
ha £0+505 v?/2¢ ()
If there 18 a diaphragm at the mouth of the pipe asn fig 89, let w,
be the area of this orifice Then the area of the contracted stream
15 ¢.w;, and the head lost 1s
Ve = {(wfecwy) - 1}20%2g
={af2g )
if §, 15 put for {(w/cw,) —~1}2 Weisbach has found expenimentally
the following values of the coefficient, when the stream approaching
the onfice was considerably larger than the orifice —

wfo= | o1 |03 |03 o4 05|06 |ar| o8 [oeg 10
ce= | 616 | 614 | 612 | 610 | 617 | o5 | 603 | 6or | 508 | 506

$e- | 9317|5009

When a diaphragm was placed 1n a tube of uniform section (ig go)

1978|9612 |5 256[3077 [1876 (1169 (0734|0480

a
m -
Fi16 90
the iollowm§ values were obtained, w, bemng the area of the orifice
and w that of the pipe —
wfu= {0t |os|o3los o5 ob|ar|08iag| 10
com | bag | 632 | 643 | 6s9| 681 | pua| 755 | 813 892|100
to= |3259|47.77] 3083 | 7 801 175311196 797 | 390 | oo oooJ
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Elbows —Weisbach considers the loss of head at elbows (fig 91)
to be due to a contraction formed by the stream From experiments
with a pipe 1} in diameter, he found the loss of head

be={a%2¢, [C]
£ =0'9457 9In? §p +2 047 sin' §¢
- — e ——
. i i
e 20" o) 6 [ “ I O G T
G | oou6 | o139 | 0364 quwioqs‘ 1260 rss6 ! 1860 | a1sh| 2|
[ B L SRS R

Hence at a night-angled elbow the whole head due to the velouty
very nearly 1s lost
Bends—Weisbach traces the loss of head at curved bends to o
sumilar cause to that at
elbows, but the cocfli-
cients for bends are not
very satisfactonly ascer-
tamed  Wewsbach ob-
tamned for thc loss of
head at a bend i a pipe
of circular section
by =gw%2g, (0
$ =0 131 +1 847(d/2p)3,
S where d 1s the diameter
N of the pipe and p the
rads of curvature of
the bend  The resistance
at bends 13 small and at present very 1ill determined
Valves, Cocks and Sluices —These produce a contraction of the
water - stream, similar to that for an abmgt
diminution  of section already discussed  The
loss of head may be taken as before to be

Fic o1

0o =g,0%2¢ . )
where v 15 the velocity mn the rlpc beyond the valve
and {, a coetficient determined by experiment  lhe
11 g are Weisbach's results
Sluice 1n Pipe of Rectangular Section (g 92)
Section at sluice =w; n pipe =w
T | | I i
06 os [oy | 03! ozlnl
|

Fic 92.

u,/u_—| 101‘09 o8 !07

{o= ‘OO()J 0y

! i —

303‘ 95110‘4‘401 812 178 4451 ;«)5}
i i !

Siurce in Cylindrical Pipe (fig 03)

[ Ratwr of hehe oy | !
| u})enn-gludnmeler} o H ¢ 3 3 y t
Foipe e [ ! i
wfws= 1100 o948l Bs6 [ 740 | 6o | 466 ’ 318 [ i
Com ‘voou;o;q;uw/)i:fl.'luélyﬂsl -yolwsi
R
Fic 93 Fi 9.
Cock n a Cyhindrical Pipe (lig 94)  \ngle through which cock
1s turned =0
0= © 102 | ogs° 20° 25 | 30 35> 3
Ratio of | t |
cCross 926 850 *772 692 613 535 458 !
sections | i E
et Lo |8 v, e 57100t |
[ o= 400 | 45° | 30° | 55 60° | 650 | 827 |
{ Ratio of . 1
| cross ' 385 ‘315 250 | 190 137 + o1 o
|, sections )| ) 1 \
1 $o= l 173 32 526 106 | 206 | 486 @ —‘
Thyottle Valve sn a Cylsndyical Pipe (fig 95)
0= | 5° I 10° | 15° | 20° | 25° | 30° | 35° [ 40°
&= 24 52 ‘90 | I°54 | 2°5K | 391 {622 {108 |
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[om | 450 |
6= ( 45° | 50°
G=

T 1
55° 1(”° 65y
x.‘!ﬂl I

187 t 250

320
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§ 84 Dractical Calculations on the Flow of Water in Pipes —In
the following expl: s 1t will be d that the pipe 18 of so
great a length that only the
loss of head m friction against
the surface of the pipe needs
to be considered In general
1t 18 one of the four quantities
d, 1, v o1 Q which
to be determined  For since
the loss of head A 1s given by
the relation h =1/, this neced
not be separately considered.

There are then three equa-
tions (see eq 4, § 72, and 94, § 76) for the solution of such problems
asarise —

FiG 9s.

¢=a(x r1/12d), (1)

where a =0 005 for new and =0 o1 for incrusted pipes
$vi2g =1di 2)
Q=twaw (3)

Iroblem 1 Given the diameter of the pipe and 1ts virtual slope,
to find the discharge and velocity of flow Here d and s are given,
and Q and :are required  Find ¢ from (1), then v from (2) , lastly
Q from (3) Tlus casc presents no dliﬁcnlt{'

By combining equations (1) and (2), v 1~ obtamed directly —

v = J(gds/28) = J(g[2a) {1/ {1 +1/12d}]
For new pipes /(g/20) =56 72
For incrusted pipes =4013
For pipes not less than 1, on mote than 4 ft n diameter, the
mean values of § arc
For new pipes . . 0 00526
For incrusted pipes B 0 01052
Using these values we get the very simple expressions
v =55 31 4/(d1) for new pipes
=39 11 4/(ds) for mcm‘st‘ed plpc\} (4a)
Within the limits stated, these are accurate enough for practical
g:rposcw, especlally as the precise value of the coefficient § cannot
known for each special case
Problem 2 Given the diameter of a pipe and the velocity of flow,
to il the virtual slope and discharge ~ Lhe discharge 15 given by
(3), the proper value of ¢ by (1), and the virtual slope by (2)
“Lhis also presents no special difficulty
DProblem 3 Given the diameter of the pipe and the discharge, to
find the virtual ~lo!w and veloaty Find v from (3', ¢ from (1),
lastly ¢ from (2) If we combine (1) and (2) we get

» =2(0Y/2g) (4/d) = 2a{x + 1/12d)v3fgd, )
and taking the mean values of § for pipes from 1 to 4 ft diameter,
given above, the approximate formulae are
+=0°0003268 1%/d for nuw pipes
=0 0006536 v%/d for mcrusted pipes (50)

Pw)blemz Given the virtual slope and the velocity, to find the
hameter ot the pipe and the discharge The diameter 15 obtamned
from equations (2) and (1), which give the quadiatic expression

@4 - d(2av¥/g1) ~ av®[6g1 =0

(4)

d=av¥gs + J/{(avg1)(ar?g: +1/0)}. (©)
For practical purposes, the approximate equations
d =2av%g1 +1/12 (0a)

=0 00031 1/t + 083 for new pipes
=0 000062 v*/1 + 083 for mcrusted pipes
are sufficiently accurate
DProblem 5 Given the virtual slope and the discharge, to find the
chameter of the pipe and velouty of flow This case, which often
occurs 1n designing, 13 the one which s least easy of direct solution
From equations (2) and (3) we get—

@ = 3200 gx% (7)
If now the value of { 1n (1) 18 introduced, the equation becomes very
¢ ds of the difficulty

arious apy h

may be used
(a) Taking the mean values of { given above for pipes of I to ¢
ft diameter we get
.= Y/(328lex) ¥(Q) @)
=02216 }/(Q%1) for new pipes
=0-2541 §/(Q%4) for incrusted pipes ,
ions which are as showing that when the value of

ﬂp doubled the diameter of pipe for a given discharge 1s onl -
creased by 13 %. e & & ol

Xv 3
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() A second method 1s to obtam a rough value of d by g | if the 18 zsi‘fallons T head X:r day, the mains
¢£=a This value 1 should be calculated for 50 gallons per head per

o b 3gwt) 2a =0 6319 Y/(QYr) & § 26 Determinatson of the Diamasters of Lnflevent Paris of a Water

& = Y(32QYgr™) Ya =0 6319 Y(Qf1) K Mawn.—When the plan of the arrangement of mans 15 determined

Ihen a very approximate value of {13 upon, and the supply to each locality and the pressure requued s

¢ =a(r +1/12d") ascertained, 1t remains to determine the diameters of the pipecs  Let

. . fig 97 show an elevation of a main ABCD , R being the reservoir

and a revised value of d, not scuubly differing from the exact value, | ¢om Which the supply 15 derived  Let NN be the‘datum ane o{);he

" B levelling operations, and H,, Hy . the heights of the mawin above

4’ = M(32Qgm™) 3 =c 6319 M(QYi) V" the datum lne, H, being the height of the water surface m the

(¢) FFquation 7 may be put in the
form

d =/ (32aQ%grh) (1 + 1/12d)  (9)
Expanding the term m brackets,
&(1 4 1/12d) =1 +1/6od - 1[/1800d?. . .
Neglecting the terms after the second,

-+ ¥(320/gm) Y(QY) {1 +1/cod)
=XU| vzafgn?) &/(Q¥) +o0 010667, (9a)
and

2/N32a/g7?) —o 219 for new pipes
=0-252 for mcrusted pipes,

§ 85 Arrangement of Waler Masns
for Towns® Supply —1own mains are
usually supplied by gravitatron from
A service reservotr, which mn turn 18
supplied by giavitation from a storage reservorr or by pumping | reservoir from the same datum. Set up next heights AA,, BB, .
from a lower level The service reservowr should contain three | representing the minimum _Fresxure hc‘lght necessary for the adequate
days’ supply or in important cases much more Its elevation | supply of each Tocality ten AB/C,D, . 1s a lne which should
hould be such that water 1s delivered at a pressure of at least about | form “a lower imit to the line of virtual slope Then if haghts
100 {t to the highest parts of the district  The greatest Yrcssure m! b, b b  are vaken representing the actual .osses of head 1n cach
the mams 1s usually about 200 ft, the pressure for which ordinary | length 4, L, I, of the mam, A;B,C, will be the line of virtual
pipes and fittings are designed  Hence af the district supplied has| slope, and 1t will be obvious at what points such as D, and E,, the

P 13 _d and a diff choce ot d of main is
required. For any pomt £ .n the length of the mam, we have
Pressure height = H, = H, = (D + B +.. 0

Where no other circumstance hmits the loss of head to be assigned
to a given length of mua, a consideration of the safety of the main
from fracture by hydraulic shock leads to a hinitation of the velocity
of flow Generally the vdocity in water mains lies between 1§ and
4} ft per sccond  Occasionally the vcloaity in pipes reaches 1o ft
per second, and 1 hvdrauhc machinery working under enormous
pressures escn 20 ft per sccond  Usually the velocity diminishes
along the mam as the discharge diminishes, so as to reduce somewhat
the total loss of head which 1s hable to render the pressure insutficiont
! at the end of the mamn
| 1 Ianning gives the following vdloutics as suitabie m pipes
? for towns’ supply -—

28 ' Diameter mn inches . .48 12 18 24 éo 36
et T Velocity n fect persec . 253035 15536270
J —— .L. —_— ..J_. — § 87 Branched Pipe connecting Reservotrs at Different I evels —Let
F1a gb. A, B, C (ig 98) be three resetvoirs connected by the arrangement of
npes shown,—4, dy, QO vy, 1y dy Qo vy, 1, d, Qv being the
great vanatons of level it must be divided into zones of highe: and Iongth, cameter, discharge and velocity m the three portions of
lower pressure  Fig 96 shows a district of two zones each with 1ts | the ain pipe  Suppose the dimensions and positions of the pipes
service reservoir and a range of pressure in the lower district from | knewn a.my the discharges required
100 to 200 ft  The total supply required 18 in kngland about 25 If a pressure column s introduced at X, the water will rive to a
gallons per head per day ut 1 many towns, and especiadly 1 | height XR, measuning the pressure at X, and aR, Rb, Re will be the
Amerwa, the supply 1 considerably greater, but also 1n many cases ' Iines of virtual slope  If the free surface level at R 1s abose b, the
reservorr A supphes B and C, and af
R 18 below b, A and B supply C
Consequently there are three cases —
I Rabovebd, ¢,

l Datum Line.

— — —High Level Zone

Low Love) Zore -

— 350" ..

;
!

seeqees e cea e e sm mae e e v 4 emgemmen eae jeceses ae esceay

II Rlevel with b ),ng’, Q=0

III Rbelowd, Q +§D,=Q,

To dctermine which case has to be
dealt with in the given conditions,
suppose the pipe fiom X to B closed
by a sluice " lhen there 13 a simple
main, and the height of free surface
&’ at X can be determmed  For this
condition

ha - K = t{o2/2g) (4h/d)
$(oy /’6’)(:3./2;0"2’

| e o e

| ! = fhe = ${vy’/2g) (4 .

JUNNS SN A PRI . . i =32Q%/gn%d)’,
e T TR .__l'." i i"! L J. where Q' 15 the common discharge
;)‘lf the two portions of the pipc

. o7 = W = ) = Ld
¢ = Re) =
a good deal of the supply 1s lost by leakage of the mains  The supply | from which 4’ 1s easily obtamed If ther{ K os gre:lnzl( ‘than #b,
through the branch maims of a distributing system i3 calculated from | openmng the sluice between X and B will allow flow towards B, and
the population supphed. But in determining the capacity of the | the case i hand 1s case I If 4’ 1s less than A, opening the sluice
mains the fluctuation ot the demand must be allowed for It 1s usual | will allow flow from B, and the case 1s case III. lrll’ =h,, the case,
to lake the m, ! d at twice the ge d d Hence | 1s case I1,, and 1s already completely solved.

o
=
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The true value of 4 must lie between 4’ and A
value of 4, and recalculate Q;, Qq, Q5. Thenaf
Q>Qy+Qyincase I,
or Q1+ Q> Qyn case 1,
tlrfm value chosen for A 1s too small, and a new value must be chosen

C(hoase a new

Q<Q+Quuncasel,

or Q) +Qa<Qg1n case 11T,
the value of A is too great

Since the hmits between which 4 can vary are in practical cases not
very distant, 1t 1s easy to approximate to values suthciently accurate

§83 Water Hammer —1f in a pipe through which water 1 flowing
a sluice 15 suddenly closed so as to arrest the forward movement of
the watet, therc 15 a rise of pressure which 1n some cases 18 serious
cnough to burst the pipe  This action 1s termed water hammer or
water ram. The fluctuation of pressure 13 an oscillating one and
gradually dies out  Care 1s usually taken that sluices should only be
closed gradually and then the effect 1s inappreciable  Very careful
cxpenments on water hammer were sade by N J Joukowsky at
Moscow 1 1898 (Stoss 1n Wasserlestungen, St Petersburg, 1900), and
the results are generally cenfirmed by experiments made by L B
Weston and R. C Carpenter fn America, Joukowsky uscd pipes,
2, ¢ and 6 1n diameter, from 1000 to 2300 {t 1n length The sluice
closed 1 0 03 second, and the fluctuations of pressure were auto-
matically registered. The maxumum excess pressure due to watei-
hammer action was as follows

{ " Tpeym damasr | Pipe6oin dmmeter |
Velocity | Excess Pressurc | Vdoaty | Excess Pressure |

| ft per sec b per sq. m |t per st persq 1|
05 31 c6 | 13 |

29 168 . 30 173 |

41 232 56 309 4

75 426 |

92 |

In some cascs, m fixing the thickncess of water mans, 100 1b per &

excess pressure 1s allowed to cover the eflect of water hammar

With the velocities usual 11 water muns, espeaally as no valves can
be quate suddeuly closed, this appears to be a 1casonable allowance
(see also Carpenter, Am Soc Mcch Lng ,1893)

IX FLOW OF COMPRISSIBLL FLUIDS IN PIPLS

§89 Ilow of .1ar in Long Pipes —When air flows through a long
pipe, by far the greater part of the work expended 15 used n ovar-
comung frictional resistances due to the surface of the pipe  The
work expended i friction gencrates neat, which for the mo t part
must be devdoped m and given back to the air - Some heat may
be transnmitted through the sides of the pipe to surrounding material ,,
but mn experimcnts hitherto made the amount so conducted away
appears to be very small, and 1t no heat 15 transmitted the air in the
{ube must remaim <ensibly at the same temperature during expansion
In other words, the expansion may be regarded as isothermal
«xpansion, the heat gencratud by friction exactly neutiahzing the
cooling due to the work done  Lxperiments on the pneumatic tubes
used for the transmission of messages, by R 8§ Cuiley and R Sabine
(Proc Inst Ctv Eng xln ), show that the change of temperature of
the air flowing along the tube 18 rmuch less than 1t would be m adia-
batic expansion

§ Drfferential Equation of the Steudy Motion of Atr Flowing sn
a Long Pipe of Uniform Section —When air expands at a constant
absolute temperature 7, the relation between the pressure p 11

pounds Eer square foot and the density or weight per cubic joot &
18 given by the equation

PG =er, (1)
where ¢=53 15 Taking =521, corresponding to a temperature of
60° Fahr |

cr =27690 foot-pounds (2)
The eqquation of continuity, which expresses the condstion that
steady motion the same weight of fluid, W, must pass through each
cross section of the stream in
" the unit of time, 18
i GQu=W =constant, (3)
| where @ 1s the section of the
\
i
i
1

[ [ pipe and « the velocity of
' § H :he air  Combuning (1) and
| ; ! 3),
M L Qup/W =cr=oonstant  (34)
4o o N T Since the work done by
F16. 99. vity on the air during its

low through a pipe due to
variations of its level is generally small compared with the wark
done by changes of pressure, the former may in many cases be
neglected

“ongider a short length d? of the plgo hmited by sections A, A, at
a distance d/ (fig 99). Let p, u be the pressure and velocity at A,
p+dp and u +du those at A, Further, suppose that in a very short
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tune d# the mass of air betwean AgA, comes to A'A", 5o that A A"
udt and A\ A’ = (16 + dw)di.  Let B bo the scction, and m the hydraulk
mean radius of the pipe, and W the weight of air flowing thiough the
ppe per sccond

Fiom the steadiness of the motion the weight of au between the
sections Ag\Y, and A\ s the same  That i,

Wat = GQudt = GQ(u + du)at

By analogy with Iyjuids the head lovt m friction 1s, for the length
dl (see § 72, eq 3), (u¥/2g)(dlfm) Let H=u¥2g ILcn the head
Jost is ¢(H/m)dt, and, smce Wdt b of air flow through the
ptpe in the tune considered, the work capended m friction 1s
= ¢(H/m)\Wdaldt The change of kinetic energy m dt seconds 15 the
difference ot the kinetic cnergy of Ag\’y and AjA”, that 1s,

(W/glde{(u + du)* - w} /2 = (W/g)ududt = WdH dt.

The work of expansion when Qud¢ eub ft of air at a pressure
P can(l to Q(n+du)dt cub {t. 18 Opdudt. But from (3a)
1u=¢rW/p, and thercfore

duldp = - crW/Qps
And the work done by expansion is ~ (crW/p)dp it

Lhoe work done by gravity ou the mass between Ag and A, 18 zero
1f the pipe 18 borizontal, and may wm other cases be neglected without
great error.  The work of the pressures at the sections Ag\, i

pOudt ~ (p + dp)(u + dw)di
=~ (pdu 4 udp)Qdt
But from (3a)
pu=constant,
pdu +udp=o
and the work of the pressures s zero,  Adding together the quantities
of work, and oquating tham to the chauge of hinctic energy,
WdHdt = - (W/p)dpdt - {(11jm)Wdldt
dll + (cr/p)dp + {(H/m)dl -0,

dH/H + (cr/Hp)dp + tdifm =0, (1)
But w-=crW/p,
and H = 1?%/2g = c4r5W2[2g3p3,

dH/H + (2g12p[crWHdp + {dlfm = o (4a)

For tubes of unmiform section %1 14 constant, for stcady motion W

s constant, and for 1sothermal expansion 715 constant  Integrating,
log I+ g% Wi 4 ti/m  constant, (5)

for ! oo, let H-Hy, and p=p,,

and for I=1 let H=H,, anl p = p,

log (H,/H,) + (g Weer)(p)2 =~ py’) + 3ijm =0, (5a)
where p, 1~ the greater pressure and 2, the less, and the flow 1y from
Agtowards A,
By replacug W and i,

1og (po/ ) + (ger/u2p) Py = piF) Fdlm =0, (6)
Hence the mitial viloeity mn the pipe 1s
1= &'(8eT(p® = P} 1Po*(ST/m 1 Tog (A1)} (7)
When 415 great, log py/p, 13 comparativcly «mall, and tha
1y = N/ {germ /S (P - )P ), (7a)
a very simple and caaly used expression  For pipes of circule
section me-dyy, where d 14 the diameter —
uo= Nl(gerd/ath {(p® - p)/Pe*), (7)
or approxumatcly
1y = (X 1319 = 0 72647,/po) &/ (geTd/481) (7¢)

Sor Coefiicient cf 1 riction for Air —\ discussion by Profcssor
Unwin of the experiments by Culicy and Sabme on the rate ot
transmssion of bght carriers through pncumaitic tubes, - which
there 15 steady flow of an not sensibly atfcctad by any resistances
other thau surface friction, furnshed the valuc ¢ - 007 Lhe pipes
were Jead pipes, shghtly mowst, 2} i (0 187 {t ) in diameter, and n
lengths of 2000 to nearly 000> ft

In <ome expertments on the flow of air through cast-iron pipes
1 Arson found the coefficent of fusction to vary with the vdoaty and
diamcter of the pipe  Putting

¢~ afv+B, )
he obtained the follovang values—

-
Duamcter of Pipe ¥ for 100 1t
1 feet @ B | per second
- —————|
1 64 00129 | 00483 i *00484
107 ‘00972 | 00640 “00b50
83 01525 | 00704 00719
338 03004 | 00941 | 00977
206 03790 | 00959 | 00907
164 045t8 | 01167 | 01212

It 1s worth while to try if these numbers can be expressed in the
form é)roposed by Darcy for water For a velocity of 100 it per
second, and without much error for higher velocities, these numbers
agree fairly with the formula

§=0°005(x + 3/10d), (9)
which only differs from Darcy’s value for water in that the second
term, which 1s always small except for very small pipes, 1s larger.
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Some later experiments on a very large scale, by E p

at the St Gotthard Tunnel, agree botter with the value
£=00028(1 + 3/10d)

I'hese pipes were probably less reugh than Arson’s

When the varnation of pressure 13 very small, it 13 no longer safe
to neglect the varation or lovel of the pipe Yor that case we may
neglect the work done by expansion, and then

2y =8 = PofGo = Py Gy = 5(0%/28) (I m) =o0, (10)

[)rcusel equivalent to the equation for the flow of water, 2 and 2,
heing the «lovations of the two ends of the pipe above any datum,
Py and p; the pressures, Gy and G, the densities, and » the mean
vdlocity i the pipe This equation may be used for the flow of
coal gas

§ 92 Distribution of Pressure tn a Pipe in which Ay 1s Flowing —
From equation (7a) 1t results that the pressute p, at ! ft from that
end of the pipc where the pressure i3 py, 19

P =pon/ {1 - flugt/mger},

P =d(al+b)
for any given pipe with given end pressures The curve of fres sui-
face level for the pipe 19, therefore, a parabola with hori 1 axis
Fig 100 shows calculated curves of pressure for two of Sabme’s
experiments, m one of which the pressure was greater than atmo-

(11)
whitch 1s of the form

—_
.

fow) .

' 19 or——_
. i : Juns
o a3 s, a7 6340 . 8434 F.
Fi16. 100

?xhenc pressure, and i the other less than atmospheric pressure
he observed pressures are given mn brackets and the calculated

But

than to P bﬂ electricity The tubes arc laid underground
with easy curves, the messages are made into a roll and placed m
a hght felt carrier, the resistance of which in the tubes in London
1sonly ] oz A current of air forced mto the tube or drawn through
1t propels the carrier In most systems the current of air 1s steady
and continuous, and the carners are introduced or removed without
materally altering the flow of air

Time of Transit through the Tube —Putting ¢ for the time of transit
fromoto/,

t=["dipu,

From (4a) neglecting dH/H, and putting m =dj/4,

dl =gdQ¥pdp|2¢Wecr
From (1) and (3)

u=Wer/pQd,
difu =gdWpidp/2fWicsa ;
t= ;ogdmpfdp/z;wscm,
)

=8(m'«in’ = p17)[65WAcAr (r4)
=potldfcT ;
oo t=gder(pe® - Py //GIPJ“;".
=8B(pg - pi7)/6(gerd)? (p,® - p A (15)
If r =521°, corresponding to 60° F,
t= ocorqrzdil(p® - p)jad(p - p), (150)

which gives the time of transmussion mn terms of the mitial and final
pressures and the dimensions of the tube
Mean Ve'ocity of Transmission —The mean veloaty 18 /¢, or, for
T=521°
# 1nean =0 708 3/ {d(py® = pAISI(pe* - P} (x6)
The tollowing table gives some results —

Absolute | Meun Velocities for Tubes of a
gr;sesr“;;s n length in feet
- i The | p Toco 1 2000] 3000 VI”;OOO l 5(;;0_|
| Vacuum f 793 | 574,497 | 415
;Workmgl ‘475 388;333‘30:;
. 405 | 330|280 | 25
{’J“,‘;;‘l“‘;e{ 527 | 431373 333
8 60 0 ")01414!37');

pressures without brackets  The pipe was the p tic tube be-
tween Fenchurch Street and the Central Station, 2818 yds 1n length
Ihe pressutes are given i inches of mercury

Varation of Velocity in the Pipe —let p,, 145 be the pressure
and velocity at a given section of the pipe, p #, the pressure and
velocity at any other section  From equation (34)

up =crW/Q =constant,
o that, for any given uniform pipe,
up =Py,
e =ttapolp . (12)

which gives the velocity at any section m terms of the pressure,
which has already been determmed Fig 10t gives the velocity

'
! ]
1 '
! ]
H 1
H .
H
H !
H
X )

5w
Fiu ror1.

curves for the two expeuments of Culley and Sabine, for which the
pressure curves have alieady been drawn It will be scen that the
velocity mcreases considerably towards that end of the pipe where
the pressure 19 least
§ 93 Weight of Air Flowing per Second -1he weight ot ar dis-
chargcd per second 14 (equation 3a\—
W =Qugpyfer.
From equatton (70), for a pipe of circular section and diameter d,
W=gr o/ {gd(py* - py)/slert,
e S

W = (-6910py - 4438p,)(d%/in)d (x34)
§ o4 .Adpplication to the Case of Pnewmatsc 'ubes for the Trans-
mission of Messages —In Parws, Berlin, London, and other towns, 1t
has, been found cheaper to my tubes

(13)
Approximately

Limiting Velocity sn the Pipe when the Pressure at one End 1s

s dimunished indefinitely —If 1n the last equation there be put p, =o,

then

W hwan =0 708 J/(df3),
where the velocity 13 independent of the pressure p, at the other
end, a result which apparently must be absurd Pro‘)ably for lon
pipes, as for orifices, tgere 15 a hmit to the ratio of the imtial and
terminal pressutes for which the formula 1s applicable

X FLOW IN RIVERS AND CANALS

§ 95. Flow of Water sn Open Canals and Rivers -—When water
flows 1 a pipe the section at any point 1s determined by the form
of the boundary  When 1t flows 1n an open channel with free upper
surface, the section depends on the velocity due to the dynamical
conditions

Suppose water adnutted to an unfilled canal The channel will
gradually fill, the section and velocity at each pont gradually
changing But 1f the inflow to the canal at 1ts head 1s constant,
the ncrease of cross section and diminution of velocity at each
point attan after a time a hmit Thenceforward the section and
velocity at each pomt arc constant, and the motion 1s steady, or
permanent regime 1s established

If when the motion 1s steady the sections of the stream are all
equal, the motion 1s uniform By hypothesss, the inflow Qv 13 con-
stant for all sections, and Q15 .t v must be
also from section to section The case 1s then one of uniform steady
motion In most artificial channels the form of section 1s constant,
and the bed has a uniform slope  In that case the motion 1s uniform,
the depth 18 constant, and the stream surface 13 parallel to the bed
If when steady motion 15 established the sections are ugequal, the
motion 18 steady motion with varying velocity from section to
section Ordinary nvers are in this condition, especially where the
flow 1s modihed by weirs or obstructions Short unobstructed
lengths of a river may be treated as of uniform section without great
error, the mean section 1n the length being put for the actual sections

In all actual the d flud hl have diff
velocities, those near the surface and centre¢ moving faster than
those near the bottom and sides. The ordinary formulae for the
flow of rest on a hypoth that this of velocity
may be neglected, and that all the filaments may be treated as having
a common velociy equal to the mean velocity of the stream. On
this hypothesis, a plane layer abab (fig 102) between sections normal
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to the direction of motion 1s treated as shiding down the channel to
a'a’d’b’ without def ion  The p of the weight parallel
to the channel bed balances the friction against the channel, and (5)
m cstimating the friction the velocity of rubbing 13 taken to be the | and from 255 experiments obtained for the constants the values
mean velocity of the stream In actual streams, however, the @ =0 007409, f=0 1920

velocity of rubbing on which the friction depends 1s not the mean | T'his gives the following values at different veloaties —

| vanation of the coeficient of fricion with the velocity, proposed an
expression of the form
{=a(1 +pp),

o= 03 o5 07 1 1 23 5 7 10 i5
Lt

001215 | 001025 | 000944 | 0 00883 | 000836 | 0 00812 | 090788 | 0 00709 | 0'00761 | © 00755 | © 00750
t

In using this value of { when v 18 not known, it 1 best to proceed
by approximation
§ 98 Darcy and Bazun's Expresston for the Coefficsent of Frictson —

velocity of the stream, and 15 not 1n any simple relation with 1, for
channels of different forms Ihe
theory 1s therefore obviously based
on an mmperfect hypotheais  How- | Darcy and Bazin's researches have shown that { varies very greatly
ever, by taking vanable values for | for different degrees of roughness of the channel bed, and that it
the coefhcient of friction, the errors also vanes with the dimensions of the channel They give for { an
of the ordmnary formulae are to a . empirical expression (stmilar to that for pipes) of the form

great extent neutralized, and they $=a(1 +8/m), ()
may be used without leadng t0 where m 15 the hydraubic mean depth, For different kinds of

mﬁh%?:ta;:ergmbufdor?::hﬁ'sshaxf channels they give the following values of the coeflicient of fricion —
stricted hy‘)otheses, but at present they are not practically so [~

rehable, and are more complicated than ihe formulae obtamed m |
the manner described above l

Iand of Channd a ]

§ 90 Steady Flow of Water unth Uniform Velocity in Channels of L Very smooth channels, sides of smooth o204 I
o

; |
Constant Section —Let aa’, bb’ (fig 103) be two c10ss sections noimal Is cement or planed timber . . o110
to the direction of motion at a distance di  Since the mass aa'bh’ | 11 Smooth chamnels, sides of ashlar, brick- |
moves umiformly, the external forces acting on 1t are in equilibrium | work, Iplanks M V003731 0 23
Let O be the area of the cross sections, x the wetted pcrimeter, | uL Rﬁfﬁ?ﬁd“ﬁ:ﬂﬂf&;ﬂf’ of rubble masonry or 000471 "ok
. IV Vury rough canals in earth . 000549 ! 410

V Torrential stieams encumbered w;nth.du‘nlu.s 000785 5 74

[

The last values (Class V') are not Darcy and Bazin's, Lut are taken
from cxperiments by Ganguillet and Kutter on Swiss streams
The following table very much facilitates the calculation of the
mean velocity and discharge of channels, when Darcy and Bazin's
value of the coefticient of friction 15 used. Taking the general
formula for the mean velocity already given m equation (2a) above,
FIG 103 v=ca/(mi),
. where ¢ = ,/(2¢g/$), the following table gives values of ¢ for channels
f’q +qr 415, of a section ‘-l;]‘“‘ the quantity m =Q/x 13 termed the [ o i fferent (scgrcés of roughness, and for such values of the hydraubc
hydraulic mean depth of the section  Let v be the mean velocity | pean depths as are hikely to occur m practical calculations —

of the sticam, which 15 taken as the common velocity of all the
t’l‘;‘:l;;lt‘:;r bl('/;l])w slope or fall of the stream i feet, per foot, being Values of ¢ in v =cy/(m1), deduced from Darcy and I3azin's Valucs
The external forces acting on aa’bd’ parallel to the direction of | | | 4 |a o [ 2 N D
motion ale three —(a) The pressures on aa’ and b, which are i g _‘4"§ L CIECH EHEIIEIEEE
cqual and opposite since the sections are equal and siular, and the | | S, (55| E5 1| § g 53 5 g i N g i1 & 3 gi 2 g .i
mean pressures on each are the same (b) The component of the i §‘3 E'g g oE| 5 ) g i__ SLANS
weight W of the mass in the direction of motion, acting at 1ts centre 2314 Of | 0% | g2|gag 2194 4 ‘E ]
of gravity ¢ The weight of the mass aa’bb’ 15 GQd!, and the com- ,l,} F kM 'fo‘é 3 a 3 x5 8| es ¥ 5-
nent of the weight 1n the direction of motion 1s G4/ x the cosine of | | B~ | » §3 35 | & E 2 'fé g El "‘g E
he angle between Wg and ab, that 15, GQd! cos abc =GQdlbe/ab= | | = |55 | %% | gP1a ]| % | g
g;“dl (r} 'lgxerehn tlie fﬂ::tlon of the strealm onhthe wlesdand R B ~
ttom of the channel 1s 15 proportional to the aitea xd! of BT O e P
rubbing surface and to a {uncuol{) of the velocity which m’éy be 25|12 95, 57 z(g 1850 85| 147130 ) 512} Ba
written f(v) , f(t) bang the friction per sq ft ata veloaity v Hence O L R B AN Al IS ‘é 90| 147 ( 130 112 w0l 71
the friction 18 - xd! f(y) Equating the sum of the forces 1o zero, 75| 139 | 116 | BI {42 |30 By 0 5] 147|130 | 1121 00
G dl - xdl {(v) =0 10 [141 119 | 87| 48 |34 9100|147 | 130 | 112 | 91| 72
oA~ 1) =0 R R AR AT HR B B
o ¢
But 1t has been already shown 2(§ 66) that f(v) ={Gv¥/zg, 25 x:; xz?; 121 07 4 13 ,3; ,20 ”: ;z LA
. V2g=m (2) 30 {145 126 | 104 | 70 {53 fl14 | 147 {130 |113] a5
This may be put mn the form 35 | 146 | 127 [ 105 | 73 15 | 147 {130 | 114 | 6] 77
v=3/(2g/8) M (mi) =c JJ(ms) , (2a) 30 | 146 1128|1061 760 {58 (|16 | 147|130 | 114 07
where ¢ 18 a coefficient depending on the roughness and form of the | | 4 5 | 146 | 128 [ 107 | 78 17 147 | 130 | 114 | 97
channel 50 [ 140128 | 108 | Bo |62 |[18 | 147 [130 114 B
The coefficient of friction { vares greatly with the degree of | |55 | 146 | 129 | 109 | 82 20 147 (131|114 | 08| 8o
roughness of the channel sides, and somewhat also with the velocity 60 | 147 | 129 | 110 | 84 |65 |25 | 148 | 131 | 115 (00
It must also be made to depend on the absolute dimensions of the | |65 | 147 | 129 | 110 | 85 30 148 | 131 | 115 [102] B3
section, to eliminate the error of neglecting the vanations of velocity | |70 {147 [ 129 | 110 | 86 (67 [l40 | 148 | 131 | 116 ;103] 85
1n the cross section A common mean value assumed for {150 00757 | |75 | 147 | 129 | 111 | 87 50 | 148 | 131 | 116 [ 104 | 86
The range of values will be discussed presently 80 (147|130 | 111 | 88 |69 [ 148 | 1310 | 117 {108} 0—1—!
It 1s often convenient to estimate the fall of the stream n feet per | - e

mule, mnstead of n feet per foot Ifsloxs the fall in feet per mile
=352801

Putting {his and the above value of { 1n (24), we get the very simple

and long-known approximate formula for the mean velocity of a

§ 99 Ganguillet and Kuttey's Modsfied Darcy Formula —Starting
from the general expression v=cu /mi, Gangullet and Kutter
examined the vanations of ¢ for a wider variety of cases than those
discussed by Darc): ana Ba‘zm Parcy and Bazin’s experiments

d to o

stream— were section, and to a hmited

v=4t/(2m)) (3) vanation of slope Ganguillet and Kutter brought mnto the dis-

The flow down the stream &ff second, or discharge of the stream, | cussion two very distinct and important additional series of results
" Q=0 =0cy/(mi) @

The glug\ngs of the Mississippt by A A Humphreys and H L
Abbot afford data of discharge for the case of a stieam of exception-
ally large section and of very low slope. On the other hand, their
own measurements of the flow in the regulated channcis of some

§ 97 Coeffictent of Fniction jor Opem Channels —Various ex-
pressions have been pr&?osed for the coefficient of friction for
channels as for pipes ‘eisbach, giving attention chiefly to the
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Swiss torvents gave data for cases ia which the inclination and
h of the cl 1s we ep 1l eat Darcy and
Bazin's experiments alone were conclusve as 1o the dependence of
the coeffi ¢ on the dm jons of the ch 1 and on its rough-
Plotting vaines of ¢ for channels of difierent 1n-
te 7 also d

ness of surface
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amd Caslvert Tablss, Londam, 1878). To lesven calculation he puts the
formula m this form :—
M =n(416 4+ 0-002815) ;
v=(afm/n) {(M +1-811)/(M + n/en)} (1),
The tollpwmg table gives a selection of values of M, taken from

chnation appeared to pended on the slope of 's tablcs —
the stream  Taking the Miss19s1ppi data only, they found
¢ =256 for an inchnation of 0 0034 per thousand, - Values ot M for n = ]
=154 ” ” 0oz » ooro | o012 | o oI5 ’ oo17 | 0020 l 0025 | 0030

80 that for very low 1ncl no value of ¢ ind dent + ! 4
of the slope would furnish good values of the discharge n small 00001 | 32260 | 3 8712 | 4 8390 | 5 4842 | 64520 | 8 0650 | 9 6780
nvers, on the other hand, the values of ¢ vary hittle with the slope :00002 | 1 8210 2 1852 | 2 7315 | 3 0957 | 3 6420 | 4 5525 ! 5 4630
As regards the influcnce of roughness of the eides of the channel 1 +00004 | 1-1385 | 1 3422 | 1°6777 | 1+90L4 | 2 2370 | 2 7062 | 3-3555
different law holds  For very small channels difterences of rough- 00006 | © 8843 | 10812 | 1 3264 | 1°5033 | 1 7686 | 2 2107 | 2 6529
ness have a yreat influence om the discharge, but for very large 00008 | © 7672 | ©49206 | 1 1508 | 1 3042 | 1 5344 | 1 9180 | 2 3016

13 datfs degrees of bave but httie wmfluence, and '60010| 0+6970 | © 8364 | 1-0455 | £ 1840 | 1 3940 | 1 7425 | 2 dar0
for indefi v laige ch the of duff degroes of 00025 | 0-5284 | 0 6341 | 07926 | 0 8983 | 1:0568 |1 3210 1 5852
roughness must be assumed to vamish ‘The coefficients given by +00050 | © 4722 | © 5666 | 07083 | 0 8027 | 0 9444 | 1 1805 | 1 4166
Darcy and Bazin avre different for each of the classes ot channels of 00075 | 04535 | © 5442 | 0-6802 | © 7709 | 0 9070 | 1 1337 | 1 3605
different roughness, even whea the dunensions or the channel arc 00100 | 0°4441 | 0°5320 | 06661 ,‘0.7550 08882 {11102 | 1 3323
nfimte But, a8 1t 13 much more Probable that the nflucnce of the 00200 { 0°4300 | 0 5160 | © 6450 | © 7310 | © 8600 | 1 0750 | I 290G
nature of the sides b ly as the 113 larger, | | 100300 | 04254 | 0 5305 | 0:6381 | 0 7232 | 0 8508 | 1 0635 | 1 2762

this must be regarded as a defect in their formula

Comparing their own measurements m torrential streams n
Switzerland with those of Darcy and Bazin, Ganguillet and Kutter
found that the four classes of coefficients proposed hg Darcy and
Bazin were msufficient to cover all cases Some of the Swiss streams
gave results which showed that the roughness of the bed was
markedly greiter thin m any of the channels trred by the French
engineers 1t was necessary therefore in adopting the plan of
arranging the different channels i classes of approximately simdar
roughness to inciease the number of classes  Especially an additional
class was required for channels obstructed by detntus

To obtain & new cxpression for the coefficient m the formula

v = /(2g/8) (i) =cn/ (1),
G llet and Kutter p ded in a purely empirical way. They
found that an cxpression of the form
¢ a/(L +5/n/m)
could be made to fit the experiments somewhat better than Darcy's
expression  Inverting this, we got
1/c =1fa +Bfan/m,

A difficulty 1 the usc of this formula 1s the selection of the co-
efticront of roughness The dificulty 13 one wihuch no theory will
overcome, because no absolut of the 1 ot stream
beds is possible. For channels limed with timber or masonry the
difficulty is not so great. ‘The constants m that case are few and
sufficlently defined Rut m the case of ordinary canals and rivers the
case is differont, the coefficients having a much gicater range  For
artificial canals in rammed earth or gravel # varies from o 0163 to
00301 For natural channels or 11vers # varies from o 020 10 0 035

In Jackson’s opmion even Kutter's numerous classes of channdls
seein wadequately graduated, and he proposes for artificial canals
he following classification —

I. Canals n very firm gravel, in perfect ordcr 7 =0 o2
II. Canals eatth, above the average morder % =0-0225
1I1 Canals in earth, n fairorder . . . % =0 028
Canals in earth, below the average inorder 7 =0-0275
V' Canals in earth, 1n rather bad ordei, partially
overgrown with weeds and obstructed by
detritus . e e e e
G llet and Kutter's formula has been considerably used

n=003

an equation to a straight line having 1/./m for 1/c for
erdinate, and mnchned to the exis of abscissae at an angle the tangent
of which 13 /a

Plotting the cxperimental values of 1/c and x{ A/m, the points so
found indicated a curved rather than a straight line, <o that g must
depend on o After much comparison the following form was

arnved at—
¢ =(A +1/n){(t +AnfJm),
whete 7 {3 a coefticient depending oaly on the roughness of the sides
of the channel, and A and ! are new coefficrents, the value of whach
remains to be determined From what has becn already stated, the
Is on the of the stream, decreasing as

[y t ¢ dep
the slope s increases
Let A=a+p)
Then ca(a-+i/n+pN]{1 +(a+p/)n]Im},
the form of the exp for ¢ ut dy adopted
and Kutter

For the constants a, /, # Ganguilet and Kutter obtam the values
23, 1 and 0 oo155 for metrical measures, or 416, 1 811 and 0 00251
for English feet The coctlicient of roughness n 1s found to vary
from o+008 to 0 050 for cither metncal or Enghsh measures

The most practically useful values of the cocfficient of roughness #
are givea m the following table -

1t

Nature of Sides of Channdl Coetficient of

Roughness »
Well-planed timber . . . . . . . . 0009
Cementplaster . . . . . . . . oo10
Plaster of cement with one-thwd sand . . oor1r
Unplaned planks “ e A 0012
Ashlar and brickwork . . . e e o013
Canvas on frames . . . . 0015
Rubble masoan .. “ . ooty
Canals 1n very firm gravel 0 020

Ruvers and canals 1n perfect order, free from s'tmles‘}
or weeds

. . . . . . . . . 0-oz5
Ruvers and canals 1w moderately good order, not

quite free from stones and weeds . . . . o030
Ruvers and canals mn bad order, with weeds and

detmtus . . . . . .. . . . . . fO035
Torrential streams sncumbered with detutas . . "o o350

Ganguillet and Kutter's formula 18 3o cambrous that it is difficult
to use without the aiwd of tables
Lowis D'A. Jackson pubhshed complete and extensive tables for

B!
partly from its adoption in calculating tables for irngation work m
ndia  But it 13 an empirical formula of an unsatsfactory form
Some eng 7 ty have d that because 1t 15 com-
plicated it must ‘be more accurate than stimpler formulae  Com-
gghuson with the results of gaugmgs.sho‘zs that this 1s not the case

e term mvolving the slope was int I to secure ag nt
with some earlgtc periments on the M. pp1, and there is strong
reason for doubtmg the accuracy of these resuite

§ 100 Baznn’s New F la —B: \l d

quently

all the trustworthy gaugmgs of flow 1n channels and proposed a
modification of the onginal Darcy formula which a; pears to be
more satisfactory than any hitherto suggested (Etwde 5 une 1l

formuls, Pans, 1898) He points out that Darcy’s origmal formnla,
which 18 of the form m:/v® =a + gfm, does not agree with experiments
on channels as well as with ments on ptpes Tt 1s an objection
to 1t that if m increases indefinitely the hmit towards which wm/v®
tends 1s different for different values of the roughness It would
seem that if the dimensions of a canal are indefiritely inereased the
variation of resistance due to dificring roughness should vamish

I'lis objection 1s met 1f it is assumed that ,/(m1/v®) =a +B/\/m,
so that 1f a 15 a constant mi/u® tends to the limit « when m increases
A very careful discnssion of the results of gaugmgs shows that thev
can be expressed more satisfactorily by this new formula than by
Ganguillet and Kutter's. Futtmg the equation in the form jv¥/2g =.
mi, §=0'002594(1 +7/4/m), wheze y has the followmng values —

I Very smooth sides, cement, planed plank,y= . o rog
I1. Smooth sides, planks, work . « .« 0200
1II Rubble masonry si e e e 4 . . . 0833
1V. Sides of very smooth easth, or pitching . . 1530
V. Canals mn earth 1 ordnary condition . . . 3:353
VI. Canals m earth exceptionallyrough . . . 3168
§ 101, The Vertical Veloasty Curve —If at each point glong a
h of a stream, the vel at that

vertical refmsentmg the dept!
pont 1s plotied horizontally, the curve obtained is the vertical
velocity curve and 1t has been shown by many observations that
1t approxi toa bola with h I axis The vertex of
the parabola is at the Jev el of the greatest veloaty. Thus m fig 104
OA 1s the vertical at wluch velocities are observed , v, 1s the sur-
face, v, the maximum and v, the bottom velocity B C D 1s (he
vertical veloatty curve winch corresponds wrth & parabola havmg its
vertex at C  The mean velocsty at the vertical 1s

O =4 (204 + vy + (ddd} (0, = v4)).

th of the stream the velocities are

facllitating the use of the Ganguillet and Kutter f ta (Canal

N The Hv'monlal Velorsty ugum ~—Simnilarly if at each point along &
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lotled, a curve 1s obtamed called the horizontal velocity curve
n streams of symmetrical soction this 15 a curve symmetnical about
the centre lme of the stream The velocity varies little near the
centre of the stream, but very rap«ly near the banks In un-
symmetrical sections the greatest
velacity 15 at the pomt where the
stream 15 deepest, and the general
form of the horizontal velocity cinve
18 roughly similar to the scction of
the stteam
§ 102 Curves ov Contours of Equal
Velocity —If velocities are observed
at a number of pomts at different
widths and depths n a stream, 1t 15
possible to draw curves on the cross
section through points at which the
veloeity 15 the same  lhese repre-
sent contours of a sohd, the volume
ot which 15 the discharge of the
stream per second. Fig 105 shows
the verlical and horizontal velocily curves and the contours of
equal velouty m a rectanguiar channel, from one of Bazns
gaugings
§ 103. Expertmental Obscrvations on the Vert:cal Velocsty Curve —
A prcummary difficulty atscs 1 observing the velocity at a given
pomnt 1n a stieam because the velocity rapidly varies, the motion
rot being Stnﬂ steady If an average of several velocities at the
same point 15 taken, or the average velocity for a sensible period of
time, this average 1s found to be constant ~ It may be inferred that

F16 104
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though the veloaity at a pomnt fluctuates about a mean value, the
fluctuations berng duc to eddying motions superposed on the general
motion of the stieam, yet these fluctuations produce effects which
disappear m the mean of a serics of observations and, 1 calculating
the volume of flow, may be disr¢garded

In the next place 1t 15 found that in mo-t of the best obseivations
on the velocily in streams, the greatest velocity at any vertical 1s
found not at the surface but at some distance below 1t In various
niver gaugings the depth d; at the centre of the stream has been found
to vary fiom o to o 3d

§ 104 Influence of the Wind —In the experiments on the Missis-
s1pps the vertical velocity curve m calm weather was found to agiee
fanly with a parabola, the gieatest velocity bemng at %ths of the
depth of the stream from the surfacc With a wind biowwg down
streamn the surface velocity 1s increased, and the axis of the parabola
approaches the surface On the contrary, with a wind blowing up
stream ihe surface velocity 15 diminished, and the axis of the para-
bola 1 lowered, somctimes to half the depth of the stream  The
Ameciican obscrvers drew from thewr observations the conclusion
that theie was an energetic retarding action at the surface of a
streamn like that due to the bottown and sides. If there weie such
a retarding action the posttion of the filament of maximum velocity
below the surface would be eaplamned

It 18 not chtficult to understand that a wwd acting on surface
ripples or waves shoulu accelerate or rctard the surface motion of
the stream, and the Mississippr results may be accepted <o far as
showing that the suiface velocty of a stream 15 vauable when the
mean velouty of the stream 1s constant. lcnce observations of
surface vlocity by floats or otherwise shovld only be made n very
calm weather,” Dut 1t 1s very difficult te suppose that, w still ar,
there 15 a recistance at the fice surface of the stream at all analogous
to that at the sides ana bottom Further, mn very careful experi-
ments, P Boileau found the maximum velocity, though rased a
little ahove 1ts position for calm weather, still at a considerable
distance below the surface, even when the wind was hlmvmg down
strcam with a velocity greater than that ot the stream, and when
the action of the air must have been an accrlcrawlfg and not a re-
tarding action A much more probable cxplanation of the diminution
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ot the velocity 1t wd nc v the froe surface 1s that portions of water,
with 2 dimmished velocity from retardation by the mdes or bottom,
are thrown off m cddving masses and mingle with the rest of the
stream  These eddying masses modify the velocity n ail parts of
the stream, but have thewr greatest influence at the fiee surface
Reaching the fice surface they spread out and remain there, mingling
with the water at that level and diminishing the velociy which would
otherwisc be found there
Influence of the Wind on the Depth ut which the Maximum Velocity
is found —In the gaugings of the Mussissippi the vertical velocity
curve was found to agrce well with a para \mla having a horizontal
ax1s at some distance below the watcr surface, the ordimnate ot the
rarabola at the axis bemg the masimum veloaty of the section
uring the gaugings the foice of the wind was registered on a scale
ranging from o for a calm to ro for a hurnicanc  Arranging the
velocity curves m three sets—(1) with the wind blowing up strcam,
(2) with the wind blowimg down strean, (3) calm or wind blowing
across stream—it was found that an up-stream wind lowered, and
a down-stream wind raised, the axis of the parabolic velocity curve
In calm weather the axas was at {ths of the total depth from the
surface for all conditions of the stream
Let 4" be the depth ot the axis of the paraboia, m the hydraulic
mean depth, f the numbcr expressing the force of the wind, which
may range from+10 to-10, positive if the wind 15 up stream,
negative if 1t 1s down stream Then Humphreys and Abbot find
therr results agree with the expression
kjm=o0 317+0 0bf
TIhng 106 shows the parapolic velocaity curves according to the
American observers for calm weather, and for an up- or down-strcam
wind of a force represented by 4
g0

L

75 we T3 v 7 B

It 1s impossible at prescnt to give a theoretical rule for the vertical
velocity curve, but n very many gaugings it has becn found that a
arabola with horizontal axis fits the obseived results fairly well
he mean vidocity on any vertical in a stream varies from o 85 to
092 of the surface velocity at that vertical, and on the avcrage 1f v,
1s the surface and v,, the mcan velocity at a vertical vy = $u,, a result

useful 1n float gauging On any vertical there 15 a point at which
the velocity 13 equal to the mean velocity, and 1f this pomt were
known it would (Lc useful 1n gauging  Humphreys and Abbot m
the Mississippt found the mean velocityato 66 of thedepth, G H L
Hagen and H Hemnemann at 0:56 to ¢ 58 of the depth  The mean
of observations by various observers gave the mean velocity at from
0 587 to 0 62 of the depth, the avecage of all lwm‘g almost exactly
0 6 of the depth  The mid-dep*h velouty 15 therefore nearly equal
to, but a httle greater than, the mean velocity on a vertical If
Oma 15 the mid-depth velocity, then on the average v,,= 0080,y

§ 105 Meon Velocity on a Verticol from Two Velocity Observatrons
—A ] C Cunnmgham, in gaugings on the Ganges canal, found the
following useful results Iet v, be the surface, v, the mcm, and
vzq the veloaty at the depth vd, then

V=1 {00+ 30,/4a)
=4V ana+ U rg0a)

§ 1¢6 Ratio of Mean to Greatest Suvjace Velocity, for the whole
Cross Section wn Tiapezordal Channels —It 15 often very important
10 be able to deduce the mean velocity, and thence the discharge,
from observation of the greatest surface velocity 7T1he simplest
method ot gaugimg small strcams and channels 13 to observe the
greatest surface velocity by floats, and thence to deduce the mean
veloaty In general in streams of tairly regular section thc mean
veloc.ty for the whole section varics from o 7 to 0 85 of the greatest
sutface velocity kor channels not widdy differing from those
expenmented on by Bazm, the expression obtamca by him for the
ratio of sarface to mean velocity may be rchied on as at least a good
approximation to the truth  Lct u, be the greatest surface vdlocity,
um the mean velocity of the stream Lhen, according to Basm,

Um =0, = 25 4 /()
But U= N/ (m2)
where ¢ 18 a coefficient, the values of which have been alicady given
1 the table n § 98 Hence

=00 (c + 25 4).
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Values of Cosffictent c/(c +25+4) 1 the Formula vm=cvo/(c +25 4).

Y R Very Rough [ Channel
Hydmahe [ Yo | Gmeeh | R e Raanels | encunbered
Mean Depth | Cpynnels | Ashiaror | Rubble | Canalsin with
=" ment, | Brckwork | Masonry Euth Detritus
025 83 *79 69 51 42
os 84 It 74 58 *50
o075 84 82 76 63 55
10 -85 77 65 58
20 . 83 79 71 ‘04
30 8o 73 67
40 81 75 70
5'0 . 76 7%
60 . 84 . 77 72
70 78 73
8o
90 82 74
100
150 . . 79 75
200 8o 76
oo 82 77
'O o
500
© \ 79
b

§ 107, Rwer Bends —In rivers flowing n alluvial plais, the wind-
mgs which already exist tend to ncrease 1n curvature by the scouring
away of material from the outer bank and the deposition of detritus
along the mner bank. The sinuosities sometimes increase till a
Joop 15 formed with only a narrow strip of land between the two
encroaching branches of the river. Finally a ** cut off ” may occur,
« waterway being opened through the stn{x of land and the loop

eft separated from the
stream, forming a horse-
shoe sha agoon or
marsh. Professor James
Thomson pointed out
(Proc Roy Soc, 1877,
R;l 3,56 Proc. Inst of

ech Eng ,1879,p 450)
that the usual supposi-
tion 1s that the water
tending to go forwards
i a straight line rushes
agamst the outer bank
and scours 1t, at the
same tune creating de-

posits at the inner bank

hat view 13 very far
from a complete account
of the matter, and Pro-
fessor Thomson gave a
much more ingenious
account of the action at
the bend, which he completely confirmed by experiment

When water moves round a circular curve under the action of
gravity only, 1t takes a motion like that 1n a free voitex  Its velocity
18 greater parallel to the axis of the stream at the mner than at the
outer sile of the bend. Hence the scouring at the outer side and
the deposit at the nner side of the bend are not due to mere difference
of velocity of flow 1n the genaal direction of the stream, but, 1
virtue of the centrifugal force, the water passing round the bend
presses outwards, and the free surface m a radial cross scction has
a slope from the inner side upwards to the outer side (fig 108)
For the greater part of the water flowing in curved paths, this
difference of pressure produces no tendency to iransverse motion.
But the water 1m-
mediately i contact
with the rough bot-
tom and sides of the
channel 1s retarded,
and its centrifugal
force 15 msufficient to

Fi16 107

Inner Bank Outer Bank

T

RPN balance the pressure
Section at MN. due to the ~greater
Fic 108 depth at the outside

of the bend It there-
side of the bend, carrying
at the mner bank “on-

fore flows mwards towards the inner
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with 1t detritus which 1s deposited

jointly with this flow inwards along the bottom and sides, the |
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general mass of water must flow outwards to take its place Fig. 107
shows the directions of flow as observed 1n a small artificial stream,
by means of ight seeds and specks of anihine dye Ihe lines CC
show the d diately 1n contact with the sides
and bottom lhe dotted linc AB shows the direction of motion of
floating particles on the surface of the stream

§ 108 Discharge o/ a River when fowing at diffevent Depths —
When frequent observations must made on the flow of a river
or canal, the depth of which varies at different times, 1t 15 very
convenient to have to observe the depth only A formula can be
established giving the flow 1 terms of the depth Let Q be the
discharge 1n cubic feet per second , H the depth of the river m some
straight and uniform part Then Q =aH +bH?, where the constants
a and b must be found by preiminary gaugings in different con-
ditions of the nnver M. C. Moquerey found for part of the upper
Sabne, Q=64 7H + 8 2H?® 1 metric measures, or 5:696H + 26 8H?
m English measures

§ 109 Forms of Sectson of Channels —The s:mplest form of section
for channols 1s the semicircular or nearly semiircular channel (fig
109), a form now often adopted from the faciity with which it can be

F1G 109

executed 1n concrete It has the advantage that the rubbing surface
15 less 1n proportion to the area than 1n any other form

Wooden channels or flumes, of which there are examples on a
large scale 1n America, are rectangular in section, and the same form
15 adopted for wrought and cast-iron aqueducts Channels built
with brickwork or masonry may be also rectangular, but they
are often irapezowlal, and are always so if the sides are pitched
with masonry laid dry In a trapezoidal channel, let b (fig 110)

Fic 110,

be the bottom breadth, b, the top breadth, d the depth, and let
the slope of the sides be # horizontal to 1 vertical Then the area
of section 18 (1 =(b +nd)d = (b, ~nd)d, and the wetted perimeter
x =b +2d,\/(n* +1)

When a channel 1s simply excavaied n earth 1t is always
ongnally trapezoidal, though it becomes more or less rounded n
course of time. The slope of the sides then depends on the
stability of the earth, a slope of 2 to 1 being the one most
commonly adopted

Figs 111, 112 show the form of canals excavated in earth, the
former being the section of a navigation canal and the latter the
section of an 1rrngation canal .

§ 110, Channels of Circular Section —The following short table
facil Icul of the discharge with d: depths of water
n the channel Let v be the radius of the channel section, then
for ~ depth of water =«r, the hydraulic mean radus 1s ur and the
area of section of the waterway »r¥, where x, s, and » have the
following values —

B o o LTI , "
[ |£rmnnrnd|:|:d I}"' wor °5 | (15 |20 |35 30 iss 40 | 45 | so | 55 [.60 | 65 | 70 |.7% Bo | 85| 9 | 95 110 |
Hydraulic mean depth [
{ A uvm!olndm\p! u=! 00668 | o3at | 0523 | 0963 | 1a78 -lm!dssz sanen| nqa 269 {.203| 320 343|.365| 387 {408 | 429| 449 466| 484| s00!
Wi terms i
. :;::‘:Kr';d:;:" ° v 00189 | o211 | 0598 | 1067 ~16!" 238 f 294 | 370 | 450 530|614 700 [.795 | 885 | 979 078 | ¥ 175 |3 976 | 2371 (1470 vnll
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§ 111 Egg-Shaped Channels or Sewers —In sewers for discharging
storm water and house drainage the volume of flow 1s extremely
variable, and there is a great liabiity for deposits to be left when
the flow 1s small, which are not removed during the short periods
when the flow 18 large. The sewer 1 consequence becomes choked

In Bank

|
1
'
'
'
1
1

Fic 112 —Scale 80 ft =11

To obtain uniform scouring action, the velocity of flow should be
constant or nearly so, a complete umformity of velocity cannot be
obtamned with any form of section suitable for sewers, but an ap-
proximation to umform velocity 19 obtained by making the sewers
of oval section Various forms of oval hive been suggested, the
sunplest being one 1n
which the radws of the
crown 1s double the radius

:
i

-
' of the invert, and the -
'l greatest width 15 two- |
: thirds the height The

section of such a scwer

i
15 shown 1n fig 113, the |
numbers marked on the ‘
figure bemng proportional i

|

. numbers
§ 112 Pyroblems on
Channels 1n  which the
Flow 1s Steady and at
Uniform Velocity — The
LN geneial equations given
:.‘“';, 5 in §§ 96, 98 are .
$ " F=a(r+8m), (1) |
eormmmenc v¥2g =ms, 2) |
FiG, 113 Q=0v ) !

DPyoblem I —Given the transverse section of stream and dis-
charge, to find the slope From the dimensions of the section
find 0 and m, from (1) find {, from (3) find v, and lastly from (2)
tind ¢

Pyoblem IT —Given the transverse section and slope, to find the
discharge. Find v from (2), then Q from (3).

Problem III —(Gaven the discharge and slope, and cither the
breadth, depth, o1 general form of the section of the channcl, to
determine its remaining dimensions This must g;nera.uy be solved
by approximations, A breadth or depth or both are chosen, and
the discharge calculated If this 1s greater than the given discharge,
the dumensions are reduced and the discharge recalculated

Since m lies generally between the hmits m =d and m =}d, where
d 18 the depth of the stream, and since, moreover, the velocit:
varies as ,/(m) so thatan error in the value of m leads only to a mucl
less error 1 the value of the velocity calculated from 1t, we may

roceed thus Assume a vaiue for m, and calculate v from 1t.

t v, be this first approximation to v Then Q/u, 1s a first approxi-
mation to 1), say 2, With this value of O design the section of the
channel , calcui‘;te a second value for m , calculate from 1t a second

value of v, and from that a
H /
4

< sive values of m approxi-
mately comncide

§ 113 Problem IV. Most
Economical Form of Channel
for grven Side Slopes.—Sup-

the channel is to

trapezoidal in section (fig. 114), and that the sides are to have a
given slope  Let the Jongitudinal slope of the stream be given,
and also the mean velocity

second value for §  Repeat
Y the process till the succes-
o ——

“

T
&

An nfimte number of channels
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could be found satisfying the foregoing conditions To render
the probl d let 1t be bered that, snce for
the same, the

a given discharge @« §/x, other tlungs bem§
amount of excavation will be least for that channel which has
the least wetted perimeter Lct d be the depth and b the bottom
width of the chanrel, and let the
sides slope n horizontal to 1 vertical
(fig tr4), then
Q=0 +nd)d,
x=b+2d/(n*+1)
Both 2 and x are o be mimma
Difterentiating, and equatmg to
ze10

21 d -~

" (dbydd +n)d 4 b+ nd —o,
dbjdd +2 J(n* +1) =0,
ehminating db/dd,
{n-2/(n84 1)}d+b+nd=o0,
b=2,(n+1) -n}d

But

Wx = (b +nd)d] b+ 2d J(n® +1)}
Inserting the valuc of b,

=Qfx = {2d \J(n® +1) - nd}/

{42~’(n‘+ 1) - 2nd) =}d

That 13, with given side slopes,
the scction 15 least for a gin
discharge when the hydraulie mean
depth 15 half the actual depth

A simple construction gives the
form of the channel which {fulfils
this condition, for 1t can be shown that when m=}d the sides
of the channel are tangential to a semicircle drawn on the

water hine
Since /x =4,
therefore O -ixd (1)

Let ABCD be the channel (hg 115), from E the centre of AD drop
1>crpendxcul.|rv TF, EG, IH on the sides
et

AB=CD=a, BC=b, EF=EH=c and kG =d
Q=arca AEB § BEC +CLD,
c + hbd.
X =2a+

Putting these values m (1),

ac + §bd =(a +4b)d , and hence ¢ =d.

FiG, 115

That 1s, EF, EG, EH are all equal, hence a semicircle struck
from E with radius equal to the depth of the stream will pass
through F and H and 1)0
tangential to the sides of
the channel

To draw the channel,
descnibe a semicircle on
a honizontal lne with
radius =depth of channel
The bottom will be a
horizontal tangent of that
semicircle, and the sides tangents drawn at the required side

Fic 116

slopes,
‘The above result may be obtained thus (fig. 136) :—

x=b+2d/sing

(1=d(b+dcotp);
Q)d=b+dcotf;
0/d® =b/d +cot B.

x =0/d ~d cot 8 +2d[sin 8
This will be a mimimum for
dx/dd =Q/d® tg - =0,
}{/d':z/ +wpgw=t/tmﬂ 0,
d = /{0 sn g/(2 - cos B)}.

bjd =2(1 - cos f)/s;n B =2 tan §§
XIV. 38

n

&

From (1) and (2),

or

or
From (3) and (4)

]
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Pyoportions of Channels of Maxsmum Discharge for given Ayea and

ide Slopes D:{M of channel=d; Hydyaulic mean depth=}d ,
Avea of section =i

-

I Incination | Rato of width =
| e | (S pre o | Bouom | e lngth
i Homson, | Slopes  Oteton ach Side
Semicrrcle ! It s71d3 o
Semi-hexagon . 60° o' | 3 5 [ 17324 |1 155d
Semu-square 90° o |o .1 248 2d
| 75° 58 [t 4 |1 8t2d® |1 562d
! 63° 26" | 1 .2 |1 736d% |1 236d
530 813 4 jr7so®) d
45° o |1 .1 |1 828d% |0 828d
38° 40" | 1} t | 1 as52d® |0 702d
33* 42" | tf:1 | 2 106d | 0 606d
20° 44’ | 1} 1 |2 2824% [0 532d| 4032d
20° 54" | 2 1 | 2 17242 | 0 472d | 4 472d
23° s8° | 2bi1 | 26744 |0 424d | 4 924d
21° 48 [ 2g1 12 885d2 [0 385d| 5 385d
19° 58" | 2f. 1 ! 3 1044% |0 354a| 58s4d
18 26 | 3 1 | 3:325d% [0 325d | 6 325d

“Half the top width 1s the length ot cach side slope T The wetted
perimeter 13 the sum of the top and bottom widths

§ vy Formof Cross Section of Channel 1n which the Mean Velocity
1s Constant witn Varying Disch In d waste ch 1
from canals, and m some other cases, 1t 13 desirable that the mezn
velocity should be restricted within narrow himats with very different
volumes of discharge. In channcls of trapezowdal form the velouty
wereanes and diunuvushes with the dischaige Hence when the
discharge 18 large there 18 danger of erosion, and when it 1s small of
siting o1 obstruction by weeds A theorctical form of section for
which the mean velocity would be constant can be found, and,
although this 18 not very suitable for practical purposes, it can be
more of less appraximated to in actual channels

Let fig 117 represent the cross section of the channel From the
symmetry of the section, only half the channel need be considered.

Scale i Inch=1Foot
Fic 117

Let obac be any section switable for the mimimum flow, and let 1t
be required to hind the curve beg for the upper part of the channel
so that the mean vclocity shall be constant  Take o as ongin of
coordinates, and let de, fg be two levels of the water above ob

Letob=bfz, de=y, fg=v+dy,od=x, of =v+dx, eg=ds

1he condition to be satisfied 1s that

v =ca/(ms)
should be constant, whether the water-level 1s at ob, de, or /g. Con-
sequently
m-zconstant =&

In;r all three sections, and can he found from the section obac.
also

Hence

Increment of section _ vdx
===k,
crement of perimeter ~ ds
Vo8 = A3ds% = kB(d\? + dy?) and dx = kdy[ J(y® - k%)
Integrating,
¥ =hlogefy + A/(y% - %)} + constant,
and, since y =b/2 when ¥ =0,
v =R 10ge [{y + J(y® - A0}/ {§6 + (100 - AT)})
\ssuming values for v, the values of ¥ can be found and the curve
dawn
he figure has been drawn for a channel the mimimum section of
which 1s a half hexagon of 4 {t, depth Hence k=2, b-9 2, the
1apud flattening of the side slopes i1s remarkable

STEADY MoTioN oF WATFR IN OPFN CHANNELS OF VARYING
CROSS SKCTION AND SLOPE

§ 115 Inevery stream the discharge of which 1s constant, or may
be regarded as constant for the t.me considered, the velocity at
different places depends on the slope of the bed Except at certain
exceptional pomts the velocity will be greater as the slope of the
bed is greater, and, as the velocity and cross section of the stream
vary inversely, the section of the stream will be least where the
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velocity and slope are greatest If in a stream of tolerably umform
slope an obstruction such as a weir 13 bmit, that will cause an alktera-
tion of flow similar to that of an alteration of the slope of the bed
for a greater or less distance above the weir, and the ongmally um-
form cross section of the stream will become a varied one In such
cases 1t 18 often of much practical importance to determine the
longitudinal scction of the streamn

L'he cases now considered will be those 1n which the changes of
velacity and cross section are gradual and not abrupt, and 1n which
the only internal work which needs to be taken into account 1s that
due to the frniction of the strcam bed, as in cases of umiform motion
Further, the motion will be supposed to be steady, the mean velocity
at each given cross section remaining constant, ugh 1t varnes from
section to section along the course of the stream.

Let fig 118 represent a longitudinal section uf the stream, AA,
being the water surface, ByB, the stream bed Iect AB, A;B, be
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cross sections normal to the direction of flow Suppose the mass
of water A,B,A B, comes in a short tune 8 to C,D,(4D,, and let the
work done on the mass be equated to its change of kinetic energy
during that period. Let / be the length AjA, of the portion of the
stream considered, and z the fall of surface lovel in that distance
Let Q be the discharge of the stream per second

Change of Kinetsc Energy —At the end of the time 8 there aie as
many particles possessing the same velocities in the space C,DA B,
as at the beginning  The
change of kinetic energy 15
thercfore the difference of
the kinetic energies of
AyBC,D; and A,B,C,D,

Let fig 119 represent the
cross section A By, and let
w be a small element of 1ts
area at a pomnt where the
velocity 1s v Let @ be the
whole area of the cross section and u, the mean veloaity 1or the
whole cross section  From the definition of miean velocity we hve

o =Twr/Q,
Let v --u, +w, where w is the difierence between the velocity at the

small element w and the mean veloaty  Tor the whole cross section,
S
pX

Fie 119

ww =
‘The mass of fluid passing through the element of section w, n 6
seconds, 18 (G/g;lwﬂ, and 1ts kinetic energy 1s ((gzg)w’o For the
whole section, the kinetic energy of the mass AB,C,D, passing mn 0
seconds 18
(GBy2g) Zwv? = (GO, 2g) Suw(itg® + 31w + Jug? + w')
(Gé/ag) {u‘,ﬁﬂ FYow'(3uy Hio)}

The factor 3u,+w 18 equal to 2u,+v, a quanuty necessanly
posiive  Consequently Zwv'>0u,% and consequently the kinetc
energy of A,B,C,D), 1s greater than

(GO/2g)Qdqhy' or (G/2€)Quur?,
which would be 1ts value 1if all the particles passing the section had
the same velocity w, Let the kinetic energy be taken at
a(G/2g)yu,* =a(GO;28)Qus?,
where a 13 a corrective factor, the value of which was estimated by
J. B C ] Blanger at 1 1. Its precise value 1s not of great im-
portance.

In a simlar way we should obtamn for the kinetic energy of
AyB,G, 1), the expression

a(GO/2g)0,* =a(Gg/2g)Qu?,
where ), 4, are the section and mean velocity at A;B,, and where a
may be taken to have the same value as before withqnt any im-
portant error
Hence the change of kinetic energy in the whole mass A,B,A,B,

in ¢ seconds 1s
a(G6/2g)Q1* - ) (1)
Motiwe Work of the Weght and Pressures —Consider a small
filament aya, which comes mn 8 seconds to ¢,; The work done by
gravity dunng that moverent is the same as if the portion agc, were
cal 10 46,  Let dQ6 be the volume of ag, or ayc,, and y,, 3, the
depths of ay, 4, from the surface of the stream a:hwn the volume

1 Boussinesq has shown that this mode of determunng the corrective
factor a 15 not satisfactory.
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AQe or G pouwnds (alls through a vertwal heght 5 +y, -1, and
the work ﬁnepgy gravity is e

GdQO(2 +y, =¥y
Putting p, for atmospheric pressure, the whole pressure per unit of
area at @y 15 Gy, +p,, and that at a; 13- (Gy; +p,)  The work of
these pressures 1s
G ¥y +PafG = 1 = PefG)AQO = G (y, ~ v1)dQ0.
Addmg this to the work of gravity, the whole work s G:dQ#, or,
for the whole crass section,
GzQ8 (2)

Work expended in Overcoming the Frickion of the Stveam Bed —
Let A'B’, A"B” be two cross sections at ¢histances s and s +ds from
AB; Between these sections the velocity may be treated as uni-
form, because by hypothesis the changos of velocity from section
to section are gradual Hence, to this short length of stream the
equation for umform motion 18 apphicable. But in that case the
“orI£ m overcomiug the friction of the stream bed between A’B’ and

"B" 18

GQOg(1/2g) (x/Q)ds,
where u, x, (2 are the mean veloaity, wetted perimeter, and section
at A’B’ Hence the whole work lost m frichion from A B, to AB,
will
6o | "t/ 28) (/) »
v

Fquating the work given 1n (2) and (3) to the change of kmetic

<nergy given 1 (1),
a(GQO/2g) (u)? - uy’) =GQa0 - GQO['s(w?/2g) (x/i1)ds ,
z=au? - uf)j2g r-/ $(u’/26) (x/@)ds
o

yr10 I ! Differential Equation of Steady Varied Motion —
Suppose the equation just found to be applied to an indefinitely
short length ds of the strcam, imited by the end sections ab, ab,,

taken for simplicity normal to the stream bed (fig 120)  For that
short length of stream the fall of surface level, or dutference of level of

e
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aand a;, may be wutten dz  Also, if we write u for 4, and # + du for
u;, the term (uf-u,")/2¢ boecomes udu;z Hence the equation
applicable to an indefimtely short iength of the stream 1s
dz = udu'g +(x/2) H{u?/2g)ds (1)

From this cquation some general conclusions may be arnved at as
to the form of the longitudinal section of the stream, but, as the
investigation 18 somewhat complicated, 1t is convenient to sumplify
it by restricting the conditions of the problem

Modification_of ¢he Formula for the Restricted Case of a Stream
flowsng tn a Prismatic Stream Bed of Constant Slope —Let i be
the constant slope of the bed Draw ad parallel to the bed, and ac
horizontal Then dz 15 sensibly equal to a’c The depths of the
stream, b and & +dh, are sensibly equal to ab and a’d’, and thercfore
dh =a’d. Also cd 15 the fall of the bed in the distance ds, and 1s
equaltotds Hence

z=a'c =cd -a'd =1ds -dh (2)
Since the motion 3¢ steady—
Q =Qu =constant
Differentiating,
Qdu +ud =o,
du = - ud/Q
Let » be the width of the stream, then dQ =xdk very nearly In

serting this value,

du = - (ux/Q)dh (3)
Putting the values of du and dz found 1 (2) and (3) 1n cquation (1),
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BB, the bed in a longitudinal section of the siream, and ab any
section at a distance s from B, the depth ab beng 4 Suppose
BB, BjA, taken as rectangular coordinate axes, then dh/ds 13 the
trigonometnic tangent of the angle which the surface of the stream
at @ makes with the axis B)B, This tangent dh/ds will be positive,
1if the stream is increasing n (feprh m the direction BB, , negative,

Fic
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1f the strcam 1s dimimshing in depth from By towards By 1f dh/ds =0,
the surtace of the strcam 15 paralldl to the bed, as n cases of uniorm
motion. But from «quation (4)
dhjds =o0,1f 1+ ~ (x/0)g (1) 2g) - 0,
(6% 28) = (@/x) =,
which 15 the well-known gencral equation for uniform motion, hased
on the same assumptions as the cquation for varied steady motion
now being considered  The case of umiform motion 18 therefoie a
Iimiting case betwecn two different kinds of vaned motion
' Consider the possible changes of value of the fraction
(1 ~ pw/ageh)/(1 - w¥/gh).
As h tunds towards the himit o, and consequentl:
i numeratol tends to the hmit -»  On the other
which case u 1» small, the numerator becomes cqual to 1
| value H of k given by the equation
! s - fwagili =0,
| H =gu?(2gs,
‘ we fall upon the case of umform motion The results just -tated
|

u is large, the
hand if A=, 18

|
i
! For a

may be tabulated thus —
For h=o, H,>H, »,
the numerator has the value -®, 0, > o, 1
Next ler the ! Tihb very small, in which
’ case u must be very large, the denomunator tends to the frmit -0

As & becomes very large and cmuequcnug very small, the de-
nominator tends to the linit 1 For h=ulg, or uz\/(gl?, the
| ;lenomlnxtor becomes zero Hence, tabulating these resulty as
hefore —
For  h--o,ug, >12g, o,
the denominator becomes -, o0, > O, I,

§ 118 Cass 1 —Suppove A>udfg, and also A>H, or the depth
greater than that corresponding to uniform motion In this case
dh/ds 1s posttive, and the stream mcreases m depth i the direction
of flow  In fig 122 let ByB, be the bed, (,C; a hine parallel to the
bed and at a height above 1t equal to H By hypothesis, the surface

|
!
|
|
|
;
1
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AyA, of the stream 15 above C,C,, and 1t has just been shown that the
depth of the stream increases from By towards B, But gowg up
strcam h approaches more and more nearly the valuc I, and there-

1ds ~ dh = ~ (ux[gR)dh -+ (x/Q){(w?/2g)ds dhlds < e
infas =y~ Iy g} s~ ) | ) ymptotic TGy Goumg dowh stream hinkeascs 31 s ditasahon
Further Restmction to the Case of a Stream of R lar Section | the 4 4 the fraction (1 - fu?/2g1h)[(1 - u¥igh)
:::n n,)fuls‘ Lefirs ‘:l":?: —Tl;:q:m;: mﬁtﬁ m :: % ulom tend ﬁw&a’rds the lut 1, and dh/ds to the himut s Thatis
way just stated. For, 1f the stream 18 rectangular, +4 =0, and «f » xtu‘:;np,p,. ¢ stream tends o become asymplotic to  horizon

m compared with k, Q/x =xh/¥ =h nearly Then equation (4)
abjds =s(x = (ufagih)(e - wih)

§ 117 Geneval Indications as to the Form of Water Swrface fur-

mished by Equation (5) —Let AyA, (fig. 121) be the water suiface,

The form of water surface horc discussed 15 produced when the
flow of a stream onginally uniform 1s altered by the construction of
a weir The raising of the water surface above the Jevel CC, is
termed the backwater due to the weir.

§ 319. Case 2.~Suppose h>wu*g, and also h<H  Lben dh/ds 1s
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negative, and the stream 1s dimimishing 1n depth 1n the direction of
flow In fig 123 let B,13, be the stream boed as before; a line
drawn Fa.ra lel to B,B, at a height above it equal to H y hypo-
thewis the surface AgA, of the stream 1s below CC;, and the depth ﬁf.«
just been shown to
dimiish _from B,
towards B, Going
up stream A ap-
}yroachcs the limit
i, and dh/ds tends

to the hmit zero
That 15, up stream
ApA; 18 asymptotic
10 (,(; Going down
ctream A diminishes
and uncreases, the
, the of the frac-

tends to the lmit zero, and con-
sequently dhfds tends 1o o That 13, down stiecam AyA, tends
to o direction perpendicular to the bod  Befoic, however, this
himit was reached the assump jons on which the general equation 15
based would cease to be even nwmumately true, and (he cquation
would ¢cwe to be applicable he filaments would have a relative
motion, which would make the influcnce of mternal friction in the
fluid too important to be neglected A stream surface of this form
may be pro-

duced if there

~- 1 an abrupt
T fall n the bed

of the stream

(fig 124)
(?nthe(,angcq
canal, as orig-
inally con-
structed, there
were abrupt
g falls precisel
Fie 124 of this kind,
and 1t appears
that the lowering of the watcr surface and increase of velocity
which such falls occasion, for a distance of some miles up stream,
was not forcscen The result was that, the veloaity above the
falls bemng greater than was mtended, the bed was scoured and
consdetable damage was done to the works. ‘“ When the canal
was first opened the water was allowed to pass freely over the
crests of the overfalls, which were laid on the level of the bed
of the carthen channel, crosion of bed and sides for some milcs
up 1apudly followed, and 1t soon became apparent that mecans
must be adopted  for raismng the surface of the stream at
those points (that 15, the crests of the falls) Planks were accord-
ngly tixed i the grooves above the bridge arches, or temporary
wers were formed over which the water was allowed to fall, 1n some
cases the sutface of the water was thus rawed above its normal
haght, causng a backwater in the channel above ' (Crofton’s
Report on the Ganges Canal, p 14). Fig 125 represents in an ex-
aggerated form what probably occurred, the (nagram being intended

o
A, T

1
/) 4
R0 o, "

e
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mequality  hudfg d
tion (x = du¥/zqih) /(1 ~ u¥gh)
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to represent some miles' longth of the canal bed above the fall
AA parallel to the canal bed 1s the level corresponding to uniform
motion with the mntended velocity of the canal. In consequence of
the presence of the ogee fall, however, the water surface would take
some such form as BB, corresponding to Case 2z above, and the
velocity would be ter than the intended velocity, nearly in the
nverse ratio of the actual to the intended depth. By constructing
a weir on the crest of the fall, as shown by dotted lines, a new water
surface CC corresponding to Case r would be produced, and by
swutably choosing the height of the weir this might be made to agree
approximately with the intended level AA.

§120 Case 3 ~—Supposc a stream flowing uniformly with a depth
k<w'g For a stream n uniform motion {w%2g=ms, or if the
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stream 1s of indefinitely great width, so that m =H, then {v?/2¢=1H,
and H={u?/2g1 Consequently the condition stated above mvolves
that
$ud/2g1 <u¥jg, or that 1>{/2

If such a stream 1s interfered with by the construction of a weir
which raises 1ts level, so that 1ts depth at the weir becomes &, > u%g,
then for a portion of the stream the depth k& will satisfy the con-
ditions k <u%g and k> H, which are not the same as those assumed
m the two previous cascs At some pomt of the stieam above the
weir the depth 4 becomes equal to #%/g, and at that poimnt dh/ds
becomes mﬁI:ute, or the surface of the stream 18 normal to the bed
It 13 obvious that at that point the influence of mnternal friction will
be too great to be neglected, and the general equation will ccase to
represent the true conditions of the motion of the water  Itis known
that, 1n cases such as this, there occurs an abrupt rise of the free
surface of the stream, or a standing wave 18 formed, the condition;
of motion 1n which will be examined presently

It appears that the condition necessary to give rise to a standing
wave 15 that 1-~¢/2 Now ¢ depends for different channels on the
roughness of the channel and its hydraulic mecan dcpth  Bazn
calculated the values of ¢ for channecls of different degrecs of rough-
ness and different depths given 1n the following table, and the corre-
sponding minimum values of ¢ for which the exceptional case of the
production of a standing wave may occur

wnlopehelow | Ganding Wave Formed
N ture of Bed of Streamn, g Waveny |————— — -
smpossible in | Slope in feet | Le wt Depth
) fect per foot | per foot |
0002 | 0202
Very smooth cemented surface 0 00147 0003 | 098
0 004 065
0 003 394
Ashlar or brickwork 0 00186 o000 | 197
0006 | )8
o004 | 1181
Rubble masonry 0 oVz35 0 000 525
ooro | 262
o006 | 3478
Earth 0 w0275 ooro , 1542
oors | 919

STANDING WAVES

§ 121 The formation of a standing wave was first obseived by
Biudone Into a small rectangular masourr channel, having a slope
of 0 023 ft per foot, he admitted water till 1t lowed umiformly with
o depth of o 2 ft. He then placed a plank acioss the stream which
1a15ed the level just above the obstruction to 0 95 ft  He found that
the strcam above the obstruction was sensibly unaffected up to a

it 15 ft from 1t At that point the depth suddenly increascd

rom o°2 ft. to 0'56 ft The velloclty of the stream 1n the part un-

affected by the obstruction was 5+54 ft per second.  Above the pont
where the abrupt change of depth occurred #2=5 542: 30 7, anl
gh=322x02=6'44, hence u® was~gh Just below the abrupt
change of depth u=5'54x02/056=197; #*=388; and gh=
32 2x0 56=18'03, hence at this point u¥<gh Between these two
points, therefore, w?=gh, and the condition for the production of a
standing wave occurred

The change of level at a standing wave may be found thus Let
fig. 126 represent the longitudinal section of a stream and ab, cd

F1G. 126,

cross sections normal to the bed, which for the short distance con-
sidered may be assumed horizontal Suppose the mass of water
abed to come to a’b’c’d’ in a short time ¢, and let u,, u, be the
velocities at ab and cd, 3y, 0, the areas of the cross sections. The force
causing change of momentum 1n the mass abcd estimated honizont-
ally 1s simply the difference of the pressures on ab and cd. Puttu
Ao, By for tge depths of the centres of gravity of ab and ¢cd measu
down from the free water surface, the force 18 GSI;,G,- k,na) pounds,
and the impulse 1 ¢ seconds 15 G (Agfdy -~ Q) ¢ second pounds

h 1 change of e difference of the momenta
of cdc’d’ and aba’d’ ; thatis,

(G/g) (@hwy® ~ D)t
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Hence, equating impulse and change of momentum,
G(holly - )t = (G/g) (By16,® - By}t ,
O e e ®
For sumphcity let the section be rectangular, of breadth B and
depths H, and H,, at the two cross sections considered; then
ho=4Ho, and b= 4B, Hence
Hg? - H%=(2/g) (Hu,® - Hy?)
But, since flgu, = (41, we bave

o= uHolH ¥,
Hy2 - Hyr= (2, (B /H, - Hy) @
This equation is satisficd if H,=H,, which corresponds to the case
of uniform motion Dividing %y }’,, - Hj, the equation becomes
(HyHo)(H, + H)) = 2us’fg , (3)
P Gt Y1 - g, )

In Bidone’s experiment 1,=5 54, and H=o0 2
which agrees very well with the observed height

§ 122. A standng wave 13 freq ly prod at the foot of
a werr  Thus in the ogee falls ongimally constructed on the Ganges
<anal a standing wave was observed as shown 1n fig 127 The water
fallmg over the weir crest A acquired a very high veloaity on the

Hence H,=o0 52,

/ B - 2
T 0
oy 4 /

Fic. 127

steep clope AB, and the section of the stream at B became very
small Tt easily happcned, therefore, that at B the depth h<ué/g
In flowing along the rough apron of the weir thoe velocity «# diminished
and the depth 4 increased At a pont C, where A became cqual to
ufg, the conditions for produciig the standing wave occurred
Beyond C the free surface abruptly rose to the level corresponding to
nmf«;rm motion with the assigned slope of the lower reach of the
LTl

A standing wave 15 sometimes tormed on the down stream side of
bridges the piers of which obstruct the flow of the water Some
mteresting cases of this kind are described 1 a paper on the * Floods
m the Nerbudda Valley " in the Proc Inst Civ Ewg vol xxvu
p 222, by \ C Howden lig 12815 compiled from the data given
m that paper It represents the section of the stream at pier 8 of
the Towah Viaduct,
during the flood of 1865.
Ihe ground level 18 not
«xactly given by How-
den, but has been in-
ferred from data given
on another drawing The
selocity of the stream
was not obscrved, but
the author states it was
probably the same as at
the Gunjal nver during
a simlar flood, that 1s
16 58 ft per second.
Now, taking the depth
on the down stream face
of the pier at 26 ft, the
velocity necessary for the
production of a standing
wave would be u = ,/(gh)
=432 2%x26)=29 ft
per second nearly But
the velocity at this

mt was probably from Howden's statements 16 58 x $§=25 5
t, an agreement as close as the approximate character of the
data would lead us to expect

XI ON STREAMS AND RIVERS

§ 123 Catchment Basin —A stream or river 15 the channel for the
discharge of the available rainfall of a district, termed its catch

F1o 128,
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| Loxs by Evaporation, |

Ratio of average
Discharge to &, in per cent of
average Ran , total Ramfall
Cultivated land and spring- i N
forming decivities . } 3t0 33 67070 !
Wooded hully slo| . 35t0 45 551063
Naked unfissured mountams *55 to 60 l 40 to 45 J

§ 124 Flood Discharge —The flood discharge can fcucmlly only be
s 1 b; the g height to which floods have
been known to nise  To produce a flood the ranfall must be heavy
and widely distributed, and to produce a flood of exceptional height
the duration of the rainfall must be so great that the flood waters
of the most distant afffuents rcach the point considered, simultane-
ously with those from nearer pownts. The larger the catchment
basin the less probable 1s 1t that all the conditions tending to pro-
duce a maximum discharge should simultaneously occur  Further,
lakes and the river bed itself act as storage reservoirs during the rise
of water level and d h the rate of b e, or serve as flood
moderators The influence of these is often important, because very
heavy ran storms are i most countrics of comparatively short
duration Tiefenbacher gives the following estunate ot the flood
dischasge of streams mn Kurope —

Flood discharge of Sticams
per Second per Squue Mile
of Catchment Baun

87to125 cub ft
175t0225 ”»

In flat country .
In hilly districts .
In moderately mountamnous districts 36 zto 50,
In very mountamous districts . s500to750 »

It has been attempted to expresd the decrease of the rate ot flood
discharge with the increasc of extent of the catchment basm by
cmpirical formulae  1hus Colonel P. P L. O’Connell proposed he
formula y =M /#, where M 18 a constant called the modulus of the
river, the value of which depends on the amount of ramfall, the
physical characters of the basia, and the extent to which the floods
are morlerated by storage of the water [f M 15 small for any given
nver, 1t shows that the ramfall 1s small, or that the pexmeahlity or
slope of the sides of the valley 1s such that the water docs not diaun
rapudly to the river, or that lakes and river bed moderate the nise of
the floods If values of M are known for 4 numbur of nvers they
may be used in inferring the probable discharge of other stnilat rivers
For British nivers M varies from 043 for a small stream diauung
meadow land to 37 for the Iyne Generally 1t 15 about 15 or 20
For large Luropean rnivers M varies from 10 for the Sane to 075 for
the Danube  For the Nile M =11, a low value which tesults from the
immense length of the Nile throughout which 1t reeeives no afiluent,
and probably also fiom the mnfluence of Ihkes  For dutferent tiibu-
taries of the Mississippt M varies from 13 to 56  For various Indan
rivers 1t varies from 4o to 303, tlus vanition being due to the great
vanations of ramfall, slope and chiracter of Indian nivers

In some of the tank projects i India, the flood dischaige has been
calculated from the formula D =C3/n?, where D 1s the discharge in
cubic yards per hour from # square milcs of basin  The constant ¢
was taken =01,523 mn the designs for the Ekrooka tank, = 75,000 on
Ganges and Godavery works, and =10,000 on Madras works

§ 125 Action of a Stream on 1ts Bed —I1f the velocity of a stream
exceeds a certamn inut, depending on its size, and on the size, hcavy
ness, form and coherence of the
matenal of which 1ts bed 18 com- - o o
posed, 1t scours its bed and
carries forward the matenals, 7 h
The quantity of matenal which L
a given stream can carry 1n Cor ot e
suspension depends on the size a
and density of the particles
suspension, and 13 greater as
the velocity of the stream 13 greater If in onc part of its course the
velocity of a stream 18 ﬁreat enough to scour the bed and the water
becomes loaded with silt, and in a subsequent part of the nver’s
course the velocity 1s dimimished, then part of the transported
material must be deposited Probably deposit and scour go on
sunultaneously over the whole nver bed, but mn some parts the rate
of scour 1 1 excess of
the rate of deposit, and = =T
1 other parts the rate
of deposit 18 1 excess
of the rate of scour
Deep streams appear to
have the scour-

F1o 129

basin, The catchment basin 1s surrounded by a ndge or watershed
line, continucus except at the point where the nver finds an outlet

mg power at any given
velocity It 1s possible
diffe 15

The area of the catchment basin may be determined from a
contoured map on a scale of at least 1 1n 100,000 Of the whole rain-
fall on the catchment basin, a part only finds 1ts way to the stream
Part 1s directly re-evaporated, part 1s absorbed by vegetation, part
may escape by percolation mto neighbourning districts The follow-
ing table gives the relation of the aver¥e stream discharge to the
average rainfall on the catchment basin (Tiefenbacher)

that the

strictly a difference of
transporting, not of scounng action Let ﬁg. 129 represent a section of
astream The matenal hfted at a will be diffused through the mass of
the |trum&ng“' P I‘enl.:tu,ed w:l.lbe downhstream 21:
ave e a c| ata some such curve as abc,
anmep. g et of port each time a particle 15 lifted

Fi6 130.
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will be represented by ac. In a deeper stream such as that in fig.
130, the nvem{;e height to wiucly particles are hfted, and, since the
rate of vertical fall through the water may be assumed the same as
before, the average distance a’c’ of transport will be greater  Cofi-
sequently, although the scouring action may be 1dentical 1n the two
streams, the velouty of transport of material down stream 13 greater
as the depth of the stream 18 greater  The effect i3 that the decp
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happen 1f by artificial means the eroston of the banks is prevented
If a niver flows 1 soil wcapable of 1esisting 1ts tendency to scour
1t 18 necessanly sinuous (§ 107}, for the sk ghteat deflection of the
current to either side begms an erosion which increases progres-
shvi ttll a considerable bend js formed If such a mver 1s
straightened 1t becomes sinuous again unless its banks are pro-
tected from scour

. § 128 Longitudinal Section of Rwer Bad.—T1he dechvity of nivers

streant excavates its bed more rapidly than the shallow stream
§ 120 Bottom Velocity at whw;: Scour —Th 11, g
bottom velocities were deterrmined by P L G Dubuat to be the
maxtmum velocities consstent with stability of the stream bed for
different materials
Darcy and Bazin give, for the relation of the meéan velocity vy,
and bottom veloaity vy

But

T =ty + 10 87/ (m1)

mt =v,n/({]2g)
v,,.i of(x - 10 g7 N{128)
Takmg a mean valuc for §, we get
Vm=13120;,
and fiom this the following values of the mean velocity are ob-
tamed

’P ; Bottom Velocity | Mean Velocity

s -1y =V
- e aama— - - | et
1 Soft carth o025 33
2 Loam 0 50 65
3 Sand 1 00 130
4 Gravel . 2 00 2 62
5 Pebbles P 340 4 46
6 Broken stone, flimt 4 00 525
Chalk, soft shale 500 6 56
in beds 6 00 7 87
9 Hard rock 1000 13 12
—_— —————c et oo med

Ihe following table of velocitics which should not be exceeded
m_channels 15 given m the Ingenieurs Taschonbuch of the Verem
“Hutte " —

F ! Surface Mean Bottom
i Velocity | Velocity | Velocity
Shimy carth or brown clay ! 36 26
Cla; . ! 75 52
Firm sand . 151 102
Pebbly bed 315 2:30
Boulder bed . 403 308
Conglomeratc of slaty fragments 6'10 9o
Strattfied rochs [ 745 | a0
Hard rocks | 1036

1215 |

§ 127 Regime of a River Channel 1ver channel 18 said to be in
a state of regune, or stability, when 1t changes little in draught or
form 1n a serics of ycars In some rivers the deepest part of the
channel changes 1ts position perpetually, and is seldom found in the
«ame place 1 two successive years The sinuousness of the river
also changes by the erosion of the banks, so that in time the position
of the river 13 complete l{ altered  In other rivers the change from
vear to year 13 very small, but probably the regime 18 never perfectly
stable except whete the rivers low over a mck‘y bed.

If a river had a constant discharge 1t would gradually modify 1ts
bed till a permanent 1egime was ostablished But as the volume

L

=
H

- dm

g
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discharged 1s constantly changing, and therefore
the veloaity, silt 1s deposted when the veloaty
decreases, and scour goes on when the velocity
wicreases i the same place  When the scouring
and silting are considerable, a peifect balance
between the two 1s rarely established, and hence
wontinual variations occur 1n the form of the river
and the direction of 1ts currents In other cases,
where the action 1s less violent, a tolerable balance may be established,
and the deepening or the bed by soour at one time 13 cdmpensated by
the silting at another. In that case the general regimes

|

from source to mouth In therr higher paits 1apid and
torrential, flowing over beds of gravel or boulders, they enlarge
volume by recciving aflluent st , thewr slope d then
bed consists of smaller materials, and finally they reach the sea
Fig 131 shows the length in miles, and the surface fall mn feet pa
mule, of the Tyne and 1ts tributaries
The decrease of the slope 1s due to two causes (1) The action of
the transporting power of the water, carrying the smallest debns
the greatest distance, causes the bed to be less stable near the mouth
than in the higher parts of the niver, and, as the niver adjusts 1ts
slope to the stability of the bed by scouning or wcreasing its sinuous-
ness when the slope 15 too great, and by silting or straightening its
course if the slope 1s too small, the dccrcasm% stability of the bed
would comcide with a decreasing slope  (2) The increase of volume
and scction of the river leads to a decrease of slope, ior the larger
the section the less slope 1s necessary to ensute a given velocity
The follow ing investigation, though 1t rclates to a purely arbitiary
case, 15 not without mterest Let 1t be assumed, to make the con-

. ditions definite-—(1) that a nver flows over a bed of uniform resist-

ance to scour, and let 1t be further assumed that to mamtain stability
the velocity of the river in these circumstances 1s constant from
source to mouth, (2) suppose the sections of the niver at all points
are stmilar, so that, b bemng the breadth of the river at any point, 1its
hydraulic mean depth 1s ab and 1ts section 18 ¢b3, where a and ¢ are
constants applicable to all parts of the river, (3) let us further assume
that the cischarge mncreascs uniformly mn consequence of the supply
from afiluents, so that, 1f /1s the length ot the rniver fromats source to
any given pomt, thc
discharge tnerc will be D
ki, where & 1s another
constant applicable to
all pornts in the course
of the nver
Let AB (fig 132) be
the longitudinal section
of the river, whose
source 18 at A, and
take A for the origin of
vertical and horizontal coordinates Let C be a pomnt whose ordinates
are # and y, and let the nver at C have the breadth b, the slope i,
and the velocity v,
Since velocity x area of section = discharge, vcb®=4&l, or b= y/ (Alfcv)
Hydraulic mean depth =ab =a \/(ki/cv)
But, by the ordmary formula for the flow of rivers, ms =2,
s =5v3jm = ({v*/a) A/ (c/k])
But {13 the tangent of the angle which the curve at C makes with
the axis of X, and 1s therefore =dy/dx  Also, as the slope 1s small,
1=AC =AD =x nearly
dyjdx = ($v°[a) \/(c/ka),
that v1s )
y=(2v8/a) (cx/h) .
or 3% =constant x ¥,
5o that the curve is a common parabola, of which the axis 1s hori-
zontal and the vertex at the source. This may be considered an
ideal longitudinal section, to which actual nivers ap-
roximate more or less, with exceptions due to the vary-
ing hardness of their beds, and the irregular manner 1
which their volume increases
§ 120 Surface Level of River —The surface level of a
river 13 & pline changing constantly in position from
changes n the volume of water discharged, and more
slowly from changes i the river bed, and the circum-
stances affecting the drainage into the river
For the purposcs of the cngineer, 1t 15 1m
determine S:) the extreme low water levol,
extreme high water or flood level, and (3) the
navigable level
1 Low Water Level cannot be absolutcly” known,
because a nver reaches its lowest level oniy at rare inter-
vals, and because alterations in the cultivation of the
land, the drainage, the removal of forests, the removal
or erection of obstructions in the river , &c., gradu-
ally alter the conditions of discharge. The lowest level
of which records can be found 1s taken as the conven-
tional or approximate low water level, and allowace 1s
made for Fossnble chm;ru,
High Watey or Flood Level —The engineer assumes as the highest
level the ughest level of which records can be obtained. In
d t of the data available, 1t must be remembered that

4 X

¢ B

v FiG 132

and,

rtant to
Sz the
highest

2,
flood

though alteration 18 constantly going on This 138 more

y [
likely to | the hngm't level at one point of a nver 1s not always sunultaneous
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with the attainment of the highest level at other pownts, and that
the nise of a river 1 flood is very different 1n different parts of its
course. In temperate regions, the floods of rnvers se nse more
than zo ft. above low-water level, but m the tropics the niso of floods
18 greater

3 Haighsst Navigable Levsl —When the river nises above a certamn
level, navigation mes difficult from the increase of the velouty
of the current, or from submersion of the tow paths, or from the head-
way under b becoming 1nsufficient  Or the lughest
navigable level may be taken to be that at which the river begins to
overflow 1ts banks

§ 130 Relatine Value of Different Materials for Submeyged Works —
That the power of water to remove and transport diffticnt matcenals
depends on their density has an impottant bearing on the selcction
of matenals for submerged works In many cases, as m the apions
or floorings beneath bridges, nr in front of locks or falls, and mn the
formation of traming walls and breakwaters by prerves perdus,
which have to resist a violent current, the matenals of which the
structures are composed should be of such a size and weight as to
be able individually to resist the scouring action of the water  1he
heaviest matenals will therefore be the best, and the different value
of materials m this respect will appear much more striking, if 1t 15
remembered that all matenals lose part of their weight in water
A block whose volume 1s V cubic fect, and whose density in air 1.
v 1b per cubic foot, weighs in air wV 1b, but 1n water only (w - 02 4)
Vib

[ Waght ofa Cub Bt m 1b |

| In Aur ] In Water.

| Basalt 873 | 1249

! Brick 130 0 ‘ 676 i

i Brickwork 1120 496

i Gramte and limestone 170 0 107 0
Sandstone . 144 0 816 |
Masonry 0144 53 6-816

§ 131 Inundation Deposits from a River —\When a river carrying
silt periodically overflows 1its banks, 1t deposits sit over the arca
flooded, and gradaally raises the surface of the countty The silt 15
deposited m greatest abundance where the water first leaves the
niver It hence results that the section of the country assumes a

eculiar form, the river flowing n a trough along the crest of a ridge,
From which the land alo}rcs downwards on both sides The silt
deposited from the witer forms two wedges, having their thick ends
towards the niver (hg 133)

Fi16 133

Ihis 1s strikingly the case with the Mississippr, and that nver is
now kept from flooding 1immense areas by artiicial embankments or
levees In India, the term deltarc segment 13 sometimes applied to
that portion of a river running through deposits formed by inunda-
tion, and having this charactenstic section The imgation of the
country 1n this case 13 very easy, a comparatively slight raising of
the 1iver surfice by a weir or annicut gives a command of level
which permuts the water to be conveyed to any part of the distnct

§ 132 Deltas —I'he name delta was originally given to the A-
shaped portion of Lower Egypt, included between seven branches of
the Nile, It 13 now given to the whole of the alluvial tracts round
river mouths formed by deposition of sediment from the river, where
1ts velocity is checked on 1ts entrance to the sea The characteristic
feature of these alluvial deltas 13 that the river traverses them, not
m a single channel, but 1n two or many bifurcating branches  Each
branch has a tract of the delta under its influence, and gradually
raises the surface of that tract, and extends 1t seaward  As the delta

ds 1tself d, the il of discharge through the
different branches change The water finds the passage through
one of the branches less obstructed than through the others, the
velocity and scouring action in that branch are mcreased ; m the
others they dimimish ™ The one channel gradually absorbs the whole
of the water supply, while the other branches silt up But as the
mouth of the new main channel extends seaward the resistance in-
creases both from the greater length of the channel and the formation
of shoals at 1ts mouth, and the niver tends to form new bifurcations
AC or AD (fig 134), and one of these may n tune become the main
channel of the nver

§ 133 _Field Operations prelsminary to a Study of River Improve-
ment,—There are required (1) a plan of the nver, on which the
Immons of lines of levelling and cross sections are marked, (2) a
longitudinal section and numerous cross sections of the river, (3) a
series of g of
condttions of the river

Longstudsmnal Sechon —This requrres to be carned out with great
accuracy. A line of stakes 13 planted, followmg the smuosities of the

drech

at daffe points and m different
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niver, and chamed and levelled. The cross seclions are referred to
the hine of stukes, both a8 to position and direction. The detesnuna-
tion of the surface slope 1s very difficult, partly from s extreme
E ess, pa from oscallation of the water (Cunmingham recom-
mends that the ‘slope be taken 1 a length of 2000 ft by four simul-
taneous observations, two on each side of the niver

§ 134 Cross Sections -—A stake 1s planted flush with the water and
1ts level relatively to some point on the hinc of levels 15 determined.
Ihen the depth of the water 13 deteriuned at a scnes of pomts (it

s;.@ st
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d in a line starting from the stake and

ble at
;)erpendlcuhr to the thread of the streain 10 obtan these, a wire
inay be stretched across with cqual distances marked on 1t by hang-
ing tags The depth at each of these tags may be obtamncd by a
Light wooden slaf}, with a disk-shaped shoe 4 to 0 1n 12 diameter
1f the depth 1s great, soundings may be taken by a chain and weight
To ensure the wire being perpendicular to the thread of the stream,
1t 18 desirable to stretch two other wircs sinularly graduated, one

above and the other below, at a distance of 20 10 40 yds A
number of floats bemng then thrown in, 1t 1s observed whether they
pass the same graduation on each wire
For large and rapid rivers the cross section 1s obtained by sounding
m the following way Let AC (fig 135) be the line on which sound-
mgs are required A base ine AB 18 measured out at nght angles
to AC, and ranging staves are sct up at AB and at D 1n line with AC
A boat 1s allowed to drop down stream, and, at the moment 1t comes
m hne with , the lead 1s
dropped, and an observer in the |
boat takes, with a box sextant, ¢ A I l D
the angle AEB subtended by T
The sounding line ma ]
have a weight of 14 1b of lc&f: /
and, 1f the boat drops down 3 |
siream slowly, 1t may hang ncar /|
the bottom, so th 1t the observa-
tion 15 made wmstantly In ex-
tensive surveys of the Missis-
s1pp1 observers with theodolitcs
werestationcdat Aand B The
theodohte at A was directed
towards C, that at B was kept /
on the boat When the boat /
came on the hne AC, the ob- B
server at A signalled, the sound-
g hne was dropped, and the Fia 135
obscrver at B read off the angle
ABE By rcpeating observations a number of soundings are ob-
taned, which can be plotted i their proper position, and the form
of the nver bed drawn by connecting the extrcmities of the hnes
From the section can be measured the sectional arca of the stream
(1 and 1ty wetted perimeter x, and from these the hydraulic mean
depth m can be calculated
135 Measurement of the Discharge of Rivers —The area of cross
section muitiplied by the mean velocity gives the discharge of the
stream. The height of the nver with reference to some fixed mark
should be noted whenever the velocity 1s observed, as the velocity
and area of cross scction are different in different states of the nver
To determine the mean velocity vanous methods may be adopted ,
and, since no method 1s free from lLability to error, either from the
difficulty of the observations or from uncertainty as to the ratio of
tke mean velocity to the velocity observed, 1t 15 desirable that more
than one method should be used
INSTRUMENTS ¥OR MEASURING THE VELOUITY OF WATER
336. Surface Floats are convement for determining the surface
velocities of a stream, though their use 1s difficult near the banks.
The floats may be small balls of wood, of wax or of hollow metal, so
loaded as to float nearly flush with the water surface To render
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them visible they may have a vertical painted stem. In exper-
ments on the Scine, cork balls 1} 1n diameter were used, loaded to
float flush with the water, and provided witha stem In A J. C
Cunmtham‘s observations at Roorkee, the floats were thin circular
disks of Fnglish deal, 3 1n diameter and } 1n thick For observa-
t10ns near the banks, floats 1 1n_diameter and } 1 thick were used
T'o render them visible a tuft of cotton wool was used loosely fixed
m a hole at the centre
The velocity 15 obtamned by allowing the float to be carred down,
and noting the time of passage over a measured length of the stream
If v 14 the velocity of any float, f the time of passing over a length
J, then v=//t To mark out (flsunclly the length of stream over
which the floats pass, two ropes may be stretched across the stream
at a distance apart, which varies usually from 50 to 250 ft , according
to the size and rapidity of the nver In the Roorkee experiments
a length of run of 50 ft was found best for the central two-fifths of the
width, and 25 ft for the remamnder, except very close to the banks,
where the run was made 12} ft only he longer the run the less
15 the proportionate error of the time observations, but on the other
hand the greater the deviation of the floats from a straight course
parallel to the axis of the stream  To mark the [lareuse position at
which the floats cross the ropes, Cunninghamn used short white rope
pendants, hanging so as nearly to touch the surface of the water In
this case the streams were 80 to 180 ft m width  In wider streams
the use of ropes to mark the length of run 15 impossible, and recourse
must be had to box sextants or theodohtes to mark the path of the
floats
Let AB (fig 130) be a measured base line stuctly parallel to the
thread of the stream, and A\, BB, hnes at right angles to AB
marked out by rangmg rods at A, and
B, Suppose observers stationed at \
1
\ ’ !
\ /
\ ’
\ /
1
\
(’ \‘ l
|
|
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A and B with seatants or theodohtes, and
! let CD be the path of any float down
siream  As the float approaches A\,
theobserycrat Bkeeps it on the crosswire
of lis mstrument The observer at A
obsucrves the instant of the float reaching
the line AA;, and signals to B who then
reads oft the angle ABC Similarly, as
the float approaches BB, the observer
at A keeps it in sight, and when signalled
to by Breads the angle BAD  ‘Lhe data
~o obtamed arc suffictent for plotting
the Yath of the float and deternmining
the chstances AC, BD
The time taken by the float in passing
B, over the measured distance may be ob-
" <erved by a chronograph, started as the
float passes the upper 1ope or line, and
stopped when it passes the lower In
Cunningham’s observations two chrono-
meters were sometimes used, the time of passing one end of the run
being noted on one, and that of Fassmg the other end of the run
being noted on the other lhe c¢h S were d
immediately before the observations In other cases a single
chronometer was used placed midway of the run  The moment of
the floats passing the ends of the run was signalled to a time-
keeper at the chronometer by shouting It was found quite pos-
sible to count the cluonometer beats to the nearest half second,
and n some cases to the nearest quarter second
§137 Sub-surface I'loats —The velocity at different depths below
the surface of a stream may be obtamed by sub-surface floats, used
precisely in the same way as surface floats ~ he most usual arrange-
ment 14 to have a large float, of slightly greater density than water,
connected with a small and very hght surface float The motion
of the combmed arrangement 18 not
sensibly different from that of the large
float, and the small surface float enables
an observer to note the path and velo-
aty of the sub-surface float I'he m-
strument 15, however, not free from
objection  If the large submerged
float 15 made of very nearly the same
density as water, then 1t 1s hable to be
thrown upwards by very shght eddies
m the water, and 1t does not maintam
its position at the depth at which it 1s
mtended to float  On the other hand,
if the large float 1s made sensibly
heavier than water, the ndicating or
surface float must be made rather large,
and then 1t to some extent influences
the motion of the submerged float
Fig 137 shows one form of sub-
surface tloat It consists of a couple

Fic
of tin plates bent at a nght angle and soldered together at the angle

137

This 1s connected with a en ball at the surface by a very thin
wire or cord  As the tin alone makes a heavy submerged float, 1t 1s
better to attach to the tin float some pieces of wood to duminish its
weight m water Fig 138 shows the form of submerged float used
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by Cunningham It consists of a hollow metal ball connected to a
slice of cork, which serves as the surface float

§ 138 7 win Floats —Suppose two equal and sumilar floats (fig. 139)
connected by a wire Let one float be a little lighter and the other
a httle heavier than water  Then the velocity of the combimned

= 3"daurn

! f
-
ie-3"diam.¥
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floats will be the mean of the sutface velocity and the velocity at the
depth at which the heavier float swims, which 1s determined by the
length of the connecting wire  ‘Thus if #, 1s the surface veloaty
and vq the velocity at the depth to which the lower float 15 sunk, the
veloaity of the combined floats will be
v= (v, Fv,)
Consequently, if v 15 observed, and ¢, determined by an expenmant
with a single float,
V=20 -0,

According to Cunnmgham, the twin float gives better results than
the sub-surface float

§ 139 Velocity Rods —Another form of float 18 shown n fig 140
‘This consists of a cylindrical rod loaded at the lower (nd o as to
float neaily vertical in water A wooden rod, with a metal cap at the
bottom m which shot can be placcd,
answers better than anything else, and
sometimes the wooden rod 1 made m
lengths, which can be screwed together
50 as to suit streams of different depths
A tuft of cotton wool at the top serves
to make the float more casily viuble
Such a rod, 0 adjusted n length that 1t
sinks necatly to the bed of the stream,
gives directly the mean velocity of the
whole vertical section 1n which 1t floats,

§ 140 Revy’s Curvent Meter —No m-
strument has been s0 much used in
directly determining the velocity of a
stream at a given pomnt as the screw
current meter Of this there are a
dozen varieties at least As an example
of the instrument in 1ts simplest form,
Revy’s meter may bo selected. 'hisisan
ordinary screw meter of a larger size than
usual, more carefully made, and with its
details carefully studied (figs 141, 142)
It was des‘lgnclaf(er experience in gaug-
g the great South American rivers  The screw, which is actuated by
the water, 15 6 in 1 diameter, and 13 of the type of the Griffiths screw
used mn ships T‘hc hollow sphencal' boss serves to make the weight of

the screw y equal to its disp so that friction 1s much
reduced  On the axis aa of the screw 1s a worm which drives the
counte:  This consists of two worm wheels g and 4 fixed on a common

axis lhe worm wheels are carried on a frame attached to the pin !/
By means of a string attached to / they can be pulled nto gear with
the worm, or dropped out of gear and stopped at any wnstant A
nut m can be screwed up, if necessary, to keep the counter per-
manently in gear. The worm 15 two-threaded, and the worm wheel
¢ has 200 teeth Consequently it makes one rotation for 100 rota-
tions of the screw, and the number of rotations up to 100 is marked
by the passage of the graduations on 1ts edge i front of a fixed index
Ihe secoud worm wheel has 196 teeth, and 1ts edge 1s divided mto
49 divisions. Hence it falls behind the first wheel one division for a
complete rotation of the latter The number of hundreds of rota-
tions of the screw are therefore shown by the number of divisions on
h passed over by an mdex fixed to g. One dufficulty m the use of the
ordinary screw meter 1s that particles of grit, getting into the working
parts, very sensibly alter the friction, and thercfore the speed of the
meter Revy obviates this by enclosing the counter m a brass box
with a glass face  This box 1s filled with pure water, which ensures a
constant coefficient of friction for the rubbing parts, and prevents nn?'
mud or grit finding 1ts way m. In order that the meter may place itself
with the axis parallel to the current, 1t 15 pivoted on a ve:tical axis
and directed by a lurge vane shown in fig 142 To give the vane
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more directing power the vertical axis 15 nearer the screw than in
ordmary meters, and the vane 1s larger. A second } 1 vane is
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counter has to be held in gear For deep streams the meter A 1s
ded by a wire with a heavy lenticular weight below (fig 144)

attached by the screws z, x, the object of which 1s to allow the meter
to rest on the ground without the motion of the screw being inter-
fered with. The string or wire for starting and stopping the meter 1s

P16 141.—5cale % full size.

carried thiough the centre of the vertical axis, so that the stramn on
1t may not tend to pull the meter oblique to the curtant - The pitch
ot the screw 15 about g in The screws at x serve for filling the meter
with water  The whole apparatus 1s fixed to a rod (fig 142), of a
length proportionate to t‘\e depth, or for very great depths it 15
fixed to a weighted bar lowered by ropes, a plan mvented by Revy
The wmstrument 1s generally used thus  The reading of the counter 15
M noted, and 1t 13 put out of gear  [he meter 15
° then lowered mto the water to the required
position from a platform between two boats,
or better from a temporary bridge Then the
counter 13 E:t nto gear for one, two or five
muutes, stly, the :mstrument 18 1aised
and the counter agamn read The velocity 15
deduced from the number of rotations m unit
time by the formulae given below  For
surface velocities the counter may be kept
permanently 1n gear, the screw being started
and stopped by hand
§ 141 1he Harlacher Curvent Meter —In
thie the ordinary counting apparatus 15 aban-
doned A worm drives a worm wheel, which
makes an clectrical contact once for each 100
rotations of the worm  This contact gives a
signal above water With this arrangement,
a series of velocity observations can be made,
without removing the nstrument from the
water, and a number of practical difficulties
attending the accurate starting and stopping
of the ordinary counter are entirely got nd
of Fig 143 shows the meter he worm
wheel z makes one rotation for 100 of thc
screw A pmm moviug the lever ¥ makes the
dectrical contact The wires b, . are led
through & gas pipe B, this also serves to
ad)ust the meter to any required position on
the wooden rod dd 'the rudder or vane 18
shown at WH  The galvanic current acts on
the electromagnet m, which 13 fixed n a
small metal box containg also the battery
‘The magnet exp and withd a col d

P
The wire 1s Payed out from a small winch D, with an index showing
the depth of the meter, and passes over a pulley B. The meter1sm
gunbals and 15 directed by a conical rudder which keeps 1t facimg the
stream with 1ts axis horizontal Thete 15 an electric circust from a
battery C through the meter, and a contact 13 made closing the circut
every 100 revolutions. The moment the circmit closes a bell rings
By a subsidiary arrangement, when the foot of the instrument, 0'3
meties below the axis of the meter, touches the ground the circuit 18
also closed and the bell rings, Itis casx to distinguish the continuous
ring when the ground 13 reached from the short ring when the counter
signals A convenient winch for the wire 15 so graduated that af

Fio 143

set when the axis of the meter 15 at the water surface 1t indicates at
any moment the depth of the meter below the surface Fig 144
shows the meter as used on a boat It 15 a very convenient mstru-
ment for obtaning the velocity at differcnt depths and can also be
used as 4 sounding nstrument

§ 143 Determsnation of the Coefictents of the Curvent Meter —-Sup-
pose a serics of observations has been made by towing the meter in
still water at different qﬁeeds, and that it 15 required to ascertain from
these the constants of the meter  If v 14 the velocity of the water and
n the observed number of rotations per second, let

v=a+pn (1)

constants. Now let the meter be towed over a

where a and g8 are
1 d; L, and let N be the revolutions of the meter and

0

O

disk at an opening 1n the cover of the box
§ 142. Amsler Laffon Curvent Meter — A
very convenient and accurate current meter

1s constructed by Amsler Laffon of Schafi- .

hausen. This can be used on a rod, and
put nto and out of gear by a ratchet. The
peculiarity 1 this case 1s that there 1s a double ratchet, so that
one pull on the stnng Rxw the counter into gear and a second
puts it out of gear e string may be slack during the action
of th less uncertainty than when the

F16. 142

e meter, and there 1s

i

¢ the time ot transit  Then the speed of the meter relatively to the
water 18 L/t = v feet per second, and the number of revolutions per
second 1s N/t=n Suppose m observations have been made in this
way, furnishing corresponding values of v and #, the speed 1n each
trial being as umform as possible,

In=n+ny+

Zu=v,+v,+ ..

Inv=mo + e+ . . .

2u‘=nx+n:+ e

(Zul=(m+m+ .. P
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Then for the d tion of the
method of least squares—

_ Zn*Su - InZnv
4= mEad T (Eat
8= mIny - Zvin

mInT = [Enl¥
In a few cases the constants for screw current meters have been
determuned by towing them in R. E. Froude’s experimental tank in

«and gn (1), by the ]

C

HYDRAULICS

[ON STREAMS

stream and to check oscillations of the water column Let the

ifference of level of a pair of tubes A and B (fig. 145) be taken to be
h=Rt2g; then & may be taken 1o be a corrective coefficient whose
value 1n well-shaped instruments 18 very nufl{ umty. By placing
hus instrument in front of a boat towed through water Darcy found
k=1034, by placing the mstrument n a stream the velocity of
which had been ascertained by floats, he found & =1 oot , by readings
taken m different parts of the section of a canal m which a known
volume of water was flow.ng, he found k=0 993 He believed the
first value to be too high in con-
sequence of the disturbance caused
by theboat The mean of the other
two values 15 almost cxactly umty
(Recherches hydrauliques, Darcy and
Bazm, 1865,p 63) W B Gregory
uscd somewhat differently formed

Prtot tubes for which the & =1 (Am

;Soc Mech Eng, 1903, 25) T E

used a Pitot tubein deter-
nuning the velocity of an air current,
and for his mstrument he found
k=1030t0 k=1 032 (" On the Re-
». sistance of Plane Surfaces m a
= Current of Awr,” Proc Inst Ciwv

Eng , 1904, 150)

One objection to the Pitot tube

m its ongmnal form was the great

dithiculty ~ and wmconvenience of

reading the height £ 1 the imme-

diate neighbourhood of the stream
surface This 1s obwiated n the

Darcy gauge, which can be removed

from the stream to be read
Fig 146 shows a Darcy gauge

It consists of two Pitot tubes
having their mouths at nght angles

In the instrument shown, the two
tubes, formed of copper in the
lower part, are united into one for

strength, and the mouths of the
tubes open vertically and horizon-

tally T'he upper part of the tubes
18 of glass, and they are provided
with a brass scale and two verniers

b,b The whole mstrument 13 sup-
ported on a vertical rod or small pile
AA, the fixing at B permitting the

mstrument to be adjusted to any
height on the rod, and at the same
time allowing frce rotation, so that
1t can be held parallel to the current

Fic 144

which the resistance of ship models 15 ascertamned. In that case the
data are found with exceptional accuracy

§ 144 Darcy Gauge or modsfied Pitot Tube —A very
ment for meisuring velocities, invented by Henri Iitot m 1730
(Histowrs de ' 4cadémie des Scrences, 1732, p 370), consisted simply
of 4 vertical glvss tube with a right-angled bend, placed so that 1t
mouth was normal to the direction of flow gig 145)

The 1mpact of the stream on the mouth of the tube balances a
column m the tube, the height of which 13 approximately h =v¥/2g,
where v 13 the veloaity
at the depth ¥ Placed
with 1ts mouth parallel
to the stream the water
inside the tube 1s nearly
at the same level as the
surface of the stream,
and tumed with the
mouth down stream, the
fluid sinks a depth
A =1%/2¢ nearly, though
the tube in that case
interferes with the free

old instru-

P

i

A B ¢ flow of the hquid and

FI6 145 somewhat modifies the

result  Pitot expanded

the mouth of the tube so as to form a funnel or bell mouth 1In that

case he found by experument

A=x fsv'm
But there i3 more disturbance of the stream Darcy preferred to
make the mouth of the tube very small to avoud interference with the

At ¢ 18 a two-way cock, which can
be opencd or closed by cords Tt
this 1s shut, the nstrument can be
lifted out of the stream for readiny
The glass tubes are connected at
top by a brass fixing, with a stop
cock @, and a flexible tube and
mouthpiece m  The use of this 1s
as follows If the velocity 1s re-
T;"Nd at a point near the surface of the stream, onc at lcast of
the water columnt would be below the level at which 1t could be
read It would be in the copper part of the instrument Suppose
then a hittle air 1s sucked out by the tube m, and the cock a
closed, the two columns will be forced up an amount correspond-
ing to the duff between pheric p and that 1n the
tu But the ditference of level will remain unaltered

When the velocities to be measured are not very small, this instru-
ment is an admirable one It requires observation only of a single
Linear quantity, and does not require any time observation ‘Lhe
law connecting the velocity and the obseérved height 1s a rational
one, and 1t 1s not absolutely necessary to make any experiments on
the coefficient of the wstrument If we take v =k+/(2gh), then 1t
P fiom Darcy’s ex that for a well-formed instrument
k does not sensibly differ from umty It gives the velocity at a
defimite point in the stream  The chief difficulty anses from tzc fact
that at any given pomnt m a stream the velocity 1s not absolutely
constant, but varies a httle from moment to moment Darcy
some of his experiments took several readings, and deduced’ the
velocity from the mean of the highest and lowest.

§ ”8 Perrodil Hydrodymamomster —This consists of a frame
abed (fig 1%7) placed vertically 1n the stream, and of a height not
less the stream’s depth. The two vertical members of this

frame are connected by cross bars, and umited above water by a
crcular bar, situated 1n the vertical plane and carrying a horizontal
mﬂuated circle of. This whole system 1s movable round uts axis,

ing suspended on a pivot at g connected with the fixed support
mn  Otber eal arms serve as guides The central cal
rod gr forms a torsion rod, bemy fixed at 7 to the frame abcd, and,
passing freely upwards through the guides, it carnes a horizontal
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moving over the graduated circle ef. The support g, which
3%: the ap%aratus, also receives 1 a tubular gmdepthn end of the
torsion rod g¢ and a set screw for fixing the upper end of the torsion
rod when necessary  The impulse of the stream of water 18 recetved
on a circular disk #, m the plane of the torsion rod and the frame
abed. To rawe and lower the apparatus easdy, 1t 18 not fixed directly
to the rod mm, but to & tube A/ shding on mn
Suppose the apparatus arranged so that the disk 7 s at that level
m the stream where the velocity 15 to be detesnuned The plane

11

x

Tiiiifiivilie

=

ViV

[ ——

abed 15 placed parallel to the direction of motion of the water Then
the disk ¥ (acting as a rudder) will place 1tself parallel to the stream
on the down stream side of the frame The torsion rod will be un-
stramed, and the needle will be at zero on the graduated circle
Tf, then, the mstrument 15 turncd by pressing the needle, till the plane
abed of the disk and the zero of the graduated circle 1s at nght angles
to the stream, the torsion rod will be twisted through an ‘which
measures the Rormal impulse of the stream on the disk 7. tangle
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will be given by the distance of the needle from zero. Observation
shows that the velocity of the watcr at a given point 18 not constant.
It vanes between limits more or less wide W the apparatus 18
nearly m its right position, the set screw at ¢ 15 made to clamp the
torsion spring  Then the needle  fixed, and the apparatus carryng
the graduated circle osullates. It
15 not, them, difhcult to note the
mean angle maiked by the needle.

Let r Le the radws of the torsion
rod, / 1ts length from the ncedle
over af to r, and a the observed
torsion angle Then the moment
of the couple due to the molecular
forces 1n the torsion rod is

M=Llaj,
where I, 15 the modulus of clas-
tiaty for torsion, and I the polar
moment of inertia of the section of
the rod If the rod 1s of circular
section, I =¢w* Let R be the
radius of the dnk, and b its
leverage, or the distance of its
centre from the axis of the torsion
rod The moment of the pressure
of the wator on the disk s
Fb = kb(G/2g) RS,

where G is the hcaviness of water
and /& an experimental coefficient
Thy

en
E o/l =kb(G/28)»R%*
For any given instrument,
v=ca,
where ¢ 13 a constant coefficient for
the mstrument

The nstrument as constructed had three disks which could be
used at will Their radii and leverages were in feet

Fic 147 p**

. 0052

18t disk 010
2nd 0 105 032
3rd . 0 210 0 06

For a thin circular plate, the coefficient A =112 In the actual
mnstrument the torsion rod was a brass wire o 06 n. diameter and
6} ft long Supposing a measured 1n degrees, we get by calculation

v=0 335za, OI15,/a, 0042,/a

Very careful experiments were made with the nstrument. It
was fixed to a wooden turning bndge, revolving over a circular
channel of 2 ft widih, and about 76 {f{ circumferential length  An
allowance was made for the shight current produced i the channel
These experiments gave for the coellicient ¢, 1n the formula v =c\/a,

15t disk, ¢ =0 3120 for velouties of 3 to 106 ft
2nd O 1577 5 » 1tto3}
3rd 00349 ,, » lessthani}p

The instrument 14 preferable to the current meter n giving the
velocity 1n terms of a single observed quantity, the angle of torsion,
while the current meter mvolves the observation of two quantitics,
the number of rotations and the time The currant meter, except
m some improved forms, must be withdrawn from the water to read
the result of each ¢: 1ment, and the law connectung the velocity
and number of rotations of a current n.eter 1 lcss well-determined
than that connecting the pressure on a disk and the torsion of the
wire of a hydrodynamometer

The Pitot tube, like the hydrodynamometer, do¢s not require a
time observation But, where the vdocity 1s a varying one, and
consequently the columns of water in the Pitot fube are osullating,
there i« room for doubt as to whether, at any given moment of closing
the cock, the difference of level exactly measurcs the impulse of
the stream at the moment  The Pitot tube also fails to give measur-
able indications of very low velocitics

PROCESSES FOR GAUGING STREAMS

146 0b of the M. Surface Velocity —
The method of gauging which mvolves the least trouble 15 to deter-
mine the surface velouity at the thread of the stream, and to dcduce
from 1t the mean velocity of the whole cross section  I'he maxinum
surface veloaty may be determined by floats o1 by a current meter
Unfortunately the ratio of the maximum surface to the mean velo-
city 1s extremely vaniable Thas putting v, for the surface velocity
at the thread of the stream, and v, for the mean velocity of the whole
cross section, v,/v, has been found to have the following valucs —

§

v lt,

De Prony, expermments on small wooden channels o 8164
Experimeatson theScine . . . . . . . o062
Destrem and De Prony, expernnentson the Neva o078
, experiments on canals . . . 082
), €XP on the G . 08
Brunngs {mean) . . . . v s+ . . OB§

C h Solant aqued . . . . . o823




Various formulae, either empirical or based on some theory of the
vertical and honzontal velocity curves, have been proposed tf:r
e
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divided mto conventent compartments The observations belonging
to each compartment are then averaged, and the mean velocity and
d lated. It 1s obvious that, as the surface velocity is

determining the ratio v,/v, Bazin found from his
empirical expression
Ups =0, ~ 254 8/(m1) ,

where s 1s the hydraulic mean depth and s the slope of the stream
In the case of wrrigation canals and rivers, 1t 1s often important to
determimne the discharge erther daily or at other mntervals of time,
while the depth and consequently” the mean velocity 1s varymg
Cunningham  (Roorkes Prof Papers, v 47), has shown that,
for a given part of such a stream, where the bed 13 regular and of
permanent scction, a simple formula may be found for the vanation
of the central surface velocity with the depth  When once the
constants of this formula have been determined by measuring the
central surface velocity and depth, w different conditions of the
stream, the surface velocity can be obtained by sumply observing the
depth of the stream, and from this the mean velocity and discharge
can becalculated  Let 7 be the depth of the stream, and v, the surface
velocity, both measured at the thread of the stream Then vf=(z,
where ¢ 13 a constant which for the Solant aqueduct had the values
1 9 to 2, the depths being 6 to 1o {t, and the veloc ties 3} to 44 ft
Without any assumption of a formula, however, the surface velocities,
or still better the mean velocities, for different conditions of the
stream may be plotted on a (hagram in which the abscissae are depths
and the ordinates veloctties  The continuous curve through points so
found would then always give the vclocty for any observed depth of
the stream, without the need of making any new float or current
meter obscrvations
Y 147 Mean Velocsty determined by observing a Series of Surface
Velocitres —1he ratio of the mean velocity to the surface velocity
m one longitudinal section is better ascertamned than the ratio of
the central surface velocity to the mean velocity of the whole cross
section  Suppose the river divided into a number of compartments
by equidistant longitudinal planes, and the surface velocity observed
m each compartment From this the mean vilocity i each com-
partment and the discharge can be calculated  The sum of the
pattial discharges will be the total dischaige of the stream  When
wires or 1opes can be stretched across the stream, the compartments
can be marked out by tags attachcd to them  Suppose two such
ropes stretched across the stream, and floats dropped m above the
upper rope By observing within which compatiment the path of
the float hes, and noting the time of tiansit between the ropes, the
wurface velocity m each compartment can be ascertamed The
mean velocity 1n each compartment 15 0 85 to o 91 of the surface
velocity m that compartment Putting %2 for ths ratio, and
for the observed velocities, in compartments of arca
then the total discharge 1s
Q=kOw, +0ug + . . ).
If several floats are allowed to pass over each compartment, the
mean of all those corresponding to one compar.ment 1s to be taken
as the surface velocity ot that compartment
s method 19 very applicable 1 the case of large streams or
nivers too wide to stretch a rope across The paths of the floats
are then ascertamned an this way  Let ig 148 represent a portion
of the nver, which should be straight and free from obstructions
Suppose a base line AB measured
parallel to the thread of the stream,
and let the mean cross section of
the stream be ascertained either by
the termunal cross sections
AL, BF, or by sounding a series of
/ equidistant  cross sections  The
cross sections are taken at right
angles to the basc hine  Observers
/ are placed at A and B with theo-
dolites or box sextants 1he floats
’( are dropped 1n from a boat above
\ AL, ang %ncked up by another boat
\ below B An observer with a
\ chronograph or watch notes the
\ time m_which _each float passes
N from AE to BF The method of
\ proceeding 1s this  The observer
I A sets his theodohte in the direc-
tion AE, and gives a signal to drop
a float keeps his mstrument
on the float as 1t comes down At
Fic 148 the moment the float arrives at
C in the hine AE, the observer at
\ calls out B clamps his nstrument and reads off the angle ABC,
and the time observer begins to note the time of transit. B now
pomts his instrument mn the direction BF, and A keeps the float on
the crogs wire of his instrument At the moment the float arrives
at D in the hine BF, the observer B calls out, A clamps his nstru-
ment and reads off the anf)le BAD, and the time observer notes the
time of transit from C to Thus all the data are determined for
plotting the path CD of the float and determining its velocity. By
dropping 1 a sertes of floats, a number of surface velocities can be
determined. When all these have been plotted, the river can be
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greatly altered by wind, experiments of this kind should be made 1
very calm weather.

he ratio of the surface velocity to the mean velocity in the same
vertical can be ascertained from the formulae for the vertical velocitv
curve already gwven (§ 101) Exner, mn Erbkam’s Zestschyift for 1875
gave the following convenient formula. Let v be the mean and V
the surface velocily 1n any given vertical longitudinal section, the
depth of which1s &

vfV = (1 +0°14784/R)/(X + 0 2216 Jh)

If vertical velocity rod- ate used instcad of common floats, the
mean velocity 18 directly determined for the vertical section n
which the rod floats. No formula of reduction 15 then necessary
The observed velocity has simply to be multiphied by the area of
the compartment to which 1t belongs

§ 148 Mean Velocity of the Stream from a Series of Mid Depth
Velocsties —In the gaugings of the Mississippr 1t was found that
the mud depth velocity differed by only a very small quantity from
the mean velocity n the vertical section, and it was uninfluenced by
wind  If therefore a serics of mid depth velocities are determined
by double floats or by a current meter, they may be taken to be the
mean velocities of the compartments in which they occur, and no
formula of rcduction 15 necessary If floats are used, the method
15 preciscly the same as that described in the last paragraph for sur-
face floats  The paths of the double floats are observed and plotted,
and the mean taken of those corresponding to each of the compart-
ments mto which the river 1s divided  1he discharge 1s the sum of
the products of the observed mean mid depth velocities and the
arcas of the compartments

§ 149 P P Boieaw's Process for Gauging Shcams —Let U be the
mean velocity at a given section of a stream, V the maximum velocity ,
or that of the principal filament, which 1s gencrally a little below the
surface, W and w the greatest and least velocities at the surface
‘The distance of the principal filament from the surface 13 generally
less than one-fourth of the depth of the stream, W 13 a little less
than V, and U lies between W and w  As the surface velocities
change continuously from the certre towards the siles there are at
the surface two filaments having a velocity equal to U The deter-
mination of the position of these filaments, which Boileau terms the
gauging filaments, cannot be effected entirely by theory. But, for
<ections of a stream i which there are no abrupt changes of depth,
therr position can be very a| pmxlmatcl{ assigned  Let A and / be
the horizontal distances of the suiface filament, having the velocily
W, from the gauging filament, which has the veloaty U, and from
the bank on one side  Then

Al = 3 {(W + 2w)/7(W - w)},

¢ bemg a numerical constant From gaugmngs by Humphreys and
Abbot, Bazin and Baumgarten, the value> ¢=0'919, 0'922 and
0 925 arc obtamned Boileau adopts as a mean value 0-922. Hence,
if W and w are determined by float gauging or otherwise, A can
be found, and then a single velocity observation at A ft from the
filament of maximum velocity gives, without need of any reduction,
the mean velouty of the stream  More conveniently W, w, and U
can be measured from a horizontal surface velocity cuive, obtained
from a series of float observations

§ 150 Drrect Determination of the Mean Velocity by a Current Meter
or Darcy Gauge — Lhe only method of determining the mean velocity
at a cross section of a sticam which mvolves no assumption of the
ratio of the mean velocity to other quantities 1s this—a plank
bridge 1s fixed across the stream near its surface  From thus, velocities
are observed at a suflicient number of points i the cross section of
the stream, evenly distributed over its area  The mean of these 15
the true mean velocity of the stream In Darcy and Bazin's ex-
pervments on small streams, the velocity was thus observed at 36
pomts n the cross section

When the stream 15 too large to fix a bridge across it, the observa-
tions may be taken from a boat, o1 from a couple of boats with a
ganng\¥l between them, anchored successnely at a series of pomnts
across the width of the stream The position of the boat for each
series of observations 1» fixed by angulai observations to a base hine
on shore

§151 A P Harlacher's Graphi Method of determining the Dis-
charge [rom a Series of Current Metey Observations —Let ABC (fig
149) be the cross section of a niver at which a complete series of

current meter observations have been taken Iet I., IL., 1II .., be
the verticals at different points-of which the velocities were measured
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Suppose the depths at T, IT, III, . (hg 149), set off as vertical

ordmates 1 fig 150, and on these vertical ordinates suppose the

velocities set off horizontally at their proper depths. Thus, if v 1s

the measured velocity at the depth k& from the surface in fig. 149, on

vertical marked III., then at I1I 1n fig. 150 take cd=A and ac=v

Then d 13 a pomt m the vertical velocity curve for the vertical 1II,

and, all the velocities for that ordinate being similarly set off, the

curve can be drawn. Suppose all the vertical velocity curves I ..

V' (fig. 150), thus drawn On each of these figures draw vertical~

correspondng to veloci-

I I m w VvV ties of z, 21, 3% ft

a R per second  lhen for

X instance cd at IIT (tig

H 150) 15 the depth at

h which a velocity of 2v

ft per second existed

¥ on the vertical III i

bd fig 149 and if ¢d 18 set

FI16 150 off at IIT mn fig 149 1t

tves a pomt i a curve

passing through points of the section where the velocity was 2v ft

per second.  Set off on each of the verticals 1n fig 149 all the depths

thus found 1n the corrcsrondmg diagram 1 fig 150 Curves drawn

through the corresponding pomnts on the verticals are curves of
equal velocity

The discharge of the stream pcr second may be regarded as a sohd

having the cross section of the river (fig r49) as a base, and cross

Left bank

EX Eaad & i34

atwon ratio 10.1
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sections normal to the plane of fig 149 given by the diagrams  fig
150 The curves of equal velocity may therefore be considered as
contour lines of the solid whose volume is the discharge of the stream
per second Let 0, be the area of the cross section of the nver, 0,
{ly. . . the arcas contained by the successive curves of equal velocity,
or, if these cut the surface of the stream, by the curves and that
surface. Let # be the difference of velocity for which the successive
curves are drawn, assumed above for simplicity at 1 ft second.
Then the volume o‘(‘ the successive layers of the solid body whose
e

volume rep tl limited by planes passing
through the contour (curvea,) w*l.ll(be ), and
2(Q + (), $2(0, +10), and so on
Consequently the lscnﬁarge is O+ 0,
Q=x{§(0)+00) + R+ O+ ... +0,}

The areas Q, 1), ... are easly ascertaned by means of the rohr

! ter A slight di Ity arises in the part of the solid lying
above the last contour curve. This will have generally a heght
which is not exactly #, and a form more rounded than the other
layers and less hke a conical frustum. The volume of this may be
estimated separately, and taken to be the area of 1ts base (the area
0,) multiplied by § t0 § 1ts height.

Fig 151 shows the results of one of Harlacher's gaugings worked
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Discharge per Second = Q=14-1087°ubm
Curves of equal velocity.

out 1n this way. The upper figure shows the section ot the nveor
and the positions of the verticals at which the soundings and gaugings
were taken The lower gives the curves of equal velocity, worked out
from the current meter observations, by the aid of vertical velocity
curves Thne vertical scale 1n this figure 1s ten times as great as n
the other The discharge calculated from the contour curves is
14 1087 cubic metres per second In the lower figure some other
interesting curves are drawn  Thus, the uppermost dotted curve 1»
the curve through points at which the maximuin veloaty was found ,
1t shows that the maximum velocity was always a httle below the
surface, and at a greater depth at the centre than at the sides The
next curve shows the depth at which the mean velocity for cach
vertical was found The next 18 the curve of equal velouty corre-
sﬁondmg to the mean velocity of the stream , that 15, 1t passes
through ponts 1n the cross section where the 1elocitv was identical
with the mean velocity of the stream

HyprAULIC MACHINES

§ 152. Hydraulic machines may be broadly divided into two
classes . (1) Motors, m which water descending from a highet
to a lower level, or from a higher to a lower pressure, gives up
energy which is available for mechanical operations ; (2) Pumps,
in which the energy of a steam engine or other motor 1s expended
in raisig water from a lower to a higher level A few machines
such as the ram and jet pump combine the functions of motor

Raght bank

Hugh! teu.l'c =1:15
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and pump
essentially reversed motors
versed pressure engine, and the centrifugal pump a reversed

It may be noted that constructivety pumps are
The reciprocating pump 1s a re-

turbine Hydrauhc machine tools are in principle motors com-
bined with tools, and they now form an important special class

Water under pressure conveyed 1n pipes 1s a convenient and
economical means of transmitting energy and distributing 1t to
many scattered working ponts. Hence large and important
hydraulic systems are adopted in which at a central station
water 15 pumped at high pressure into distributing mains,
which convey it to various points where it actuates hydraulic
motors operating cranes, hfts, dock gates, and in some cases
niveting and shearing machines In this case the head driving
the hydraulic machinery 1s artificially created, and 1t 1s the con-
venience of distributing power in an easily applied form to distant
pomnts which makes the system advantageous. As there 1s
some unavoidable loss in creating an artificial head this system
18 most suitable for driving h which work mtermittently
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(see Power TR ). The de of eleetrical
methods of transmitting and distributing energy has led to the
utihization of many natural waterfalls so situated as to be useless
without such a means of transferrmg the power to points where
1t can be convemently apphied. In some cases, as at Ningara, the
hydraulic power can only be economically developed mn very
large umits, and 1t can be most conveniently subdivided and
distnibuted by transformation into electrical energy  Partly
from the development of new mdustres such as puper-making
from wood pulp and electro-metallurgical processes, which
require large amounts of cheap power, partly from the facility
with which energy can now be transmitted to great distances
electrically, there has been a great increase m the utihzation
of water-power in countries having natural waterfalls, Accoiding
to the twelfth census of the United States the total amount of
water-power reported as used in manufacturing establishments
in that country was 1,130,431 hp. in 1870, 1,263,343 hop
m 1890, and 1,727,258 HP 1n 1900 The increase was 8 4 9,
n the decade 1870-1880, 3 1 %, in 1880-1890, and no less than
367 % n 18go-1900  The increase 15 the more stnking hecause
m this census the large amounts of hydraulic power which are
transmtted electtically are not included

XII IMPACT AND REACLION OF WATER

3153 When a stream of fluxl in steady motion unpinges on a
solid surface, 1t presses on the surface with a force equal and opposite
to that by which the velocity and direction of motion of the lmd
are changed  Gencrally, 1n problems on the impact ot fluids, it 18
necessiry to neglect the eifect of friction between the fluid and the
sutface on which it ioves

Dursng Impact the Velocity of the Fluid velatively to the Swrface on
whech 1t impinges h 1 an Mag le -—Consider a
mass of lurd dowmg in contact with a sohd surface also m motion
the motion of both fluxd and solul being estimated relatively to the
carth  Then the motion of the iurd may be resolved 1nto two parts,
one a motion equal to that of the solid, and in the same direction, the
other a motion relatively to the soid  The motion which the fluid
has in common with the solid cannot at all be influenced by the con-
tact  The relitive component ot the motion of the fluid can only be
altered i direction, but not 1in magnitude The flmd moving in
contact with the surface can only have a relative motion parallel to
the surface, while the pressure between the fluwd and sohd, if friction
15 neglected, 15 noimal to the surface  Lhe pressure therefore can
only deviate the fluud, without cltering the magnitude of the relative
velocity  The hanged common Pp and, bined with
it, the deviated telative component give the resultant final velocity,
which may differ greatly m magmitude and direction from the mitial
velouty

From the principle of momentum, the impulse of any mass of
futd reachung the surface 1 any given tiie 15 equal to the change
of momentum estunatedin the same direction  The pressure between
the flmd and surface, m any direction, 15 cqual to the change of
momentum m that direction of so much fluid as reaches the surface
in one sccond It Py 15 the pressure in any direction, m the mass
of fluid inpinging per second, r, the change of velocity m the direction
of P, due to impact, then

P,=mr,

If vy (fig 152) 18 the velocity and dicection of motion before impact,
v, that after impact, then v 15 the total change of motion due to
impact ~ The 1csultant pressure of the
fluid on the surface 1s i the direction of
t, and 1s equal to v multiplied by the mass
mnpinging per second  That 19, putting

P for the resultant pressure,

P=wv
/ Let P be resolved into two componeats,
= / N and T, normal and tangential to the
2 direction of moton of the sohd on which
Fic 152 the flmd wnpinges Then N 15 a lateral
force producing a pressure on the supports
of the solid, T 1 an etfort which does work on the solid. If u 1s the
velocity of the <olid, Tt 13 the work done per second by the flmd n
moving the sohd surface

Let Q be the volume, and GQ the weight of the fluid impinging
per second, and let uLbe the 1mitial velocity of the fluxd before striking
the surface  Then GQu,%2g 13 the orjginal kinetic energy of Q cub,
ft of huid, and the el cfe.ncy of the strgam considered as an arrange-
ment for moving the solid surface 15

7=Tu/(GQuY2g)

§ 154 Jot deviated snttyelv 1n ons Drvection —Geometrical Solutson
1hg. 153) -Su}2)ose a jet of water impinges on a surface ac with a
veloaty ab, and let it be wholly deviated 1n planes parallel to the
figure ~ Also let ac be the \clocity and direction of motion of the
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surface Joun eb; then the water moves with respect to the surface
m the direction and with the velocrty eb  As tlus relative velocity
15 unaltered by contact with the surface, take :d =eb, tangent to the
surface at ¢, then cd 1s the relative mouion of the water with respect to
the surfuce at ¢ Take df equal and parallel to g Then fc (obtamed
by compounding the relative motion of water to surface and common
velocity of water and surfuce) 13 the absolute veloaity and direction

Fic 153.

of the water leaving the surface Tahe ag equal and parallel to fc

Lhen, since ab 1s the imtial and ag the hnal velocity and direction of
motion, gb 15 the total change of motion of the water The resultant
pressure on the plane 1s n the direction gb  Jom eg  In the tnangle
gae, ae 13 €qual and parallel to df, and ag to fc  Hence eg 15 equal and
parallel to ¢cd But cd =e¢b=relative motion of water and surface
Llencc the change of motion of the waier 13 represented 1n magnitude
and direction by the third side of an 1sosceles triangle, of which the
other sides are equal to the relative velocity of the water and surface,
and parallel to the mitial and final directions of relative motion

SPECIAL CASES

§155 (1) A Jet tmpinges on a plane surface at resi, 1n a direction
normal to the plane (fig 154) —Let a jet whose scction 1s w 1Impinge
with a velocity v on a plane surface at rest,
i a direction normal to the plane The
particles approach the plane, are gradually
deviated, and finally flow away parallel to
the plane, having then no velocity in the
onginal direction of the jet  The quantity
of water impinging per second 1s wv  The
pressure on the plane, which 13 equal to
the change of momentum per second, 18
P = (G/g)ae?.

(2) If the plane 15 movang wn the divection
of the 1et with the velocsty u, the quantty
impinging per second 18 w(vyu) The
momentuin of thy quantity before unpact
18 (G/g)a(vFu)v, After t, the water
still the veloaty +# in the
duarection of the jet; and the momentum,
i that direction, of so much water as
impinges 1 one gecond, after ampact, 1s
t(G/g%w(u;u)u The pressure on t
plane, which is_the c¢hange of momentum
;ﬁr second, 3s the difference of these quantities or P = (G/g)w(vFu)®

his differs from the expression obtamed in the previous case,
in that the relative velocity of the water and plane vxu 1s sub-
stituted forv  The expression may be wntten P =2 x G x w{vgw)¥/2g,
where the last two terms are the volume of a prism of water whose
section 15 the area of the jet and whose length 15 the head due
to the relative veloaity e pressure on the plane 15 twice the
weight of that pnsm of water The work doae when the plane

Fic 154
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15 moving in the same direction as the jet 18 Pu=(G/g)w(v - )%
loot-pounds per I'hero 1ssue from jet wv cub ft
per second, and the energy of thus qQuantity before mmpact 1s
(G/2g)ws®. The efficiency of the jet s therefore y=2(v —u)4/v3,
I'hevalueof # which makes this a maximum is found by ditferentiating
and equating the differential coefficient to zero —
dyjdu=2(v? - gou + 3ud)/v¥ =0,
u=vor fv
Lhe former gives a the lattcra y
Putting u = }v 1n the expression above,
7IMAX = iy
(3) If, mstead of one plane moving before the jet, a serics of plancs
are introduced at short intervals at the same point, the quantity of
water impinging on the series will be wv 1nstead of w(v - ), and the
whole pressure =(G/g)wv(v —4) The work done 18 (G/g)wvu(v —u)
The efficiency 5 =(G/g)wvu(v - u) — (G/2g)wv’ = 2u(v — u)/l;g This be-
comes a maximum for dy/du =2(v - 24) =0, or % =}v, and then p=}
Thas result 1s often used as an approximate expression for the velouty
of greatest efficiency when a jet of water strikes the floats of a watcr
wheel The work wasted in this case 1s half the whole energy of the
jet when the floats run at the best speed
$156 (4) Caseof a Jet 1m/7m€‘mg on a Concarve Cup Vane, velouty
of water v, veloaity of vane in the same direction u (fig 155), weight
impinging per second =Guw(v - u?
f the cup 1s hcnmsphencal, the water leaves the cup m a
direction parallel to the jet  Its relative velocity 1s v - when ap-
proaching the cup, and
~(v-u) when leaving it
Hence 1ts absolute veloaty
when leaving the cup s
U~ (0 -u =24 -0 The
change of momentum per
second = (GfR)w(v - ) {v -~
(2u - v)} = 2(Glg)w(v - u)*
Companng this with case 2,
1t 1s seen that the pressute
on a hemuspherical cup 15
double that on a flat plane
Fic The work done on the
cup =2(G/g)w (v -u)’u foot-
pounds per second  The efficiency of the jot 13 greatest when v =3u,
in that case the cificiency =4$
1f a series of cup vancs are introduced 1n front of the jet, so that the
quantity of water acted upon 13 wv 1nstead of w(v ~ %), then the whole
pressute on the chain of cupss (G/g)wr jv - (24 - v)} =2(G/g)wv(v ~ u)
In this case the efficiency is greatest when v = 24, and the maximum
cthciency 1s umty, or all the energy of the water 1s expended on the
wups
§157 (5) Case of a IFlat Vane oblique to the Jst (fig 156) —This case
presents some difficulty  The water spreading on the plane in all
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directions from the point of impact, different particles leave the plane
with different absolute velocities Let AB=v=velocity of water,
AC =u =veloaity of plane n, pl the parallel
AD represents in magnitude and dircction the relative veloaty of
water and plane Draw AE normal to the plane and DE parallel to
the plane  Then the relative velocity AD may be regarded as con-
sisting of two components, one AE normal, the other DE el to
the plane On the assumption that friction 1s msensible, DE 1=
unaffected by wmpact, but AL 1s destroyed Hence AE represents
the entire change of velocity due to act and the direction of
that change The pressure on the plane is i the direction AE, and
1ts amount 18 = mass of water impinging per second x AE

Tet DAE =9, and let AD =v, Then AE =v, cos §, DE =v,sin #
If Q 15 the volume of water impinging on the plane per second,
the change of momentum 15 (G/g)o,t, cos 0 Let AC =u =veloaty
of the plane, and let AC make the angle CAE =8 with the normal
to the plane The velocity of the plane in the direction AE=
1 cos 3 The work of the jet on the planes((‘v/g)rsv, cos 0 u co3 &
The same problem may be thus treated algebralcally (fig 1 5({).
Let BAF =q, and CAF =8 The velocity v of the water may Le de-
com]])owd 1ito AF =v cos « normal to the plane, and FB=v s a
Bara lel to the plane Simlarly the velocity of the plane =4 =AC =

D can be decomposed into BG =FE =u cos § normal to the plane,
and DG =u sin § parallel to the plane. As friction 1s neglected, the
velocity of the water parallel to the plane is unaffected by the 1m-
pact, but 1ts component v cos « normal to the plane becomes after
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unpact the same as that of the plano, that is,  cos 3 Hence the
change of velocity durng impact=AE=y cos a-u coé 8 The
change of momentum per second, and consequently the normal

Fi1e 157

pressure on the plane 18 N =(G/g)Q (v cos a —# c0s §)  The piessure
n the direction in which the p{.\nc 1smoving 15 P=N cos § :((;(g)Q
(v cos a -1 cos §) cos §, and the work done on the plane 15 Pu =
(G/g)Q(v cos a —u cos §) u cos §, which 15 the same expression as
before, since AF =v, cos § =v cos a ~ 1 cos &

In one second the plane moves so that the pomt A (g 158) comes
to C, or from the po~ition
shown m full lines to the

swion shown  an dotted
ines  If the plane remamed
siationary, a lcagth AB=v
of the jet would impinge on
the plane, but, since the plane
moves 1 the same direction
as_the jct, only the length
HB =¢\{3 ~AH mmpiges on
the plane

But AH =ACcos 8/ cos a =
% cos 5/ cos a, and therofore
HB=v-wucos §/ cos a. Lct
w <= sectional area of jet,
volume impmging on plane
per second = () = w(v - % o8
$/00s a) =w(v Cob @ — 1 COS 8)/COs a
above, we get

Fic 158
Inserting this w the formulae

N:(!'c-o:;(vcoiu-ucosﬂ)', (1)
P:g’%gi? (vcosa - ucos 3)2, (2)

G cosd 9

Pu =% uum.(vcoon % cos 3) (3)

Three cases may be distingmshed —

(«) The plane 18 at rest Then % =0, N = (G/g)wt® cos a, and the
wot k done on the plane and the cfficiency of the jet are zcro

{0) The planc movcs parallel to the jet Tgcn d=a, and Pu =
(Gs/g) ww cos %a(v -u)%, which 18 a maximum when % = jv
When u =4}y then Px wmax =w(G/g)wr® cos %a, and the efficiency
~=n=$costa.

(c) The plane moves perpendicularly to the jet Then §=9o° ~a;

G sina 2

cosd=sma, and Pu = H W s (veosa -usina)® This 1s a maxi-
mum when % = }v cos «

When u = }v cos a, the maximum work and the efficicncy are the
same as n the last case

§ 158 Rest Form of Vanc to recetve Watey —When water impinges
normally or obhiquely on a plane, 1t 18 scattered m all directions
after impact, and the work carried away by the water 18 then gener-
ally lost, from the impossibility of dealing afterwards with streams of
water deviated n so many directions  Bv suitably forming the vane,
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however, the water may be entirely deviated i one direction, and
the loss of energy from agitation of the water 1s entirely avoided,

Iet AB (fig 159) be a vane, on which a jet of water impinges at

pomnt A and i the direcuon AC. Take AL=v=veloaty of
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water, and let AD represent in mzfmtude and direction the velocity
of the vane  Completing the parallelogram, DC or AE represents the
direction mn which the water 13 moving relatively to the vane If
the lip of the vane at A 1s tangential to AL, the water will not have
its direction snddenly changed when 1t impinges on the vane, and
wiil therefore have no tendency to spread laterally, On the contrary
1t will be so gradually deviated that it will f)l«ds up the vane in the
direction AB™ This 1s sometimes expressed by saying that the vane
receives the watey without shock

§ 159 Floats of Poncelst Water Wheels —Let AC (fig 160) repre-
sent the direction of & thin norizontal strcam of water having the

B B: B,
- N .
el
v
?—D .
7] il s a
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velocity v Let AB be a curved float moving horizontally with
velocity #  The relative motion of water and float 1s then mtally

hotizontal, and equal to v - u
In order that the float may receive the water without shock, 1t 13
necessary and sulficient that the lip of the float at A should be
tangential to the direction AC of relative motion. At the end of
(v = u)/g seconds the float moving with the velouily % comes to the
Kautxon AB,, and during tlus time a particle of water received at
and ghding up the float with the relative veloaity v —u, attamns a
height DE =(v —u)%/2¢ At E the water comes to relative rest. It
then descends along the float, and when after 2(v - u)/g seconds the
float has cotne to \,B; the water will again have reached the hp at
A and will quit 1t tangentially, that 1, 1n the direction CAq, with
« relative veloctty = (v - u) = - .{(25012) acquired under the influ-
cnee of gravity  [he absolute velocity of the water leaving the float
1> therefore u —&v ~u) =24 -v Ifu=}v, the water will drop off the
bucket deprived of all energy of motion The whole of the work
of the jet must therefore have been expended in driving the float
Lhe water will have been received without shock and discharged
without velouity  I'his 19 the principle of the Poncelet wheel, but
in that case the floats move over an arc of a large circle, the stream
of water has considerable thickness (about 8 in), 1n order to get
the water into and out of the wheel, 1t is then necessary that lhe%xp
of the float shoula make a small angle (about 15°) with the direction
of its motion | he water quits the wheel with a littie of 1ts encrgy of
motion remaining
§ 160 Pressure on a Curved Swrface when the Water s deviated
wholly 1n one Dirvection —When a 1et of water impinges on a curved
surface 1 such a direction that 1t 13 received without shock, the
pressure on the surface 1s due to 1ts gradual deviation from its first
direction  On any portion of the area the pressure 1s equal and
opposite to the force required to cause the deviation of so much
water as rests on that surface. In common language, 1t is equal
to the centrifugal force of that quantity of water
Case 1 Surface Cyhndrical and Slationary —Let AB (fig 161)
be the surface, having its axis at O and its radius = Let the
water impinge at A tangcntiaﬂr,
and quit the surface tangentially
at B Since the smiface 1s at rest,
¥ v 1s both the absolute velocity of
the waterand the velocity relatively
to the surface, and this remains un-
changed during contact with the
surface, because the deviating force
15 at each pomnt perpendicular to
the direction of motion, The water
19 deviated through an angle
BCD=AOB=¢ Each particle of
water of weight p exerts radially
a centrifugal force pv¥/rg Let the
thickness of the stream=¢ft Then
the weight of water resting on
unit of sumiface =G¢ b, and the normal pressure per unit of
yurface =# =Gf?jgr. The resultant of the radial pressures uni-
formly distnibuted from A to B will be a force acting in the
direction OC bisecting AOB, and 1ts magnitude will equal that of a
force of intensity =n, acting on the gmfechon of AB on a plane
perpendicular to the direction OC  The ength of the chord AB=
2r sin §p; let b=breadth of the surface perpendicular to the plane
of the figure The resultant pressure on surzeo
]
=R=absin®x %, ¥ = 2Chtsin &,
2 ¢g'r g 2
which 19 independent of the radius of curvature. It may be inferred
that the resultant pressure 1s the same for any curved surface of the
same projected arca, which deviates the water through the same

angle.
E’m 2. Cvhindrical Surface moving 1n the Direction AC with Velo-

F16 161,
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city u.—The relative velocity =v -« The final velocity BF (fig 102)
18 found by combining the relative velocity BD =v -« tangential to
the surface with the velocity BE =u of the surface. The intensity of
normal pressure, as in the last case, 15 (G/g)¢(v - %)%r. The resultant
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normal pressure R =2(G/g)bt(v ~ %)® sin ‘3 ¢ This resultant pressute
may be resolved into two components P and L, one parallel and the
other perpendicular to the direction of the vane’s motion The
former 15 an effort doing work on the vane The latter 1s a lateral
force which docs no work
P =Rsmn }¢=(G/g)bt(v - u)*(1 -cos ¢) ,
L =R cos }¢ =(G/e)bt{v ~w)¥sm ¢

The work done by the jet on the vane 18 Pu = (G/g)btu(v - u)*(1 -
cos ¢), which 15 a maximum when u=}v, This result can also bc
obtawmned by considering that the work done on the plane must be
equal to the energy lost by the water, when friction 1s neglected

If ¢=180° cos ¢=~1, I -cos ¢=2, then P=2(G/p)bt(x ~u)’,
the same result as for a concave cup

§ 101, Position which a Movable Plane takes in Flowing W ater —
When a rectangular plane, movable about an axis parallel to one of
1ts sides, 1s placed n an in-
definite current of flmd, 1t
takes a position such that the
resultant of the normal pres-
sures on the two sides of the
axis passes through the axis
If, therefore, planes }')xvobed
so that the ratio a/b {fig 163)
1s varied are placed 1n water,
and the angle they make with
the direction of the stream 1s
observed, the position of the
resultant of the pressures on
the plane 1s dctermmned for
different angular positions, Experiments of this kind have lcen
made by Hagen Some of his results are given m the tollowing
table —
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" | Larger Plane. . Smaller Planc |

alb=10 =, i $=90°

09 75° | 724°

o8 60° i 57

o7 48° | 43°

o é 25: ' 19:

o5 1 13

o4 g" 63°

03 6*“

oz 4 .

hed from Reaction (Rankine, Steam

§ 162, Dsrect Action dsst
Engine, § 147). .
pressure which a jet exerts on a vane can be distinguished

mto two parts, iz —

(1) The pressure ansing from changing the direct component of
the velocity of the water into the velocity of the vane In fig
153, § 154, ab cos bae 1s the direct component of the water’s velocity
or component 1n the direction of motion of vane This 1s changed
nto the velocity a¢ of the vane The p due to direct impul

18 then

P, =GQ(ab cos bae - ae)/g -
For a flat vane moving normally, this direct action is the only action
producing pressure on the vane,

(2) The term reaction is applied to the additional action due to
the direction and velocity with which the water glances off the
vane. It is this which 15 dimimshed by the friction between the
water and the vane In Case 2, § 160, the direct pressure 1s

P, =Gbt(v - «)¥g
That due to reaction is
P, = - Gbi(v - u) cos $/g
If $<90° the direct component of the water's motion 13 not
wholly converted into the velocity of the vane, and the whole
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pressure due to direct impulse 1s nocOI: obtamned If ¢>90° cos ¢ 18
dd Y e to 18 ob 4
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an expression hke that for the rressurc of an wolated jet on an
b

regative and an s u

§ 163 Jet Propeller —In the case of vessels propelled by a jet of
water (ig. 164), dniven sternwards from orifices at the side of the

. vessel, the water, ongnally at rest out-

side the vessel, 15 drawn into the ship
and caused to move with the forward
velocity V of the ship  Afterwards it 1s
projected sternwards from the jets with
a velocity v relatively to the ship, or
v -V relatively to the carth If Q1s
the total sectional area of the jets, v 15
the quantity of water discharged per
second The momentum generated per
second mn a sternward direction 1s
(G/g)fw(v - V), and this 1s equal to the forward acting reaction P
which propels the ship

The energy carried away by the water

FIG. 164

=4§(G/g)w(v - V)% (1)
The useful work done on the ship
PV=(Glg)iw(v - V)V (2)

Adding (1) and (2), we get the whole work expended on the water,

neglecting friction —
W =§(G/g)v(v® - V).
Hence the effictency of the jet propeller 13
PV/W =2V/{v+V). 6
This increases towards unity as v approaches V. In other words,
the less the velocity of the jets exceeds that of the ship, and there-
fore the greater the arca of the onfice of discharge, the greater 1s the
efficiency of the propeller
In the “ Waterwitch " v was about twice V. Hence 1 this case
the theoretical cfficiency of the propeller, friction neglected, was
about
§ 164 Pressure of a Steady Stveam in a Uniform Pipe on a Plane
normal to the Direction of Motion —Iet CD (fig 165) be a plane

placed normally to the stream which, for simphcity, may be sup-
ved to flow horizontally. The fluid filaments are deviated in
mnt of the plane, form a contraction at A,A,, and converge agaim,
lcaving a mass of cddying water behind the {»lanc Suppose the
section A,A, taken at a pomnt where the parallel motion has not
begun to be disturbed, and A,A, where the parallel motion 1s re-
established Then since the same quantity of water with the same
velocity passes AgAy A;\; 1n any given time, the exicrnal forces
produce no change of momentum on the mass AjA A,A,, and must
therefore be 1n equilibrium  If 0 15 the section of the stream at
AgA, or AjA,, and w the area of the plate CD, the area of the con-
tracted section of the stream at A|A; will be ¢, (@ - w), where ¢, 15 the
coeflictent of contraction  Hence, 1f v 1s the velocity at AyA, o1 A,A,,
and v, the velocity at A,A,,
M=cu(0-w);
C o= un)c,(n -w) (1)
Let py, $,, $; be the pressures at the three sections  Applying
Bernoulli's theorem 1o the sections AgA, and A A,,
b VPt
Gt 2% G * 2g°
Also, for the sections A,A, and AA,, allowing that the head due
to the relative velocity v, - v is lost in shock —

%+g=’g+ L Ul

28 2¢
* Po~py=Glv, ~v)¥2g, (2)
or, mtroducing the value 1 (1), .
Po"/’z=2%(5(hn:‘,‘) - ’) o (3)

Now the external forces 1 the d of motion acting on the
mass A,,A(,A.Aia.re the pressures pyf), -, at the ends, and the
reaction - R of the plane on the water, which 15 equal and oppoute
to the pressurc of the water on the plane  As these are 1n equilibrium,

(I’o'/‘:)ﬂ"l)z=°, .
v,
o ReGa( o) )

ly extended plane, with the addition of the term in brackets,
which depends only on the areas of the stream and the plane  Yor
a given plane, the exp mn brack 3! hes as {1} mncreases
If 1w = p, the equation (4) becomes

=2l - 1)),
R‘G“’zg{"(c((p- 1) ') J
which 15 of the form
R =Guw(v¥2g) K

wlhcrc K depends only on the ratio of the scctions of the stream and
plane

For example, let ¢,=o 85, a value which 15 probable, 1if we allow
that the sides of the pipe act as internal borders to an orifice  Then

K=p(l 176’77”l - x)'.

(4a)

p= K=
1 o
2 300
3 175
4 129
5 110
10 94
50 2 00
100 3'50

The ption that the t of contraction ¢, 13 constant
for different values of p is probably only true when p 18 not very
large  Further, the increase of K for large values of p is contrary to
experience, and hence 1t may be mferred that the assumption that
all the filaments have a common velocity v, at the section AjA, and
a common velocity v at the section AgA, is not true when the stream
1s very much larger than the plane. l-‘ence, m the expression

R=KGu¥/2¢,
K must be deternuned by experiment i each special case For a
cylindrical body putting w for the section, ¢, for the coeflicient of
contraction, ¢(Q - w) for the arca of the stream at A,A,;,
1 =vl/c(Q - w) , vy=v0/(0)~-w),
or, putting p={}/w,
vy=vpfeelp = 1), va=up/(p - 1)

R =K,Gur¥/2g,

ol (£ (' 50

Taking c.=085 and p=4, K;=0 467, a valuc less than before
Hence there 18 less pressure on tixc cyhuder than on the thm plane

§ 165 Distribution of Pressure on a Surface on which a Jet smpinges
normally —The Prmctple of momentum gives readily ‘enough the
total or resultant pressure of a jet impinging on a plane surface, but
n some cases it is useful to know the distribution of the pressure
‘The problem 1 the case in which
the plane 13 struck noimally, and
the jet spreads in all directions, 15
one of great complexity, but cven
in that case the maximum mtensit
of the pressure 13 casily aulgnerr
Each layer of water flowing from
an onfice is gradually deviated
}ﬁg 160) by contact with the .ur-
ace, and during deviation exercises
a centrifugal pressure towards the
axis of the jet. The force exerted
by each small mass of water is
normal {0 1ts path and mversely as
the radius of curvature of the path
Hence the greatest pressure on the
plane muct be at the axis of the jet, and the pressure must decrease
from the axis outwards, in some such way as 15 shown by the curve
of pressure 1n fig 167, the branches of the curve being probably
asymptotic to the plane

For simplicity suppose the jet 15 a vertical one  Let &, (fig 167) be
the depth of the orifice from the frce surface, ond v, the velocity of
discharge  Then, 1f w 13 the arca of the orifice, the quantity of water
impinging on the plane 13 obviously

Q=wv,=w./(2ghy),

g the orifice ded, an

Then

where
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that is, supp
of discharge

The velocity with which the fluid reaches the plane 1s, however,
greater than this, and may reach the value

ve=o/(2gh)

where /i 13 the depth of the plane below the free surface. The
external layers of fluid subjected throughout, after leaving the
orifice, to the atmospheric pressure will attain the veloaty v, and
will flow away with this velocity unchanged except by friction
Thelayers towards the interior of the jet, being subjected to a pressurc
greater than atmospheric pressure, will attain a less velocity, and <o
much less as they are ncarer the centre of the jet. But the pressuze

g the
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can m no case exceed the pressure v¥/2¢ or 4 measured wn feet of

water, or the directton of motion of the water would be reversed, and
there would be reflux,  Hence the maximum intensity of the pressure
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of the jet on the plane is h ft of water. If the pressure curve 13
drawn with pressures represented by feet of water, at will touch the
free water surlace at the centre of the jet

Suppose the pressure curve rotated 50 as to form a solid of revolu-
tion lhe weight of water contamed in that sohd 19 the total
pressure of the jet on the surface, which has already been deter-
mined  Let V=volume of this sohid, then GV 1s its weght in pounds

Consequently
GV ={G/glwvw ,
v=zw/$<hh’,\

We have already, therefore, two conditions to be satisfied by the
pressure curve

Some very interesting experniments on the distribution of pressure
nn a surface struck Ly a jet have been made by J S Beresford
(Prof Papers on Indian Engineering, No ccexxu), with a view to
afford mformation as to the forces acting on the aprons of weirs

HYDRAULICS

va{Imdr\cal Jets ‘ m to 2 in diameter, 1ssutng from a vessel
ich the water level was constant, were allowed to fall vertically

on a brass plats 9 m 1 diameter. A small hole m the brass plate
communicated by a flexible tube with a vertical pressure column
Arrangements were made by which this aperture could be moved |
Ty In at a time acrosy the area struck by the yet  The heght of the |
pressure column, for each position of the aperture, gave the pressure
at that pownt of the area struck by the jet

When the aperture was

[

Pressure o plate . mches of water

C]

8

CE) 10
Distance from axis of jet in Inches.
Fic 168 —Curves of Pressure of Jets impinging normally on a Plane

exactly in the axis of the jet, the pressure column was very nearly
level with the free surface in the reservoir supplying the jet,” that s,
the pressure was very nearly v9/2¢  As the aperture moved away from
the axis of the jet, the pressure diminrshed, and it became insensibly
small at a distance from the axis of the jet about equal 1o the dia-
meter of the jet. Hence, roughly, the pressure due to the jet extends
over an arca about four tines the area of section of the jet
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As the jorm of the pressure curve has been alrcady indi-

cated, 1t may be assumed that 1ts equation 15 of the form
y=ab-* (1)
But 1t has already been shown that for x=o, y =4, hence a=4
To deternune the remammmg constant, the other condition may be
used, that the sohd formed by rotating the pressure curve represents
the total pressure on the plane The volume of the solid 1s

w
V= f 0 2wxyda
=27k f :b"zxdx

-
= (rh/log.b)[ o ]0
=rhflog,b
Using the condition already stated,
2w/ (hhy) = xh/log ,b,
1og ;b = laf2u)ny b/}

Putting the value of b 1 (2) 1 eq gx), and also r for the radius of
the jet at the onifice, so that w=ms? the cquation to the pressure
curve 18
L]
o

§ 166. Resistance of a Plane moving thiough a Fluwid, or Pressure
of @ Current on a Plane.—When a thin })late moves through the
air, or through an indefinitely large mass of still water, in a direction
normal to 1ts surface, there 15 an excess of pressure on the anterior
face and a diminution of pressure on the posterior face Let v be
the relative velocity of the plate and fluid, 0 the area of the plate, G
the density of the fluid, A the height due to tne velocity, then the
total resistance 1s expressed by the cquation

R = /GO v¥/2¢ pounds =Gk ,

where f 15 a coefficient having about the value 1 3 for a plate moving
1 stull fluid, and 1+8 for a current impinging on a ﬁxed}) ane, whether
the fluid 13 air or water, erence in the value of the coeflicient
in the two cases is perhaps due to errors of experiment. There 1s a
similar resistance to motion i the case of all bodies of “ unfarr **
form, that 18, in which the surfaces over which the water shdes are
not of gradual and continuous curvature

The stress between the fluid aad plate artses chiefly in this way

y=het
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The streams of flud deviated in front of the plate, supposed for
defimteness to be moving through the fluid, receive from it forward
momentum. Portions of this forward moving water are throwa off
laterally at the edges of the plate, and diffused through the surround-
g fluid, mnstead of falling to thewr original position behind the
plate Other pottions of comparatively still water aro dragged mto
motion to fill the space left behind the plate, aad there is thus a
p less than hyd p at the back of the plate The
whole resistance to the motion of the plate 1s the sum of the excess of
pressure 1 front and deficiency of pressure behand  This resistance
13 mdependent of any friction or viscosity in the flmd, and 18 duc
smply to 1its inertia resisting a sudden change of dircection at the
cdge of the plate

Experiments made by a whurhag machme, m which the plate 1
fixed on a long arm and moved circularly, gave the following values
of the coefficient / The method is not free from objection, as the
centrifugal force causes a flow outwards across the plate

Approximate Values of / I
Arca of Plate B e T
mn sq. ft Borda | Hutlon 1Th.bault
013 1-39 124 .
025 149 143 I 525
063 164
1ar 1 784

There is a steady increase of resistance with the size of the vlate,
n Bart or wholly due to centrifugal action,

L. G Dubuat (1734-1809) made experiments on a plane 1 ft
square, moved 1 a straight line 1 water at 3 to 0} ft per second
Callmg m the coefficient of excess of pressure in front, and n the
cocfficient of deficiency of pressure behind, so that f=m+n, he
found the following vaines ,—

m=1, n=0433, [=1433

‘The pressures were measured by preseure columns  Experunents
by A. f, Mornn (1795-1880), G Probert {i793-1871) and 1 Didion
(1798~1878) on plates of 0 3 to 2 7 5q ft area, drawn vertically
through water, gave f=2 13, but the experiments were made in &
reservorr of comparatively small depth  For simular plates moved
through air they found f=r1 36, a result more in accordance with
those which precede.

For a fixed planc in a moving current of water £ Mariotte found
f=125 Dubuat, in experuments i a current of water like those
mentioned above, obtained the values m=1'186; n =067, f=
1:856 Thibault exposed to wind pressure planes of 1 17 and 2 5
sq 1t. area, and found f to vary from 1 568 to 2 125, the mean value
being /=1 834, a result agreeing well with Dubuat

§ 167. Stanton's Evperiments on the Pressure of Awr on Surfaces —
At the National Physical Laboratery, London, T. E. Staaton carried
out a sertes of expenuments on the distribution of pressure on surfaces
1n a current of air passing through an aur trunk. Thbese were on a

t
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Let AB (fig. 170) be a plane moving m the direction R makum,
an angle ¢ with the plane. The resultant pressure between the fluig
and the plane will be a noimal
pressure The component R .
of this normal pressure 15 the
resistance to the motion of the
Fla,ue and the other cornponent
.15 a lateral force resisted by
the guides which support the
plane  Obviously

R :Nsm¢,
L=Ncos¢

In the case of wind pressure on
a sloping roof surfacc, R 15 the
horizontal and L the vertical
component of the normal pres-
sure

In experiments with the whirling machime it 1s the resistance to
motion, R, which 13 directly measured Let P be the pressure on a
plane move. normally through a flmd Then, for the same plane
inclined at an angle ¢ to 1ts dnection of motion, the resistance was
found by Hutton to be

L Tt N
F16. 170

R =D(sin ¢) 840 cosd
A smpler and more convenient cxpression given by Colonel
Duchemum 15
R=2Psan?¢/(1 +sintg¢)
Consequently, the total pressurc between the fluid and plane is
N=2Psin ¢f(1 4 sin®g¢) =2P/(Loscc ¢ + sin ¢),
and the lateral force is
L =2Psin ¢cos ¢/(r + sin® ¢)

In 1872 some cxperiments were made for the Acionautical Society
on the prcssure of air on oblique planes  These plates, of 1 to 2 ft
square, were balanced by mgenious mechamism designed by I 11

‘enham and Spencer Browning, in such a manner that both the
pressure in the direction of the air current and the latcral force were
separatcly measured. These plancs were placed opposite a blast
from a fan wssuing from a woodcu pipe 18 m. squarc __The pressure of
the blast varied from % to 1 1. of water pressure  The following are
the results given an pounds per square foot of tbe plane, and a com-

a1son of the cxperimental results with the pressures given by

uchemun’s rule  These last values are obtaiucdq-y taking © -3 31,

the observed pressure on a normal surface .—

| Angle b:::vem.) Plane and Du'ectmn} 15° 200 i 60° | 400 {
Horizontal pressure R 04 To6r |2 73 i 331
Lateral pressure o 196 , 1-20 .
Normal pressure /134 R? . 165 [205 301 1 331

i Normal pressure by Duchemio’s rule | 1+605 | 2'027 | 3 276 i 331 |

small scale but with exceptionally accurate means of mn
These experiments differ from those already given in that the plane
18 small relatively to the cross section of the curreat (Proc lust
Civ Ing clvi, 1904) Fig 169 shows the distribution of pressure

on a s?uare plate  ab 15 the plate mn
vertical section. acy the distribution
of pressure on the windward and adb
that on the leeward side of the centra!
section  Simularly aeb 15 the ditribu-
tion of pressure on the windward and
afb on the leeward side of a diagonal
section The intensity of pressure at
the centre of the plate on the windward
side was n all cases p=Gv?/2¢1b per
sq ft, where G 15 the weight of a cubic
foot of aic and v the velocity of the
curient 1n ft. per sec  On the iceward

™~ side the negative pressure 13 umform
H c [ except near the edges, and its value
B i depends on the form of the plate Tor
\ a carculai plate the pressure on the
of b leeward side was o 48 Guv?f2¢ and for

a rectaagular plate 0:66 /2g. For
circular or square plates the resultant
4 pressure on the plate was P=o0 00126
169 v¢ 16 per sq ft where v 1s the velocity

of the current m ft per sec. On a long
narrow rectangular plate the p was nearly 60 %
greater than on a circular plate. In later tests on larger planes in
free air, Stanton found resistances 18 9 greater than those observed
with small planes in the air truak.

§ 168 Casc when the Directrion of Motion is oblique to the Plane —
The d of the p a flud and surface 1n this
case 18 of mmportance in many p questi for n
assignang the load due to wm! ressure on sloping and curved roofs,
and experiments haye been nwie by Hutton, Vince, and Thibault on
planes moved circularly through air'and water on a whirling machine

WATER MoTORS

In every system of machinery deriving energy from a natural
water-fall there exist the following parts :—

1. A supply channel or head race, leading the water from the
highest accessible level to the site of the machine  This may be
an open channel of earth, masonry or wood, Jaid at as small a
slope as 1s consistent with the delivery ot the necessary supply of
water, or it may be a closed cast or wrought-iron pipe, lud at
the natural slope of the ground, and about 3 ft below the surface
In some cases part of the head race 1s an open channel, part
a closed pipe The channel often starts from a small storage
reservoir, constructed near the stream supplying the water motor,
1 which the water accumulates when the motor 1s not working
‘There are sluices or penstocks by which the supply can be cut
off when neccssary .,

2 Leading from the motor there 1s a tail race, culvert, or
discharge pipe delivering the water after it has done its work
at the lowest convenient level,

3 A waste channel, weir, or bye-wash 1s placed at the ongin
of the head race, by which surplus water, in floods, cscapes

4 The motor itself,of one of the kinds tobe described presently,
which either overcomes a useful resistance directly, as in the case
of a ram acting on a hift or crane chain, or indirectly by actuating
transmussive machinery, as when a turbine drives the shafting,
belting and gearing of a mill  With the motor 1s usually com-
bined regulating machinery for adjustmg the power and speed
to the work done. This may be controlled in some cases by
automatic governing machmery.
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§ 169. Water Motors with Artificral Sources of Energy~The
great convenience and simplicity of water motors has led to their
adoption i certamn cases, wherc no natural source of water
power 15 avallable In these cases, an artificial source of water
power 15 created by using a steam-engine to pump water to a
reservoir at a great elevation, or to pump water nto a closed
reservowr in which there 1s great pressure. The water flowing
from the reservoir through hydraulc engnes gives back the
encrgy expended, less so much as has been wasted n friction
Such arrangements are most useful where a continuously acting
steam engine stores up energy by pumping the water, while the
work done by the hydraulic engines 1s done intermittently,

§170 LEnergy of a Water-fall.—Let H, be the total fall of level from
the pomnt where the water 1s taken from a natural stream to the
point where 1t 13 discharged into 1t agam. Of this total fall a portion,
which can be estimated independently, 18 expended m g
the resistances of the head and tail races or the wi] ly and discharge
pipes  Let this portion of head wasted be §,. Then tae available
cad to work the motor s H=H, -}, It is this available head which
should be used m all calculations of the proportions of the motor.
Tet Q be the supply of water per second Then GQH foot-pounds
})el second 13 the gioss available work of the fall The power of the
all may be utilized in three ways  (a) The GQ pounds of water may
be placed on a machine at the highest level, and descending in con-
tact with 1t a distance of H ft., the work done will be (neglecting
losses from friction or leakage) GQH foot-pounds per second. (b)
Or the water may descend n a closed pipe from the higher to the
lower level, n which case, with the same reservation as before, the
lnc%urc at the foot of the pipe will be p = GH pounds per square foot
f the water with this pressure acts on a movable piston like that
of a steam engine, 1t will drive the piston so that the volume described
15 Q cubic feet per second Then the work done will be pQ=GHQ
foot-pounds per second as Lefore (¢). Or lastly, the water may be
allowed to acquire the velocity v = JgH by 1ts descent  The kinetic
«-ner%y of () cubic feet will then be § Qw‘Zf =GQH, and if the water
15 allowed to 1mpinge on surfaces suitably curved which bring it
finally to rest, it will impart to these the same encigy as in the
previous cases. Motors which receive energy mainly in the three
ways desciibed 1 (a), (b), () may be termed gravity, pressure and
mertia motors respectively Generally, if () ft per second of water
act by weight through a distance 4, at a pressure p due to A, ft of
fall, and with a velocity v due to &, ft of fall, so that &, + &, + l,= H,
then, apart fiom energy wasted bf’ friction or leakage or imperfection
of the machine, the work done will be

GQA, + pQ + (G/g)Q(v%/2g) = GOH foot pounds,

ﬁn; same as if the water acted sumply by 1ts weight while descending

t

§171. Site for Water Motvr—Wherever a stream flows from
a higher to a lower level 1t 1s possible to erect a water motor
‘The amount of power obtanable depends on the available head
and the supply of water In choosing a site the engineer will
select a portion of the stream where there 1s an abrupt natural
fall, or at least a considerable slope of the hed He will have
regard to the facility of constructing the channels which are to
convey the water, and will take advantage of any bend in the river
which enables him to shorten them. He will have accurate
measurements made of the quantity of water flowing in the
stream, and he will endeavour to ascertam the average quantity
avalable throughout the year, the mimmum quantity in dry
seasons, and the maximum for which bye-wash channels must
be provided In many cases the natural fall can be increased
by a dam or weir thrown across the stream The engineer will
also examine to what extent the head will vary in different
seasons, and whether 1t 15 necessary to sacrifice part of the fall
and give a steep slope to the tail race to prevent the motor being
drowned by backwater in floods Streams fed from lakes which
form natural reservorrs or fed from glaciers are less variable than
stieams depending directly on rainfall, and are therefore advan-
tageous for water-power purposes

§ 172 Water Power at Holyoke, U S A —About 85 m. from the
mouth of the Connecticut river there was a fall of about 60 ft n
a short distance, forming what weie called the Grand Rapids, below
which the niver turned shudply, forming a kind of penmsula on which
the city of Holyoke 1s built.” In 1845 the magnitude of the water-
power available attracted attention, and 1t was decided to build a
dam across the river  The ordmary flow of the niver 1s 6000 cub ft
per sec,, giving a gross power of 13o.o<w h Ig In dry seasons the
power 18 20,000 h p, or occasionally less. Irom above the dam a
system of canals takes the water to mills on three levels. The first
canal starts with a width of 140 ft and depth of 22 ft., and supplies
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the highest range of mills. A second canal takes the water wlich
has driven turbines 1n the highest mills and supphes 1t to a second
series of mills  There 15 a third canal on a still lower level supplymg
the lowest mills  The water then finds 1ts way back to the niver
With the grant of a mull «ite 15 also leascd the right to use the water-
power A mull-power 1s defined a3 38 cub ft. of water per sec
during 16 hours per day on a fall of 20 ft This gives about 60 b p
cffective The charge for the power water 1s at the rate of 20s. per
h.p. per annum

§ 173. Actron of Water 1n a Water Motor —Water motors may
be divided into water-pressure engines, water-wheels and
turbines.

Water-pressure engines are machines with a cylinder and piston
or ram, in principle 1dentical with the corresponding part of a
steam-engine. The water 15 alternately admitted to and dis-
charged from the cylinder, causing a reciprocating action of the
piston or plunger. It 1s admitted at a high pressure and dis-
charged at a low one, and consequently work 1s done on the piston
The water in these machines never acquires a high velocity, and
for the most part the kinetic energy of the water 1s wasted
The useful work i1s due to the difference of the presswie of
admussion and discharge, whether that pressure 1s due to the
weight of a column of water of more or less considerable height,
or 1s artificially produced in ways to be described presently

Water-wheels arc large vertical wheels driven by water falling
from a higher to a lower level In most water-wheels, the water
acts directly by its weight loading one side of the wheel and so
causing rotation. But in all water-wheels a portion, and m some
a considerable portion, of the work due to gravity 1s first em-
ployed to generate kinetic energy m the water; durmng its
action on the water-wheel the velocity of the water diminishes,
and the wheel is therefore in part driven by the impulse due to
the change of the water’s momentum ~ Water-wheels are there-
fore motors on which the water acts, partly by weight, partly by
impulse.

Turbines arc wheels, gencrally of small size compared with
water wheels, driven chiefly by the impulse of the water  Before
entering the moving part of the turbine, the water 1s allowcd
to acquire a considerable velocity , during 1ts action on the
tubine this velocity 1s diminished, and the impulse due to the
change of momentum drives the turbine

In designing or selecting a water motor 1t 1s not sufficient to
consider only its efficiency n normal conditions of working
It 15 generally quite as important to know how it will act with
a scanty water supply or a diminished head. The greatest
difference 1n water motors 1s mn ther adaptability to varying
conditions of working.

Water-pressure Engines.

§174. In these the water acts by pressure either due to the
height of the column 1n a supply pipe descending from a high-
level reservorr, or created by pumping Pressure engines were
first used n mine-pumping on waterfalls of greater height than
could at that time be utilized by water wheels. Usually they
were single acting, the water-pressure lifting the heavy pump
rods which then made the return or pumping stroke by their
own weight. To avoid losses by flmd friction and shock the
velocity of the water 1n the pipes and passages was restnicted
to from 3 to 1o ft per second, and the mean speed of plunger to
1 ft. per second. The stroke was long and the number of strokes
3to 6 per minute. The pumping hift being constant, such engines
worked practically always at full load, and the efficiency was
high, about 84 9, But they were cumbrous machines. They
are described in Weisbach’s Mechanics of Engineering.

The convenience of distributing energy from a central station
to scattered working-points by pressure water conveyed n pipes
—a system nvented by Lord Armstrong—has already been
mentioned. This system has led to the development of a great
variety of hydraulic pressure engines of very various types
The cost of pumping the pressure water to some extent restricts
its use to intermittent operations, such as working hfts and
cranes, punching, shearing and riveting machines, forging and
flanging presses. To keep down the cost of the distributing
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mains very high pressures are adopted, generally 700 Ib per
$q. in. or 1600 ft. of head or more

In a large number of hydraulic machines worked by water at
high pressure, especially hfting machines, the motor consists of a
direct, single acting ram and cylinder. In a few cases double-
acting pistons and cylinders are used, but they involve a
water-tight packing of the piston not easily accessible. In some
cases pressure engines are used to obtan rotative movement,
and then two double-acting cylinders or three single-acting
cylinders are used, driving a crank shaft Some double-acting
cyhnders have a piston rod half the area of the piston The
pressure water acts continuously on the annular area n front
of the piston During the forward stroke the pressure on the
front of the pistonbalances half the pressure on the back. During
the return stroke the pressure on the front 1s unopposed. The
water 1n front of the piston 1s not exhausted, but returns to the
supply pipe. As the frictional losses in a fluid are independent
of the pressure, and the work done increases directly as the
pressure, the percentage loss decreases for given velocities of
flow as the pressure increases. Hence for high-pressure machines
somewhat greater velocities are permitted in the passages than
for low-pressure machines In supply mains the velocity 1s
from 3 to 6 {t. per second, in valve passages 5 to 1o ft. per second,
or in extreme cases 2o ft, per second, where there 15 less object
in economuzing energy. As the water 15 incompressible, shde
valves must have neither lap nor lead, and piston valves are
preferable to ordinary shde valves. To prevent injurious com-
pression from exhaust valves closing too soon in rotative engines
with a fixed stroke, small self-acting relief valves are fitted to the
cylinder ends, opening outwards agamnst the pressure into the
valve chest, Imprisoned water can then escape without over-
stramning the machine.

In direct single-acting hft machines, n which the stroke 1s
fixed, and 1n rotative machines at constant speed 1t 1s obvious
that the cylinder must be filled at each stroke irrespective of the
amount of work to be done  The same amount of water 13 used
whether much or httle work 1s done, or whether great or small
weights are hfted Hence while pressure engines are very
efficient at full load, their efliciency decreases as the load de-
creases. Various arrangements have been adopted to diminish
this defect in engines working with a variable load In hfting
machinery there is sometimes a double ram, a hollow ram
enclosing a solid ram By simple arrangements the solid ram
only 15 used for small loads, but for large loads the hollow ram 1s
locked to the solid ram, and the two act as a ram of larger area.
In rotative engines the case 13 more difficult In Hastie's and
Rigg's engines the stroke 1s automatically varied with the load,
increasing when the load 1s large and decreasing when 1t 15 small.
But such engines are complicated and have not achieved much
success, Where pressure engines are used sumplicity 1s generally
a first consideration, and economy 1s of less importance

§ 175 Efficiency of Pressure Enginos —It is hardly possible to form
a theoretical expression for the efficiency of pressure engines, but
some general considerations are useful Consider the case of a long
‘stroke hydraulic ram, which has a fairly constant velocity v during
the stroke, and valves which are i«url, wide open during most of the
stroke Let » be the ratio of area of ram to area of valve 1passa(§:e,
a ratio which may vary in ordinary cases from 4 to 12 hen the
loss 1n shock of the water entering the cylinder will be (v - 1)%2/2¢ 1n
ft of head The friction in the supply pipe 1s also propomonaf to
v, The energy carried away in exhaust will be proportional to 18
Hence the total hydraulic losses may be taken to be approximately
{v¥/2g ft , where { is a coefficient depending on the proportions of the
machine Let f be the friction of the ram packing and mechanism
reckoned m b per sq ft of ram area en 1if the supply-pipe
pressure driving the machime 18 p b per sq ft, the effective working

pressure will
p - Giv¥j2g -/ b per sq ft
Let A be the area of the ram in sq ft, v 1ts velocity 1 ft per sec
The useful work done will be
(p - Ggvi/2g - fyAv ft 1b per sec,
and the efficiency of the machine will be

n=(p - Giv¥ag - /)/p-
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regulating the engine for varying load the pressure 1s throttled
part of the available head 1s destroyed at the throttle valve, an
i the bracket above s reduced  Direct-acting hydraulic lifts,

without ntermediate gearing, may
e e
—

have an efficiency of. 95 % during the
workimgstroke Ifa hydraulicjiggeris
used with ropes and sheaves to change
the speed of the ram to the speed of
the hft, the efficiency may only B
50% EB Ellington has given the =i
efficiency of lfts with hydraulic
balance at 85 % during the working
stroke Large pressure engnes have
an efficiency of 85 %, but small rota-
tive engines probnhTy not more than
50% and that only when fully loaded. )

§176 Durect-Acting Hydraulic
Lift (fig. 171) —This 1s  the
simplest of all kinds of hydraulc
motor A cage W 1s hifted directly
by water pressure acting n a
cylnder C, the length of which s
a Dhttle greater than the hft. A
ram or plunger R of the same
length 15 attached to the cage
The water-pressure admutted by a
cock to the cylinder forces up the L
ram, and when the supply vaf:'e 15
closed and the discharge valve
opened, the ram descends In
this case the ram 1s 9 in. diameter,
with a stroke of 49 ft It consists :
of lengths of wrought-iron pipe |
screwed to¥ether perfectly water- i
tight, the lower end being closed
by a cast-won plug The ram
works n a cylnder 1r i dia-
meter of g ft. lengths of flanged
cast-iron pipc  The ram passes
water-tight through the cyhnder
cover, which 1s provided with
double hat leathers to prevent
leakage outwards or mnwards As -
the weight of the ram and cage1s B
much more than sufficient to cause
a descent of the cage, part of the
weight 1s balanced. A chain at- "
tached to the cage passes over a
pulley at the top of
the hft, and carnes 4e2d
at 1ts free end a o
balance weight B, %
working n T ron
guides Water 13 ad-
mtted to thecylinder
from a 4-in supply
pipe through a two-
way shde, worked by
a rack, spindle and
endless rope The
hft works under 73
ft. of head, and hfts
1350 Ib at 2 ft per
second. The effi-
ciency 1s from 75 to
80 %.

The prmcipal pre-
judicial resistance to
the motion of a ram
of this kind 18 the fric-
tionof thecup leathers,
which make the join‘

between the cylinder
and ram Sogle Fio. 171

——
L
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- - o o= mma 3

This shows that the effi with the #, and
diminishes with the speed v, other things being the same. If m

ex-
p by John Hick give for the friction of these leathers
the following formula Let F = the total friction n pounds;
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4 =diametor of TAmM 1 it., p = water-pressure tn pounds per sq. ft.,
& a coefficieat.
F=kpd
k=0 00393 if the leathers arc new or badly lubricated ;

=000202 1f t1e leatners are 1n good condition and well lubricated

Since the total pressure on the ram 18 P = }xd®p, tne iraction of the
total pressure expende 1o overcomung the irction of tne leataers 15
F/P = o05/d to 0033/d, d being mn icet

Let H be tne heigat of tne pressure column measured from the
free surface of the supply reservorr to the bottom of the ram m its
lowest position, i, the height from the discharge reservoir to the
same pomnt, A the height of the ram above its lowest ;‘:Iomt at any
moment, S the length of stroke, O the aiea of the ram, W the waght
of cage, R the weight of ram, B the woight of balance wught, w the
weight of balance chain per toot run, F the friction of the cup leather
and sliles  Then, neglecting fluid friction, 1f the ram 1s rising the
accelerating forca 19

P, =G(H - )0 -R-W4B-u@S-h +wh-F,
and if the ram 13 descending
Py= -G(H, -N2+W+R-B+w(S-4) -wh-F.

If w—} GO, P, and P, arc constant throughout the stroke, and

the moving force in ascending and descending 1s the same, 1f
B=W4+R S -GQH +H,)/2
Using the values just found for w and B,
P, =P, ={GQ(I1 -H,) -F

Let W4+R+wS+B=U, and let P be the constant accelerating
force acting on the system, then the acceleration is (P/U)e The
velocity at the end of the stroke 1s (assummg the fnction to be

constant)
v=/(2FgS/U);
and the mean velocity of ascent 18 jv.

§ 177. drmstrong’s Hydraulic Jigger—This is sumply a sigle-
acting hydraulic cylmd}ér and ram, provided with sheaves so
as to give motion to a wire rope or chamn. [t 1s used 1 various
forms of hit and crone. Fig 172 shows the arrangement. A
hydrauhc ram or plunger B works n a
stationary cylinder A Ram and cylinder
carry sets of sheaves over which passes a
chain or rope, fixed at one end to the
cyhnder, and at the other connected over
guide pulleys to a lft or crane  For cach
pair of pulleys, one on the cyhnder and one
on the ram, the movement of the frce end
of the rope 1s doubled compared with that
of the ram  With three pairs of pulleys the
free end of the rope has & movement equal
to six times the stroke of the ram, the force
exerted being in the mverse proportion

§ 178 Rotative Iydraulic Engines —Valve-
gear mechanism similar in punaple to that
of steam engines can be appled to actuate
the admission and discharge valves, and the
pressurc engine 18 then converted mto a con-
tinuously-acting motor.

Let H be the available fall to work the
engme after deducting the loss of head in the
supply and discharge pipes, Q the supply of
water 1 cubic feet per second, anl v the
efficiency of the engine Then the horse-power
of the engine 13

HP =y4GQH/s550
1he eficiency ot large slow-moving pressure engines 1s 3= 66 to +8.
In small motors of tlus kinl probibly 5 15 not greater than -5
Let v be the mean velocity of the piston, then its diameter d is given
Ly the relation
Q =xd*v/4 1n double-acting engines,
-mt—’u/g in single-acting enzines
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plungars aro hollow trunks, and the coanecting rods abut mn
cyhnarical recesses mn them and are conmected to & common crank
pin A arcular valve disk witn concentric segmental ports revolves
at the saine rate as tue crank over ports 1 the valve face common to
tue taree cylnuers  kacn cylinder 1s always in communication with
€ILNes an &ILUSSION Of eXnaust port  Lhe blank parts of the circular

valve close tue auinssion and exbaust ports alternately The fixed
valve tace 19 of hgnum vitae in a metal recess, and the revolving
In the case of a small capstan engine the
At 4o revs per minute,

valve of gun-metal
cyhinders are 34 10 diameter and 31 stroke
tne piston speed 1 31 1t.
per munute  lue ports
are 1 In diameter or
of the piston area, am]
the mean velocity in
the ports 04 it per
sec. With 7oo 1b per
5] 10 water pressure
and an efficiency of
50 %, the engue 18
about 3 hp A com
mon ai ement s to
bave three parallel
cylinders acting on a
three-throwcrank shaft,
the cylinders oscillating

an trunmons

Hastie's Lingine —Fig
173 shows a sumilar
cngine made by Messrs
Hastie of Greenock G,
G, G are the three
plungers which pass out
of the cylinders through cup leathers, and act on the same crank pin
A 1s the mlet pipe which communicates with the cock B Lhis cock
controls the action of the engine, bemg so constructed that it acts as
a reversing valve when the handle C 1s 1n its extreme positions and
as a brake when mn its middle position  With the handle wn its
middle position, the ports ot the cylindcrs are in comr munication
with the exhaust Two passages are forn ed m tre franing leading
from the cock B to the cnds of the cylinders, one Lemng n com-
munication with the supply pipe A, the other with the discharge
pipe Q These passages end as shown at E  Ihe oscillation of the
cylmders  puts  them
alternately in com-
munication with each of
these passages, and thus
the water 13 alternately
admitted and exhausted

In any ordinary rota-
tive engine the length of
stroke 1s 1mnvariable
Consequently the con-
sumption of water de-
pends sumply on  the
speed of the engine,
urespective of the effort overcome If the power of the engine
must be vaned without altering the number of rotations, then
the stroke must be made varable Messrs Hastie have con-
tnived an exceedmngly igenious method of varying tle stroke
automaticzlly, in proFomon to the amount of work to be done (fig
174) The crank pm
1s carrted m a shde H
moving mn a disk M
In this 1s a double
cam K acting on two
small steel rollers J,
L attached to the
slide H If the cam
rotates it moves the
slide and increases or
decreases the radius of
the circle in which the
-mnk pm I rotates
The disk M 13 keyed
on a hollow shaft sur-
the driving

Fi6 174

1f there are » cylnders put Q/n for Q in these equat

Small rotative pressure engines form extremely convenient
motors for hoists, capstans or winches, and for driving small
machinery  The single-acting engine has the advantage that
the pressure of the piston on the crank pin 1s always n one
direction, there 15 then no knocking as the dead centres are
passed Generally three single-acting cylnders are used, so
that the engine will readily start in all positions, and the dniving
effort on the crank pin is very umform.

Byotherhood Hydraulic Eug:m —Three cyhnders at angles of 120°
with each other are formed in ounc casting with the frame The

shaft P, to whuch the
cams are attached
The hollow shaft N
has two snugs to
which the chams RR
are attached (fig 175)
The shaft P carries the
spring case SS towhich
also are attached the
other ends of the chans, When the engine 1s at rest the springs
extend themselves, rotating the hollow shaft N and the frame M,
50 as to place the crank pin I at its nearest position to the axis of

‘When a resi Has to be , the shaft N rotates

Fi16 175
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relatively to P, com; the springs, il their
the pressure due to the resistance to the rotation of P. The eagne
then commences to work, the crank pin beng m the position in
which the turming effort just overcomes the reswstance. If the
resistance duninusues, the springs torce out the chams ami shorten tne
stroke of the plungers, aud vice versa  The following experunents,
on an engme of tius kind workiug a host, show how the automatic
arrangement adjusted tne water used to the work done. lhe lit
was 22 ft and the water pressure 1n the cylinders 8o Ib per sq

Welghy 1ftod, [ Chn ) a7 033 745 87 969 1081 119
v
V::ltox;?d,m) 7% 0 14 10 17 20 21 22

§179 Accumulator Mackinery —It has already been pointed
out that 1t 1s 1n some cases convenient to use a steam engine
to create an artificial head of water, which is afterwards employed
n driving water-pressure machinery. Where power 1s required
mtermittently, for short periods, at a number of different points,
as, for instance, n moving the cranes, lock gates, &c, of a
dockyard, a separate stcam engine and boiler at each pont is

ing a cyk ugh tank W, 1n wiuch weighta are placed
to load the accumulator. At R 1s one of the m‘:‘um mglﬂs or
J1ggers, worked froni the accumulator, discharging the water after use
mto the tank T. In tins case the pressure engine is ghown working a
set ot blocks, the tixed block bewng on the ram cyhinder, the runming
block on tue¢ ram. The chain running over these bLlocks works a
Ltt cage C, the speed of which 1s as many times greater than that of
the ram as there are phes of cham on
the block tackle, 15 the balance
weight of the cage

In the use of accumulators on ship-
board for working gun gear or steerng
gear, the accumulator ram 18 loaded by
springs, or Ly steam pressure acting on a
piston much er than the ram

R 1 Tweddell bas uscd accumula-
tors with a ﬁressure of 2000 1b per
sq m. to work hydraubc nveting ma
chinery

The amount of energy stored mn the
accumulator, having a ram d in. m
diameter, a stroke of S ft, and decliver-
mngatpidp persq m,18

very mconvement , nor can engines worked from a
hoiler be used, because of the great loss of heat and the difficulties
which arise out of condensation n the pipes. If a tank, into
which water is continuously pumped, can be placed at a great
elevation, the water can then be used in hydraulic machinery
in a very convenient way Each hydraulic machne is put
In communication with the tank by a pipe, and on openmng a
valve it commences work, using a quantity of water directly
proportional to the work done. g‘lo attendance 1s required when
the machine 1s not working
A site for such an elevated tank is, however, seldom available,
and in place of 1t a beautiful arrangement termed an accumulator,
mvented by Lord Armstrong, 1s used This consists of a tall
vertical cylinder , into this works a schd ram through cup
leathers or hemp packing, and the ram 1s loaded by fixed weights,
so that the pressure in the cylinder 15 700! or 800 b per sq in.
In some cases the ram s Xxed and the cylinder moves on it
The pumping en-
gmneswhich supply
the energy that
1sstored i the ac-
cumulator should
be a pair coupled
at right angles, so
as to start in any
position  The en-
gmes pump nto
the accumulator
cylinder till the
y ram 1s at the top
wl of 1ts stroke, when
by a catch ar-
rangement acting
on the engine
! throttle valve
, the engines are
stopped  If the
'R accumulator ram
descends, in con-
sequence of water
being taken to
i work machinery,
the engines m-
mediately recom-
mence  working
Pipes lead from
the 1

VOt 14 1400101011000 1173 a

fws foot-pounds

Thus, if the ram 18 9 in , the stroke 2o ft ,
and the pressure 8vold per sq 1n, the
work stored 1n the accumulator when the
ram 1s at the top of the stroke s 1,017,600
foot-pounds, that 13, enough to drive a
machine requnng one horse power for
about half an hour  As, however, the
pumping engine replaces water as soon
as 1t 15 drawn off, the working capacity
of the accumulator 13 very much greater

than tlus  Tweddell found that an ac-
\} harged at 125018 harged
at 12251 sq in Hence the friction

was equivalent to 12} 1b per sq m and
the efhciency 98 %,

When a viry great pressure 1s scquired
a differential accumulator (fig 177) 18
conveniont. The ram 1s fixed and passes through both cnds of
the cylinder, but s of diflerent dhan cters at the two «nds
Aand B Hence if d,, dg arc the diameters of the ram n inches anc
p the n:gmred pressure m 1b per sq o, the load required 1y
1p7(d% ~d%). An accumulator of this kind use] with nveting
machincs hasd, =5y ,dy=43m  The pressure 1< 20001b per sq m
and the load 5 4 tons.

Sometimes an accumulator 1s Joaded Ly water or stcam prciswme
mstead of by a dead weight  1ig 178 shows the anangeniant A
piston A 1s connected to a plunger B of much
smaller area Water pressure, say from town
mans, is admitted below A, and the high
resgure water 18 purvped nto and discharged
}rom the cylinder C in which B works. 1f ris
the ratio of ths areas of A and B, then, neglect-
1ng friction, the preseure in the upper cylinder
18 7 times that under the piston A ith a
vanable rate of supply and demand from the
upper cyhnder, the riston A nses and falls,
mamtamning always a constant pressure i the
upper cylnder

Fic 177.

Water Wheels.

§ 180. Quershot and High Breast Wheels
—When a water fall ranges betwcen 1o
and 70 ft. and the water supply 15 fiom 3
to 25 cub. ft per second, 1t 15 possible to
construct a bucket wheel on which the water
acts chiefly by its weight If the varation
of the head-water level does not exceed 2 ft ,
an overshot wheel may be used (fig. 179)
The water is then projected over the summit
of the wheel, and falls in a parabolic path
mnto the buck With greater variation of head-water level, a

Fic 178

to each of the
machines requr-
ing to be driven,
and do not require to be of large size, as the pressure 1s so
great.

Fig. 176 shows in a diagranmnatic way the scheme of a system of
sccumulator machinery A is the accomulator, with ts ram carry-

FiG. 176,

pitch-back or high breast wheel 18 better. The water falls vver
the top of a shding sluice into the wheel, on thesameside as the
head race channel. By adjusting the height of the sluice, the
requisite supply is given to the wheel in all positions of the
head-water level.

The wheel consists of a cast-iron or wroughtaron axle C
supporting the weight of the wheel. To this are attached two
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sets of arms A of wood or non, which support circular segmental
Elates, B, termed shrouds A cylindrical sole plate dd extends
tween the shrouds on the inner side. The buckets are formed

9o

Fia 179.

by wood planks or curved wrought-iron plates extending from
shroud to shroud, the back of the buckets being formed by the
sole plate.

The efficicney may be taken at o 75
horse power, H the available fall, and Q the availa

per second,
h p =0 75(GQH/550) =0 085 QI

1f the peripheral velocity of the water wheel 1s too great, water 1s
thiown out of the buckets before reaching the bottom of the fall
In practice, the cucumferential velocity of water wheels of the kind
now described 19 from 4} to 10 {t per second, about 6 ft bemg the
usual velocity of good tron wheels not of very small size In order
that the water may enter the buckets easily, it must have a greater
velouty than the wheel Usually the velocity of the water at the
point where 1t enters the wheel is from 9 to 12 ft per second, and
to procduce this it must enter the wheel at a pomnt 16 to 27 1n below
the head-water level Hence the diameter of an overshot wheel

may be
D=H-1{toH -2} ft

Overshot and high bicast wheels wotk badly in back-water, and hence
if the tail-water level varnes, 1t 13 better to reduce the diameter of
the wheel so that 1ts greatest immersion in flood 13 not more than
t ft  The depth d of the shrouds 14 about 1o to 16 1n [he number
of buckets may be abont

N =»D/d

Let v be the peripheral velocity of the wheel Then the capacity
of that portion of the wheel which passes the sluice 1 one second 13
Q, =vb(Dd - d¥/D

=v b d nearly,
b being the breadth of the wheel between the shrouds If, however,
this quantily of water were allowed to pass on to the wheel the
buckets would begin to spill their contents almost at the top of the
fall  To dinumish the loss from spilling, 1t 1s not only necessary to
give the buckets a wwitable form, Eut to restrict the water supply to
one-fourth or one-third of the gross bucket capacity Let m l‘;e the
value of this ratio, then, Q bemng the supply of water per second,

Q =mQ, =mbdv
This glveq the breadth of the wheel 1f the water supply 18 known
The form of the buckets should be determuned thus = The outer
element of the bucket should be m the direction of motion of the
watel entering rolatively to the wheel, so that the water may enter
without splashing or shock The buckets should retain the water as
long as possible, and the width of opening of the buckets should be
2 0r 3n greater than the thickness of the sheet of water entenng.

Hence, if & C 18 the effective
le water supply
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For a wooden bucket (fig 180, A), take ab =distance between two
buckets on periphery of wheel Make ed =4 6b, and bc=¢ to § ab.
]l)om ¢d For an wron bucket (g 180, B), take ed =} eb, bc={ ab.

raw ¢O making an A
angle of 10° to 15° with
the radis atc. On Oc¢
take a centre giving a
carcular arc  passing
near d, and round the
curve mto the radial
part of the bucket de

There are two ways
in which the power of
a water wheel 1s given
off to the machinery
driven  In  wooden
wheels and  wheels
with rigid arms, a spur
or bevil wheel keyed
on the axle of the
turbine will transmit
the power to the shafting. It 15 obvious that the whole
turnming moment due to the weight of the water i1s then tians-
mutted through the arms and axle of the water wheel. When
the water wheel 1s an non one, 1t usually has hght ion
suspenston arms ncapable of resisting the bending action due
to the transmussion of the turning effort to the axle. In that
case spur segments are bolted to one of the shrouds, and the
pnion to which the power 1s transmitted 1s placed so that the
teeth n gear aie, as nearly as may be, on the line of action of the
resultant of the weight of the water in the loaded arc of the wheel

The largest high breast wheels ever constructed were probably
the four wheels, each 5o ft 1n diameter, and of 125 h p, erected
by Sir W, Fairbairn in 1825 at Catrine in Ayrshire.  ‘These wheels
are still working

§ 181. Poncelet Water Wheel —When the fall does not exceed
6 ft, the best water motor to adopt 1n many cases 1s the Poncelet
undershot water wheel In this the water acts very nearly in the
same way as in a turbine, and the Poncelet wheel, although
shghtly less efficient than the best turbines, in normal conditions
of working, 1s superior to most of them when working with
a reduced supply of water. A general notion of the action
of the water on a Poncelet wheel has already been given in
§159 Fig 181 shows its construction The water penned back
between the side walls of the wheel pit 15 allowed to flow to the

Fic 180
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wheel under a movable sluice, at a velocity nearly equal to the
velocity due to the whole fall The water is guided down a slope
of 1 In 10, or a curved race, and enters the wheel without shock.
Ghding up the curved floats 1t comes to rest, falls back, and
acquires at the pont of discharge a backward velocity relative
to the wheel nearly equal to the forward velocity of the wheel.
Consequently 1t leaves the wheel deprived of nearly the whole
of 1ts oniginal kinetic energy

Taking the efficiency at o 60, and putting H for the available fall,
h p for the horse-power, and Q for the water supply per second,

hp =0 068 QH

The diameter D of the wheel may be taken arbitranly. It should not
be less than twice the fall and 13 more often four times the fall For
ordinary cases the 1l d 18 14 ft. with a
straight, or 10 ft. with a curved, approach channel The radial
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depth of bucket should be at least half the fall, and radius of curvature
of buckets about half the radius of the wheel The shrouds are
usually of cast iron with flanges to receive the buckets The buckets
may be of ron §1n thick bolted to the flanges with 4 1n_bolts

Let H’ be the fall measured from the free surface of the head-
water to the point F where the mean layer enters the wheel , then the
velocity at which the water enters 18 v=./(2¢gH’), and the best
circumferential velocity of the wheel 15 V=0 550 to o-6v, The
number of rotations of the wheel per second 1s N=V/¥D The
thickness of the shect of water entering the wheel 15 very im-
portant The best k & 1 to exp 18 8 to 10
i1 The maximum thickness should not exceed 12 to 15 1n, when
there 13 a surplus water smrply Let ¢ be the thickness of the sheet
of water entering the wheel, and b 1ts width , then

bev=Q, orb=0Qfev
Grashof takes ¢ = }H, and then
b =6Q/H \/(2¢H)

Allowing for the contraction of the stream, the area of opening
thmuﬁh the sluice may be 1+25 be to 1 3 b¢  The msuide width of
the wheel 1s madle about 4 1n greater than b.

Several constructions have %)een given for the floats of Poucelet
wheels  One of the simplest 1s that shownin figs 181, 182

Set off OB,

Let OA (fig 181) be the vertical radius of the wheel
OD making angles of 15° with OA. Then BD may be the length of

.

(]
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the close breastmg fitted to the wheel, Draw the bottom of the

11n 10 Parallel to this, at distances je
Then LF 15 the mean layer and GH the
om OF, and make OFK =23°

head race BC at a slope of
and ¢, draw EF and GH
suiface layer enteiing the wheel
Take FK=05 to o7 II lhen 15 the centre from which the
bucket curve 19 struck and KI 15 the radius  The depth of the
shiouds must be sufficient to prevent the water {rom nsing over the
top of the float It s }il to §H  The number of buckets 1s not
very important  They ate usually 1 ft apart on the cncumference
of the wheel

The efficiency of a Poncelet wheel has been found 1n experiments
to reach o 63 It 13 better to take 1t at o 6 m estimating the power
ot the wheel, o as to allow some margin

In fig 182 v; 15 the imitial and v, the final velocity of the water,
1, parallel to the vane the relative velocity of the water and wheel,
and V the velocity of the wheel

Turbines.

§182 The name turbine was orignally given in France to
any water motor which revolved in a horizontal plane, the axis
being vertical The rapid development of this class of motors
dates from 1827, when a prize was offercd by the Société
("Encouragement for a motor of this kind, which should be
an improvement on certain wheels then i use. The prize
was ultimately awarded to Benoit Fourneyron (1802-1867),
whose turbine, but hittle modified, 15 still constructed

Classification of Turbines —In some turbines the whole
available energy of the water 18 converted into kinetic energy
before the water acts on the moving part of the turbine. Such
turbines are termed Impulse or Action Turbines, and they are
distinguished by this that the wheel passages are never entirely
filled by the water To ensure this condition they must be placed
a little above the tail water and discharge into frce air  Turbines
n which part only of the available energy 1s converted into
kinetic energy before the water enters the wheel are termed
Pressure or Reaction Turbines In these there is a pressure
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be continuously filled with water for good efficiency, and the
wheel may be and generally is placed below the tail water level

Some turbines are designed to act normally as impulse turbines
dischurging above the tail water level. But the passages are so
designed that they are just filled by the water. 1f the tail water
rises and drowns the turbine they become pressure turbines with
a small clearance pressure, but the efficiency 15 not much affected
Such turbines are termed Limst turbines.

Next there 1 a difference of constructive arrangement of
turbines, which does not very essentially alter the mode of action
of the water. In axial flow or so-called parallel flow turbmes,
the water enters and leaves the turbine in a direction parallel
to the axis ot rotation, and the paths of the molecules he on
cylindrical surfaces concentric with that axis  In radial outward
and mward flow turbines, the water enters and leaves the turbine
1n directions normal to the axis of rotation, and the paths of the
molecules he exactly or nearly in planes normal to the axis of
rotation  In outward flow turhines the gencral direction of flow
1s away from the axi, and n inward flow turbines towards the
axis There are also mixed flow turbines m which the water
enters normally and 1s discharged parallel to the axis of rotation,

Another difference of construction 1s this, that the water may
be admitted equally to every part of the circumference of the
turbine wheel or to a portion of the circumference only  In the
former case, the condition of the wheel passages 15 always the
same, they receive water equally mn all positions during rotation.
In the latter case, they receive water during a part of the rotation
only The former may be termed turbines with complete
admission, the latter turbines with partial admission A reaction
turbmne should always have complete admission  An impulse
turbme may have ¢ or partial admi

When two turbmne wheels similarly constructed are placed on
the same ax1s, n order to balance the pressures and diminish
journal friction, the arrangement may be termed & twin turbine

If the water, having acted on one turbine wheel, 15 then passed
through a second on the same axis, the arrangement may b
termed a compound turbine  The object of such an arrangement
would be to diminish the speed of rotation.

Many forms of reaction turbine may be placed at any height not
exceeding 30 ft. above the tail water They then discharge into
an ar-tight suction pipe. The weight of the column of water
1n this pipe balances part of the atmospheric pressure, and the
difference of pressure, producing the flow through the turbine, 18
the same as 1f the turbine were placed at the bottom of the fall

11 Reaction Turbines

(Wheel passages not filled, and | (Wheel passages filled, discharg-
discharging  above the tail g above or below the tail
water or into & suction-pip.¢ )

Always with complete admis-
sion

1 Impulse I'urbines

water )
(a) Complete adnussion. Rare ;
(b) Partial admssion  (Usual

— ———— =

Axial flow, outward flow, nward flow, or mixed flow

Simple turbines, twin turbines , compound turbine«

has been shown, 0 § 162,

§ 183 The Simple Reaction Wheel —It
there 14 a reaction on the

that, when water 13sues from a vessel,
vessel tending to cause motion m a
direction opposite to that of the jet
This principle was apphed m a rotaung
water motor at a very early period, an
the Scotch turbine, at one time much
used, differs in no essential respect from
the older form of reaction wheel

The old reaction wheel consisted of a
vertical pipe balanced on a vertical
axis, and supphed with water (fig 183)
From the bottom of the vertical pipe
two or more hollow horizontal arms
extended, at the ends of which were
onfices from which the water was dis-
charged The reaction of the jets caused
the of the h

which in some cases amounts to half the head in the
space between the guide vanes and wheel vanes. The velocity
with which the water enters the wheel 1s due to the difference
between the pressure due to the head and the pressure in the
clearance space. In pressure turbines the wheel passages must

Let H be the available fall measured
from the level of the water i the ver-
tical pipe to the centres of the onfices, 3
r the radius from the axis of rotation to the centres of the orifices,
v the velocity of discharge through the jets, a the angular velocity of

Xiv 4




the machine. When the machine 15 at rest the water 1.sues from
the orifices with the veloaity 4/(2gH) (friction being neglected). Buat
when the machine 10tates the water m the arms rotates also, and 15
n the condition of a forced vortex, all the particles having the same
angular velocity  Consequently the pressure mn the arms at the
orfices 18 H +a®3/2¢ ft of water, and the velocity of discharge
through the onifices 13 v = JJ(2¢gH + a9  If the total area of the
orifices 15 w, the quantity discharged from the wheel per second 18
Q- wv —wa/(agH + a%?),
Whilo the water passes through the onfices with the velocity v, the
onfices are moving in the opposite direction with the velocity ar
The absolute velocity of the water 13 therefore
v ~ar — \/(2¢H + a%?) - ar.
The momentum generated per second 19 (GQ/g)(v ~ar), which is
numerically equal to the force driving the motor at the radius 7.
‘Lhe work done by the water i rotating the whedl 1s therefore
(GQ/g) (v - ar)ar foot-pounds per sec
The work expended by the watcr fall 1s GQH foot-pounds per second
Consequently the efficdency of the motor 1s
(v=arlar {JH+ar~arjar
=T H

H g*H?
Let J2gH +a¥ic ar -+ ‘; L -
then 7 1 gH/2ar+

which mereases towards the hnit 1 as ar increases towards mfinity
Neglecting friction, therefore, the maximum efficiency 1s reached
when the wheel has an nfinitely great veloaity of rotation But
thus condition 15 impracticable to realize, and even, at practicable but
ugh velocitics of rotation, the friction would considcrably reduce the
I!gmency LExperiment seems to show that thebest efhciencyisreached
Then the efficicncy apart from friction 1s

7= {o/(2a%%) - ar}ar/gH

20 414a¥3/gH -0 828,

about 17 % of the encrgy of the fall being carried away by the water
chscharged  Lhe actual efficiency realized appears to be about 60 %,
so that about 21 9% of the energy of the fall 15 lost in friction,
addition to the energy carried away by the water

§ 184 General Si I Principles

i
o
when ar - /(2gH)

of Hvdrody
the Theory of Turbines
(a) When water flows through any pipe-shaped passage, such as
the passage betwoen the vanes of a turbine whedl, the relation be-
tween the changes ot pressure and velocity 15 given by Bernoullt's
theorem (§ 29) Suppose that, at a section A of such a passage, A,
13 the pressure measured in feet of water, v, the velocity, and #, the
elevation above any horizoutal datum plane, and that at a section
B the sume quantities are denoted by 4,, vy, 5, Then
By - b= (0 -v®)/28 + 45— 5, (1)
If the flow 1s honzontal, 5,=1,, and
Ay - hy= (vg® - v,f)[2g (1a)
() When there 1s an abrupt change of section of the passage, or
an abrupt change of section of the stream due to a contraction, then,
m apgl{mg Bernoulli's ezmmon allowance must be made for the
loss of head i shock (§ 36) Let v;, vg be the velocities before and
after the abrupt change, then a stream of velocity v) 1mpinges on a

y Jor

stream at a veloty v, and the relative velocity is v, ~v,. The
head lost 15 (v, - v))¥/2¢ ~ | hen equation (14) becomes
ha= = (0 - vf)/2€ - (v, = v 2g = vy, - v) /g (2)

To diminish as much as possible the loss of encrgy from irregular
eddying motions, the change of section 1n the turbine passages must
be very gradual, and the curva-
ture without discontinuity

{«) Equahty of Angular Impulse
and Change of Angular Momen-
tum —Snp‘pose that a cotiple, the
moment of which 1s M, acts on a
~ body of wught W for ¢ seconds,

Y,  during which 1t moves from A,
to Af (fig 184) Letv, be the
velocity of the body at A,, o, its
velocity at A,, and let g, p, be
the perpendiculars from &on vy
and v, Then Mt 1s termed the
angular impulse of the couple, and
the quantity

(W/g) (vapy - 1y))
is the change of anguldt memen-
S:m rel::tvely{to C  Then, from
and change of angular momentum e rquality of angular impulse
M= (Wig)(vgpg - 0,9)),
or, f the change of momeatum 1s estimated for one second,
M= (W/g) (vapy = vy),

pT
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Let 7,, 7, be the radu drawn from C to A, A,, and let w,, w, be the
components of v,, vy, perpendicular to these radu, angles
£ and a with v;, v, %l\en

v unSCcCh, vy=wyseca,

b, =7,€c05 8, Py=rycosa

- M= (W) (i - wir), ®

where the moment of the couple 15 expressed 1n terms of the radu
drawn to the tions of the body at the beginming and end of a
second, and the tangential components of its velocity at those
pomts

Now the water flowmng through a turbine enters at the admission
surface and leaves at the cischarge surface of the wheel, with ity
angular momentum relatively to the axis of the wheel changed. It
thercfore exerts a couple - M tendng to rotate the wheel, equal and
opposite to the couple M which the wheel exerts on the water Let
() cub ft enter and leave the wheel per second, and let w;, wy be
the tangential components of the velocity of the water at the recerv-
g and discharging surfaces of the wheel, 7,, 7y the radu of those
surfaces By the prinaple above,

=M= (GQ/p) (wyr, - wy) (4)

If a 1s the angular velocity of the wheel, the work done by the

water on the wheel 1s
T =Ma = (GQ/g) (0,7, - wy )a foot-pounds per second  (5)

§ 185 [lotal and dvailable Fall —Let 1, be the total difference of
Ievel fiom the head-water to the tail-water surface Of this total
head a portion 1s expended 1 overcoming the resistances of the head
race, tail race, supply pipe, or other channel conveymg the water
Let hy, be that loss of head, which varies with the local conditions 1n
which the turbine 15 placed  Then

H=H,-b,
15 the available head for working the turbine, and on this the calcu-
lations for the turbine should be bascd  In some cases 1t 15 necessary
to place the turbine above the tail-water level, and there 13 then a
fall by from the centre of the outlet surface of the turbine to the tail-
water level which 13 wasted, but which 1s properly one of the losses
belonging to the turbme 1toelf In that case the velouties of the
water 1 the turbine should be calculated for a head H -}, but the
etficiency of the turbine for the head H

§ 186 Gross Efficiency and H ydraulic Lfficiency of a Turbine —Let

14 be the useful work done by the turbine, in foot-pounds per
second, I, the work expended in friction of the turbine shaft,
gearmng, &c , a quantity which varies with the local conditions n
which the turbine 1s placed Then the effective work done by the
water m the turbine 15

T=l+T,

The gross efficiency of the whole arrangement of turbine, races,

and transmissive machunery 13
7= Ty/GQH,
Aud the hydiaulic efficiency of the turbine alone 15
7="1/GQH (7)
It 15 thus last officcency only with which the theory of turbmes 1s
concerned
From equations (5) and (7) we get
nGQH = (GQ/g) (wyr, - u]}_{g)«.
7= (w7, = wyry)a/g 8)
This is the fundamental equation m the theory of turbines In
general,! w, and w,, the tangential components of the water’s
motion on_entering and leaving the wheel, are completely inde-
pendent That the efficiency may be as great as possible, 1t 1s
obviously necessary that wy=o. In that case
n=wya/gH, (o)
ar, 15 the circumferential velocity of the wheel at the nlet surface
Calling this V,, the equation becomes
n=wV,/gH (9a)
This remarkably simple equation 1s the fundamental equation in
the theory of turbines It was first given by Reiche (Turbinen-
baues, 1877)

§ 187. Genetal Description of a Reaction Turbine —Professor
James Thomson’s mward flow or vortex turbiné has been
selected as the type of reaction turbmes It i1s one of the best
in normal conditions of working, and the mode of regulation
mtroduced 1s decidedly superior to that in most reaction turbines.
Figs. 185 and 186 are external views of the turbine case ; figs.
187 and 188 are the corrésponding sections; fig 189 1s t
turbine wheel  The example chosen for illustratiofi has suction
Klpts, which permit the turbine to be placed above the tail-water

vel  Thie water enters the turbine by cast-iron supply pipes at
A, and 13 discharged through two suetion pipes S, S The water

©)

! In general, because when the wate: leaves the turbine wheel it
cedses t0 act on thé miachine If deflecting vanes or & whirlpoot are
#dded to a turbine at the discharging side, then v, may in part depend

on vy, and the statement above 13 no longer true.
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on entermg the case distnibutes itself through a rectangular = n equal proportions from cach guide-blade passage, It consists
supply chamber SC, from which it finds its way equally to the | of a centre plate  (fig. 189) keyed on the shaft aa, which passes
four guide-blade passages G, G G G In these passages 1t | through stuffing boxes on the suction pipes, On each side of

11 185 lue 130

Fro 188

acquires a velocity about equal to that due to half the fall, and is | the centre plate are the curved wheel vanes, on which the pressur
directed into the wheel at an angle of about 10° or 12° with the ! of the water acts, and the vanes are bounded on each side |
tangent to its circumference. The wheel W receives the water | dished or conical cover plates ¢, ¢. Jomt-rings 7,7 on the cov)
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plates make a sufficiently water-tight joint with the casing, to
prevent leakage from the guide-blade chamber into the suction
pipes. The pressure near the joint rings is not very great,
probably not one-fourth the total head. The wheel vanes
receive the water
without shock, and
deliver it into central
spaces, from which it
flows on either side
to the suction pipes.
The mode of regu-
lating the power of
the turbine is very
simple. The guide-
blades are pivoted to
the case at their inner
ends, and they are
connected by a link-
work, so that they all
open and close simul-
taneously and
equally. In this way
the area of opening
through the guide-

out materially alter-
ing the angle or the

the delivery into the
wheel.  The guide-
blade gear may be
variously arranged.
In this example four
spindles, passing through the case, are linked to the guide-
blades inii i1 case, und connected together by the links

1, {,Ion the outside ot the case. A worm wheel on one of the
spindles is rotated by a worm d, the motion being thus slow

HYDRAULICS
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enough to adjust the guide-blades very exactly. These turbines
are made by Messrs Gilkes & Co. of Kendal.

Fig. 190 shows another arrangement of a similar turbine, with some
adjuncts not shown in the other drawings. In this case the turbine
rotates horizontally, and the turbine case is placed entirely below
the tail water. The water is supplied to the turbine by a vertical
pipe. over which is a wooden pentrough, containing a strainer,
which prevents sticks and other solid bodies getting into the turbine.
‘Lhie turbine rests on three foundation stones, and, the pivot for the
vertical shaft being under water, thero is a screw and lever arrange-
ment for adjusting it as it wears. The vertical shaft gives motion
to the machinery driven by a pair of bevel wheels. On the right
are the worm and wheel for working the guide-blade gear.

§ 188. Hydraulic Power at Niagara.—-The largest development of
hydraulic power is that at Niagara. The Niagara Falls Power
Company have constructed two power houses on the United States
side, the first with 1o turbines of 5000 h.p. each, and the second
with 1o turbines of 5500 h.p. The effective fall is 136 to 140 ft.
In the first power house the turbines are twin outward flow reaction
turbines with vertical shafts running at 250 revs. per minute and
driving the dynamos direct.  In the second power housc the turbines

R L
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are inward flow turbines with draft tubes or suction pipes. Fig. 195

shows a section of one of these turbines. There is a bLalancing
piston keyed on the shaft, to the under side of which the pressure
due to the fall is admitted, so that the wright of turbine, vertical
shaft and part of the dynamo is water borne. About 70,000 h.p.
is daily distributed clectrically from these two power houses. The
Canadian Niagara Power Company are erccling a power house to
contain cleven units of 10,250 h.p. each, the turbines being twin
inward flow reaction turbines. The Electrical Development Com-
pany of Ontario are crecling a power house to contain 11 units of
12,500 h.p. each. The Ontario Power Company are carrying out
another scheme for developing 200,000 h.p. by twin inward flow
turbines of 12,000 h.p. cach. Lastly the Kiagam Falls Power and
Manufacturing Company on the United States side have a station
giving 35,000 h.p. and are constructing another to furnish 100,000
h.p. The mean flow of the Niagara river is about 222,000 cub. ft. per
second with a fall of 160 ft.  The works in progress if completed will
utilize 650,000 h.p. and require 48,000 cub. {t. per second or 21} ¢, of
the mean flow of the river (Unwin, “ The Niagara Talls Power
Stations,”” Proc. Inst. Mech. Eng., 1906).

§ 189. Diffevent Forms of Turbine Wheel.—The wheel of a turbine
or part of the machine on which the water acts is an annular space,
furnished with curved vanes dividing it into passages exactly or
roughly rectangular in cross section. For radial flow turbines the
wheel may have the form A or B, fig. 192, A being most usual with

-
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inward, and B with outward flow turbines In A the wheel vanes
are fixed on each side of a centre plate keyed on the turbine shaft
The vanes are imited by shghtly-coned annular cover plates In B
the vanes are fixed on one side of a disk, keyed on the shaft, and
limited by a cover plate parallel to the disk Parallel flow or axial
flow turbines have the wheel asin C  The vanes are hmited by two
concentric cyhnders

Theory of Reaction I'urbines

§ 190 Velocity of Whirl and Velocity of Flow —Let ach (fig. 193)
be the path of the particles of water mn a turbme wheel That
path will be mm a
plane normal to the
axis of rotation m
radial flow turbines,
and on a cylmdnca‘
surface n axial flow
turbines At an
pomt ¢ of the ]pal
the water will have
some veloaity v, m
the dircction of a
tangent to the path
That velocity may be
resolved mto two
components, a whirl-
mg velocity win the
direction of the
wheel’s rotation at the pomnt ¢, and a component u at right angles
to tins, radial n radial flow, and parallel to the axis in axial flow
turbimes  Thus second component 13 termed the velocity of flow
Let v,, w,, u, be the velouty of the water, the wlurling ve{ocny and
vdlocity of flow at the outlet surface of the wheel, and v, w,, %
the same quantities at the inlet surface of the wheel, Let a and 8
be the angles which the water’s direction of motion makes with the
direction of motion of the wheel at thosc surfaces Then
w,=1CO8 B, U, -v,5m )
Wy=0,Co5a, U =v;5malf (10)
The velocities of flow are easily ascertamed ndependently from
the dimensions of the wheel The velocities of flow at the nlet and
outlet surfaces of the wheel are normal to those surfaces Let
i1, {); be the areas of the outlet and inlet surfaces of the wheel, and
Q the volume of water passing through the wheel per second, then

v6=Q/0, vi=Q/N (1)
Using the notation n fig 191, we have, for an mward flow twmibine
ineglecting the space occupied by the vanes),

Fic
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D, =2wrd,; O =2mrd; (12a)
Similarly, for an outward flow turbine,
2, =2nrd, Y=2rrd, (120
and, for an axial flow turbmne,
D= =m(r? -7 (r2c)

Relative and Common Velocity of the Water and Wheel —There
13 another way of resolving the velocity of the water Let V be the
velocity of the wheel at the pont ¢, fig. 194 Then the veloaity of the
water may be resolved
mto a component V,
which the water has
m common with the
wheel,anda component
v,, whichis the veloaty
of the water relativelv
to the wheel

Velocity of Flow —
It 18 obvious that the
frictional losses of head
m the wheel passages

will increase as the
velocity of flow 15
greater, that 1s, the

smaller the wheel 1y
made Butif the wheel
works under water, the
skin friction of the wheel cover mcreases as the diameter of the
wheel 13 made greater, and 1n any case the weight of the wheel
and consequently the journal friction ncrease as the wheel 13 made
larger It 13 therefore desirable to choose, for the velocity of flow
as large a value as 15 consistent with the condition that the frictional
losses 1n the wheel passages are a small fraction of the total head
The values most ly dn p are these —
In axial flow turbines, 4, =4;=0°15 to 0 2,/(2¢H) ;
In outward flow turbines, w, =o 25 /2g(H - ),
u, =021 to 017 \/2g(H = 1) ;
Ininward flow turbines, w, =%, =0 125,/(2gH)
§ 101 Speed of the Wheel —The best speed of the wheel depends
partly on the frictional losses, which the ordinary theory of turbines

Fic 194,
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disregards It 1s best, therefore, Lo assume for V, and V; values
which experiment has shown to be most advantageous

In axial flow turbines, the circumferential velocities at the mean
radius of the wheel may be taken

Vo=V, -0 64/2gH 10 0 bo \/2gH.
In a rachal ontward flow turbine,
v, 504/28(H - §)
Vo= Varr,

where v,, ; are the radn of the outlet and mlet surfaces

In a radial inward flow turbine,

V=0 0604/2gH,
Vo= Vardrs

If the wheel were stationary and the water flowed through it, the
water would follow paths parallel to the wheel vane curvces, at least
when the vanes were 5o close that irregular motion was prevented
Similarly, when the wheel 15 1n motion, the watcr follows paths scla-
tively to the wheel, which are curves paralldl to the wheel vanes
Hence the relative component, vy, of the water’s motion at ¢ 15 tan-
gential to a whed vane curve drawn through the pomnt ¢ lct v,
V., vy, be the velocity of the water and its common and ielative
components at the outlet surface of the wheel, and 14, Vy, vy be the
same quantities at the inlet surface , and let 6 and ¢ be the anglcs
the wheel vancs make with the mlet and outlet surfaces , then

0=

W= (ot 4 VE -2V, cos ¢)
v =N (oW + VA -2V, cos 6) [0
equations which may be used to determine ¢ and ¢
§192 Condition determintng the Angle of the Vancs at the Outlet
Surlace of the Wheel —1t has becn shown that, when the wata leaves
the wheel, 1t should
have no tangential
veloaty, if the etfici-
ency 1s to be as
great as possible,
thatis,w,=0 Hence,
from (10), cos B=o,
B=90° u,=v, and
the duection of the
water’s motion 18
normal to the outlet
surface of the wheel,
1adial i radial flow,
and axial in axial flow
turbines \
Drawing v, or %,
radial or axial as the 195
case may be, and V,
tangential to the direction of motion, v, can be found by the
parallclogram of velouties From fig 195,
tan ¢ =1y/Vo— %ofVo, (4)
but ¢ 15 the angle which the wheel vane makes with the ontlct
surface of the wheel, which 15 thus determined when the velouty
of flow u, and velocity of the wheel V, are known When ¢ 13 thus

determined,
o =1, COnCC @ =V, /(T +u8V,3) (11a)

Correction of the Angle ¢ to allow for Thickness of Vanes —In
determining ¢, 1t 13 most convenient to calculate 1ts value approxi-
mately at first, from a value of 1, obtained by neglecting the thick-
ness of the vanes As, however, this angle is the most important
angle 1n the turbime, the value <hould be afterwards correctcd to
allow for the vane thickness

Let

(13)

Fio

@~ 1an-1(1,/V,) = tan-1(Q)/R,V,)
be the first or approximate value of ¢, and let / be the thickness,
and 7 the number of wheel vanes which reach the outlet surface of
the wheel As the vanes cut the outlet surface approximately at
the angle ¢, their width measured on that surface 1s ¢ cosec ¢’
Hence the space occupied by the vanes on the outlet surface 15

For A, fig 192, ntd, cosec ¢ ]
¢)

B, fig 192, ntd cosec ¢

C, fig 192, nt (ry - 9) cosce
Call this area occupied by the vanes w Then the true value of the
clear discharging outlet of the wheel 19 0, - w, and the true valne
of 4,18 Q/(R, —w). The corrected value of the angle of the vanes will
be

¢ =tan [Q/V.(0, - w)] (16)
3193 Head producing Velocsty with which the Waley enters the
Wheel —Consider the vanation of pressure sn a wheel passage,
which the di hat the change so graduall
that there 13 no loss of head 1n shock When the flow 18 in a hon-
zontal glane, there 13 no work done by gravity on the water passing
through the wheel In the case of an axal flow turbine, in which
the flow 13 vertical, the fall d between the inlet and outlet surfaces
should be taken nto account.

(15)
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Let Vi, V. be the velocitics of the wheel at the inlet and
outlet surfaces,
vy, v, the velocities of the water,
1, %, the velouties of flow,
v, Up, the relative velocities,
hi, h, the pressures, measured i feet of water,
44, ¥ the radit of the wheel,
a the angular velocity of the wheel
At any pomt 1n the path of a portion of water, at racdis 7, the
velocity v of the water may be resolved imto a component V =ar
equal to the valocty at that pont of the wheel, and a relative com-
ponent v, Hence the motion of the water may be considered to
consist of two parts —(a) a motion identical with that n a forced
vortex of constant angulir velocity a, (0) a flow along curves
g;mllul to the wheel vane curves Taking the latter first, and using
moull’s theorem, the change of pressure due to flow through the
wheel passages 18 given by the equation
Kitvbag=ho+vntiag,
Ky~ K o= (o ~v,)/2g
The vanation of pressure due to rotation n a forced vortex 13
R =k, = (VE-V.5/2g
Consoquently the whole diffctence of pressure at the mlet and outlet
surfaces of ch whecl 1s
By=ho =W+ B~k -h",
(Vi - ViA)j2g + (v, - vef) 26 (17)
Case 1 Axal Ilow Turbines —V,;=V,, and the first term on the
right, mn equation 17, disappears  Adding, however, the work of
gravity due to a fall of d ft in passing through the wheel,
B~ hy = (vt =0, 2 —d (17a)
Case 2 Outward Flow Turbines.—The mlet rads 18 less than
the outlet radins, and (V2 - V,)/2g 9 negative  The centrifugal head
duminishes the pressure at the inlet surface, and mncreases the veloaty
with which the water enters the wheel  This somewhat incieases
the frictional loss of head  Further, 1f thc wheel varies m velocity
from vaniations m the useful work done, the quantity (V2 - V')/2¢
mereases when the turbine speed mereases, and vice versa  Conse
quently the flow into the turbine increases when the speed increases,
and duninishes when the speed diminwshes, and this again augments
the variation of spcedt  The action of the centrifugal head 1n an out-
ward flow turbine 15 therefore prejudicial to steadiness of motion
For tlus reason #, # 13 made small, g(nu'all{: about 5°4 FEven
then a governor 15 sometimes required to regulate the speed of the
turhine
Case 3 Imward Flow 1urbines —The nlct radius 18 greater than
the outlet radius, and the centnfugal head dimmishes the veloaity
ot flow mto the turbme [his tends to diminmish the frictional
losses, but 1t has a more important influence m securing steadness
of motion Any mncrease of speed dimumishes the flow into the
turbine, and vice versa  Ifence the variation of speed 15 less than
the vanation of resstance overcome In the so-called centre vent
wheels 1 America, the ratio »; 7,18 about § 4, and then the influ-
ence of tho centrifugal head 18 not very amportant Professor
James 1homson first pointed out the advantage of a much greater
dittorence ot radu y makmg r, r,=2 1, the centrifugal head
bulances about half the head in the supply chamber Then the
velouty through the guide-blades does not exceed the velocity due
to hf the fall, and the action of the centrifugal head 1 securning
steadiness of speed is considerable
Swnce the total head producing flow through the turbine 13 H -,
and of this A, -k, 15 expende 1 the 1 m the
wheel, the velocity of flow into the wheel 13
vi=e, i/ {2g(H - - (VA - Vi) /2g +(vn® - vi)/20)},
where ¢, may be taken o 96

Fiom (14a),
U= Vo (X + 44V,
It will be shown immediately that
Uy =1, LOSEC 0,

ot, as this 15 only a small term, and ¢ 1s on the average go°, we
may take, for the present purpose, v,y =, nearly

Inserting these values, and remembering that for an axial flow
turbine V =V, § =0, and the fall d m the wheel 1s to be added,

i Jlan ) )

Tor an outward flow turbme,

L - -V‘l “.ﬂ llA'
-,-c.\/[zg{ﬂ ] 26’(1 +v—“) + 2g}:]
Lor aninward flow turbine,
“"I
)

o (o8

§ 194 Angle which the Gurde-Bladss make with the Circumferemce
of the Wheel —At the momont the water enters the wheel, the
radial component of the velocity 18 %, and the velocity 13 v, Hence,
if hy ;s the angle between the guide-blades and a tangent to the
whee

(18)

g =sm Nw,/vy).
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This angle can, 1f necessary, be corrected to allow for the thickness
of the guide-blades,

_§$195 Condition determiming the Amgle of the Vames at the Inlet
Swurface of the Wheel —The single condition necessary to be satisfied
at the inlet surface of
the wheel 18 that the
watcr should enter the
wheel without shock
‘This condition 15 satis-
fied 1f the direction of
relative motion of the
water and wheel 15
parallel to the first
element of the wheel

vanes
Let A (ig 196) bea
1nt on the inlet sur-
ace of the wheel, and
let t;, represent 1n
magnitude and diec-
tion the velocity of the water entering the wheel, and V, the velocity
of thc wheel Completing the parallelogram, v, 1s the direction of
1elative motion ence the angle between v,; and V, 16 the angle 6
which the vanes should make with the inlet surface of the wheel
§ 190 Exampls of the Method of designing @ Turbine  Professor
James Thomson's Inward Flow Turbine —
Let H =the available tall after deducting loss of head n pipes
and channels from the gross fall ,
Q=the supply of water in cubic feet per second, and
n =the efficiency of the turbine
The work done per second 15 nGQH, and the horse-power of the
turbine 18 4 p ==yGQH/s50 1f n 18 taken at o 75, an allowance will
be made for the frictional losses 1n the turbine, the leakage and the
friction of the turbine shaft Then k p =0 085QH
The velocity of flow through the turbine (uncorrected for the
space occupxedv by the vanes and guide-blades) may be taken
=, =0 125 '2¢H,
m which case about 44 th of the encrgy of the fall 1s carried awav by
the water discharged
Lhe areas of the outlet and nlet surface of the wheel are then
2wr,d, =2wrd; =QJo 125 /(2¢H)
If we take 7,, so that the axial velocity of discharge from the central
orifices of the wheel 1s equal to «,, we get
7,=0 3984 J/(Q/\H),
dy=7,
If, to obtain considerable steadying action of the centtifugal head,
v, =27,, then d; = }d,
Speed of the Wheel —Let V, =0 06 4/2gH, or the speed due to half
the fall nearly Then the number of rotations of the turbine per

second 15
N=Vzrr,;=1 0579 J(H JH/Q) ,
also V,=Vr.r=0 332¢H
Angle of Vanes with Outlet Sus face
Tan ¢ =u,/V,=0 125/0 33 = 3788,
¢ =21° nearly
If this value 1s revised for the vane thickness it will ordinanly

bewome about 25°
Velocsty with which the Water enters the Wheel -—The head pio-

ducing the velocity 18
H - (V32g) (1 + 1,V +ulj2g
=H{1 - 4356(1 +0 0358) + 0150
=0 5040H
Then the velocity 13
Vi = 96./2¢( 5040H) =0 721 J2gH
Angle of Gusde-Blades
Siny=u/v;, =0 125/0 721 =0 173,
¥ = 1¢° nearly
Tangentsal Velocity of Water entering Wheel
W, =0,C08y =0 710I\/2gH
Angle of Vanes at Inlet Surface
Cot 8 =(w, - V)/u;=( 7101 - 60); 125 = 4008,
6 =68° nearly
Hydrawhc Efficsency of Wheel,
n=wV,/gH = 7101 x 66 x2
=0'9373
This, however, neglects the friction of wheel covers and leakage.
The efficiency from expeniment has been found to be o 75 to o 8o,

Impulse and Partsal Admasston Turbines.
§ 197. The principal defect of most turbmes with complete
adimission 1s the imperfection of the arrangements for working

with less than the normal supply ~With many forms of reaction
turbine the effictency s considerably reduced when the regulating

Fie 196, /
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sluices are partially closed, but it 1s exactly when the supply
of water 1s deficient that 1t i1s most important to get out of
1t the greatest possible amount of work The imperfection ot
the regulating arrangements 1s therefore, from the practical

int of view, a serious defect. All turbine makers have sought
g(;' various methods to improve the regulating mechanmism
B Fourneyron, by dividing his wheel by horizontal diaphragms,
virtually obtamned three or more separate radial flow turbines,
which could be successively set in action at therr full power,
but the arrangement 1s not altogether successful, because of
the spreading of the water n the space between the wheel and
guide-blades  Fontame similarly cmployed two concentne
axial flow turbines formed mn the same casing  One was worhed
at full power, the other regulated By this arrangement the
loss of cfficiency due to the action of the regulating shiice affected
only half the water power Many makers have adopted the
expedient of erecting two or three scparate turbines on the same
waterfall Then one or more could be put out of action and the
others worked at full power All these methods are rather
palliatives than remedics  The movable guide-blades of
Professor James Thomson mect the difficulty directly, but they
are not applicable to every form of turbine

C Callon, 1n 1840, patented an arrangement of sluices for
axial or outward flow turbines, which were to be closed success-
wely as the water supply dimimished By preference the sluices
were closcd by pairs, two diametrically opposite sluices forming
a pair ‘lhe water was thus admitted to opposite but equal
arcs of the wheel, and the forces driving the turbine were sym-
metrically placed. As soon as this arrangement was adopted,

N \ N\
N a
Fic 197
a modification of the mode of action of the water in the turbine
became necessary. If the turbine wheel passages remain full of

water during the whole rotation, the water contamed m each
passage must be put nto motion each time it passes an open

N
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portion of the sluice, and stopped each time it passes a «losed
portion of the sluice It 13 thus put into motion and stopped
twie m exch rotation. This gives rse to violent eddving
motions and great loss of energy in shock ‘Lo prevent this, the
turbine wheel with partial admission must be placed above the
tail water, and the wheel passages be allowed to dlear themselves
of water, while passing from one open portion of the shuices to
the next

Butf the wheel passages are free of water when they arrive
at the open guide passages, then there can be no pressure other
than atmospheric pressure i the clearance space between guides
and wheel  The water must 1ssue fiom the sluices with the whole
veloaty due to the head, recenved on the curved vanes of the
wheel, the jets must be gradually deviated and discharged with
a small final veloaity only, preasely m the same way us when
a single Jet strikes a curved vane in the free an. Turbines of
this kind are therefore termed turbines of free devintion  There
1s no vanation of pressure in the jet duning the whole time of
1ts action on the wheel, and the whole cnergy of the jet v im-
parted to the wheel, simply by the mpulse due to its gradual
change of momentum It s clear that the water mav be admatted
i exactly the same way to any fraction of the arcumference
at pleasure, without altering the (fiaency of the wheel  The
diameter of the wheel may be made as large as convenient, and
the water admitted to a small fraction of the arcumference only
Then the number of revolutions s independant of the water
veloaty, and may be kept down to a managcable value

§ 198 General Description of an I'mpulse | urbine oy Turbine with
I'vee Deviation —11g 197 shows a gencral sectional elevation of a
Girard  turbine, m
which the flow 1s
axial The water,
admitted above a
horizontal floor,
passes down through
the  annular  whedd
contammg the guide-
blades G, G, and
thence nto the re-
volving whedd WW
The revolving whed
15 fixed to a hollow
shaft suspended from
the pivot p - The sohd
mternal shaft ss 18
mercly a ixed column
supporting the prnot
Ihe advantage of this
15 that the pnvot i
accessible for lubrnication and adjustment B o1s the mortise hoved
whedl by which the powcr of the turbine 15 given off  The sluces
are uor{cd by the hand wheel 4, which raises thom successively,
n a way to be descnibad presently  d, d are the sluiee rods  TFigs
198, 199 show the scctional form of the guide-blade chamber and
wheel and the curves of the whed vancs and guude-blades, when
drawn on a plane dc-
velopment of the cylin-
dnical section of  the
wheel , a, @, a arc the
sluices for cutting off
the water, b, b, b arc
apertures by which the
entrance or exit of air
1 facibtatad as  the ;
buckets empty and fill .
Figs zoo, 201 show the
guide-blade gear 4,4,4
are the sluice rods as
before At the top of
each sluie rod 15 a
small block ¢, having
a projecung tongue,
which ~shdes 1 the
groove of the circular
cam plate d, d [his
crcular plate 18 sup-
ported on the frame ¢,
and revolves on 1t by means of the flanged rollers / Insule, at the
top, the cam plate 15 toothed, and gears into a spur pmion connected
with the hand wheel & At gg 18 an inchined groove or shunt  \When
the tongues of the blocks ¢, ¢ arrive at g, they shide up to a second
groove, or the reverse, accordmg as thc cam plate 15 revolved n one
direction or 1n the other As this operation takes place with each

Tic 198
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sluice successively, any number of sluices can be opened or closed as

desired  The turbine 15 of 48 horse power on 5:12 ft fall, and the

supply of water varies from 35 to 112 cub it per second The
d
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cihaency i normal working 15 given as 73 %,  The mean diameter
of the wheel 13 6 ft, and the specd 27 4 revolutions per minute

As an example of « partial admission radial flow impulse turbine,
@ 100 hp turbme at Immenstadt may be taken  The fall varies
friom 538 to 570 ft  1he external diameter of the wheel 1s 44 ft, and

FiG zo1,

its nternal diameter 3 ft 10 m  Normal speed 400 revs per minute
Water 15 discharged into the wheel by a single nozzle, shown 1n fig
202 with 1ts regulating apparatus and some of the vancs  The water
enters the wheel
at an angle of 22°
with the direc-
tion of motion,
and the final
angle of the wheel
vanesiszo® The
efficiency on tiial
“;;ho from 75 to

o
§ 199 1heory
of the Impulse
Lurbine —The
theory of the im-
pulse turbine
does  not essen-
tially differ from
that' of the re-
action  turbine,
except that there
15 o pressure n
the w}mel oppos-
g the discharge
from the guide-blades Hence the velouty with which the water
cuters the wheel 1s simply
=0 90y 2¢(H - 1),
where § 1 the height of the top of the wheel above the tail water
It the hydropneumatic system 1s used, then h=0 Let Q,, be the
maxtnum supply of water, r,, r, the internal and external 1adn ot
the wheel at the inlct surtace  then
w=Qu/im(r? = r)}
Ihe value of 1, may be about o 45 y2¢(H ~h),
determimed
The guide-blade angle 1s then given by the equation
Sy =W/ =0 45/0 94 = 48,
v=29°
The value of u, should, however, be
by the guide-blades
The tangential velocity of the entering water is
w; =v,co8y =0 82 /2¢(H ~h)
The circumferential velocity of the wheel may be (at mean radius)
Vi=o'5, 2¢(H - h)

Fi 202

whence r,, #, can be

corrected for the space occupied
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Hence the vane angle at inlet surface 1s given by the equation
cot 0= (w, - V)/u,=(0 82 -0 5)/0 45= 71,
0=55°

‘The relative velocity of the water striking the vane at the mlet
edge 18 vy =u, cosecO=122u, This relative velocity remaimns
unchanged during the passage of the water over the vane, conse-

uently the relative velouty at the pownt of discharge 1s v,, =1 224,

150 1n an axial flow turbine V, =V,

If the final velocity of the water 1s axial, then

€05 ¢ =V,o/v,, =V,/v,; =0 5/(1 22 x 0 45) =C0s 24° 23"
Ihis should be corrected for the vane thickness Neglecting tlus,
%, =V, SIN ¢ ==V, SIN ¢ =4, COSeC 651 ¢ =0 54, The dischaiging area
of the wheel must therefore be greater than the mlet arca i the
ratio of at least 2 to 1 In some actual turbimnes the ratio 15 7 to 3
This greater outlet arca 13 obtained by splaying the wheel, as shown
1n the section (ﬁ%vlqg)

§ 200 Pelton Wheel —In the minmg cistrict of Cahforma about
1800 simple impulse wheels were used, termed hurdy-gurdy wheels
The wheels rotated in a vertical plane, bang suppoited on a hor
zontal axss  Round the circumference were fixed flat vanes which
were struck normally by a jet from a nozzle of s1z¢ varymng with the
head and quantity of water ~ Such wheels hav e 1n fact long been used
They are not efficient, but they are very
simply constructed  Then attempts were
made to improve the efficiency, first by using
hemispherical cup vanes, and then by using
a double cup vane with a central dividing
ridge, an arrangement nvented by Pelton
In tlus last form the watcr from the noszle
passes half to each side of the wheel, just
escaping clear of the backs of the advancing
buckets  Fig 203 shows a Pelton vane
Some small modifications have been made
by other makers, but they are not of any great impoitance
Fig 204 shows a complete Pelton wheel with frame and casmg
supply pipe and nozzle  Pelton wheels have boen very largely used
m America and to some extent m Europe Lhey are extremely
sumple and easy to construct or repair and on falls of 100 ft or morc
are very ctficient  lhe jet stnihes tangentially to the mean radms
of the buckets, and the face of the buckets 15 not quite radial but at
right angles to the direction of the jet at the pont of first impact
For greatest ciliciency the peripheral velocity of the wheel at the
mean racius of the buckets should be a little less than half the \ elocity
of the jet  As the 1adius of the wheel can be tahen arbitranly, the
number of revolutions per mimnute can be accommodated to that of
the machinery to be driven  Pelton wheels have been made as small

F1c 203
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as 4 1 _diameter, for driving sewing machines, and as laige as 24 1t
Ihe efficiency on high falls 1s about 80 %, When laige power is
required two or three nozzles are used deliverng on one wheel
The width of the buckets should be not less than seven times tnc
diameter of the jet

At the Comstock munes, Nevada, there 1s a 30-in Pelton whecl
made of a sohd steel disk with phosphor bronze buckets riveted 1o
the nm  The head 1s 2100 ft and the wheel makes 1150 revolutions
per minute, the peripheral velocity being 180 ft per sec Witha %-m
nozzle the wheel uses 32 cub ft "of water per minute and develops
100 hp At the Chollarshaft, Nevada, there are six Pelton wheels
on a fall of 1680 ft dniving electrical generators With g-in nozzles
each develops 125 h p

§ 201 Theory of the Peltow Wheel —Suppose a jet with a velocity
v sinkes tangentially a curved vane AB (fig 205) moving m the
same direction with the velocity ¥ The water will flow over the
vane with the relative velocity v - u and at B will have the tangential
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relative velocity v ~% making an angle a'with the direction of the
vane’s motion Combining this with the velocity # of the vane, the
absolute velocity of the waterleaving the vanewill bew =Bc  The com-
ponent of win’ the direction of motion of the vane 1s Ba =Bb -ab
=# - (v -u)cosa Hence
i Q 15 the quantity of
water reaching the vane
per second the change of
momentum per second n
the direction of the vane'’s
motion 18 (GQ/s 50 - {u-
v - u)cosa}] =(GQ/g)(v - u)
1 +cosa). If a=0°
cosa=1, and the change
of momentum per second,
which 15 equal to the
effort driving the vane, 15
P=2(GQ/g)(v-u) The
work done on the vane 15
Pu=2(GQlg)(v -wu 1f a
series of vanes are inter-
posed 1 succession, the
uantity of water umping-
discharge of the noszle,

d €

A
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mg on the vanes per second 1s the tota(l
and the energy expended at the nozze 1s GQui/2¢  Hence the
efficiency of the arrangement 15, when a =0°, neglecting friction,

7 =2Pu/GQu? =4(v - w)u/v?,
which 15 a maximum and equal to umity if = }jv
whole energy of the jet 15 usefully expended n drniving the series of

In that case the

vanes In practice a cannot be quite zero o1 the water lcaving one
vane would strike the back of the next advancing vane Fig 203
shows a Pelton vane The water divides each way, and leaves the

vane on cach side m a direction nearly parallel to the direction of !

motion of the vane I'he best veloaity of the vane 1s very approxi-
mately half the velocity of the jet

y 202 Regulation of the Pelton Wheel — At first Pelton wheels were
adjusted to varying loads merely by throtthng the supply This
method mvolves a total loss of
throttle valve In addition as the working head 1s 1educed, the
1elation between wheel velouty and jet velocity 15 no longer that of
greatest efficiency Next a plan was adopted of deflecting the jet

s0 that only part of the water reached the wheel when the load was *
This involved the use of an equal |

recluced, the rest going to waste
quantity of water for large and small loads, but 1t had, what n some
cases 15 an advantage, the efiect of preventing any water hammer in
the supply pipe due to the action of the regulator In mo.t cases
now regulation 18 effected by varymng the section of the jet A
conical needle in the nozzle can be advanced or withdrawn so as to
occupy more or less of the aperturc of the nozzle  Such a ncedle can
be controlled by an ordinary governor

§ 203. General Considerations on the Choice of a Type of
Turbine —The circumferential speed of any turbme 15 necessanly
a fraction of the imtial velocity of the water, and therefore 15
greater as the head 1s greater In reaction turbmes with com-
plete admission the number of revolutions per minute becomes
mconveniently great, for the diameter cannot be increased
beyond certain hmits without greatly reduang the efficiency
In impulse turbmes with partial admission the diameter can be
chosen arbitrarily and the number of revolutions kept down
on high falls to any desired amount Hence broadly reaction
turbines are better and less costly on low falls, and impulse
turbines on high falls, For variable water flow impulse turbines
have some advantage, being more efficiently regulated On the
other hand, impulse turbines lose efficiency seriously 1if their
speed varies from the normal speed due to the head If the head
15 very vanable, as 1t often 1s on low falls, and the turbine must
run at the same speed whatever the head, the impulse turbine
18 not suitable. Reaction turbines can be constructed so as to
overcome this difficulty to a great extent. Axial flow turbines
with vertical shafts have the disadvantage that in addition to
the weight of the turbine there 1s an unbalanced water pressure
to be carried by the footstep or collar bearing. In radial flow
tuibines the hydraulic pressures are balanced. The application of
turbines to drive dynamos directly has involved some new con-
ditions. The electrical engineer generally desires a high specd
of rotation, and a very constant speed at all times The reaction
turbine 15 generally more suitable than the impulse turbme
As the diameter of the turbine depends on the quantity of water
and cannot be much varied without great inefficiency, a difficulty
anises on low falls. This has been met by constructing four
mdependent reaction turbines on the same shaft, each having of
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course the diameter suitable for one-quarter of the whole dis-
charge, and having a higher speed of rotation than a larger
turbine. The turbines at Rheinfelden and Chevres are so con-
structed. To ensure constant speed of iotation when the head
vanes considerably without serious ‘nefficiency, an axial flow
turbine 15 generally used It 15 constructed of three or fow
concentric rings of vanes, with mdcpendent regulating sluices,
forming practically independent turbines of different radn
Any one of these or any combination can be used according to
the state of the water With a high fall the turbine of largest
radius only 15 used, and the speed of rotation is less than with a
turbine of smaller radius  On the other hand, as the fall decreases
the inner turbines are used either singly or together, according
to the power required. At the Zurich waterworks there are
turbines of go hp on a fall varying from 104 ft. to 43 ft. The
power and speed are kept constant, Each turbine has three
concentric rings  The outermost ring gives 9o hp. with 105
cub ft. per second and the maximum fall.  The outer and middle
compartments give the same power with 140 cub. ft per second
anda fall of 7 ft 10 All three compartments working together
develop the power with about 250 cub ft per second. In some
tests the efficiency was 74 9, with the outer ring working alone,
75 4 % with the outer and nuddle ring working and a fall of
7 ft , and 80+7 % with all the rings working

§ 204. Speed Governing —When turbines are used to drive
dynamos direct, the question of speed regulation 15 of great im-
portance. Steam engines using a light elastic fluid can be casily
regulated by governors acting on throttle or expansion valves.

It 15 different with water turbines using a fluid of great incrtia,

Fic 206

In one of the Niagara penstocks there are 400 tons of water

flowing at 10 ft. per second, opposing enormous resistance to rapid

change of speed of flow. The sluices of water turbines also are

necessarily large and heavy. Hence relay governors must be
XIV. 4a
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used, and the tendency of relay governors to hunt must be
overcome. In the Niagara Falls Power House No 1, each tur-
bine has a very sensitive centrifugal governor acting on a ratchet
rely  The governor puts into gear one or other of two ratchets
dnven by the turbine iself According as one or the other
ratchet 13 1n gear the sluices are raised or lowered By a sub-

sidiary arrangement the ratchets are gradually put out of gear |

unless the governor puts them in gear agam, and ths prevents the
over correction of the speed from the lag in the action of the
governor. In the Niagara Power House No. 2, the relay 15 an
hydrauhc relay similar in principle, but rather more comphcated
in arrangement, to that shown m fig 206, which 1s a governor
used for the 1250 hp turbines at Lyons The sensitive governor
G opens a valve and puts into action a plunger driven by oil

ressure from an oil reservoir, As the plunger moves forward
it gradually closes the ol admssion valve by lowermg the
fulcrum end f of the valve lever which rests on a wedge w attached
to the plunger. If the speed 1s still too high, the governor re-
opens the valve, In the case of the Niagara turbmnes the ol
pressure is 1200 Ib per 5. . One mllimetre of movement of
the governor sleeve completely opens the relay valve, and the
relay plunger cxerts a force of 5o tons The sluices can be
completely opened or shut in twelve seconds. The ordinary
varation of speed of the turbine with varymng load does not
exceed 19%. If all the load 13 thrown off, the momentary
variation of speed 1s not more than 5% To prevent hydraulic
shock in the supply pipes, a relief valve 1s provided which opens
if the pressure 1s i excess of that due to the head.

§ 205. The Hydraulic Ram —The hydraulic ram 13 an arrange- .

ment by which a quantity of water falling a distance 4 forces
a portion of the water to rise to a height #,, greater than 4.
It consists of a supply reservoir (A, fig 207), into which the water
enters from some natural stream. A pipe s of considerable
length conducts the water to a lower level, whete 1t 15 discharged
intermittently through e self-acting pulsating valve at d. The
supply pipe s ay be fitted with a flap valve for stopping the
ram, and this 1s attached 1n some cases to a float, so that the ram
starts and stops itself automatically, according as the supply
astern fills or empties  The lower float 1s just sufficient to keep
open the flap after 1t has been raised by the action of the upper
float. The length of cham 15 adjusted so that the upper float
opens the flap when the level 1n the cistern 1s at the desired

height. If the water-level falls below the lower float the flap |

closes The pipe s should be as long and as straight as possible,
and as 1t 15 subjected to considerable pressure from the sudden
arrest of the motion of the watcr, 1t must be strong and strongly

Fi6 207

jonted. a 1s an air vessel, and e the delivery pipe leading to
the reservoir at a higher level than A, into which water 1s to be
pumped. Fig 208 shows n section the construction of the ram
iself. d 15 the pulsating discharge valve already mentioned,
which opens inwaids and downwards. The stroke of the valve
15 regulated by the cotter through the spindle, under which are
washers by which the amount of fall can be regulated At o
15 a delivery valve, opening outwards, which 1s often a ball-
valve but sometimes a flap-valve  The water which 1s pumped
passes through this valve into the air vessel a2, from which 1t
flows by the delivery pipe n a regular stream into the cistern
to which the water 15 to be raised. In the vertical chamber
behind the outer valve a small air vessel 1s formed, and into
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this ?ens an aperture } n. in diameter, made in a brass screw
plug & The hole 1s reduced to % 1n. in diameter at the outer
end of the plug and 1s closed by a small valve opening inwards.
‘Through this, during the recbound after each stroke of the ram,
a small quantity of air 1s sucked n which keeps the air vessel
supplied with 1ts elastic cushion of air.

During the recoil after a sudden closing of the valve d, the
| pressure below 1t 1s diminished and the valve opens, permitting
outflow. In consequence of the flow through this valve, the
water mn the supply pipe acquires a gradually increasing velocity,
The upward flow of
the water, towards the
valve d, increases the
pressure tending to lift
the valve, and at last,
1t the valve 1s not too
heavy, lfts and closes
it lhe forward mo-
mentum of the column
in the supply pipe
being destroyed by the
stoppage of the flow,
the water exerts a
pressure at the end of
| the pipe sufficient to

open the delivery

valve o, and to cause
. a portion of the water
to flow into the air
vessel. As the water
m the supply pipe
comes to rest and
. recolls, the valve d
opens agan and the
operation 1s repeated Part of the energy of the descending
column 1s employed in compressing the air at the end of the
supply pipe and expanding the pipe 1tself. This causes a recoil
of the water which momentarily diminishes the pressure in the
pipe below the pressure due to the statical head This assists
m opening the valve d. The recoil of the water 1s sufficiently
| great to cnable a pump to be attached to the ram body mstead
! of the direct nsing pipe  With this arrangement a ram working

with muddy water may be employed to raise clear spring water
l Instead of lifting the delivery valve as in the ordiary ram, the

momentum of the column drives a shding or elastic piston,

and the recoll brings 1t back This piston lifts and forces
alternately the clear water through ordinary
pump valves.

Fi1G 208

Pumps

§206 The different classes of pumps corre-
spond almost exactly to the different classes
of water motors, although the mechanical
detalls of the construction are somewhat
different. They are properly reversed water
motors. Ordinary reciprocating puinps corre-
spond to water-pressure engines. Chan
and bucket pumps are in principle similar
to water wheels in which the water acts by
weight. Scoop wheels are similar to undershot water wheels,
and centrnfugal pumps to turbines.

Reciprocaisng Pumps are single or double acung, and“differ
from water-pressure engines in that the valves are moved by
the water instead of by automatic machinery. They may be
classed thus :—

1. Lsft Pumps.—The water drawn through a foot valve on
the ascent of the pump bucket 18 forced through the bucket
valve when 1t descends, and hifted by the bucket when 1t reascends.
Such Sumps give an intermittent discharge.

2. Plunger or Force Pumps, in which the water drawn through
the foot valve 1s displaced by the descent of a solid plunger, and
forced through a delivery valve. They have the advantage that
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the friction 15 less than that of hft pumps, and the packing
round the plunger 1s easily accessible, whilst that round a hft
pump bucket 1s not The flow 1s mtermittent

3 The Double-aciing Force Pump 1s m principle a double
plunger pump  The discharge fluctuates from zero to a maximum
and back to zro cach stroke, but 1s not arrested for any
appreciable time.

4 Bucket and Plunger Pumps consist of a hft pump bucket
combined with a plunger of half its area  The flow varies as in
a double-acting pump

5. Diaphragm Pumps have been uscd, n which the sohd
plunger 1s replaced by an clastic diaphiagm, alternately depresscd
into and raised out of a cylinder.

As single-acting pumps give an intexmittent discharge three
arc gencrally used on cranhs at 120°  But with all pumps the
variation of velocity of discharge would cause great waste of work
m the dclivery pipes when they are long, and even danger from
the hydraulic ramming action of the long column of water
An air vessel 1s interposed between the pump and the dclivery
pipes, of a volume from 5 to 100 times the space described by
the plunger per stroke ‘The air n this must be replcnished
from time to time, or continuously, by a special ar-pump
At low speeds not exceeding 3o ft per minute the delivery of
pump 1s about go to 95 %5 of the volume described by the plunger
or bucket, from 5 to 10 %, of the discharge beng lost by leakagt
At high speeds the quantity pumped occasionally exceeds the
volume described by the plunger, the momentum of the water
keeping the valves open aiter the turn of the stroke.

‘The velocity of large mining pumps 1s about 140 ft per minute,
the indoor or suction stroke bemng sometimes made at 250 ft
per mmute Rotative pumping engines of large sizc have a
plunger speed of go {t per minute ~ Small rotative pumps are
run faster, but at some loss of efficiency, Fire-engine pumps
have a speed of 180 to 220 ft per muinute.

The efliciency of reciprocating pumps varies very greatly
Small reciprocating pumps, with metal valves on hfts of 15 ft,
were found by Morin to have an efficiency of 16 to 40 %, or on
the average 25 % When used to pump water at considerable
pressure, through hose pipes, the efficiency rose to from 28 to
57 %, or on the average, with 50 to 100 ft. of hft, about 50 %
A large pump with barrels 18 in diameter, at speeds under 60
ft per miute, gave the following 1esults —

Laft 1n feet 14} 34 47
Effictency 46 66 70

The very large steam-pumps employed for waterworks,
with 150 ft or more of hift, appear to reach an efficiency of go %,
not including the fuction of the discharge pipes Reckoned on
the D/mdlcat'ed work of the stcam-engine the efficiency may be
80 %,

Many small pumps are now driven electrically and are usually
three-throw single-acting pumps driven from the electric motor
by gearing. It is not convenient to vary the speed of the motor
toaccommodateit to the varying rate of pumpingusually required
Messrs Hayward Tyler have mtroduced a mechanism for varying
the stroke of the pumps (Sinclair’s patent) from full stroke
to nil, without stopping the pumps.

§ 207. Centrifugal Pump.—Lor large volumes of water on
Lfts not exceeding about 6o ft. the most convemsent pump 1s
the centrifugal pump. Recent improvements have made 1t
available also for very high lifts, It consists of a wheel or fan
with curved vanes enclosed 1n an annular chamber Water flows
in at the centre and 15 discharged at the periphety. The fan
may rotate in a vertical or horizental plane and the water may
enter on one or both sides of the fan. In the latter case there
15 no axial unbalanced pressure. The fan and its casing must
be filled with water before 1t can start, so that if not drowned
there must be a foot valve on the suction pipe. When no special
attention needs to be paid to cfficiency the water may have a
velocity of 6 to 7 ft. in the suction and delivery pipes. The fan
often has 6 to 12 vanes For a double-inlet fan of diameter
D, the diameter of the inlets 18 D,2. 1f Q s the discharge m
cub. ft. persecond D=about 06 ,/Q m averages cases.
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peripheral specd is a little greatcr than the vdloaty due to the hit,
Ordinary centrifugal pumps will have an efficiency of 40 to 60%,

‘Lhe first pump of this kind which attracted notice was onc
exhibited by J G. Appold m 1851, and the \pecial features of
Ius pump have been retained in the best pumps since constructed
Appold’s pump raised continuously a volume of water equal to
1400 times its own capacity per minute, It had no valves, and
it permutted the passage of solid bodies, such as walnuts and
oranges, without obstruction to its working  Its efliciency was
also found to be good

Fig 309 shows the ordinary form of a centrifugal pump
The pump disk and vanes B are cast 1n one, usually of bronze,

Fig 209

and the disk 15 keyed on the driving shaft C, lhe casing A
has a spirally enlarging discharge passage mto the discharge
prpe K. A cover L gives access to the pump, S 15 the suction
pipe which opens into the pump disk on both aides at D

Fig. 210 shows a centrifugal pump difiermg from ordinary
centrifugal pumps 1 one feature only  The water nscs through
a suction pipe S, which divides so as to enter the pump wheel
W at the centre on cach side. ‘Lhe pump disk or wheel 1 very
sunlar to a turbine wheel It 15 keyed on a shaft driven by a
belt on a fast and loose pulley arrangement at P The water
rotating in the pump disk presscs outwards, and if the speed 1
sufficient a continuous flow 15 maintamed through the pump
and into the discharge pipc ) The special fcature m this pump
15 that the water, dischaiged by the pump disk with a whirhng
veloaity of not inconsiderable magnitude, 1s allowed to continuc
rotation in a chamber somewhat larger than the pump  The
use of thus whirlpool chamber was first suggested by Profcssor
James Thomson It utihzes the encrgy due to the whirling
velocity of the water which in most pumps 15 wactcd in eddies
in the discharge pipc  In the pump shown guide-bladcs are also
added which have the direction of the stream lincs i a free
vortex. They do not thereforg nterfere with the action of the
water when pumping the normal quantity, but only prevent
irregular motion. At A 1s a plug by which the pump case is
filled before starting. If the pump is ahove the water to be
pumped, a foot valve 1s required to permut the pump to be filled
Sometimes instead of the foot valve a dchvery valve 15 uscd,
an ar-pump or steam jet pump being employed to exhaust the
air from the pump case.

§ 208 Design and Proportions of a Centrifugal Pump —The dewgn
of the pump disk 18 verz smaple  Let v, 7, be the radn of the ilet
and outlet suef: of the pump disk, d,, d, the clear ax:al width at
those radu The velocity of flow through the pump may be taken
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the same as for a turbme. 1f () 18 the quantity pumpcd, and H the
hft,

w;=0 25, '2¢H (x)
2mrd; =0,

Also 1 practice
di=1 27,

Hence, } (2)
1= 25714 (Q/A'H)

Usually ¥, =27,

and d,=d; or §d;

according as the disk 18 parallel-<ided o1 coned  The water enturs

the wheel radially with the velocity #,, and
1, =0/2rrd, (3)
Tig 211 shows the notation adopted for the velocities
Suppose the water enters the wheel with the veloaity v, while
the veloaty of the
wheel 1s V; Com-
plcting  the paralielo-
gram, v,, 1s the rela
tive velocity of the
water and wheel, and
1s the proper direction
of the wheel vanes
Also, Ly resolving, u;
and w; are the com-
nent velocities of
ow and velocities of
whir of the velouty 1y
of the water At the
outlet surface, 1,13 the
final velocity of dis-
charge, and the rest of
the notation 1s sinular to that for the inlet surface
Usually the water flows equally in all directions 1n the eye of the
wheel, in that case v, 1s radial  Then, 1n normal conditions of work-
ing, at the inlet surface,
=4, )
w;=0
tan @ =1,/V, ’
0y =1;,€08¢C 8 = (T + V.2
If the pump 1s 1a151ng less or more than 1its proper quantity, 6 will |
not kausily the last condition, and there 1s then some loss of head 1n !
shock
At the outer circumfercnce of the wheel or outlet surface,
Vo =§4',, cosec ¢ )
0, =V, -1, cot
o=/ {ut+ (VT- 4, cot ¢)% s
Variation of Prossure in the Pumﬁ Dssk —Precisely as in the case |
of turbines, it can be shown that the vanation of pressure between
the let and outlet surfaces of the pump is
ho = hy=(V2 =V /2g = (vp® - vr¥)/2¢.
Inserting the values of v, vy in (4) and (5), we get for normal

Fie 211

(1

' For ¢ —90°,

, and then

conditions of working

V.2 =V /2g = u2cosec?p/2g + (Ul +V,),2¢
+3/2g - u,® cosec *p/2g +u2l2g (6)
Hydraulic Efficiency of the Pump —Neglectng disk friction,
journal friction, and leakage, the efficiency of the pump can be found
in the same way as that of turbmes (§ 180) Let M be the moment
of the couple rotating the pump, and a 1ts anguler velocity , w,, 7,
the tangential velocity of the water and radius at the outlet
surface, w, #; the same quantities at the imlet surface Q bemng
the d(l]scharge per second, the change of angular momentum per
sceond 18

(GQ/g)(woro = wyry).
Hence M =(GQ/g) (woro = wyry).
Innormal working, w; =o. Also, multiplying by the angular velocity,
the work done per second 15
Ma =(GQ/g)twroa
But the useful work done mn pumpmg 1s GQH Therefore the

ethicieney 15
7=GQH/Ma =gH/w,roa =gH/w,V, )

§209 Case 1 Centrifugal Pump with no Whirlpool Chamber —
When no special provision 1s made to utilize the energy of motion of
the water leaving the wheel, and the pump discharges directly mnto a
chamber 1n which the water 13 flowing to the discharge pipe, nearly
the whole of the energy of the water leaving the disk 18 wasted The
water leaves the disk with the more or less considerable velocity v,,
and impinges on a mass flowing to the discharge pipe at the much
slower veloaty v, The radial component of v, 1s almost necessarily
wasted From the tangential component there 1s a gamn of pressure

(ws® - v)/2¢ = (w, - v.)¥2¢
=v(w, - v)/g,

which will be small, if v, is small compared with w, Its greatest
value, if v, = §w,, 18 iw,‘/z% which will always be a small part of the
whole head Suppose this neglected The whole vamation of
pressure 1n the pump disk then balances the lft and the head
u}h/zgl necessary to give the mmitial velocity of flow in the eye of the
whee
=V,2/2g - u, cosec 3¢/2¢ +ujj2g,
o/2€ — u,® cosec 2g/2g
or Vo= /(26H +u,2cosec®s .
and the efficiency of the pump 1s, from (7),
n=gH/Vw, =gH/ ‘V(V. -u,cot ¢)},

=(Va? ~ .2 cosec 2¢)/ {2V (V, = %, cot ¢} .

7=V —u?)/2VH,

‘3 That 1s, half the work exgended m

y recurving t‘he‘vanes, a plan intro-

u¥2¢ +H
" Th

(8)

-

(9

which 18 necessanly less than

drniving the pump 15 wasted

duced by Appold, the effi y 18 N the velocity

v, of discharge from the pump 1s dimimished  If ¢ 1s very small,
cosec p=cot ¢,

=V, +u, cosec ¢)/2V,,

which may approach the value 1, as ¢ tends towards o uation

(8) shows that u,cosec ¢ cannot be greater than V, tting

%, =025 J(ngl-l}] we get the following numerical values of the

and the 1 velocity of the pump *—
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@ » v, _ = T T - ' Al
902 047 1 034/2¢H S ! . l,[ _ ur v
45 056 1oo Duration of test h sy .
3o: 0:05 riz . Stl;:n“;:el:su:: 1 pc'r sqm:: ; o :z |
20 °73 124 Weight of steam per water ' 7 5 Mo
10° o083 175 . b hour r B 2795 007 s3]z |
¢ cannot practically be made less than 20°, and, allowing for the | Speed in revs per mun. .| 3300 1 3335 © 3710 ' 3340
{rictional losses neglected, the efficiency of a pump 1n which ¢ =20°1s eight of suction . it | T ¢ o I
found to be about ‘60 Total hft . . ft. | 762 i 744 917 | 756
§210 Case2 Pump with a Wirlipool Chamber, as mn fig 210 — Mullion galls per day pumped— { | '
Professor James ['homson first suggested that the energy of the water By Venturi meter . 1573 | 1490 1689 | 1 503
after leaving the pump cisk might be utihzed, if a space were left | ' By orifice 1623 | rs13 13723 | 13555 !
in which a free vortex could be formed In such a free vortex the | | Water h p 252 | 235 326 | 230 0
velocity varies inversely as the rads  The gaimn of pressure in the |« — - - H
vortex chamber 1s, putting 7., #, for the racii to the outlet surfa PN
S nbeel ol o oo DATORE o vortex, ¢ radil to the VA% In trial 1V. the steam was supcrheated 95° F. From other
Y trials under the same conditions as tnal 1 the Parsons turbine
i‘lg(; _'&)) = zg(x ~k’), uses 15 6 1b of steam per brake h.p. hour, so that the combined
» - ,
y kv cfficiency of turbine and pumps 1s about §6 5, a remarkably
=tfre
good result.

Lhe Lift 15 then, adding this to the lift in the last case,
H = V.2 -u? cosec’p +uv2(1 - &%)} /2¢
2=V, ~2V,u, cot ¢ + u,? cosecs,
H={(2 -#)V,?-24V,u, cot ¢ - ku,? cosec®p}/2¢  (10)
Putting this mn the expression for the efficiency, we find a con-
siderable increase of cffictency Thus with
¢ =90° and k=3, 7=} nearly,
¢ a small angle and 4 = §, 7 =1 nearly,

With this arrangement of pump, therefore, the angle at the outer
ends of the vanes 1s of comparatively httle importance
angle of 30° or 40° may very well be adopted The following
numerical values of the vclocity of the circumference of the pump
have been obtamcd by taking 2 =}, and u, =0 25 ,/(2gH)

But

¢ V.

90° 702'2¢H
+5° 842,
302 911,
20° o2y,

1he quantity of water to be pumped by a centrifugal pump neces-
sarily varies, and an adjustment for ditferent quantities ot water can-
not easily be introduced Hence 1t 1s that the average efficiency of
pumps o{ this kind 1s 1n practice less than the efficiencies given above
L he advantage ot a vortex chamber 18 also generally neglected The
velocity 1 the supply and discharge pipes 1s also often made greater
than 15 consistent with a high degree of ethiciency Velocities of o
or 7 ft per second m the discharge and suction pipes, when the hft
15 small, cause a very sensible waste of energy, 3 to 6 ft would
be much better Centnfuial pumps of very large size have been
constructed  Easton and Anderson inade pumps for the North Sca
canal in Holland to deliver each 670 tons of water per minute on a
hft of 5 ft  Lhe pump disks are 8 ft dilameter ] and I Gwynne
constructed some pumps for dramming the Ferraresc Marshes, which
together dehiver 2000 tons per minute A pump made under Pro-
fessor J Thomson’s direction for dramnage works in Barbados had
a pump disk 16 ft 1n diameter and a whirlpool chamber 32 ft
1 The of pumps when delivering less
or more than the norma{quantlty of water 1s discussed 1n a paper 1n
the Proc Inst Ciwv Eng vol 53

§ 211, High Laft Centrsfugal Pumps.—It has long been known
that centrifugal pumps could be worked m series, each pump
overcoming a part of the hft. This method has been perfected,
and centrifugal pumps for very high lfts with great efficiency
have been used by Sulzer and others. C W. Darley (Proc. Inst.
Cw. Eng., supplement to vol. 154, p. 156) has described some
pumps of this new type driven by Parsons steam turbines for
the water supply of Sydney, N.S.W. Each pump was designed to
deliver 1} million gallons per twenty-four hours against a head
of 240 ft. at 3300 revs. pet minute Three pumps In series give
therefore a lift of 720 ft. The pump consists of a central double-
sided impeller 1z m. diameter. The water entering at the
bottom divides and enters the runner at each side through a
bell-mouthed passage. The shaft 1s provided with ring and
groove glands which on the suction side keep the air out and on
the pressure side prevent leakage. Some water from the pressure
side leaks through the glands, but beyond the first grooves it
passesintoa pocket and 1s returned to the suction side of the pump.
For the glands on the suction side water is supphed from a low-
pressure service. No packing 1s used in the glands During
the trials no water was seen at the glands. The following are
the results of tests made at Newcastle :—

A moderate |

|

|

|

! diminishes

§212 Awr-Lift Pumps.—An mteresting and simple method of
pumping by compressed ar, invented by Dr J. Pohlé of Arizona,
15 likely to be very useful in certain cases. Suppose a risng
main placed 1n 4 deep bore hole in which there 1s a consideruble
depth of water Air compressed to a sufficient pressure 15 con-
veyed by an air pipe and mtroduced at the lowcr end of the nising
mam. The ar
rising in the main
the
average density
of the contcnts of
the mam, and
therr aggregate
weight no longer
balances the pres-
sure at the lower
end of the mam
due to 1ts sub-
mersion, Anup-
ward flow 1s set
up, and 1if the air
supply s suffi-
cient the water
m the nising mam
1 lfted to any
required height
The higher the
hft above the
level in the bore
hole the decper
must be the pont
at which an 15
mjected. TFig
212 shows an arr-
bft pump con-
structed for W
H. Maxwell at
the Tunbridge
Wells water-
works. Thereisa
two-stage steam
airr  compressor,
compressingairto
from go to 100 1b
persq.in The bore hole is 350 ft deep, lined with steel pipes 15m.
diameter for 200 ft. and with perforated pipes 134 n. diameter for
the lower 150 ft. The rest level of the water 1s 96 ft. from the

-ound-level, and the level when pumping 32,000 gallons per hour
is 120 ft from the ground-level. The rising mam s 7 m. diameter,
and is carried nearly to the bottom of the bore hole and to
20 ft. above the ground-level. The air pipe 15 24 n damcter
In a tnal run 31,402 gallons per hour were raised 133 ft above
the level in the well. Tnals of the efficiency of the system made
at San Francisco with varying conditions will be found in a
paper by E A Rix (Journ. Amer. Assoc Eng. Soc. vol 25,

Rusl
Arr

Main 7 Diom
ipe 2t Diam

Fic. 212,
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1900) Maxwell found the best results when the ratio of immers:on
to Lift was 3 to 1 at the start and 2 2 to 1 at the end of the tual
In those conditions the cfhciency was 37 % calculated on the
indicated h p. of the steam-engine, and 46 %, calculated on the
indicated work of the compressor. 2 7 volumes of free air were
used o 1 of water hfted. ‘The systcm s suitable for temporary
purposes, especially as the quantity of water ransed 1s much
greater than could be pumped by any other system m a bore
hole of u given size. It 1s uscful for clearing a boring of sand
and may be advantageously used permanently when a bormg
1s n sand or gravel which cannot be kept out of the bore hole.
The mitial cost 15 small.

§213 Centrifugal Fans.—Centnfugal fans are constructed
similarly to centnfugal pumps, and are used for compressing
alr to pressurcs not cxceeding 10 to 15 i, of water-column.
With this small vanation of pressure the variation of volume
and density of the mir may be neglected without sensible error.
The conditions of pressure and discharge for fans are gener-
ally less accurately Enown than 1 the case of pumps, and the
design of tans 1 generally somewhat crude  ‘They scldom have
whirlpool chambers, though a large oxpanding outlet is pro-
vided m the case of the important Guibal fans used in mne
ventilation,

1t 15 usual to reckon the difference of pressure at the mlet
and outlet of a fan 1 inches of watet-column  One inch of water-
column =044 ft, of arr at average atmospheric prossure =52 1b per
Sq ft
Roughly the pressure-head produced in a fan without means of
utihzing the kinetic enorgy of discharge would be v¥/2¢g ft of arr, or
0 ovuz4 v* 1 of water, chm v i3 the velocity of the tips of the fan
blades i feet per second 1418 the diameter of the fanand ¢ the width
at the external circumference, then wdé s the dischaige area of the fan
disk  If Q14 the discharge m cub i per sec, w —Q/wds 15 the radial
veloctty ot discharge which 18 numcrically equal to the discharge per
squatefootofoutletmceubic feet persecond  Asboththelossesin the fan
and the work donoe are roughly proportional to ! 1n fand of the samne
type, and are also proportional to the gauge pressute p, then if the
losses are to be a constant percentage of the work done # may be
taken proportional to /p In ordinarv cases 4 =about 22,/p The
width ¢ ot the fan is generally from o 35 to o-45¢ Hence if ) is
given, the diameter of the fan should be  --
For ¢ =035, d—0 20 (Q/n/P)
kort=z0 45d, d—o 18, (Q/ /P,
If p1s the pressure diflerence in the fan w inches of water, and N the
revolutions of fan,
v =mdN,00 ft persec
N=1230/p/d revs per ma
As the pressure difference 15 small, the work done 1n compressing the
air1s almost exactly 5 2p() foot-pounds per second  Usually, however,
the kinetic energy of the airin the discharge pipe 1s not inconsiderable
compated with the work done 1n compression  If w s the veloaty
of the arr whore the discharge pressure 15 measured, the air carries
away w¥/2¢ foot pounds per Ib of air as kinetic energy  In Q cubic feet
or o 01607(,3 b the kinetic energy is 0'00125 Qu? foot-pounds per
second
1he officiency of fans 1s reckoned i two ways If BH P, is the
effective horse powut applied at the fan shaft, then the efliciency
reckoned on the work of compression 15
n=52pQ 5508 H P,
On the other hand, if the kinetic energy m the delivery pipe 1s taken
as part of the useful work the efficiency 1
m = (5 2p) +0 00X25Qu7/550 BH I’
Although the theory above 18 a rough one 1t agrees sufticiently with
experiment, with some merely numernical modifications
An cxtremely interesting experimential investigation of the action
of centrifugal fans has been made by IT Heenan and W Gilbert
(Proc Inst Civ Eng vol 123,p 272) The fans dehvered through an
air trunk 1 wluch different 1esistances could be obtamned by intro-
ducing diaphragms with circular apertures of different sizes  Suppose
a fan run at speed with chffs sk and the com-
prossion pressure, discharge and brake horse-power measured The
results plot 1 such a diagram as 15 shown 1 fig 213 The less the
resistance to discharge, that s the larger the opening in the air trunk,
the greator the quantity of air discharged at the given speed of the
fan  On the other hand the p p diminish The
curve marked total gauge is the compression pressure + the velotity
head in the discharge pipe, both 1n inches of water This curve falls,
but not nearly so much as the com%resnon curve, when the resist-
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calculated on the work of compression only It 15 zero for no dis-
charge, and zero also when there 1s no resistance and all the energy
given to the air 18 carried away as kinetic energy There 15 a dis-
charge for which this efficiency 1s a maximum, 1t is about half the
discharge which there 15 when there 1s no resistance and the delivery
ppe v tull open  The conditions of speed and dischasge correspond-
wmg to the greatest of )2 are_those ord: ly
hﬁen as the best normal conditions of working  The curve marked

o o] of F—1-
! B - o B e =
o o 2 — 7T ——
3ls s R \’v\éf,_l
NN A% SN
é’ 8 L // 4"g<7,: T
s‘:ﬁ: \;’;'- /ara“‘ Mj% <
o o H- - -
ol o WU L S

oo T a0
Orcharge - Cfr mer min
Tip Speed « 100 17 per sec

Fic 213

total efficiency gives the efficiency calculated on the work of com-
Yressmn and kinctic energy of dischaige  Messrs Gilbert and
lecnan found the eifictencies of ordinary fans calculated on the
compicssion to be 40 to 0o % when working at about normal
conditions
Takmg some of Mossrs Heenan and Gilbert’s results for ordmary
fans .n normal conditions, they have been found to agree fairly with
the following approximate rules  Let p. be the compression pressure
andg the volume discharged per second per squarc foot of outletarea of
fan = Then the total gauge pressure due to pressure of compression
and velocity of discharge 18 approximately : p =p, +0 0004¢* 1. of
water, 80 that if p, 1s given, p can be found approximately The
pressure p depends on the circumferential speed v of the fan disk—
$ =0 00025t in of water
v =03 /p ft persecc
‘The discharge per square foot of putlot of fan 13—
¢=151t0 18 \/p cub {t per sec
The total discharge 15

) Q =mdig =47 10 56 dt \/p
For D o s Q) .
t=145d, d=0320100 2a./(Q/NP) it

N =1203./p/d

These approximate equations, which are denved purely from
experiment, do not differ greatly from those obtained by the rough
theory given above The theory helps to explamn the roason for the

form of the empirical results (W C.U)
HYDRAZINE (D1aypoGeN), N,H, or H;N NH,, a compound
of hydrogen and mitrogen, first prepared by 1h. Curtius 1n 1887
from diazo-acetic ester, N,CH CO,C,H, "This ester, which 1s
obtamed by the action of potassium nitrate on the hydiochloride
of amidoacetic ester, yields on hydrolysis with hot concentrated
potassium hydroxide an acd, which Curtius regarded as
CH¢N(CO,H),, but which A Hantasch and O. Silberrad
(Ber., 1900, 33, p. 58) showed to be (,H,N(CO,H),, hisdiazo-
acetic acad. On digestion of its warm aqueous solution” with
warm dilute sufghurlc acid, hydrazine sulphate and oxalic acid
are obtained. A. Lobry de Bruyn (Ber, 1895, 28, p 3085)
prepared free hydrazine by dissolving 1its hydrochloride in
methyl alcohol and adding sodium methylate ; sodium chlorde
was precipitated and the residual hquid afterwards fractionated
under reduced pressure. It can also be prepared by reducing
Iphonate 1n 1ce cold water by means of

P

sodium

dimt
1

ance 1n the air trunk 13 diminished  The brake h power
as the rest is d ished b ihe volume of discharge in-
creases very much The curve marked efficiency is the efficiency

KSOSN NO -» KSO S N-NH, -» K50, +NH,



HYDRAZONE—HYDROCEPHALUS

P. J. Schestakov (/. Russ. Phys Chem. Soc, 1905, 37, p 1)
b 1 hyd by oxihzing urea with sodium hypochlorite
in the presence of benzaldehyde, which, by bining with the

111

sohd hydrocarbons, all of high industrial value. For detals
reference should be made to the articles wheremn the above
b are treated From the chemical point of view the

hydrazine, protected it from oxidation. F Raschig (German
Patent 198307, 1908) obtained good yields by oxidizing ammonta
with sodium hypochlorite 1n solutions made viscous with glu‘e,
Free hydrazme 15 a colourless hquid which boils at 113:5° C,
and sohdifies about o° C to colourless crystals ; 1t 1s heavier
than water, in which 1t dissolves with nise of temperature. It
1s rapidly oxidized on exposure, 1s a strong reducing agent, and
reacts vigorously with the halogens Under certain conditions
it may be oxidized to azomude (A. W. Browne and F F
Shetterly, J Amer. €S, 1908, p 53). By fractional distilla-
tion of its aqueous solutton hydrazine hydrate N,H, H,O
(or perhaps H,N NH,OH), a strong basc, 1s obtained, which
precipitates the metals from solutions of copper and silver
salts at ordinary temperatures It dissociates completely i a
vacuum at 143°, and when heated under atmospheric pressure
to 183° 1t decomposes nto ammoma and mitrogen (A Scott,
J Chem. Soc., 1904, 85, p 913). The sulphate N,HH SO,,
crystallizes in tables which are shghtly soluble n cold water
and readily soluble in hot water , 1t 15 decomposed by heating
above 250° C with explosive evolution of gas and hberation of
sulphur By the addition of barium chloride to the sulphate, a
solution of the hydrochloride 1s obtaned, from which the
crystallized salt may be obtained on evaporation

Many organic denvatives of hydrazne are known, the most
important being qllcnylhydraztnc, which was discovered by Enul
Fischer n 1877 It can be best prepared by V. Mcyer and Lecco s
method (Ber , 1883, 10, p 2076), whicl consists i reducing phenyl-
diazonuum chlonde 1n concentrated hydrochloric acid solution with
stannous chloride also dissolved m concentrated hydrochloric acid
Phenylhydrazine 1s liberatcd trom the hydrochloride so obtamed
by adding sodium hydroxide, the solution being then extracted with
cther, the ether distilled off, and the residual o1l punified by distilla-
tion under reduced pressure  Another method 13 due to £ Bam-
berger The diazonium chloride, by the addiion ot an alkaline
sulphute, 18 converted nto a diazosulphonate, which is then reduced
by zinc dust and acetic acud to phenylhydrazine potassium sulphite
This salt 1s then hydrolysed by heating 1t with hydrochloric acid—

CoHN.Cl + K,;SO, = KCL+C,H,N, S0 K,

CHAN, SO K1 2H =CH, NH'NH SO K,

CsHy,NH NH SO,K +Hcl +HgO =CyH, NH NH, HCl + KHSO,

Phenylhydrazine 15 a colourless oily hiquid which tarns brown on
exposure It boils at 241° C, and melts at 17 5° C It 15 shghtly
soluble 1n water, and 13 strongly basic, forming well-defined salts
with acuds  For the detectior: of substances containing the carbonyl
group (such for example as aldehydes and ketones) phenylhydrazine
18 a very nmrortant reagent, smce 1t combines with them with
elimination of water and the formation of well-defined hydrazones
(see ArpenypES, KETONES and SuGars) It 15 a strong reducing
agent, 1t precipitates cuprous oxide when heated with Fehhng's
solutton, nitrogen and benzene Lemng formed at the same time—
C¢H; NH NH, +2Cu0 =Cu,0 +N; +H,0 +C H; By energetic re-
duction of phenylhydrazine (¢ ¢ by use of zinc dust and hydrochloric
acid), ammonia and aniine are produced—C;H,NH NH, +2H =
CHyNH, +NH,. It 18 also a most important synthetic reagent
It combines with aceto-acetic ester ta form phenylmethylpyrazolone,
from which antipynne (g v) may be obtamed Indoles (7 v) are
formed be heating certain hydrazones with anhydrous zinc chloride ,
while semicarbazides, pyrr K’v ) and many other types of organic

ds may be syn y the use of ble phenylhydrazine

P
denvatives

HYDRAZONE, in chemistry, a compound formed by the con-
densation of a hydrazine with a carbonyl group (see ALDE-
RYDES , KETONES)

HYDROCARBON, in chemistry, a compound of carbon an
hydrogen. Many occur in nature m the free state* for )

! mflammatory changes affecting the membranes.

hycfrocarbons are of fundamental importance, and, on account
of their great number, and still greater number of denivatives,
they are studied as a separate branch of the scence, namely,
organic chemstry

See CHRMISTRY fur an account of thetr classification, &c

HYDROCELE (Gr #wp, water, and wjAy, tumour), the
medical term for any collection of fluid other than pus or blood
n the neighbourhood of the testis or cord  The fluid 15 usually
serous Hydrocele may be congemital or arise in the middle-aged
without apparent cause, but it 1v usually associated with chrome
orchitis or with tertiary syphlitic enlargements  The hydrocele
appears as a rounded, fluctuating translucent swelling in the
scrotum, and when greatly distended causes a dragging pan
Palhative treatment consists in tappimg aseptically and remov-
g the fluid, the patient afterwards wearing a suspender
The condition frequently recurs and nccessitates 1adial
treatment  Various substances may be njected, or the
hydrocele 15 incived, the tunica partly removed and the cavity
dramned

HYDROCEPHALUS (Gr iSwp, water, and keduds), head),
a term applied to disease of the bram which 1 attended
with excessive effusion of fluid nto 1ts cavities Tt exists
n two forms—acute and chrome hydrocephalus.  Acute hydro-
cephalus 1s another name for tuberculous memngitys (sec
MENINGITIS)

Chronic hydrocephalus, or * water on the bram,” consists in
an effusion of fluid into the lateral ventricles of the bram It
15 not preceded by tuberculous deposit or acute inflammation
but depends upon congemtal malformation or upon chronu
When the
diseasc 1s congenital, its presence in the foetus 1s apt to be a4 sourc
of difficulty n parturiion It 1s however more commonly
developed 1n the first six months of hfe, but it occasionally
artses n older children, or even in adults  ‘The chuef symptom
15 the gradual mcrease 1n size of the upper part of the head out
of all proportion to the face or the rest of the body Occurring
at an age when as yet the bones of the <kull have not become
welded together, the enlargement may go on to an (normous
extent, the spaces between the bones becoming more and morc
expanded In a well-marked case the deformity 15 very striking ,
the upper part of the forehead projects abnormally, and the
orbital plates of the frontal bone being incdined forwards give
a downward tilt to the eyes, which have also pecular rolling
movements  The face 1s small, and this, with the enlarged head,
gives a remarkable aged expression to the child  The body 1
ill-nourished, the bones are thin, the hair 15 scanty and fine and
the teeth carious or abscnt.,

The average arcumfercnce of the adult head 1s 22 1n, and 1n
the normal child 1t 15 of course much less In chromic hydro
cephalus the head of an infant three months old has measured
29 1n , and in the case of the man Cardinal, who died in Guy's
Hospital, the head measured 33 in  In such cases the head
cannot be supported by the neck, and the patient has to kee
mostly in the recumbent posture. The expansibility of the skuﬁ
prevents destructive pressure on the brain, yet this organ »
matenially affected by the presence of the flud. The cerebral
ventricles are distended, and the convolutions are flattened
Occasionally the fluid escapes into the cavity of the .ranium,
which 1t fills, pressing down the brain to the base of the skull

natural gas, petroleum and paraffin are entirely composedx of
such bodies , other natural sources are dia-rubber, turpentine
and certain essential ois. They are also revealed by the spectro-
scope in stars, comets and the sun. Of artifial productions the
most fruitful and important 1s provided by the destructive or
dry distillation of many org 1. ; famil pl

are the distillation of coal, which yields ordinary Iighting gas,
composed of gaseous hydrocarbons, and also coal tar, which,
on subsequent fiactional distillations, yields many hquid and

As a quence, the functions of the bramn are interfered
with, and the mental condition 1s impared  The child 15 dull,
listless and irntable, and sometimes imbecile  The special senses
become affected as the disease advances ; <ight 15 often lost, as
15 also hearing. Hydrocephalic children generally sink in a few
years ; nevertheless there have been istances of persons with
this disease hiving to old age. There are, of course, grades of the
affection, and children may present many of the symptoms of
it m a shght degree, and yet recover, the head ceasing to expand,
and becoming in due course firmly ossified
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Various methods of treatment have been employed, but the
results are unsatisfactory. Compression of the head by bandages,
and the admmnntration of mercury with the view of promoting
absorption of the fluid, are now hittle resorted to. Tapping the
flud from time to time through one of the spaces between the
bones, drawing off a httle, and thereafter employing gentle
pressure, has been tried, but rarely with benefit. Attempts have
also been made to establish a permanent drainage between the
interior of the lateral ventricle and the sub-dural space, and
between the lumbar region of the spine and the abdomen, but
without satisfactory results  On the whole, the plan of treatment
which aims at mamtaming the patient’s nutrition by appropriate
tood and tonics 1s the most rational and successful (E O%)

HYDROCHARIDEAE, in botany, a natural order of Mono-
cotyledons, belonging to the series Helobleae, They are water-
plants, represented in Britamn by frog-bit (Hydrocharis Morsus-
ranae) and water-soldier (Stratiotes alordes) The order contains
about fifty species in fifteen genera, twelve of which occur m
fresh water while three are marmne ; and includes both floating
and submerged forms.
Hydrocharis floats on
the surface of sull
water,and has rosettes
of kidney-shaped
leaves, from among
which spring the
flower-stalks , stolons
bearing new leaf-
rosettes are sent out
on all sides, the plant
thus propagating itself
m the same way as
the strawberry
Stratiotes alotdes has a
rosette of stiff sword-
ke leaves,whichwhen
the plant 15 n flower

project above the
surface, 1t 15 also
stoloniferous, the

young 10settes sinking
to the bottom at the
begimning of wnter
and rising agam to the
surface in the spring
allisneria (eel-grass)
contains two  species,
one native of tropical
Asa, the other n-
habiting the warmer
parts of both hemi-
spheres and reaching
as far north as south
Europe It grows mn
the mud at the bottom
of fresh water, and the
short stem bears a

Morsus-ranas --

Hyvdrocharis
Frog-bit-- male plant, half natural vize
t, Female flower, half natural wize

2, Stamens, enlarged

Fie 1

3, Barren pistil of male flower, enlarged R

t, Pistil of female flower b d"Ste{ l‘:f llong, narrow
5 Frut grass-hke leaves , new
6, Fruit cut transy ersely plants are formed at
7, Seed the end of horizontal
8, 9, Floral diagrams ot male and female runners. Another type

flowers 1espectively

s, Rudimentary stamens 15 represented by

Elodea canadensis or
water-thy me, which has been mtroduced into the British Islesfrom
North America, It 1s a small, submerged plant with long, slender
branching stems bearing whorls of narrow toothed leaves ; the
flowers appear at the surface when mature. Halophila, Enhalus
and Thalassia are submerged mantime plants found on tropical
coasts, mamly i the Indian and Pacific oceans ; Halophsla has
an elongated stem rooting at the nodes; Enkalus a short, thick
rhizome, clothed with black threads resembling horse-hair, the

HYDROCHARIDEAE

persistent hard-bast strands of the leaves; Thalassia has a
creepmng rooting stem with upright branches bearing crowded
strap-shaped leaves in two rows The flowers spring from, or are
enclosed 1, a spathe, and are umsexual and regular, with
generally a calyx and corolla, each of three members; the
stamens are 1n whorls of three, the inner whorls are often barren ,
the two to fifteen carpels form an inferior ovary contaming
generally numerous ovules on often large, produced, parietal
placentas. The fruit 1s leathery or fleshy, opening irregularly.
‘The seeds contan a large embryo and no endosperm. In
Hydrocharts  (fig
1), which 1s dioe-
clous, the flowers
are borne above
the surface of the
water, have con-
spicuous white
petals, contain
honey and are
polhinated by n-
sects  Stratiotes
has similar flowers
which come above
the surface only
for polhnation,
becoming sub-
merged again
during ripening of
the frmt. In Val-
lisnenia (fig 2),
which 15 also dioe-
clous, the small
male flowers are
borne in large
numbers 1n short-
stalked spathes ,
the petals are
minute and scale-
hke, and only two i R
of the three
stamens are fer-
“leJ ‘he ﬂU“E‘T\ quarter natual size
become detached M€ Plant
before opening and rise to the surface, where the sepals expand
and form a float bearing the two projecting semi-erect stamens
The female flowers are solitary and are raised to the surface
on a long, spiral stalk , the ovary bears three broad stylss, on
which some of the
large, sticky
pollen-grams from
the floating male
flowers gets de-
posited (fig. 3).
After  polhination
the female flower
becomes drawn
below the surface
by the spiral con-
traction of the
long stalk,and the
fruit nipens near
the bottom.
Elodea has poly-
amous flowers
that 1s, male, female and hermaphrodite), solitary, m slender,
tubular spathes , the male flowers become detached and nise to
the surface; the females are raised to the surface when mature,
and receive the floating pollen from the male. The flowers of
Halophsla are submerged and apetalous.

The order 1s a widely distributed one ; the marine forms are
tropical or subtropical, but the fresh-water genera occur also m
the temperate zones.

e

Fic 2 —Valhisnenia spiralis--Eel grass—
A, Female plant, B,

Fic 3



HYDROCHLORIC ACID-—HYDROGEN

HYDROCHLORIC ACID, also known in commerce as ** spirits
of salts” and “ munatic acid,” a compound of hydrogen and
chlorine Its chemistry 1s discussed under CHLORINE, and its
manufacture under ALKALT MANUFACTURE.

HYDRODYNAMICS (Gr iduwp, water, 8ivaus, strength),
the branch of hydromechanics which discusses the motion of
fluids (see HYDROMECHANICS)

HYDROGEN [symbol H, atomic weight 1 008 (0=16)], one
of the chemical elements Its name 1s derived from Gr. tdwp,
water, and yevvdewv, to produce, in allusion to the fact that
water 1s produced when the gas burns m air  Hydrogen appears
to have been recogmzed by Paracelsus m the 16th century,
the combustibility of the gas was noticed by Turquet de Mayenne
m the 17th century, whilst n 1700 N. Lemery showed that a
muxture of hydrogen and air detonated on the application of
a light The first definite experiments concerning the nature
of hydrogen were made in 1766 by H Cavendish, who showed
that 1t was formed when various metals were acted upon by
dilute sulphuric or hydrochloric acids  Cavendish called 1t “ in-
flammable air,” and for some time 1t was confused with other
inflammable gases, all of which were supposed to contain the
same mflammable prmciple, “ phlogiston,” in combmation
with varying amounts of other substances. In 1781 Cavendish
showed that water was the only substance produced when
hydrogen was burned m air or oxygen, 1t having been thought
previously to this date that other substances were formed
during the reaction, A L Lavoisier making many experiments
with the object of finding an acid among the products of
combustion

Hydrogen 15 found mn the free state i some volcanic gases, in
fumaroles, m the carnallite of the Stassfurt potash mines (H
Precht, Ber , 1886, 19, p 2326), in some meteorites, in certamn
stars and nebulae, and aiso i the envelopes of the sun. In
combination 1t 1s found as a constituent of water, of the gases
from certain mineral springs, in many minerals, and in most
animal and vegetable tissues It may be prepared by the electro-
lysis of acidulated water, by the decomposition of water by
various metals or metallic hydrides, and by the action of many
metals on acids or on bases  The alkali metals and alkaline earth
metals decompose water at ordinary femperatures , magnesium
begins to react above 70° €, and zinc at a dull red heat The
decomposition of steam by red hot iron has been studied by
H Samnte-Claire Deville (Comptes rendus, 1870, 70, p. 1105)
and by H Debray (1b1d , 1879, 83, p. 1341), who found that at
about 1500° C. a condition of equilibrium 1s reached  H Moissan
(Bull soc chim , 1902, 27, p 1141) has shown that potassium
hydride decomposes cold water, with evolution of hydrogen,
KH+H,0=KOH+H,. Calcium hydride or hydrolite, prepared
by passing hydrogen over heated calcium, decomposes water
similarly, 1 gram giving 1 htre of gas, 1t has been proposed
as a commercial source (Prats Aymerich, Abst / C S., 1907, n.
P- 543), as has also alummium turnings moistened with potassilum
cyamde and mercuric chloride, which decomposes water regularly
at 70° 1 gram giving 13 hitres of gas (Mauricheau-Beaupré,
Comptes rendus, 1908, 147, p 310) Strontium hydride behaves
simlarly. In preparing the gas by the action of metals on
acids, dilute sulphuric or hydrochloric acid 1s taken, and the
metals commonly used are zinc or iron. So obtained, it contains
many mmpurities, such as carbon dioxide, nitrogen, oxides of
mitrogen, phosphoretted hydrogen, arsenretted hydrogen, &c ,
the removal of which 1s a matter of great difficulty (see E. W
Morley, Amer. Chem. Journ., 1890, 12, p. 460). When prepared
by the action of metals on bases, zinc or aluminium and caustic
soda or caustic potash are used. Hydrogen may also be obtained
by the action of zinc on ammonium salts (the mtrate excepted)
(Lorin, Comptes rendus, 1865, 6o, p 745) and by heating
the alkali formates or oxalates with caustic potash or soda,
Na,C,0,+2NaOH = H, + 2Na,CO;. Technically 1t 1s prepared
by the action of superheated steam on icandescent coke (see

. Hembert and Henry, Comptes rendus, 1885, 101, p 797,
A. Naumann and C. Pistor, Ber., 1885, 18, p. 1647), or by the
electrolysis of a dilute solution of caustic soda (C. Wimnssinger,
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Chem. Zeit , 1848, 22, p. 609, “ Die Elektrizitats-Aktiengesell-
schaft,” Zeit | Elektrochem , 1901, 7, p. 857) In the latter
method a 15 %, solution of caustic soda 15 used, and the
electrodes are made of ron, the cell 1s packed i a wooden
box, surrounded with sand, >0 that the temperature 1s kept
at about 70° C , the solution 1s replemished, when necessary,
m&‘l)\ distilled water  The punty of the gas obtuned 15 about
97 %

Pure hydrogen 1s a tasteless, colourless and odourless gas of
spedific gravity o 06947 (ar =1) (Lord Raylagh, Proc Roy Sec,
1893, p. 319). 1t may be hquefied, the hiquid boihng at - 252 68°
C to - 252.84° C,and 1t has also been sohdified, the sohd melting
at —264° C. (J Dewar, Comptes rendus, 1899, 129, p 451,
Chem News, 1901, 84, p 49, sec also Liouip Gasks). The
specific heat of gaseous hydrogen (at constant pressure) is
3-4041 (water=1), and the ratio of the specific heat at constant
pressure to the specific heat at constant yolume 1 1.3852 (W. C
Rontgen, Pogg Ann, 1873, 148, p 580) On the spectrum see
SpecTrOscopY  Hydrogen 15 only very shghtly soluble in water
1t diffuses very rapidly through a porous membrane, and through
some metals at a red heat (T Graham, Proc Roy Soc , 1867, 15,
p 223; H. Samte-Claire Deville and U Troost, Comptes rendus,
1863, 56, p. 977). Palladium and some other metals are capable
of absorbing large volumes of hydrogen (especially when the metal
15 used as a cathode n a water electrolysis apparatus) L Troost
and P Hautefewlle (4un chim. phys., 1874, (5) 2, p 279)
considered that a palladium hydride of composition Pd,H was
formed, but the mnvestigations of C. Hoitsema (Zett. phys Chem ,
1895, 17, p. 1), from the standpont of the phase rule, do not
favour this view, Hoitsema being of the opimion that the occlusion
of hydrogen by palladium 1s a process of continuous absorption
Hydrogen burns with a pale blue non-lumious flame, but will
not support the combustion of ordinary combustibles. 1t forms
a highly explosive mixtuie with air or oxygen, especially when m
the proportion of two volumes of hydrogen to one volume of
oxygen. H B Baker (Proc Chem Soc, 190z, 18, p 40) has
shown that perfectly dry hydrogen will not unite with perfectly
dry oxygen Hydrogen combines with fluorme, even at very low
temperatures, with great violence , 1t also combines with carbon,
at the temperature of the electric arc  The alkah metals when
wairmed 1n a current of hydrogen, at about 360° €, form hydrides
of composition RH(R =Na, K, Rb, (s), (H. Mowssan, Bull soc
chim , 1902, 27, p 1141). caloum and strontium similatly
form hydndes CaH,, StH, at a dull red heat (A Guntz, Comptes
rendus, 1901, 133, p 1209) Hydrogen 1s a very powerful re-
ducing agent, the gas occluded by palladium being very
active n this respect, readily reducing fernc salts to
ferrous salts, mitrates to mitrites and ammonia, chlorates to
chlorides, &«

For determmations of the volume ratio with which hydrogen and
oxygen combine, see | B Dumas, Ann chim phys, 1843 (3), 8,
&7( 189, O Erdmann and R F Marc[land, wbid p. 212, E .

eser, Ber., 1887, 20, H 2323, ] P Cooke and T W Richards,
Amey Chem Journ , 188b, 10, p 191, Lord Rayleigh, Chemn News,
1889, 59, p 147, E W Morley, Zeit phyvs Chem , 1890, 20 p 417,
andS A duc, Comptes rendus, 1899, 128, p 1158

Hydrogen combines with oxygen 1o form two dcfimte com-
pounds, namely, water (¢.r.), H,0, and hydrogen peroxide,
H,0,, whilst the existence of a third oxide, ozonic acid, has hecn
indicated.

Hydrogen peroasde, H 0, was discovered by 1. J Thénard mn
1818 (Ann. chim. phys , 8, p 306). It occurs in small quantities
n the atmosphere. It may be prepared by passing a current of
carbon dioxide through ice-cold water, to which small quantitics
of barium peroxide are added from time to time (F Duprey,
Comples rendus, 1862, 55, p 736, A. J, Balard, 1bid, p 758),
Ba0,+C0,+H,0=H,0,+Ba(0,. E. Merck (Abst JCS,
1907, 1., p 859 showed2 that barium percarbonate, Ba(O,, 15
formed when the gas 15 1n excess . this substance readily yields
the peroxide with an acid. Or barium peroxide may be decom-
posed by hydrochloric, hydrofluoric, sulphuric or silicofluoric
acids (L. Crismer, Bull. soc chim , 1891 (3), 6, p. 24, Hanriot,
Comples rendus, 1885, 100, pp 56, 172), the peroxide being added



114

i smaull quantities to a cold dilute solution of the acid It 18

HYDROGRAPHY—HYDROLYSIS

catalyst; for example, formic, glvgollic, lactic, tartanc, malc,
h

and other acids are readily oxidized m the

necessary that 1t should be as pure as possible since the cc 1
product usually contains traces of ferric, manganic and aluminum
oxides, together with some siica To purify the oxide, 1t 15
dissolved in dilute hydrochleric acid untl the aad 15 neatly
neutrahized, the solution 1s cooled, filtered, and baryta water 13
added until a faint pcrmanent white preapitate of hydrated
barium peroxide appears , the solution 15 now filtered, and a
wneentrated solution of baryta water 1 addad to the filtrate,
when a crystalline preapitate of hydrated barium peroxide,
BaQ, 811,0, 1> thrown down. This 1s filtered off and well washed
with water, The above methods give a dilute aqueous solution
of hydrogen peroxide, which may be concenirated somewhat
by evaporation over sulphuric acd 1 vacue 11 P Talbot and
H. R Moody (Jour. Anal, Chem , 1892, 6, p 650) prepared a more
concentrated solution from the comumercial product, hy the
addition of u 10 %, solution of alcohol and baryta water The
solution s filtered, and the barum preapitated by sulphuric
aad  The alcohol 1s removed by distillation 122 vacuo, and by
further concentration 14 vacuo a solution may be obtaned which
cvolves 580 volumes of oxygen, R. Wolffenstein (Ber., 1894,
27, p. 2307) prepared practically anhydrous hydrogen peroxide
(contaumng 99 1%, H,0,) by first removing all traces of dust,
heavy metals and alkall from the commercial 3% solution,
‘The solution 15 then concentrated 1n an open basis on the water-
bath until 1t contans 48 % 1,0, The hiquid so obtamed 15
extracted with cther and the ethereal solution distilled under
dinmnished pressure, and finally puuified by repeated distillations
W. Staedel (Zest | ungew. Chen , 1902, 15, p. 642) has described
solid hydrogen peroxide, obtained by freezing concentrated
solutions.

Hydrogen peroxide s also found as a product n many chemical
actions, beng formed when carbon monoxide and cyanogen burn
mair (1L B Dixon), by passing air through solutions of strong
bases in the presence of such metals us do not react with the
bases to liberate hydrogen, by shakig zinc amalgam with
alcoholic sulphuric acid and air (M. Traube, Ber, 1882, 15,
p- 659), n the oxidation of zine, lead and copper in presence of
water, and 1n the clectrolysis of sulphuric acid of such strength
that 1t contwins two molecules of water to one molecule of
sulphuric aad (M. Berthelot, Comples rendus, 1878, 86,

p-71)

Lhe anyhdrous hydrogen peroxide obtamned by Wolffenstein
bols at 84-85° (. (68 mm ), 1ts specific gravity 15 1 4990 (1 5° C.).
It is very explosive (W. Spring, Zeu. anorg Chem, 1895, 8,
p 424) The explosion risk seems to be most marhed wn the
preparations which have been extiacted with ether previous to
distillation, and ] W. Bruhl (Ber , 1895, 28, p 2847)1s of opinion
that a very unstable, more highly oxidized product 18 produced
in small quantity n the process  The solid variety prepared by
Staedel forms coloutless, prismatic crystals which melt at - 2° C 5
1t 1s decomposed with explosive violence by platinum sponge, and
traces of manganese dioxide The dilute aqueous solution 1s
very unstable, giving up oxygen readily, and decomposing with
explosive violence at 100° € An aqueous solution containing
more than 1 5% hydrogen peroxide reacts shightly acid To-
wards lupetidin [ua’ dumethyl pipenidine, C,HyN(CH,),] hydrogen
peroxide acts as a dibasic acid (A, Marcuse and R Wolffensten,
Ber , 1901, 34, p 2430, see also G Bredig, Zert Electrochem ,
1901, 7, p. 622) Cryoscopic determinations of its molecular
weight show that it 1s H,0, [G Carrara, Rend. della Accad.
der Lincer, 1892 (5), 1, m p 19, W R, Omdorff and J. Whte,
Amer Chem. Journ, 1893, 15, p. 347] Hydrogen peroxide
behaves very frequently as a powerful oxidizing agent ; thus
lead sulphide is converted nto lead sulphate in presence of a
dilute aqueous solution of the peroxide, the hydraxides of the
alkaline earth metals are converted into peroxides of the type
MO,-8H,0, titanum dioxide 1s converted into the tnoxide,
lodine lsﬁxbemtud from potassium rodide, and mitriles (in alkaline
solution) are cony erted into acid-amudes (B. Radziszewski, Ber,,
1884, 17, p_355) In many cases it is found that hydrogen
peroxide will only act as an oxidant when in the presence of a

presence of ferrous sulphate (H. J. H Fenton, Jour. Chem. Soc.,
1900, 77, P 69), and sugars are readily oxudized in the presence
of ferric chloride (O Yuscher and M. Busch, Ber, 1891, 24,
p. 1871) It 1s sought to explain these oxidation processes by
assuming that the hydrogen peroxide unites with the compound
undcrgoing oxidation to form an addion compound, which
subsequently decomposes (J H Kastle and A. S. Loevenhart,
Amer Chem Journ., 1903, 29, pp 397, 517) Hydrogen peroxide
can also react as a reducing agent, thus sitver oxide 15 reduced
with a rapid evolution of oxygen. 'The course of this reaction can
scarcely be considered as defimtely settled; M. Berthelot
considers that a higher oxide of siver 1 formed, whilst A
Baeyer and V Villiger are of opmion that reduced siver 1s
obtamned [see Comples rendus, 1901, 133, p. 555, Ann Chim
Phys ,1897(7),11,p 217,and Ber , 1901, 34,p 2709] Potassium
permanganate, in the presence of dilute sulphuric acid, 1s rapidly
reduced by hydrogen peroxide, oxygen being given off, 2KM,,0, +
3H,S0,+5H,0,=K SO, + 2Mn50, + 8H,0 + 50, Lead peroxide
1s reduced to the monoxide Hypochlorous acid and 1ts salts,
wogether with the corresponding brom.ne and 10dine compounds,
hiberate oxygen violently from hydrogen peroxide, giving hydro-
chloric, hydrobromic and hydriodic acids (S. Tanatar, Ber , 1899,
32, p 1o13).

On the constitution of hvdrogen pemxlde see C F Schonbem,
Jour prak Chem , 1858-18068 , Traube, Ber , 1882-1889, ] W
Bruhl, Ber , 1895, 28, p 2847, 1900, 33, p 1709, S lanatar, Ber,
1903, 30, p 1893

Hydrogen peroxide find, application as a bleachung agent, as an
antiseptic, for the removal of the last traccs of chlorme and sulphur
dioxide employed 1n bleaching, and for varous quantitative separa-
11ons n analytical chemustry (P. Janaasch, Ber , 1893, 26, p 2908)
It may be estimated by titration with potassium permanganate in
acid solution, with potassium ferricyanule - alhaline solution,
2K Fe(CM)y + 2KOH + H,0, - 2K Fe(CN), + 2H,0 +O,, or by oxidiz-
mg arsenious acid i alkahine solution with the peroxide and
back titration of the excess of arsenious acid with standard 1odwne
(B. Grutzner, drch der Pharm, 1899, 237, p 705) It may be
recognized by the violet coloration 1t gives when added to a very
dilute solution of potassium bichromate m the presence of hydro-
chloric acid ; by the orange-red colour it gives with a solution of

dioxide i sulphuric acid, and by the pre-
capitate of Prussian blue formed when 1t 15 added to a solution
containing ferric chlonde and potassium ferricyanide

Ozonic Acid, H,O; By the action of ozone on a 40 °} solution
of potassium hydroxide, placed m a frecezing mixture, an orange-
brown substance 1s obtained, propably K,0,, waich A Baeyer and
V' Villiger (Ber, 1902, 35, 3038) think 13 denived from ozonic
acid, produced according to Sxe reaction O,+ H,0 -H,0

HYDROGRAPHY (Gr duwp, water, and ypdgewv, 0 write),
the science dealing with all the waters of the earth’s surface,
including the description of thewr physical features and con-
diuons , the preparation of charts and maps showing the position
of lakes, rivers, seas and occans, the contour of the sea-bottom,
the position of shallows, deeps, reefs and the direction and
volume of currents; a scientific description of the position,
volume, configuration, motion and condition of all the waters
of the earth. See also SURVEYING (Nautical) and OCEAN AND
OceanoGrapHY. The Hydrographic Department of the British
Admiralty, established 1n 1795, undertakes the making of charts
for the admiralty, and 1s under the charge of the hydrographer to
the admiralty (see CHART).

HYDROLYSIS (Gr {8wp, water, Afewy, to loosen), n chemistry ,
a decomposition brought about by water after the manner shown
m the equation R X+ H OH=R'H+X-OH Modern resgarch
has proved that such reactions are not occasioned by water
acting as H,0, but really by its1ons (hydrions and hydroxidions),
for the velocity 1s proportional (in accordance with the law of
chemical mass action) to the concentration of these ions This
fact explains the so-called * catalytic ” action of acids and bases
m decomposing such compounds as the esters The term
“ saponufication ”’ (Lat sapo, soap) has the same meaning, but
1t 1s more properly restricted to the hydrolysis of the fats, ¢ ¢.
glyceryl esters of orgamic acids, into glycerin and a soap (see
CHEMICAL ACTION).




HYDROMECHANICS

HYDROMECHANICS (Gr. 08popmxavixd), the science of the
3

11§

assigned by Gughelmun seemed destitute of foundation The
French heref ded these obstructions as the

mechanics of water and fluids in general, including &y s
or the mathematical theory of fluids in equiibrium, and Aydro-
mechanscs, the theory of flds in motion. The practical applica-
tion of hydromechanics forms the province of hydraulics (¢ v )

Historical —The fundamental principles of hydrostatics were first
given by Archimedes m his work llepl riv dxouuévwr, or De 135 quac
vehuntuy 1n humido, about 250 Bc, and were afterwards applied
to expertments by Marmo Ghetaldt (1566-1627) in his Promotus
Archimedes (1603). Archimedes maintained that cach particle of
a flurd mass, when 1n equilibrium, 1s cqually pres.ed i every direc-
tion, and he inquired into the conditions according to which a solid
body floating m a fluid should assume and preserve a position of
equihbrium

In the Greek school at Alexandria, which flourished under the
auspices of the Ptolemies, the first attempts were made at the
construction of hydraulic machinery, and about 1z0 B ¢ the fountain
of compression, the siphon, and the forcing-pump were invented by
Ctesibius and Hero, [he miphon 1s a sumple mstrument, but the
f g-pump 15 a plicated mvention, which could scaicely
have been exgcctod m the nfancy of hydraulics It was probably
suggested to Ctesibius by the Egyptian Wheel or Norta, which was
common at that timo, and which was a kmd of chain pump, con-
sisting of a number of earthen pots carned round by a wheel In
some of these machines the pots have a valve m the bottom which
enables them to descend without much resistauce, and diminishes
greatly the load upon the wheel, and, if we suppose that this valve
was mtroduced so eatly as the time of Ctesibius, 1t 13 not dufficult
to perceive how such a'machine might have led to the invention of
the_forcing-pump.

Notwithstanding these nventions of the Alexandnan school, ats
attention does not seem to have been directed to the motion of
fluds; and the first attempt to investigate this subject was made
by Sextus Julis Frontinus, mspector of the public fountamns at
Rome m the teigns of Nerva and Irajan  In lus work De aquac-
ductibus wrbis Komae commentarius, he conwiders the methods
which were at that time employed for ascertaimng the quantity of
watcer discharged from ajutages, and the modc of distributing the
waters of an aq t or a f¢ He r d that the flow of
water from an ouifice depends not only on the magnitude of the orifice
itself, but alvo on the height of the water in the reservoir, and that
a pipe employed to carry off a portion of water from an aquednuct
should, as circumstances requiued, have a position more or less
mclined to the onginal direction of the current But as he was
unacquainted with the law of the velocities of runming water as
depending ui)on the depth of the orifice, the want of precision which
appears m his results 15 not surpnsmii

enedetto Castelli (1577-1644), and Evangelista Torncelh (1608~
1647), two of the disciplos of Galileo, applied the discoveries of thewr
master to the science of hydrodynamics  In 1628 Casteln published
a small work, Della misura dell’ acque corventi, in which he satis-
factorily explamed several phenomena 11 the motion of fluids in
rivets and canals, but he committed a great paralogism in sup-
posing the velocity of the water proportional to the depth of the
orifice below the surface of the vessel Torricell, observing that in
a jet where the water rushed tirough a small ajutage 1t rose to nearl f’
the same height with the reservoir from which 1t was supplied,
imagined that 1t ought to move with the same velocity as if 1t had
tallen through that height by the force of gravity, and hence he
deduced the ‘pmposmon that the velocities of hiquids arc as the
square root of the head, apart from the resistance of the air and the
friction of the orifice  This theorem was published in 1643, at the
end of his treatise De motu ‘gmvmm projectorum, and 1t was con-
firmed by the expenments of Raffaello Magiott1 on the quantities
of water discharged fiom different ajutages under different pressures
(1

8),
In the hands of Blaise Pascal (1623-1662) hydrostatics assumed
the dignity of a science, and mn a trecatise on the equilibrium of
liquds (Sur Péqusltbre des lsqueurs), found among his manuscripts
after his death and published in 1663, the laws of the equihbrium
of iquids were demonstrated i the most simple manner, and amply
confirmed by experiments

The theorem of Torricelll was om&]oyed by many succeeding
writers, but particularly by Edmé Mariotte (1620-1684), whose
Trasé du des eaux, published after his death in the year
1686, 1s founded on a great variety of well-conducted experuments
on the motion of fluids, performed at Versailles and Chantlly In
the discussion of some points he committed considerable mistakes
Others he treated very superficially, and in none of his experiments
apparently did he attend to the diminution of eflux ansing from the
contraction of the lquid vein, when the onfice is merely a perforation
1n a thin plate, but he appears to have been the first who attempted
to ascribe the discrepancy between theory and experiment to the
retardation of the water's velocity thi h friction. His contem-
porary Domenico Guglielnuni (r655-1710), who was inspector of
the nivers and canals at Bologna, had ascribed this diminution of
velocity 1 nivers to t t: ansing from mequal n
their bottom But as Mariotte observed similar obstructions even
m glass pipes where no transverse currents could exst, the cause

D pher, Te,
effects of fnction  He supposed that the filaments of water which
graze along the sides of the pipe lose a portion of thetr veloaity,
that the contiguous filaments, having on this account a greafer
velocity, rub upon the former, and suffer a dimmution of their
cclerity,, and that the other filaments are afiected with similar
retardations proportional to their distance from the axis of the pipe
In this way the medium velocity of the current may be diminished,
and consequently the quantity of water discharged 1 a given time
must, from the effects of friction, be considerably less than that
which 1= computcd from theory

Lhe effects of friction and viscosity i diminishing the veloaity of
1unning water were noticed n the Principra of Sir Isaac Newton,
who threw much light upon scveral branches of hydromechanics
At a time when the Cartesian system of vortices umversally pre-
vailed, he found 1t necessary to investigate that hypothess, anh m
the course of his vestigations he showed that the velocity ot any
stratum of the vortex 19 an arithmetical mean bctween the veloaties
of the strata which enclose 1t, and from this 1t evidently follows
that the velocity of a filament of water moving m a pipe 15 an anth-
metical mean between the velocities of the filaments which surround
1t Taking advantage of thesc results, Henni Pitot (1695-1771)
afterwards chowed that the retardations arming from friction are
mverscly as the diameters of the pipes i which the flmd moves
Lhe attention of Newton was also directed to the discharge of water
from orifices in the bottom of vessels He supposed a cylindrical
vessel full of water to be perforated in its bottom with a small hole
by which the water escaped, and the vessel to be supplicd with
water i such a manner that it always remained full at the came
height  Te then supposed this cylindrical column of water to be
divided 1nto two parts,—the first, which he called the “* cataract,”
bemng an hyperboloid gencrated by the revolution of an hyperbola
of the fifth dcgice around the axis of the cylinder which should pass
through the orifice, and the second the remamder of the water m
the cylindrical vessel  He considered the hortzontal strata of this
hyperholoid as aluays 11 motion, wiule the remainder of the water
was n a state of rest, and unagined that there was a kind of cataract
i the middle of the fluud When the results of this theory were
compared with the quantity of water actually discharged, Newton
concluded that the velocity with which the water iasued from the
onifice was equal to that which a faling body would receive by
descending through half the height of water in the reservorr  This

lusion, he T, y Ir lable with the known
fact that jets of water nse nearly to the same height as their reservorrs,
and Newton seems to have been aware of thiy objection  Accord-
ingly, 1n the second edition of his Principra, which appeared in 1713,
he reconsidered his theory  He had discovered a contraction m the
vein of fluid (vena contracta) which issued from the orfice, and found
that, at the distance of about a diameter of the aperture, the section
of the vein was contracted n the subduplicate ratio of two to one
He regarded, therefore, the section of the contracted vem as the
true orifice from which the discharge of water ought 1o be deduced,
and the velocity of the effluent water as due to the whole height of
water 1n the reservorr ; and by this means las theory became more
conformable to the results of experience, though still open to
serious objections Newton was also the first to investigate the
dithcult subject of the motion of waves (g v )

In 1738 Daniel Bernoulh (1700-1782) published his Hydrodynamica
seu de vinbus et motrbus flurdorum commentarti  His theory of
the motion of fluids, the germ of wlich was first published n his
memotr entitled Theorta nova de motu aquarum pey canales quocun-
que fluentes, communicated to the Academy of St Petersburg as
early as 1720, was founded on two supposiaons, which appeared to
im conformable to cxperience He supposed that the surface of
the fluid, contamned in a vessel which 15 emptyng itself by an oriice,
remains always horizontal, and, if the fluid nass 18 concaived to be
divided 1to ‘an infinite number of honsontal strata of the ame
bulk, that these strata remain contiguous to each other, and that
all thar points descend vertically, with velouties myersely pro-
portional to their breadth, or to the horizontal scctions of the
reservorr  In order to determme the motion of cach stratum he
emploved the principle of the comservatio virtum vivayusn, and
obtamned very clegant solutions But in the abeence of a general
demonstration of that principle, his results did not command the
confidence which they would otherwise have deserved, and 1t
became desirable to have a theory more certamn, and dc pe ading solely
on the fund ntal laws of h Colin M. 1n (1698—
1746) and John Bernoulli (1667-1748), who were of this opinion,
resoived the problem by more direct meﬁmds. the onc n his Fluxions,
published 1 1742, and the other in his Hydraulica nunc primum
detecta, et demonstrata divecte ex fundaments~ pure mechamscts, which
forms the fourth volume of his works The method employed by
Maclaurin has been thought not sufficiently rigorous, and that of
John Bernoulli 15, 1n the opinion of Lagrange, defective in clearness
and precision The theory of Daniel Bernoulh was opposed also by

ean le Rond d’Alembert” When generalizing the theory of pendu-
lum-> of Jacob Bernoulli (1654-170%5) he discovered a ciple of
dynamics so simple and general that it reduced the laws of the
motions of bodies to that of their equihbrium He applied this
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principle to the motion of fluids, and gave a spccumen of 1ts applica-
tion at the end of hus Dynamics in 1743 1t was more fully developed
n his Trasté des fludes, ‘ynbhqhud 1n 1744, 1 which he gave simple
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have also d d s to the
of the flow n rivers, The Bestrdge sur Hydyographie des Konig-
resches Bohmen (Prague, 1872-1875) of A R Harlacher (1842-1890)

and clegant solutions of groblems relating to the equ and
motion of flmds  He madc use of the same suppositions as Daniel

XY

1 valuable of this kind, together with a com-
Eanson of the experimental results with the formulae of flow that had
een

Bernoulli, though his calculus was t mn a ve

manner He considered, at every instant, the actual motion of a
stratum as composcd of a motion which 1t had in the preceding
instant and of a motion which it had lost, and the laws of equih-
brium between the motions lost furnishcd him with equations re-
presenting the motion of the fluid It remained a desideratum to
express by equations the motion of a particle of the flmd 1n any
assigned direction  These cquations were found by d’Alcmbert from
two principles——that a rcctangular canal, taken in a mass ot fluid m
cquulibrium, 1s 1tself in equilibrium, and that a portion of the fluid,
n passing from one place to another, preserves the same volume
when the flud 18 1ncompresaible, or dilates itsclf according to a
given law when the fllid 1s clastic  His ingenious method, published
n 1752, 1n s Essar sur la résistance des flurdes, was brougKt to per-
Ectmn 1 his Opuscules mathématiques, and was adopted by Leonhard
Euler

|
J
i

p d up to the date of 1ts publication, and important data
were ylel‘('led by the gaugmgs of the Mississipp1 made for the United
States government by A' A Humphreys and ﬁ L _Abbot, by Robert
Gordon's gaugings of the Irrawaddy, and by Allen ] C Cunningham’s
experiments on the Ganges canal  The friction of water, investigated
for slow ;peeds by Coulomb, was measured for higher speeds by
Wilham Froude (1810-1859), whose work 1s of great value in the
theory of ship resistance (Brit Assoc Report , 1869), and stream line
motion was studied by Professor Osborne Reynolds and by Professor
H S Hele Shaw (X)

HYDROSTATICS
Hydrostatics 15 a science which grew originally out of a number
of 1solated practical problems, but 1t satisfies the requirement
of perfect accuracy in its application to phenomena, the largest

The resolution of the questions conccrming the motion of flmds | and smallest, of the behaviour of a flud At the same time,

was effected by mcans of Euler's partial ditfercntial coethicients,
This calculus was first applied to the motion of water by d’Alembert,
and enabled both lum and Euler to reprcsent the theory of fluids
i formulae restricted by no Famcular hy pothesis

One of the most successful
dynamucs at this period was Pierre Lows Georges Dubuat (1734~
1809)  Following in the steps of the Abbé Charles Bossut (Nouvelles
Expéniences suy la vésistance des flurdes, 1777), he pubhished 1n 1786,
a revised cdition of s Prinripes d’hydrauligue, which contams a
satisfactory th(or{r of the motion of fluids, founded solely upon
oaperiments  Dubuat considercd that 1f watcr were a ‘perfect
fluid, and the channels . which 1t flowed mmfimitely smooth, 1ts
motion would be continually accelerated, ke that of bodies descend-
mg n an wclined plane  But as the motion of rivers 19 not continually
accdderated, and soon arrives at a state of umformaty, 1t 1s evadent that
the viscosity of the water, and the friction of the channel in which
1t descends, must equal the accelerating force  Dubuat, thercfore,
assumed 1t as a proposition of fundamental importance that, when
water flows in any channel or bed, the accelerating force which obliges
1t to move 13 equal to the sum of all the resistances which it meets
with, whether they arise from ats own viscosity or from the friction
of 1ts bed  This principle was employed by him in the first edition
of his work, which appeared in 1779 ~ The theory contained 1n that
«dition was founded on the experiments of others, but he soon saw
that a theory so new and leading to results <o different from the
ordinary theory, should be founded on new experiments more direct
than the former, and he was cmployed 1n the performance of these
trom 1780 to 1783, The experiments of Bossut were made only on
[npcs of a moderate dechivity, but Dubuat used dechivities of every

ind and made his experiments upon channels of various sizes,

The theory of runming water was greatly advanced by the re-
scarches of Gaspard Riche de Prony (1755-1839). From a collection
of the best experiments by previous workers he sclected eighty-two
(hfty-one on the velocity of water in conduit pipes, and tﬁxrty—one
on its velocity 1n open canals), and, discussing these on physical
and T 1 principl he d 1n drawing up general
tormulae, which afforded a ssmple expression for the velocity of
running water

J A Eytelwem (1704-1848) of Berhin who published in 1801 a
valuable compendium 0? ivdiaulics entitled Handbuch der Mechanik
und der Hydraulik, investigated the subject ot the discharge of water
by compound pipes, the motions of jets and their impulses against
plane and oblique surfaces; and he showed theorctically that a water-
wheel will have 1ts maximum cffcct when its carcumference moves
with half the velocity of the strcam

N P Hachette (1769-1834) 1n 1816-1817 published memours
contamung the results of cxperiments on the spouting of fluids and the
discharge of vessels  His object was to measure the contracted part
of a flmd vein, to ph na dant on add 1
tubes, and to investigate the form of the fluid vein and the results
obtain~d when different forms of orfices are employed  Extenwve
experiments on the discharge of water from orifices (Expériences
hydrauliques, Pans 1832) were cond d under the d of the
French government by J V Poncelet (1788-1807) and J A Lesbros
(1790-1800). P P Boncau (1811-1891) discussed their results and
added experiments of his own (Traité de la mésure des eaux courantes,
Pars 1854) K. R Borncmann re-examuned all these results with
great carc, and gave formulae cxpressing the vanation of the co-
efficients of discharge in different conditions (Civil Ingénteur, 1880)

Julis Waishach (1800-1871) also made manv expenmental in-
vestigations on the discharge of lmuds The experiments of | B
Franas (Lowell Hydraulic Experiments, Boston, B/Fass , 1855) led him

to propose variations in the accepted formulae for the discharge over
wars, and a generation later a very complete investigation of this
subject was carried out by H Bazin,  An elaborate inquiry on the
flow of water 1n pipes and channels was conducted by H G P
Darcy (1803-1858) and continued by H Bazin_at the expense of the
French government (Recherches hydrawuligues, Pans, 1866) German

labourers in_the science of hydro- ,
i mechanical science

1t delights the pure theorist by the simplicity of the logic with
which the fundamental theorems may be estabhshed, and by the
elegance of 1ts mathematical operations, insomuch that hydro-
statics may be considered as the Euchidean pure geometry of

1 The Different States of a Substance or Matter —All substance
n nature falls into one of the two classes, sohd and flud, a
solid substance, the land, for instance, as contrasted with a
fluid, like water, being a substance which does not flow of itself

A flud, as the name implies, 1s a substance which flows, or
18 capable of flowing , watei and air are the two fluids distributed
most umversally over the surface of the earth

Fluids again are divided into two classes, termed a hqud
and a gas, of which water and air are the chief examples

A liquad 1s a flud which 1s incompressible or practically so,
1 ¢ 1t does not change i volume sensibly with change of pressure

A gas 1s a compressible fluid, and the change in volume 15
considerable with moderate variation of pressure

Liquids, again, can be pouredfrom one open vessel into another,
and can be kept 1n an uncovered vessel, but a gas tends to diffuse
itself indefinitely and must be preserved in a closed reservoir

The distinguishing characteristics of the three kinds of sub-
stance or states of matter, the solid, iquid and gas, are summarized
thus in O Lodge's Mechantcs :—

A solid has both size and shape
A liquid has size but not shape
A gas has neither size nor shape

2 The Change of State of Matter —By a change of temperature
and pressure combined, a substance can 1n general be made to
pass from one state nto another ; thus by gradually increasing
the temperature a solid piece of ice can be melted into the hquid
state of water, and the water again can be boiled off into the
gaseous state as steam. Agaimn, by raising the temperature,
a metal 1n the sohd state can be melted and hquefied, and poured
into a mould to assume any form desired, which 1s retained when
the metal cools and solidifies again , the gaseous state of a metal
1s revealed by the spectroscope Conversely, a combination
of increased pressure and lowering of temperature will, if carned
far enough, reduce a gas to a hquid, and afterwards to the sohd
state ; and nearly every gaseous substance has now undergone
this operation.

A certain critical temperature is observed in a gas, above which
the hiquefaction 1s impossible , so that the gaseous state has two
subdivisions into (1.) a true gas, which cannot be hiquefied, because
1ts temperature 1s above the critical temperature, (ii ) a vapour,
where the temperature 1s below the critical, and which can
ultimately be hquefied by further lowering of temperature or
increase of pressure

3 Plastiaaty and Viscosity—Every sohd substance 1s found to
be plastic more or less, as exemplhfied by punching, shearing
and cutting, but the plastic solid is distinguished from the
viscous flud in that a plastic sohd requires a certain magmtude
of stress to be exceeded to make it flow, whereas the viscous
liquid will yield to the slightest stress, but requires a certain
length of time for the effect to be appreciable.
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According to Maxwell (Theory of Heat) *“ When a continuous
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lLevel,JatJ\d considering the equilibrium of a thmn prism of liqud AB,

alteration of form 1s produced only by a stress g a certain
value, the substance 1s called a solid, however soft and plastic
1t may be. But when the smallest stress, 1f only continued long
enough, will cause a perceptible and increasing change of form,
the substance must be regarded as a viscous fluid, however hard
it may be” Maxwell illustrates the difference between a soft
sohd and a hard liquid by a jelly and a block of pitch ; also by
the experiment of supporting a candle and a stick of sealing-
wax , after a considerable time the sealing-wax will be found
bent and so 15 a fluid, but the candle remains straight as a sohd

4 Defintion of a Fluid.—A flud 1s a substance which yields
continually to the slhightest tangential stress in 1ts interior ,
that 15, 1t can be divided very easily along any plane (given plenty
of time 1f the fluid 1s viscous) It follows that when the fluid has
come to rest, the tangential stress in any plane n 1ts interior
must vanish, and the stress must be entirely normal to the plane
This mechanical axiom of the normality of flurd pressure 1 the
foundation of the mathematical theory of hydrostatics.

The theorems of hydrostatics are thus true for all stationary
fluids, however viscous they may be , 1t 1s only when we come
to hydrodynamics, the science of the motion of a fluid, that
viscosity will make 1tself felt and modify the theory ; unless we
begin by postulating the perfect flud, devoid of viscosity, so
that the principle of the normality of fluid pressure 15 taken to
hold when the fluid 1s 1n movement

5 The Measuyement of Fluid Pressure —The pressure at any point
of a plane in the interior of a flmd 15 the intensity of the normal
thrust estimated per unit area of the plane

Thus, if a thrust of P b 15 distributed umformly over a plane
area of A sq ft, as on the horizontal bottom of the sea or any
reservorr, the pressure at any point of the plane 1s P/A Ib per sq ft,
or P/r44A b per sq in (Ib/ft 2and th/in 4,1n the Hospitaher notation,
to be employed n the sequel) If the distribution of the thrust 15

not unform, as, for mstance, on a vertical or mmchned face or wallofa |
over thearea, and |
the actual pressure at any Tﬁomt 18 the avelage pressure over a small |

reservoir, then P/A

ts theaverage p

area enclosing the point us, if a thrust AP b acts on a small plane
arca AA fu? enclosing a pont B, the pressure p at B 15 the limit of
AP/AA, and
p =1t(aP/AA) =dP/dA, (1)

m the notation of the differential calculus

6 The Equalsty of Flusd Pressuve in all Divections —This funda-
mental principle of hydrostatics follows at once from the principle of
the normality of flud pressure implied 1 the definition of a flmd in
§4 Take any two arbitrary directions in the plane of the paper, and
draw a small 1sosceles triangle abc, whose sides are perpendicular
to the two directions,and consider theequilibriumof a small triangular
prism of flud, of which the triangle 1s the cross section Let P,
denote the normal thrust across the <ides bc, ca, and R the normal
thiust across the base ab Then, since these three forces main-
tan equilibrium, and R makes equal angles with P and Q, therefore
P and Q must be equal But the faces bc, ca, over which P and ¢)
act, are also equal, so that the pressure on each face 1s equal A
scalene triangle abc might also be employed, or a
tetrahedron

It foDows that the pressure of a fluid requires
to be calculated 1none direction only, chosen as
the simplest direction for convenience

7 The Transmissibility of Fluid Pyessure —Any
additional pressure apphed to the fluid will be
transmitted equally to every point in the case of
a hiqud , this principle of the transmissibilsty of
» was d by Pascal, 1653, and
applied by him to the invention of the hydraulic
press

FiG 1a

by planes at A and B perpendicutar to AB. As grauty

and the fluid pressure on the sides of the prism act at right angles
to AB, the equilibrium requires the equality of thrust on the ends
Aand B, and as the areas are equal, the pressure must be equal at
A and B; and so the pressure 1s the same at all pomts in the same
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honizontal plane. If the flmd is a hquid, it
can have a free surface without diffusing
itself, as a gas would ; and this free surface,
being a surface of zero pressure, or moie
generally of uniform atmospheric pressure,
will also be a surface of equal pressure, and
therefore a horizontal plane

Hence the theorem —The free surface of
a hquid at rest under gravity 1s a horizontal
plane  This 1s the charactenstic distingush-
g between a sohd and a hqud , as, for in-
stance, between land and water The land
has hills and valleys, but thc surface of
water at rest 1s a horizontal plane, andf
disturbed the surface moves fn waves

9 Theorem —In a homogeneous liquid at
rest under gravity the pressure increases
uniformly with the depth

This 15 proved by taking the two poimnts
A and B m the same vertical line, and
considering the equilibrium of the prism by
resolving vertically In this case the thrust
at the lower end iﬂ must exceed the thrust
at A, the upper end, by the weight of the
prism of hquid, o that, denoting the cross
section of the prism by a ft ¢ the pressure at A and B b [',,
pIb/it % and by w the density of the hqud «stimated i Yb/?t’ ,

pa=~pa=wa \13, (1)
p=w AB4 p, (2)

Thus 1 water, where w=62 41b/ft !, the pressure mcreases
(iz 4}rlb/ft 3, 0r 62 §—144- 0 4331/0 ¢ for every additional foot of
dept

);’o Theorem —1If two hiquids of different density are resting in
vessels 1n communication, the height of the fice surface of such hiquid
above the surface of separation 1s mversely as the density

For if the hquid of density ¢ rises to the haght & and of density p
to the height %, and p, denotes the atmospheric pressurc, the pressure
i the iqud at the level of the surface of separation will be ok + p,
and pk + p,, and these being equal we have

oh —pk, (1)

The principle 15 illustrated i the article BAROMETER, where a
column of mercury of density ¢ and height 4, rising 1n the tube to the
Torricellan vacuum, 15 balanced by a column of air of denwty p,
which may be supposed to rise as a homogencous fluid to a height 4,
called the height of the homogeneous atmospheie  Thus water bemng
about 800 tumes denser than awr and mercury 136 times denser
than water,

(2)

and with an averagc barometer height of 30 m this makes £ 27,200
{t , about 8300 metres

11, lhe Head of Water or a Liquid —The pressure oh at a depth
A ft 1 hquid of density ¢ 15 called the pressure due to a head of i ft
of the iquid The atmospheric pressure 15 thus due to an averag:
head of 30 1 of mercury, or 30x136—12=34 ft of water, or
27,200 ft of air The pressure of the air 1s a convenient umit to
employ 1n practical work, where 1t 15 called an ' atmosphere”, 1t 15
made the equivalent of a pressure of one kg/um?, and one ton/inch?,
employed as the unit with high pressure as in artulery, may be takcn
as 150 atmospheres

12 Theorem —A body immersed in a fluid 15 buoyed up by a force
equal to the weight of the iquid displaced, acting vertically upward
through the centre of gravity of the displaced hquid

For 1f the body is removed, and replsced by the fluid as at first
this flwid 15 1n equilibrium under its own weight and the thrust of the

k1o ab

and

k/h=0[p=8o0ox 13 6=10,880,

h 1

This y of two ylinders
(fig 1a), filled with hiquid and closed by pistons [f a thrust P1b 15
applied to one piston of area A ft 2, 1t will be balanced by a thrust

b applied to the other piston of area B ft 3, where

p=PIA=W/B, )

the lpm&sure p of the h%uld beng supposed ukm.lorm', )and, by

sur ling fluid, which must be equal and opposite, and the sur
rounding fluid acts in the same manner when the body replaces the
displaced flud agam, so that the resultant thrust of the fluid acts
vertically upward through the centre of gravity of the fluxd displaced
and 13 equal to the uc:{; t

When the body 1s floating lrcelzr like a ship, the equilibrium of
this iquid thrust with the weight of the ship requires that the weight

making the ratio B/A sufficiently large, the tag
can be mncre to any desired amount, and 1n the simplest manner
possible, without tne intervention of levers and machuiery.

Fig 1b shows also a modern form of the hydraulic press, apphed
to the operation of covering an electric cable with a lead coatiny

8 Theorem.—In a flud at rest under gravity the pressure 1s the
same at any two points in the same hornzontal plane; in other
words, a surface of equal pressure 1s a honizontal plane

This 18 proved by taking any two pomts A and B at the same

of water displaced 15 equal to the weight of the shup and the two
centres of gravity are n the same vertical ine  So also a balloon
begins to rise when the weight of air displaced 18 greater than the
weight of the balloon, and 1t 1s 1 equilibrium when the weights are
equal. This theorem 13 called generally the principle of Archimedes

It 15 used to determine the density of a body expermentally,
for 1if W is the weight of a body weighed 1n a balance 1n arr (strictly
1 vacuo), and if W’ 1s the weight required to balance when the
body 1s suspended in water, then the upward thrust of the hquid
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or welght of liquid displaced 15 W - W', so that the specific grauty
(S.G), defined as the ratio of the wmgwt of a body to the weight
of an cqual volume of water, 13 W/(W - W)

A~ wtated first by Arclumedes, the principle asserts the obvious
fact that a body chsplaces its own volume of water, and he utilized 1t
1n the problem’of the determation of the adulteration of the crown
of Hieto He weighcd out & lump of gold and of «lver of the same
weght as the crown, and, unmersing the threc i succession in
water, he found they sphit over measures of water m the ratio
A v @ Or33 24 44, thenceitfollowsthat the gold slveralloy
uf the crown wasas 11 9 by weight

13 Theorem —The resulfant vertical thrust on any portion of a
curved surface exposed to the pressure of a fluid at rest under
gravity 13 the weight of fluid cut out by vertical lines drawn round
the boundary of the curved surface

Theovem.— The icsultant honzontal thrust m any direction 13
obtamed by diawing parallel horizontal hnes round the boundary,
and intersecting a plane perpendicular to their dircction in a plane
curve , and then ivestigating the thiust on this plane area, which
will be the vame as on the curved surface

I'he proof of these theorcms pioceeds as before, employmg the
normality })rmclplu, they are requured, for mstance, in the deter-
mmation of the liquid thrust on any portion of the bottom of a ship

[n casting a thin hollow object like a bell, it will be seen that the
resultaut upward thrust on the mould may be many times greater
than the weight of metal, any a curious experiment has bcen
devised to ilfustrate tlus property and classed as a hydrostatic
patadox (Boyle, Hydrostatical Paradoass, 1600)

Consider, for mstance, the operation of casting a hemispherical
bell, n fig 2 As the molten metal 15 run in, the upward thrust on

, the outside mould, when
K, the level has reached
PP’, 15 the wuaght of
metal in the volume gen-
erated by the revolution
of APQ, and thi, by a
theorem of Archimedes,
has the same volume as
the cone ORR, or }my?,
where y 15 the depth of
metal, the horzontal
«ections bemg equal so
long as v 15 less than the
radis  of the outsde
hemisphere  Afterwards,
when the metal has risen
above B, to the level KK’, the additional thrust 1s the weight of
the cylinder ot diumeter KK’ and height BH - The upward thrust
15 the same, however thin the metal may be i the intaspace
between the outer mould and the core mnside, and this was formerly
considered paradoxical

Aunalytical Equattons of Equshbrium of a Flutd at vest undey any
Svstem of Force
14 Referred to three fixed coordinate axes, a fluid, n which
the pressure 15 p, the density p, and X, Y, Z the components ot
tmpressed force per unit mass, requires for the equilibrium of the part
nlling a fixed surface S, on resolving parallel to Ox,

[f1pdS - f[[pXdrdrde, (x)
where 7, m, » denote the direction cosmnes of the normal drawn
outward of the surface S

But by Green's transformation

/ R R

; Eq

A

Fro 2

d,
[ftpas = JffiLdrdyas, 2
thus leading to the differential relation at every point
dj d d;
d:=”x' d; »Y, df =pZ (3

The three equations of equilibrium obtamned by taking moments
round the axes are then found to be satisfied 1dentically

Hence the space vaniation of the pressure 1 any direction, or the
pressure-gradient, 15 the resolved force per wmt volume in that
direction  The resultant force 1s therefore in the direction of the
steepest pressure-gradient, and this 1s normal to the surface of equal
pressure, for equilibrium to exast n a fluid the hines of force must
therefore be capable of bewng cut orthogonally by a system of
surfaces, which will be surfaces of equal pressure

Ignoring temperature effect, and taking the density as a funcuon
of the pressure, surfaces of cqual pressure are also of equal denwty,
and the fluid 19 stratified by surfaces orthogonal to the hines of force ,

1dp 1dp 1dp
P pdy pdi F X v,z 4)
are the partlalhlhﬂerentml coefficients of some function P, = [dp/p,
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in which P may be called the hydrostatic head and V the head of
potential

With variation of temperature, the surfaces of equal pressure and
density need not comcide, but, taking the pressure, density and
temperature as connected by some relation, such as the gas-equation,
the surfaces of equal denwity and temperature must intersect n lines
lying on a surface of equal pressure

15 As an example of the general equations, take the simplest
case of a uniform field of gravity, with Oz directed vertically down-
ward, employing the gravitation umit of force,

1dp xd;ﬁ=I

PATT0 SdyT% paz=h 1)
P [dp[r=zta constant (2)
When the density p 15 uniform, this becomes, as hefore m (2) § 9
Poprtpy (3)
Suppose the density p varis as some nth power of the depth
below O, then
dpjde=p=pz~ (4)
o g p [P\
pemse=ite it (D) )

supposing p and p to vanish together.
These equations can be made to represent the state of convective
equlibrium of the atmospl depending on the gas-eq

b -ph=Rpp, ©)
where ¢ denotes the absolute temperature; and then
a0_d/p\ _ 1
Rﬂﬂﬂ(;)w”‘* y @)

50 that the temperaturc-giadient d6/dz 1> constant, as n convective
equilibrium 1n (11)
From the gas-equation in general, in the atmosphere
tdp_xdp _1dé_p 1d0 1 1df 8
pd: pds T 0dsTp T 0ds hTids @
which 15 positive, and the density p dimuushes with the ascent,
provided the temperaturc-gradient do/dz does not c\ceed 6/
With uniform p ¢, taking & tant w the gas-cquation,
dpjdz =p=plk, p=pe, (9)
5o that i ascending m the atmosphere of thermal equilibrium the
pressure and density « at pound d , and for
pressures p; and p, at heights 2, and 2,
(51 - £) [k =10g4(pa/p)) = 2°3 log,y(pa/ ) (10)
In the convective equilibrium of the atmosphere, the air 15 sup-
pased to change in denvity and pressure without exchange of heat by
conduction, and then
plpo~= (0/00)") plpo= (8/80)"+, (1)
d: 1dp 14 I
a0~ de‘(”*")ﬁ‘(”"' )R, y=1 o
where y 1s the ratio of the specific heat at constant pressure and
Lonstant volume
In the more gencral case of the convective equilibrium of a spherical
atmosphere surrounding the earth, of raaius a,
t_iFP_ = (12)
gravity varymng wversely as the square of the distance r from the
centre, so that, k=p/p,, denoting the height of the homogencous
atmosphere at the surface, 8 1s given by

podb_ _a*
(n+x);; 5= ﬂdy,

(n+ 1)k(1 - 0/6y) = a(x - afy), (13)
or if ¢ denotes the distance where §=o,
6 _ac-r

%ri e (14)

When the compresslhnhti/ of water 15 taken into account in a
deep ocean, an expenimental law must be employed, such as

P =Po=k(p = po), OF plpo=1 F (P = po)/\, A=tpy, (15)
~o that A 15 the pressure due to a head £ of the hiquid at density
under atmospheric pressure p,, and it is the gauge pressure Aaqulrc‘:x
on thus law to double the density. Then

dplds=Rdplds=p, p=pptlt, p-py=hkp(eh-1), (16)
and 1if the hiquid was mcompressible, the depth at pressure p would
be (p - po)/po, 50 that the lowening of the surface due to compression 15

ketl/* ~ k — 5 = §4%h, when & 15 large. (17)
For sea water, A 15 about 25,000 atmospheres, and & 1s then 25,000
times the height of the water barometer, about 250,000 metres, so
that 1n an ocean to kilometres deep the level 15 lowered about 200
metres by the cor:nrressxbnhty ot the water, and the density at the
bottom 18 9,

of x,y, 2, so that X, Y, Z must be the partial differential
of a potential -V, such that the force in any direction 1s the down-
ward gradient of ¥, and then

"i,r"+‘f,\:=0, or P+ V=constant, (s)

4 %
On another physical assumption of constant cubical elasticity A,

‘ xd”:“ﬂp’ (P = Po)IN=108 (s/py), (¢8)
A T N S
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and the lowering of the surface 13
LB goplog Bog= - AP
e Mogm 7= klog(t A) =y (20

as before n (17)

16 Centre of Pressure —A plane area exposed to flmd pressure
on one side experiences a single resultant thrust, the integrated
pressure over the area, acting through a definite pomnt called
the centre of pressure (C P ) of the area

Thus 1f the plane 13 normal to Oz, the resultant thrust

R =|[pdady, (1)
and the co-ordimates #, j of the C P ate given by
tR=[[rpdady, iR=[[ypdidy (2)

IThe C P 18 thus the CG of a plane lamina hounded by the area,
m which the surtace density 15 p

If p 13 uniform, the C P and C G of the arca comade

For a homogeneous hiquid at rest under gravity, p 15 proportional
to the depth below the surface, 7¢ to the perpendicular distance
from the hne of mtcrsection of the plane of the arca with the free
surface of the hquid

1f the cquation of this line, referred to new coordmate axes mn the
plane aiea, 15 written

xosa+ysma-h=o, (3)
R=[fp(h - ¥'cosa -y samna)didy, (4)
iR-= ﬁn’t(h—xcmn-ysma)d;dy, (5)
TR =[[py(h = 1 cosa -y s a)dady
Placing the new origin at the C G of the area A,
[frdrdy <o, |f ydrdy=o, (6)
R=phd, (7)
A= - cosaffr'dA - sinaff1yd), (8)
ihA = ~covaffxvdA - an aflyddA ()

Curning the aves to mahe them comcide with the prinapal axes
of the arca A, thus making jjiyd\ o,

th= -a‘cos a, gh= ~b*sma, (ro)

[[1*dA=4a? [[y%d\ =AY, (11)

@ and b denoting the semi-axces of the momental ellipse of the aica

ihis showsthat theC P 1s the antipole of the hine of intersection of
1ts plane with the {ree surface with respect to the momental ellipse at
the CG of the area

Thus the C P of a rectangle or paiallclogram with a side m the
surface 15 at § of the depth of the lower sule, of a trangle with a
vertex m the surface and base hotizontal 15 § ot the depth of the base ,
but 1f the base 15 1n the surface, the C I 15 at half the depth of the
vertex, as on the faces of a tetrahedron, with one edge m the
surface

The core of an area 1s the naine given to the limited arca round
1ts C G within which the C P must lie when the arca 1s immersed
completely  the boundary of the core 1s therefore the locus of the
antipoles with respect to the momental ellipse of water lincs which
touch the boundary of the arca Thus the core of a circle or an
ellipse 15 a concentric circle or ellipse of one quarter the size

e CP of water lines passing through a fixed powmnt hes on a

straight line, the antipolar of the pomt, and thus the core of a tn-
angle 13 a similar triangle of one quarter the size, and the core of a
parallelogram 15 another parallelogram, the iagonals of which are
the middle third of the median hines

In the design of a structure such as a tall reservorr dam it 15
mmportant that the Iine of thrust i the material should pass mside
the core of a section, so that the material should not be n a state
of tension anywhere and so hable to open and admit the water

17. Equilibrium and Stability of a Ship or Floating Body
The Metacentre.~The punciple of Archimedes in § 12 lead.

where
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for equilibrium these two forces must be equal and opposite m
the same hne

The conditions of equilibrium of a body, floating hke a ship
on the surface of a hquid, are therefore —

(1) the waght of the body must be less than the weight of the
total volume of hiquid 1t can displace , or else the body will sink
to the bottom of the hquid, the difference of the waghts s
called the ** rescrve of buoyancy ’

(n) the weight ot hqud which the body displaces in the
position of equiibrium 1s equal to the weight W of the bedy , and

(m) the C.G., B, of the hquid displaced and G of the body,
must lie in the same vertical hne GB

18, In addition to satisfying these conditions of equilibrium,
a ship must fulfil the further condition of stability, 50 as to keep
upnight, 1f displaced shghtly from this position, the forces
called into play must be such as to restore the ship to the upright
agam ‘The stability of a ship 1s mvestigated practically by
mchmng 1t, a weight 15 moved across the deck and the angle 15
observed of the heel produced.

Suppose P tons 15 moved ¢ ft across the deck of a slup of W tons
displacement , the € G will move from G 10 Gy the 1cduced distance
G,G,=¢c(P/W), and if B, callcd the centre of huoyancy, moves
to B,, along the curve of buoyancy BB,, the normal of this curve at
I? will Le the new veirtical B,G,, mecting the old vertical m a pomt
M, the centre of curvatute ofl BB,, called the setacentye

1f the shup heels through an .mg\c- 4 o1 a slope of 11 m,

GM=GG, ot o -mc(DyW), (1)
and GM 15 called the metacentiic haght, and the slup must be
ballasted, so that G s below G was above M, the tangent
drawnfrom Gto the cvolutc of B,and normal to thc cury cof buoyancy,
would give the vertical m a new poation of ¢cquihibrium  Thus in
HMS " Achillcs ” of gooo tons displaccment 1t was found that
moring 20 tons across the dock, a distance of 42 {t, caused the hob
of a pendulum 20 tt long to mosve through 10 m , so that

M=%, 12y 22 oo, (2)
10 9000
also
cotd 24, 0=2°24 (3)

In a diagram 1t 15 conducive to clearness to draw the slup m one
position, an1 to mcline the water-line, and the page can be turned
1f 1t 18 desired to brng the new water-lme horizontal

Suppose the ship turns about an axis through I+ i the water-line
arca, porpendicular to the plane of the paper, denoting by y the
distance of an element dA of the water-lne area from the axas of
rotation, the change of displaccment 15 ydA tan 6, 50 that therc 15
no change of displacement if EydA o, that 15, if the axis passes
through the CG of the water-line area, which we dcnote by F
and call the centre of flotation

The nighting couple of the wedges of ymmersion and emersion

Wil
ZwydAtlan 0 y-wtan 2y°dA =wtan @ AL®{t tons, (4)

w denoting the density of watcr i tony/ft 4, and W=wV, for &
displacement of V ft ¢
‘This coluplc, combined with the orginal buoyancy W through B,

13 eq to the new buoyancy through By, so that
W BB, =wAktan ¢, (5)
BM BB, wt - AkYV, (6)

gunng the radius of curvature BM of the curve of buoyancy B, n
terms of the displacement V, and Ak the moment of nertia of the
1

conditions of equili-
brium of a body sup-

rted freely n fluid,
ike a fish in water or

hately to the
fas s

G| ey 2 balloon n the ar,
P ; or like a ship (fig. 3)
-5 £ floating partly im-

mersed in water and
5 the rest in air. The
' body 1s m equi-

\.
N

/ brium under two
forces* — (L) its
Fie 3 weight W acting

vertically downward
through G, the C G. of the body, and (1) the buoyancy of the
flud, equal to the weight of the displaced fluid, and acting
vertically upward through B, the CG of the displaced fluid,

area about an axis through I', perpendicular to the plane
of displacement

An inchning couple due to moving a weight about n a ship will heel
the ship about an axis perpendicular to the plane of the covple, only
when this axis 15 & prircipal axis at k of the momental ellipse of
the water-hne area A For 1f the ship turns through a small angle ¢
about the hine FF’, then b, b,, the C G of the wedge of immervon
and emersion, will be the C P with respect to FF’ of the two parts of
the water-hne area, so that b,h, will be conjugate to FF’ with respect
to the momental cllipse at F

The naval architect distinguishes between the stabiltty of form,
represented by the nighting couple W BM, and the stability of ballast-
ing, represented by W BG lasted with G at B, the nghting
couple when the ship 18 hedded through 819 given by W BM tan 6, but
1f weights mside the ship are raised to bring G above B, the nighting
couple 13 diminished by W.BG tan 6, so that the resultant righting
couple 15 W.GM.tan# Provided the ship 1s designed to float
upright at the smallest draft with no load on board, the stability
at any other draft of water can be arranged by the stowage of the
weight, high or low

19. Proceeding as 1n § 16 for the determination of the C P of an
area, the same argument will show that an inchining couple due to
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the movement of a weight P through a distance ¢ will cause the ship
to hecl through an angle 6 about an axis FF” through F, which 15
conjugate to the direction of the movement of P with respect to an
ellipse, not the momental elipse of the water-line area A, but a
confocal to 1t, of squared semi-axes
at-hV/A, B2 -hV/A, (1)

I denoting the vertical height BG between C G and centre of
buoyancy ~ ‘The varymg direction of the inchining couple Pc may be
realized by swinging the weight P from a crane on the ship, m a circle of
1adis ¢~ But 1f the weight P was lowered on the ship from a crane
on shore, the vessel would sink bodily a distance P/wA 1if P was
deposited over F, but deposited anywhere else, say over Q on the
water-line area, the ship would turn about a e the antipolar of
with ?spcct to the confocal ellipse, parallel to FF’, at a distance FK
from

FK = (k* - hV/A)/FQ) s QFF’ (2)
through an angle 0 or a slope of onc 1n m, given by
I P P 20 < -
sin f= T BKTEK T WAk NI'Q sm QFF, (3)

where £ denotes the radius of gyration about FI of the water-hue
area Burning the coal on a voyage has the reverse effect on a
steamer
HypropYNAMICS

20, In considering the motion of a fluid we shall suppose 1t
non-viscous, so that whatever the statc of motion the stress
across any section 1s normal, and the principle of the normahty
and thence of the equality of fluid pressure can be employ ed, as
n hydrostatics  The practical problems of fluid motion, which
are amenable to mathematical analysis when viscosity 15 taken
mnto account, are excluded fiom tieatment here, as constituting
« separate branch called “ hydraulics ” (¢ # ). Two methods are
employed in hydrodynamics, called the Eulerian and Lagrangian,
uthough both are due origmally to Leonhard Euler. In the
Eulerian method the attention 1 fixed on a particular pont of
space, and the change 15 observed there of pressure, density
and velocity, which takes place during the motion ; but in the
Lagrangian method we follow up a particle of fluid and observe
how 1t changes  The first may be called the statistical method,
and the second the historical, according to J. C. Maxwell, The
Lagranglan method being employed rarely, we shall confine
ourselves to the Eulerian treatment

The Eulertan Form of the Equations of Motion.

21, The first equation to be established 1s the eguation of
continiaty, which expresses the fact that the increase of matter
within a fixed surface 15 due to the flow of fluid across the surface
mto its interior

In a straight uniform current of flwd of density p, flowmng with
velodty g, the flow 1 units of mass per second across a plane area A,
placed 1n the current with the normal of the plane making an angle 6
vith the veloaty, 15 0Ag cos 8, the product of the density p, the area
A, and ¢ cos § the component velocity normal to the plane

Generally 1f S denotes any closed suttace, fixed n the iuid, M the
mass of the fluid mside 1t at any time ¢, and ¢ the angle which the-
outward-drawn normal makes with the velocty ¢ at that point,

dM/dt = rate of increase of fAluid mside the surface, (1)
ux across the surface into the nterior
<= = [Jpq cos 0dS,
the mtegral cquation of continumty

In the Eulerian notation %, v, w denote the components of the
velocity g parallel to the coordinate axes at any pomt (v, ¥, 2) at the
time £} u, v, w are functions ot v, y, 2, ¢, the mdependent Vanables,
and d 1s used here to denote partial differentiation with respect to
any one of these four independent variables, all capable of varying
one at 4 time

To transfer the imtegral equation nto the difterential equation of
continuity, Green’s transformation 1s required again, namely,

[ff(:li‘: + :34-;5 drvdyds = ||(i§ + my + ng)dS,

or mdividually .
f//:ifl\zlx‘(lz:)|lsd\‘ | (3)

where the integrations extend throughout the volume and over the
surface of a closed space S; 4, m, n denoting the direction cosines
of the outward-drawn normal at the surface element dS, and £, », {
any continuous functions of x, y, ¢

The integral equation of continuity (1) mav now be written

(2)

/ / /:—;-fdxdwl: + |1 (pts + mpv + #pw)dS =o, (4)
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which becomes by Green’s transformation
[ dp d di d
jjf(f*r—%‘h ‘({;' +—(£"))dxdyd:=o, (s)
leading to the differential equation of continuity when the integration
15 removed,

22, The equations of motion can be established n a similar
way by considering the rate of increase of momentum in a fixed
direction of the fluid inside the surface, and equating 1t to the
momentum generated by the force acting throughout the space
5, and by the pressure acting over the surface S.

Iaking the fixed direction paratlel 1o the axis of #, the time-rate
of increase of momentum, due to the fluid which crosses the surface, 15

~ ffpuq cos 8dS = ~ |[(lpu + mpuv + npuw)ds, (1)
which by Green'’s transformation 15
- apu¥)  d(puv) _d(puw)
’fj( a 3 dy + o, )dxdytlz (2)

The rate of generation of momentum 1 the interior of S by the
component of force, X per unit mass, 15

[[lpXdvdydz, (3)
and by the pressurc at the surface S 15
d,
- (jipas - - | | | GLavsas, )

by Green’s transformation
The time 1ate of increase of momentum of the fluid mside S 15

I

and (5) 15 the sum of (1), (2), (3), (4), so that
dpu  dpu? dpuv  dpuw dp e
/U( e Ve di=o, @
leading to the differential equation of motion
dpu _ dpu?  dpuv
dar " dv dy
with two similar equations
Ihe absolute umt ot force 1s employed here, and not the gravitation
umt of hydrostatics, 1n a numerical apphcation 1t 15 assumed that
C G S umts are intended
These equations may be sumphitied shightly, using the equation of
continuty (5) § 21, for
dpu _dpw  dpuv  dpuw
a A tay toas
~p( % ud" + t/d—“ + wd'f
@t dz
dp dpu dpv  dpw
+ "(ﬁ Fay b dy + d;)’ (8)
reducing to the first lne, the sccond line vanishing m consequence ot
the equation of continuity, and so the equation of motion may be
written in the more usual form
dw  du du

dpuw

b "

-
=n-g5

du 1dp

37+"¢7;'+"d—v +w22 = —;17;, (9)
“ith the two others

dv dv  dv dv |, tdp

ateant va; tw,, = Y- rdy (10)

dw dw dw dw ., 1dp

»Jr+u2;+v27+w;h——L _;zdi (1)

23. As a rule these equations are established immediately
by determining the component acceleration of the fluid particle
which 15 passing through (x, ¥, ) at the instant ¢ of time con-
sidered, and saymg that the reversed acceleration or kinetic
reaction, combmed with the impressed force per umt of mass
and pressure-gradient, will according to d'Alembert’s principle
form a system in equilibrium.

Tod ine the t accel of a particle, suppose I
to denote any function of v, v, 2, {, and investigate the time rate of I/
for a moving particle, denoting the change by DF/d,

E:k Flx+udt, y+vdt, s+ wdt, t48) -F(x, 9,21
dt

ot

_dF | dF _dF _dF

_7‘-4»';;“4-03? o-w-!—E. (r)
and Dydt 1s called particle ditferentiation, because 1t follows the rate
of change of a particle as it leaves the pont x,y, z, but

dF/dt, dF|dx, dF|dy, dF/ds (2)

represent the rate of change of F at the time ¢, at the pont, x, ¥, z,
fixed 1 space
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The components of acceleration of a particle of fluid are conse- | Putting
quently H- d¢ _ md"‘ = [§Y)
Du_du . “du . Udu N wdu 3) | dt dt '
dt ~ di T Vde T Tdy dz’ | the equations of motion (4), (5), (0) § 24 can be wrnitten
Dv _dv dv dv _dv | dK d(y, m) _
T diT T ay t Yy (4) it B R L s (s)
Dw dw dw ’dw . Jdw () and therefore
a = a G ey e ! L S ©
leading to the equations of motion above N dx " dy " Cdr
If Fs(‘, ¥, 2.1 =0 rc‘)rcscn(s the equation of a surface contaning Equation (5) becomes, by a rearrangement,
always the same particles of fluid, dK _dy(dm _ dm . dm +wd»})
DF dF  dF  dF wdlf -0 ©) dy dx( dt x vdy ds
L OOr G Mg T T W =0 +£’."(ﬂ S, +w'£f)=o .
which 15 called the differential equation of the bounding surface dx \ dt dr dy dz v ' ‘
\ bounding surface 15 such that thcre 1s no flow of flmd across it, dK _dyDm dmDy
as expressed by equation (6) The surface always contains the same T dv at Yar at s . )

fluid inside 1t, and condition (6) 1 satisfied over the complete surface,
as well as any pait of 1t

But turbulence m the motion will vitiate the princple that a
bounding surface will always consist of the same fluid particles,
as we see on the surface of turbulent water

24 70 ntegrate the ct‘}lauons of motion, suppose the impressed
force 15 due toa potential V, such that the force n any ducction 15 the
1ate of diminution of V, or its downward gradient, and then

X=-dV/dx, Y=-dV/dy, 7Z=-dV/dz,

and putting

(1

dw _dv__ du de_du

dw
dy "dz T i T T ax T dy T @
dg  dy  d§
atayta~° G
the equations of motion may be written
du dH
dt =2 tawy | ==0, (4)
dv dH
dt—zw£+2uj’+tiy- =0, (5)
dw dH
dt '2“”+2‘E+dz =0, (o)
where
H=jdplp+V +4¢’, 7)
g¢=ut + v+t (8)

and the three terms in H may be called the pressure head, potential
head, and head of velocity, when the gravitation umt 1s employed
and §¢%1s replaced by 3¢%/g

Elimimating H between (5) and (6)

D _du  dv dw du dv dw\ _
a:"&"'z"fa;+f<ax+,1';+d:)-°' ©
and combining this with the equation of continuity
tDp du dv dw_
pat Taxtaytar =% (10)
. D¢\ _tdu _ndv_¢dw _
we have di(;) pdz " pdx pdx-.o, (11)
with two similar equations
Putting
=g+ (12)

a vortex hime 15 defined to be such that the tangent is 1n the direction
lecul

and as we prove subsequently (§ 37) that the vortex lines are composed
of the same tluid particles throughout the motion, the surface m and
¢ satistics the condition of (6) § 23, so that K 1s umiform throughout
the flmd at any instant, and changes with the time only, and o
may be replaced by F(f)

20 When the motion 18 steady, that 1s, when the velocity at anv
poimnt of space does not change with the time,

—K - 2v{+ 2wy =0, N (1)

dy
dK  dK dK dK  dK dK
&7; ay +rdz 0 Mg Yy ar =™ @

and
K=[dp/p+V+4 j¢*=H (3)

1> constant along a vortex hine, and a stveam line, the path of a fluid
particle, so that the fluid 15 traversed by a senies of H surfaces, cach
covered by a nctwork of stream hnes and vortex hines, and if the
motion 15 irrotational H 15 a constant throughout the fluid

Taking the axis of » for an instant in the normal through a pont
on the surtace H - constant, this makes # =0, =0, and mn steady
motion the equations reduce to

dH/dv =20{ - 2wn=2qwsin g, (4)

where 8 15 the angle between the stream line and vortex hine, and
this holds for their projection on any planc to which dv 15 hawn
perpendicular

In plane motion (4) reduces to

dH . /dg q
dv -Azq“—q(llv bv)‘

if ¥ denotes the radius of curvature of the stream line, so that
vdp AV _dH _dig_g*
pdv dv " dv  dv "y’
the normal acceleration
The osculating plane of a stream line mn steady motion contans
the resultant acceleration, the direction ratios of which are
du du  du _djq* dH
Haxtay i T Tax’ ' )
and when ¢ 15 stationary, the acceleration 1s normal to the suifacc H
= constant and the stream line 18 a geodesic
Calling the sum of the pressure and potential head the statical
head, surfaces of constant statical and dynamical head mntersect
n lines on H, and the thrce surfaces touch where the velouty

(5)

(©)

- 20f + 2wy ='%Z{.

of w, the resultant of §, , {, called the p of
rotation A small sphere of the fluid, if frozen suddenly, would
retain this angular velocity

1f w vamishes throughout the flurd at any instant, equation ‘n)
shows that 1t will always be zero, and the fluid motion 15 then called
trrotational ; and a function ¢ exists, called the velocity function,

such that
udy | vdy +wdz = -dg, (13)

and then the velocity in any direction 1s the space-decrease or
downward gradient of ¢

25 But in the most general case 1t 15 possible to have three
functions ¢, ¥, m of ¥, v, z, such that

udx +vdy + wdz = - dp - mdy, (1)

as A Clebsch has shown, from purely analytical considerations
(Crelle,1v1) , and then

= dm o dly,m) o d(y, m)
o IR ot ok @
and
Bl o, iy ®

so that, at any instant, the surfaces over which y and m are constant
intersect 1n the vortex lines

y
FFquation (3) 15 called Bernoullt’s equation, and may be interpreted
as the balance-sheet of the energy which enters and leaves o given
tube of flow
1f homogeneous hquid 1s drawn off from a vessel so large that the
motion at the free surface at a distance may be neglected, then
Bernoull’s cquation may be written
H=plp+2+q%2¢=P/p+h, (8)
where P denotes the atmospheric pressure and k the height of the
free surface, a fundamental equation in hydraulics, a return has
been made here to the gravitation umit of hydrostatics, and O. 15
taken vertically upward
In particular, for a jet 15suing into the atmosphere, where p = I°,
928 =h -z, (9)
or the velocity of the jet 1s due to the head % - . ol the still fiec

| surface above the orifice, this 1s Torncell's theoram (1643), the

foundation of the science of hydrodynamics
27 Umiplanar Motsion.—In the uniplanar motion of a homogencous
hquid the equation of continuity reduces to

du _ d
a;+;§=o, (1)

50 that we can put

w= tdyidy, v=dyfds, @
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where y 15 a function of ¥, y, called the stream- or current-function ,
mterpreted {)hysxcallv, ¥ =y, the dufference of the value of y at a
fixed pomnt A and a variable point P 1s the flow, i ft ¥ second, across
any curved line AP from A to P, this being the same for all hnes in
accordance with the continuity

Lhus tif dy 18 the increase of ¢ due to a displacement from P to P,
and % 15 the component of velouty notmal to PP’, the How across
PP’ 15 dy =k PP’, and taking PP’ {mrallel to Oy, dy =vdx, and
stmilarly dy = - udy with PP’ parallel to Oy, and generally dy/ds
15 the velocity across ds, in a direction turned through a rnight angle
forward, agamst the clock

In the equations of uniplanar motion

dv _du _d'y  d*
50 that m stcady motion
ai ., dy  dad | _.dy o dl
av FTVay O gy FTW g, 0 gy FVY =0, 8]

and g4y must be a function ot ¢
If the motion 18 irrotational,

dy
== (5)
so that ¢ and ¢ are conjugate functions of v and y,
#+pr=f(r+y), V-0, THH=0, ©

ot putting
¢ ryr=w, ¥+yi-z, w f(z)

The curves ¢ = constant and ¢ — constant form an orthogonal
system, and the mterchange of ¢ and y will give a new state of
umplanar motion, m which the velocity at every pont 1s turned
through a nght angle without alteration” of magnitude

For nstance, mn o unmiplanar flow, 1 whally mward towards O, the
flow acioss any circle of radiws » bemng the same and denoted by
2mm, the velocity must be m/r, and

g=mlogy, y=md, ¢+yr1=mlogred, w=mlogz (7)

Interchanging these values

ymlogr, p=md, ¥ +¢i=mlogre? 8)
gives a state of vortex motion, ¢irculating round Oz, called a straight
or columnar vortex

Asingle vortex will remam at rest, and cause a velocity at any point
mversely as the distance from the axis and perpendicular to its direc-
tion, analogous to the magnetic field of a straight electric current

[ other vortices are present, any one may be supposed to move
with the velouty due to the others, the resultant stieam function
being

Y =Emlogr=log liym, 9)
the path of a voitex 1s obtained by equating the value of ¢ at the
vortex to a constant, onmutting the #7 of the vortex itself

When the h«‘uul 15 bounded by a cylmdrical surface, the motion
of a vortex nside may be determmncd as due to a seres of vortex-
1mages, so arranged as to make the flow zero actoss the boundary

For a plane boundaty the image 1s the optical reflection of the
vortex For example, a pair of equal opposite vortices, moving on
a line parallel to a plane boundary, will have a correspond ng pair
of wnages, forming a rectangle ot voitices, and the path of a vortex
will be the Cotes’ spiral

rsin20:=x24, orx *+y (x0)
thus 15 therefore the path of a single vortex in a rnght-angled corner ,
and generally, if the angle of the corner 1s »/n, the path is the Cotes’

sprral
rsinnd =na (r1)

A single vortex n a circular cyhinder of radius @ ac a distance ¢
from the centre will move with the velocity due to an equal opposite
tmage at a distance a¥/c, and so describe a circle with velocity

he/(a® - ¢4) in the perodic time 2m(a® - c%)/m (12)

Conjugate functions cain be employed also for the moton of iquid
1 a thin sheet between two concentric spherical surfaces, the com
ponents of velocity along the merichan and parallel in colatitude ¢
and longitude \ can be written

d¢ 1 dy 1 d¢ d

lzg 2,

= L dy 1 de_ dy
TE=smod swod\" " o' (13)
and then
¢ +y1 = F(tan §0 eAr) (14)

28 Umiplanar Motion of a Liquud due to the Passage of a Cylinder
through 1t —\ stream-function ¢ must be determined to satisfy the
conditions

v -0, throughout the hquid , (1)

¥ =constant, over any fixed boundary ; (2)
dy/ds =normal velouty reversed over a sohd boundary, (3)

50 that, if the solid v moving with velocity U 1n the direction Ox,
dy/ds - - Udy/ds, ot y+Uy=constant over the moving cylinder,
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and ¢ + Uy =y’ 19 the stream function of the relative motion of the
hquid past the cyhinder, and similarly ¢ - Vx for the component
velocity V along Oy, and generally
y'=y+Uy-Vx (4)
15 the relative stream-function, constant over a solid boundary
moving with components U and V of velocity
1f the hquid 15 stirred up by the rotation R of a cylindrical body,

dy/ds = normal velocity 1eversed

== R";[.s - R,\’a}, (s)
¥+ R0+ )4 =y, (6)

a constant over the boundarv, and y’ 18 the current-function of
the relative motion past the cylinder, but now
% +2R=o0, (7)
throughout the hquid
Inside an equilateral triangle, for mstance, of height &,
¥'= - 2Rapy/h, (8)
where a, 8, y arc the perpendiculars on the sides of the triangle
In the general case ¢’ - ¢+ Uy - Vx4 §R(22+ %) 15 the relative
stream function for velocity components, U, V, R
29 Evample ; —Laquid motion past a circular cylinder
Consider the motion given by

w- Ulz+a¥z), (1)
¢:U(r+a;>coso:0(l+ﬁ)v, (2)
w—U(rfa:)sm0~U(l ]

Then ¢ -- 0 over the cylinder » = a, which may be considered a fixed
post, and a stream line past it along which y=Uc, a constant, 15
the curve

so that

(r—“:) sinf=c, (¥ryH(y-c)-a’y o, (3)

a cubic curve (C )
Over a concentrie cylinder, external o1 internal, of 1adius y=b,

2
=+ Uy 0(x-7.) + Uiy, @
and ¢ 1s zero if
U /U = (a2 - b3) b2, (s)
so that the cyhndcr mav swim for an instant in the hquid without
distortron, with this velocity U, , and w in (1) will give the hqud
motion in the mterspace between the fixed cylinder r=4 and the
concentric cylinder » =6, moving with veloaty U,
When b=0, U -—-w, and when b=ow, U= -T, so that at
mfinty the hquid 18 stieaming in the direction 20 with veloaty U
If the hquid 15 1educed to rest at infimty by the superposition of
an opposite sticam ginven by w - Uz, we are left with

w=Ua¥sz, 6)
¢=U(ar) cos 0= Uatx/(¥2+)2), (7)
¥ = = U(a¥r) s = - Uay/(32+ ), (8)

giving the motion due to the passage of the cylinder r=a with
velocity U through the ongin O 1n the direction Ov
If the direction of motion makes an angle 8” with Oz,
ang 9P /Ab_2XY o6 a1
tan ¢ 'dvv/dx =ApT tan 20, 6= 40’, (9)
and the velocity 1s Ua¥)»?
Along the path of a particle, defined by the C; of (3),

sin? 40‘:}—,,‘3,:”’5 L). (x0)
$sin 0"%;?—“'—}“:;:, (11)

on the radus of curvature 1s ta“/(v ~ §¢), which shows that the curve
15 an Elastica or Lintearsa  (J C Maxwell, Collected Works, n 208 )

1f ¢, denotes the velocity function of the hquid filhng the cylinder
r=b, and moving bodily with it with velocity U,,

¢ = - U, . (12)
and over the separating surface r=6
¢__U a®\ _a*+b
5o (i) =atm 0

and this, by § 36, 1s also the ratio of the kinetic energy in the annula
nterspace between the two cylinders to the kinetic energy of the
hquid moving bodily mside r=b

Consequently the mertia to overcome in moving the cylinder
y=b, sohd or Kqu)d, 18 1ts own 1nertia, mcreased by the mnertia of
hquid (a!+%)/(a%~b%) times the volume of the cyl'nder r=b,
this total mertia 1s called the effective inertia of the cyhnder r=5,
at the mstant the two cylinders are concentnc
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With hiquid of density p, this gives rise to a kinetic reaction to
acceleration dU/d?, given by
2+ 02dU _a*+ b dU
e brar oM (14
if M’ denotes the mass of hquid displaced by umit length of the
cylinder =6 In particular, when a- o, the extra mertia 15 M’
When the cylinder y=a 15 moved with velocity U and =5 with
velocity U, along Oa,

ad (b b a*
o= Um(r+') cosO-U,b‘\_»aﬂ(rr—'—)cosﬂ, (15)
at /b® I 2
W=_Ub"'-_a*(7_') su\0—U|b2_a2(r-:)=m0, (10)
and simularly, with velocity components V and V; along Oy
at (b ut
b= Vﬁg*“}(r+r> )ﬁm 8, (17)
at (b v a’
y= vb]‘-—‘a"( P r) cos 6 + V‘Iﬁ"‘t'a'-'<’ - '-) cos @, (18)
and then for the resultant motion
~ 2 @l z a%h® an‘+ _V1
w= (U4 w)b’;ga’U+V: tho-at s
_Uesvy Yt e U+ Vp
UV gy v p e (t9)

The resaltant impulse of the hquid on the cylinder 15 given by the
component, over ¥ =a (§ 30),

b+ ad 2b%
X - fpp cosﬂadﬂ::tpa-( U= U,gyj—;:.\). (20)
and over r =b
2 b+ a?
X,-.jp¢cosﬂb40—*rpb”(”b;f‘a_,—U,I:_._z,.), (21)

and the difference X - X, 15 the component momentum of the hquid

i the interspace , with similar expressions for Y and Y,
Then, if the outside cylinder 15 free to move

V,_ 2a® g hi-at

U " bdta? N=mpa Ub‘c-u‘
But 1f the outside cyhnder 15 moved with veloaty U, and the

mside cylinder 1s solid or filled with hquid of denwuty o,

N\ =o, (22)

(=- Ui 2kt
X=-modU, = v ah s o oi e
U-U,  (p-o)(b?-a? @
U, pb? 1 @) +a(b? -a?) 3)

and the mside cyhinder starts fotward or backward with respect to
the outside cylinder, accordingasp -~ or ~o
30 The expression for w in (1) § 29 may be wcreased by the

addition of the tam

im log £~ - m0 +imlogr, (1)
representing vortex motion arculating round the annulus of
Iiq

i

Considered by 1tself, with the cylinders held fixed, the vortex
sets up a circumfcrential velocity m/r on a 1adius v, so that the
angular momentum of a circular filament of annular cross section d\
15 pmdA, and of the whole vortex 1s pmr (b2 - a?)

Any circular filament can be started from rest by the application
of a circumferential impulse mpmdr at each end of a damcter, <o
that a mechanism attached to the cylhinders, which can set up a
umiform distributed mmpulse mpm across the two parts of a diameter
i the iquid, will generate the vortex motion, and react on the
cylinder with an impulse couple - pmrat and pmnb?®, having re-
sultant pmw(b? - a?), and this couple 13 mfinite when b=, as the
angular momentum of the vortex 1s infimte Round the cylinder
r=a held fixed 1n the U current the liquid strcams past with velocity

¢=2Uwnod+mla, (2)
and the loss of head due to this increase of velocity from U to ¢’ 1,
¢%-U?_(2U sm 6+ m/a)? - U2 )
2y 2¢ ’ 6
<o that cavitation will take place, unless the head at a gieat distance
exceeds this loss

The resultant hydrostatic thrust across any diametral plane
of the cyhinder will be modified, but the only term in the loss
of head which exerts a resultant thrust on the whole cylinder 15
2mU sin 6/ga, and 1ts thrust 15 2mpmU absolute unrts in the direction
Cy, to be counteracted by a support at the centre C, the liquid 1y
streaming past ¥ =a with velocity U reversed, and the cylinder 15

HYDROMECHANICS

surrounded by a vortex Similarly, the streaming velocity V
reversed will give rise to a thrust 2zmpmV 1n the direction 3C \
Now if the cylinder 13 released, and the components U and V are
reversed 50 as to beccme the velocity of the cylinder with respect
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to space filled with liqmd, and at rest at infinity, the cylinder will
experience components of force per unit lengt!
(t) —2xpmV, 2xpmU, duc to the vortex motiwon ,
AU AV .
n) - Teat oy, —wpal due
(1) 0, - w(o - p)a‘g, due to gravity,
taking Oy vertically upward, and denoting the density of the cyhinder
by ¢, so that the equations ot motion are

to the kmetie reaction of the hquid,

AU A
roat = - wpat 2xpmV, (4)
A\ AV .,
"a"]il =~ mpat 4 2mpmV - w(0 - p)a'g, (5)

or, putting m -a‘w, >0 that the vortex velocity 15 due to an angular
velocity w at a radius a,
(¢ +p)dU/dt + 2pwV = 0, (0)
(7 +p)dV/dt - 2pwl" + (¢ - p)g -0 (7)
Thus with g=o, the ¢yhnder will describe a arde with angular
velocity 2pw/(o + p), so that the radius 15 (¢ + p)v/2pw, 3f the velouty
Y 1th ¢ =0, the angular veloaty ot the cylinder 15 2w, 1n this
way the velocity may be calculated of the propagation of ripples
and waves on the surface of a vatical whitlpool 1 a sk
Restoring ¢ will mahe the path of the cyhnder a tiochowd, and
<o the swerve can be explamed of the ball m tenms, ericket, base-
ball, or golf
Another explanation may be given of the sidelong force, arising
from the veloaty of iquid past a cylinder, which s cnarcled by a
vortex  lahing two planes v 4 b, and conadcnng the merease of
momentum m the iquid between them, due to the entry and et
of hquid momentum, the mncrease acioss dy m the dircction Oy,
duc to clements at P and P’ at opposite ends of the diameter P17, 18
pdy (U = Ua®-2cos 20 + my=t sm ) (Ua’r-2 sin 20 4 mr -1 cos 0)
+ pdy (~U+Ua® *cos 26 + mr=! sin §)(Ua®r—2 s1n 260 - mr-! cos 8)
= 2pdymUyr~'(cos 0 - a*r~* cos 30), (8)
and with y =b tan 6, r- b sec 6, this 15
2pmUdo(1 - a% -4 cos 36 cos 6), (9)
and mtcgrating between the luaits 6 -+ dr, the resultant, as beforc
15 2mpim
3t Lxample 2 —-Confocal Elliptic Cylinders —Employ the elliptic
coordmates n, ¢, and { =y +¢1, such that
z-cchg, x-cchycosg, (1)
then the curves for which 7 and § are constant are confocal elhipses
and hyperbolas, and
_d(v,y)

d(n, )

=}e(ch 2y cos 2) =, =014, (2)
1f OD 15 the semi-diameter conjugate to OP, and 7,, 7, the focal
distances,

y=cshqsing,

=r¢4(ch?n - cosdt)

7, rysc(ch g tcosg), (3)
ré= 14yt =c¥(chéy - siny)
= }c*(ch 27 +cos 2¢) (4)
Consider the stieaming motion given by
w=mch(f~y), y=a+p, (s)
¢=mch(n -a)cos( - ), y=msh(y-a)om(-f) (v)
Then ¢ =0 ove~ the elhipse g =a, and the hyperbola ¢ 4, so that

these may be taken as fined boundaries, and ¢ 15 a constantona C
Over any cllipse », moving with components U and V of velocity,

Y =y+Uy-Vx {msh(q—a)cmﬂ+l}cshq (31 ¥4
—(msh(n-a)sn B +Vechnjcoss, (7)
so that ¢’ -o,1f h
_ _msh(y-a) ~ _msh(n -a)
U,__t R cosf3, V= ¢ chy s g, (8)

having & resultant m the direction PO, where I’ 15 the intersection of

an clhvsc n with the hyperbola g, and with this velocity the dllipse

7 can be swimmng n the hquid, without distortion for an nstant
At infimty

U= —';r‘mspz -;'l"—&cosp,

M =M
V=-—etsmf= aib (]

a and b denoting the semi-axes of the ellpse a, so that the llquul 15
streaming at nfinity with velocity Q =m/(a +0) m the direction of
the asymptote of the hyperbola g

An ellipse nterior to p=a will move m a direction oppoaite to
the exterior current, and when n=0, U= but V= (m/c)shasing

Negative values of » must be interpreted by a streaming motion
ona parallel plane at a,fevel shightly different, as on a double Ricirann
sheet, the stream sing from one sheet to the otner across a cut
SS’ joiming the foc1 S, 8’ A diagram has been drawn by Col R L
Hippisley

sm g,
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I'he components of the hquid velocity ¢, 1 the direction of the
normal of the ellipse » and hyperbola ¢, are
m] Ysh(n-a)cos(E -f), mJ 'ch(n-a)sn(E - p) (10)
Lhe veloaty ¢ 1s zero in a corner where the hyperbola g8 cuts the

cllipse a, and round the cllipse a the velocity ¢ reaches a maximum
when the tangent has tuindd through a right angle, and then

/(ch 2a -
g -QenV/(Chze- conzf) (11)

wid the condition can be mnferred when cavitation begins
With g+ o, the stream 15 parallel to vo, and

@ =mch(n—-a)cos ¢

= = Ucch(n~a)shncos¢/oh(n -a) (12)
over the cylinder 5, and as n (12) § 29,
= -Us- - Ucchncost, (13)
tor hquud iilhing the cylinder, and
th
o (14)

# thn~a)
over the surface of 5, so that parallel to Oz, the cticctive nertia
ot the cyhinder 5, displacing M” hquud, 13 increased by M’ thn/th( ~ a),
re lucing when a =w to M” thy -M’(b/a)

Similarly, parallel to Ov, the mncrease of effective mertia 15
M thnth{y~a), reducmng to M’/thy=M'(a/b), when a=w, and
the hquud extends to mtimty

32 Next consider the motion given by

¢=mch2(np-a)sn2g, ¢ = -mshz(n-a)cos2;, (1)
m which y —o over the cllipse o, and
Y=y R 1Y)
=[ =msh2(n-a) + }Rc*Jcos 28 + fRe*ch 2y, (2)
which 1s constant over the ellipse 9 1f
IRt -msh2(y-a), 3
<0 that this ellipse can Le rotating with this angular velocity R for
an mstant without distortion, the ellipse a being hiaed

tor the hquid hlhng the mterior of a rotating elhptic cylinder of

ross section
vat b yibt =1, (4)
W =m(aat | yibd) 5)
v, = 2R = - 2m(1/a’ + 1,0,
=m,(v¥ad + v b - dR (¥4 +v¥)
~ R (v -y (@ - b)/(a¥ + b, (©)
¢, =Rey(at - b4)/(a® +bY),
Wy =, + Y1 = - JR(¥ + y1)4(a? - b)/(a® +b?)

The velocity of a hquud patticle 1 thus (a* - 5%)/(a® +b%) of what
it would be 1t the hquid was frozen and rotating bodily with
the ellipse, and so the effective angular nertia of the hqud
(a* =b’)%(a% 1 b-)* of the sohd, and the cifective radius of gyration,
sohd and hyguid, 18 given by

K=} (at +b%), and |(a? - b9)¥/(a* +b?), (7)

For the hquid 1n the interspace between a and 9,

m ch 2(n - a)sin 2§

®
¢ FRSh 27 ain 2¢(a® - 59/(a5+ 59

with

=1/th2(n -a)th2y, (8)
and the ettective & of the iquid 18 reduced to
{c¥/th2(n ~a)sh 2y, )

which becomes {c¥/sh2n =}(a? -b%)/ab, when a =0, and the hiquid
surrounds the cllipse » to nfimty
An angular velocity R, which gives components -Ry, Ry of
\clocnt{ to a body, can be resolved into two shearing velocities, - R
parallel to O¥, and R parallel to Ov  and then y 13 1csolved nto
J1t Yy, such that y, +§Rx* and ¢, + JRy? 1s constant over the
houn«f.\ry
Insude a ¢vlinder
¢ = = R +11)%a¥(a® + bY), (10)
G+ Vg = BR(v + v1) % (ad + b7, (11)
and for the interspace, the ellipse a being fixed, and a, revolving
with angular velocity R
¢ 1= - BiReEsh 2(y - a +g)(ch 2a + 1) /5h 2(a, - a), (12)

¢y +y¥ = pRc*sh 2(n-a+&)(ch 2a - 1)~sh2(a, ~a), (13)
satisfying the condition that ¢, and y, are zero over p=a, and over
N =a

' Uy + R~ FRA(D 20, +1), (19)
¥+ IRy - Re*ch 2a, - 1), (15)

constant values
In a similar way the more general state of motion may be analysed,

wiven by
w=mch2(f-y), y=a+p, (r6)
as giving a homogeneous strain velocity to the confocal system:

to which may be added a circulation, represented by an additional
term mé o @

HYDROMECHANICS

[HYDRODYNAMICS
Similarly, with
*+yr=c/[sm(E+n)] (17)

¥ =Qc sh §(n ~a)sin §(§ - B) (18)
will give motion streaming past the fixed cylinder n =a, and dividing
along ¢ =8, and then

the function

x*—y*=ctsmngchy, 2xy=ctcos§shy (19)
In particular, with sha = 1, the cross-section of y =a 1s
a0yt pyt —20h or At Hyiect (20)

when the axes are turned through 45°

33 Lxample ; —Analysing 1n this way the rotation of a rectangle
tilled with hiquid 1nto the two components of shear, the stream
function y; 1s to be made to satisfy the conditions

(1) V¥ =0,

() ¢, +4R+*=}Ra’, or y, rowhen v = +a,

() ¥, +4Ra¢—Ra? ¢, =R(a* -4, wheny =10

Lixpanded n a Fourier seties,

242 32 N cos(2n 4 1){mx/a
¢ T Z Tan )t ®

so that

¥, =R

lf»a3 ) c0s (21 + 1) 4mx/a . ch(2n + 1) ry/a
i 2 (21 +1)7 ch(zn +1)}rbja ’
1 cos(2n + l)iws/a"__ (2)
(2% +1)'ch(2n +1)4rb/a’
an clliptic-function Fonrier series, with a similar expression for ¢,
with v and v, @ and b mterchanged , and thence y -y, +y,
Evample 4 —Parabolic ¢y 'mndcr, avial advance, and hquid stream-
ng past
Ihe polar equation of the cross-section being
rtcos }ﬁ:n’l,orr-lxzzu, 3)
the conditions are satisfied by
¥ = Ursin 0 - 2Uabd ain 46 =2Urd sin §6(r cos 0 - al), (4)
y ~2Uabrdain 30— - U \/[2a(r ~ 7)), (5)
w = - 2Uakzh, (0)
and the resistance of the hiquid 1 2mpaVi/2g
A relative stream hine, along which ¢’ = Uy, 15 the quartic curve

16
w, =, + Y2 =‘RFW

. =4ayi-lr =gt
b o=l -, v=AERE S )
and m the absolute space curve given by y,
dy ___(v-o)? _2ac -
dv ™ 2av 0 Ty —e 2alog (v -c) ®

34 Motion symmetrical about an Axs —\When the motion of a
hiquid 1s the same lo1 any planc passing through Oz, and hes i the
plane, a function y can be found analogous to that employed m
plane motion, such that the flux across the surface generated by the
revolution of any curve AP from A to P 1s the same, and represented
by 2x(y - ¢,), and, as before, if dy 15 the mncrease m y due to a
displacement of P to P’, then % the component of velocity normal
to the surface awert out by PP’ 1s such that 2rdy =2mk PP’ and
taking PP’ parallel to Ov and Ox,

w= -dylvdy, v=dylydx, (1)
and ¢ 15 called after the inventor, “ Stokes's siream or current
tunction,” as 1t 1s constant along a sticam hine (Trans Camb Phil
Soc, 1842, '‘Stohes’s Curtent Function,” R A Sampson, Pl
Trans , 1892), and dy/yds 13 the component velocity across ds i a
direction turned through a rnight angle forward

In this symmetrical motion

N _dftdy d(1dy
g=on=o2t=5(3%) v 5 4%)

_1(dy &y _rdyy_ 1
i v(ﬁ tat Ty dy) =y @
suppose , and 1n steady motion,
d Y _o dH a
‘d!: *:ﬁ:ffv'\b o gt ;g ;ﬁvw =o, (3
so that
2¢ly = - vyl =dH/dy ()

| 15 a function of y, say f/(y), and constant along a stream line,

dH/dv =2g¢, H - f(y) =constant, (5)

throughout the hqud
When the motion 1s irrotational,

o= = "’-_!d“ = de_rdy
=0, =~ ; = 3dy = =% ©)
- dy &y tdy
v =0, of 5 U+ o~ ="=o (%))
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Changimng to polar coordinates,
(2) becomes, with cos 8 =u,

=rcos @, vy =r s 6, the equation

Y o (r T
,u‘;% +(1-uhp ¥ =2prano, ()
of which a solution, when ¢=0, 15
B 24P, _ B\ 4P,
p=(Arm e ) - = (.\r" Lt '".J)y ARG
¢ ={(#+1)Ar - nBy-n-11P,, (10)

where P, denotes the zonal harmonic of the nth order, also, n the
exceptional casc of
y=Agc0408, ¢=1\,r,
y=By, ¢= -B,logtan}¢
= - }Bysh-tx/y (1)
Thus cos 6 15 the Stohes” function of a point source at O, and
PA - PB of a line source
lhe stream function y of the iquid motion set up by the passage
of a solid of revolution, moving with axial velocity {J, 15 such that
1dy
y ds (12)
over the surface of the solid, and y must be replaced by y' =y +4Uy?
m the gene.al equations of steady motion above to obtain the steady
relative motion of the liquid past the solid
For instance, with #n=1 1n equation (9), the 1elative stream
function 15 obtaned for a sphere 02 radus a, by making 1t
Y =y + Uyt =4U(r' ~a¥r)an?0, ¢ = -}jUa’sindfr, (13)
and then

- - Ud":, ¥+ }Uy? =constant,

¢’ =Ux(x +4a'r}), ¢=4Ua’cos b7’ (14)
d¢ _..a° d¢ a'
'(17=Uylc°$”‘ -;aﬂ_A;U"sme, (15)
50 that, if the direction of motion makes an angle y with Ox,
tan (y -6) =4tan 6, tany =3 tané/(z - tan?9) (10)

Along the }mth of a hquid particle ¢’ 15 constant, and putting 1t
tqual to §Uc

(' =a'lr) sin' 0 =c, sl =cr/(} -a®), (17)
the polar equation, or
Y= -aY), 1 =ah (=), (18)

a curve of the 1oth degree (C,,)
In the absolute path in space
sy =(2 = 3 s1n0)/ {'(4 —~n0), and sin 0 =(y? = c*y)/a’, (19)
which leads to no simple relation
1he velocity past the surface of the spherc 1

1 ody a’\smo oy
o dr = !U(zr +'3)' A JUsm o, whenr =a, (20)
+0 that the loss of head 1s
(35?6 - 1)U%2¢, having a maximum JU%2¢, (21)

which must be less than the head at infimte distance to avord
cavitation at the surface of the sphere

With 2 =2, a state of motion 15 given by

y=—4Uy'al%/r, ¢ =3Uv(1 - adu/rY),
¢ =Uxr+g, p=-1U@rP, P,=p*-},

representing a stream past the surface ré =atu

35. A arcular vortex, such as a smoke ring, will set up motion
symmetrical about an axws, and provide an illustration, a half

(22)
(23)
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The kinetic energy of the liqud mside a suiface S duc to the
velocity function ¢ 13 given by

"o dg\? rde\Y /(dop

et L)+ (&) (&) Jonaree
d

=to[ [ 420as it
by Green's transformation, dv denoting an clementary step along
the normal to the exterior of the surface, so that d¢ dv =0 ovar
the surface makes T =o, and then

dg\¥ de\* [dp\*
((n *(u,i) '*(,1; v @

If the actual motion at any mstant 18 supposed to be generated
mstantancously from rest by the apphcation of pressure impulse
over the surface, ot suddenly reduceJ to rest agam, then, smce no
natural forces can act impulsively throughout the hiquid, the pressure
1mpulse @ satishes the equations

1do tdn 1dw _
P e o
& - p¢ + & constant, (4)
and the constant may be ignored , and Grecn’s transformation ot
the energy I amounts to the theorem that the work done by an
mmpulse 18 the product of the impulse and average velouty, or halt
the velocity from rest,

In a multiply connected space, like a nng, with a multiply valued
velocity function ¢, the hquid can crculate m the arcuits inde
pendently of any motion of the surface , thus, for example,

¢ =mb =m tan-'y/¥ (5)
will give motion to the hiquid, circulating in any ring-shaped figure
of revolution round Oz

1o find the kinctic encrgy of such motion m a multiply connected
space, the channels must be supposed baried, and the space made
acycdic by a membiane, moving with the velocity of the hquid ,
and then 1f % denotes the cyclic constant of ¢ m any circuit, or the
value by which ¢ has increased in completing the arcust, the values
of ¢ on the two sides of the membrane are taken as diflering by 4,
50 that the integral over the membrane

i [ de d
| f¢d‘:ds =/:N3!fd~., )
and this term 15 to be added to the terms mn (1) to obtan the ad-
ditional part m the kinetic energy , the continuity shows that the
ntegral 15 m(lelpendcnt of the shape of the barrier membrane, and
1ts position  Thus, m (5), the cychc constant k =2rm
In plane motion the kinetic energy per umt length parallc to Oz

e g
=1 f .p?fds ~ [ ﬂ#’d; )

For cxample, n the cl;lulld.'.cl"-ll triangle of (8) § 28, referred to co
ordmate axes made by the base and height,

dg

-0,

¥ -2Rapy/h - -}l(y;(h =v)¢=3v)/h (8)
[ A W (CURS VRS |
= ARIYH + 4y +h(x = v) - 32y + vk ©
| and over the base y =o,
dyjdv = ~dr/dy = + § R4 = 339 [h,g -~ AR(§A% + 129) (r0)

vortex ring can be generated in water by drawing a senucircular |

blade a short distance forward, the tip of a spoon for nstance
I'he vortex advances with a certain veloaty , and if an equal
cncular vortex 1s generated coaxially with the first, the mutual
influence can be observed  The first vortex dilates and moves

slower, while the second contracts and shoots through the first , |

after which the motion 1s reversed periodically, as if 1n a game of
leap-frog  Projected perpendicularly agamnst 4 plane boundary,
the motion 1s determined by an equal opposite vortex ring, the
optical 1mage ; the vortex ring spreads out and moves more
slowly as 1t approaches the wall, at the same time the molecular
rotation, inversely as the cross-section of the vortex, 15 seen to
inctease The analytical treatment of such vortex rings 1s the
same as for the electro-magnetic effect of a current circulating
in each ring,

30 Irvotational Motion in General —Liquid ongmally at rest in
o singly-connected space cannot be set in motion by a field of force
due to a single-valued p fal f , any motion set up in
the iquid must be due to a movement of the boundary, and the
motion will be irrotational, for any small spherical element of the
Iqud may be considered a smooth solid sphere for a moment, and
the normal pressurc of the surrounding liquid cannot impart to 1t
any rotation

|

Integrating over the base, to obtamn one-third of the kinetio
wergy T,

M3
#T=to] W wwv( 3a = L li)dath
~pR%Y1354/3 (11)

s0 that the effective 4% of the hquid filling the triangle 18 given by
ke =T/4pREA :22hY/45

=¢ (radius of the nscribed arcle)?, (12)
or two-fifths of the 42 for the sohd trianglc
Again, since
deldv =dy[ds, dgjds= ~dy/dv, (13)
T =ofedy = - dpfyde (14)

With the Stokes’ function ¢ for motion symmetrical about an
axis

d

T=tp [ g amvds =mfady (13)
37 Flow, Circulation, and Vortex Motton —The hinc integral of
the tangential velocity along a curve fiom one pomnt to another

dx
[(“d? +v§{+w:§)ds =[(udx +vdy +2d7), (1)
15 called the * flux ”” along the curve from the first to the second
pont, and if the curve closes in on itself the line ntcgral round the
curve 18 called the * circulation ”” n the curve
With a velocity function ¢, the flow

~[de =4, ~ ¢n,

I defined by

(2)
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-0 that the flow 13 wdependent of the curve for all curves mutually
reconalable, and the arculation round a closed curve s zero, 1If
the curve can be reduced to a pomt without leaving a 1cgion for
which ¢ 13 single valued

1f through cvery pomt of a small closed curve the vortex hnes are
diawn, a tube 13 obtained, and the fluid contained 1s called a vortex
nlament

By anilogy with the spin of a nigid body, the component spim of
the fluid in any plane at a point 19 defined as the circulation round a
small area m the planc cnclosing the pomt, divided by twice the
arca  For n a ngid body, rotating about Oz with angular veloaity ¢,
the circulation round a curve 1n the plane xy 1s

} {( x‘flz - v‘fi‘t )d‘ = ¢ times twice the area (3)

In a flud, the circulation round an elementary area dxdy 1s
equal to
dav _du

dv du
udv <u +Ihxlt>dy - <u+d&d;)d} —rdy = (dx—dy)dtdy, (4)
50 that thc component spin 1s

dv du o
W -5) =5 ®)

m the provious notation of § 24, so also for the other two com-
poicnts ¢ and n

Since the arculation round any triangular area of given aspect
15 the sum of the circulation round the projections of the area on
the coordinate Ylam-s, the composition of the components of spm,
& m, ¢ 1 according to the vector law  Hence 1n any mfinitesimal
part of the flmd the circulatton 13 zero round ¢very small plane
curve passing through the vortex hine, and consequently the cir-
culation round any curve drawn on the surface of a vortex filament
13 zero

If at any two points of a vortex line the cross-section ABC,
A’B’C’' 14 drawn of the vortex filament, jomned by the vortex line
AL’ then, since the flow in AA’1s taken m opposite directions mn
the complete circuit ABC AA'B'C’ A’A, the resultant flow in AA’
cancels, and the circulation in ABC, A’'B’C’ 15 the same, this 1s
expressed by saying that at all ponts of a vortex hlament wa 1s
constant where a 15 the cross-scction of the filament and w the
resultant spin (W K Clifford, Kinematic, book m )

So far these theorcins on vortex motion are kinematical, but
introducing the equations of motion of § 22,

Du dQ = Dv dQ _ Dw _dQ _
AITO W ey 4t Yay O (©)
Q=[dp/p+V, (7)
and taking d¥, dy, dz m the direction of 4, v, w, and
dy dz=u v w,
z(udx +vdy +wdx> =x{)l;‘d.t +urﬁi +oaan
= - dQ + }dg’, ®)
an‘l integrating round a closed curve
117‘; [ (udy +vdy +wds) =o, (9)

and the circulation i any circuit composed of the same fluid particles
15 constant, and 1if the motion 1s differential irrotational and due
to & velocity function, the circulation 1s zerd round all reconcilable
piths  Interprcted dynamcally the normal pressure of the sur-
rouncing Huid on a tube cannot create any circulation in the tube

Che circulation bemg always zero round a small plane curve
pussing through the axis of spin m vortical motion, 1t follows con-
versely that a vortex filament 1s composed always of the same fluid
particles, and since the circulation round a’ cross-section of a
vortex fil; 15 tant, not ch with the time, 1t follows
from the previous kinematical theorem that aw 13 constant for all
time, and the same for every cross-section of the vortex filament

A vortex filament must close on itself, or end on & boundmng
surface, as seen when the tip of a spoon 15 drawn through the suiface
of water

Denoting the cross-section a of a filament by dS and 1ts mass by
dm, the quantity wdS/dm is called the vortsictty 3 this 15 the same at
all points of a filament, and 1t docs not change during the motion ,
and the vortiuty is given by wcos edS/dm, if dS 1s the oblique
section of which the normal makes an angle e with the filament,
while the aggregate vorticity of a mass M inside a surface S 1s

M-}wcos edS

Employing the equation of continmty when the hquid 1s homo-

gencous,

df ds 2, & D
’(:ff‘i:) =V V=g (19
which 1s expressed by
v2n, v, ) =2 curl (§,9,2), (7,8 =}curl (¥, v,w) (17)

38 Moving Axes in Hydrodynamics,.—In many problems, such as
the motion of a sohd 1n hquud, 1t 18 i to take d
axes hxed to the sohd and moving with it as the movable trihedron
frame of reference The components of velocity of the moving
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| ongin are denoted by U, V, W, and the components of angular
velocity of the frame of reference by P, Q, ik, and then if %, v, w
denote the components of fluid velocity 1n space, and ’, v/, w’ the
components relative to the axes at a pomnt (x, y, z) fixed to the
frame of refercnce, we have
u=U +u -yR +20
v=V +v - :l’+xR’,
w=W+w -aQ +yP
Now 1f & denotes the component of absolute velocity m a direction
fixed 1n space whose direction cosines are /, m, n,
’ k=lu+mv+nw, (2)
and 1n the infinitesimal element of time 4¢, the coordinates of the
flud particle at (v, y, z) will have changed by («/, v’, w')dt, so that

(1)

Dk _7411“ dm_ dn
di =atatta®
du  du  du du
“(d: oAty P d})
+m<‘z” + u’q—y + u’d” + w"h‘)
dt dx dy dsx
dw  dw dw Ldw
+n<[u +u(h+u dy' +w 17}')' (3)

But as 7, m, n are the direction cosines of a line fixed i space,

dl dm dn
A;I.‘=ml(-n(,), a =nP -IR, @t =lQ -mP, (4)
so that
Dr_ /du Au o du ,d
@t "(;It"'R+wQ+“{l\1vdy+wE')+m( ) +n( )
- _udp [y _1dp _rap
<1(x nd*)“n\‘ p/’)’>m<' Ml)' &

for all values of /, m, n, leading to the cquations of motion with
moving axes
When the motion 1s such that

__dp_ dy  dp dy _ dp __dy
R A dy mdy’w" “d: Mz )
asn § 25 (1), a first integral of the equations 1n (5) may be written
dp L dedy o (4, dy
] p PV I oy - (a;*"‘a;)
(D @Y 4 - 0)(9% 4 ) =
+(v ")(d;v+md3v)+(w m’)(d‘-&-md{)_F(l), )
m which
d N2 N N
- g g - -]
=¥ (U yR+:Q)% - (V-2 +xR) ™ - (W a0 +yP) 2P (8)
dt dy dy ds
15 the time rate of change of ¢ at a pont fixed in space, which 15
left bchind with velocity components # - «', v - ', w ~w’
In the case of a steady motion of homogeneous hiquid symmetrical

about Ox, where O 1s advancing with velocity U, the equation (s)
of § 34

plp+V +4q” - /(y) =constant (9)
becomes transformed into
Bivy i - Udy +3U? - f(y + $Uy*) =constant, (ro)
] y dy ’
¥ =y +3Uy%, (11)
subject to the condition, from (4) § 34,
y vl = -f(), vyl = -y +{Uy) (12)
Thus, for cxample, with
¥ = {UyH(rta=? - 1), P=at+yr, (13)

for the space inside the sphere » =a, compared with the value of
¢’ § 34 (13) for the spacc outside, there 15 no discontmnuity of the
veloctty 1 crossing the surface

Inside the sphere

_d(ray d/ray’\ 15,y
2’“d:(y dx)+dy(y dy)_zua" (14)
so that § 34 (4) 18 satisfied, with
1) =770 fw)="2Uya, «(13)
and (10) re«;ucet: tog [ s oy .
P—+\ _EU\(a‘-I) —(a,—i)}=constant, (16)

this gives the state of motion in M ] M Hill's sphencal vortex,
advancing through the surrounding iquid with uniform velocity
39 As an application of moving axes, consider the motion ot
hiquid filling the ellipsoidal case
Ayt
atptast

(r)
and first suppose the liquid to be frozen, and the ellipsoid to be
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rotating about the centre with components of angular veloaty £,

m, ¢, then
u=-yf+am, v=-sf+al, w=-sn+yf (2)
Now suppose the liquid to be melted, and"addmonal components of
t mn 1al

angular velocity @, i, i)y t o the elli case,
the add 1 velocity d to the hiqmd will be due to
a velocity-function
b2 -t ¢t -a® a -
o= ~th gyt =tho, g L -0 Ay, (3)

as may be venified by considenng one term at a time
If «, v', w’ denote the components of the veloaty of the hquid
relative to the axes,

. 2a* 2a%
wautyR-Q=37 ay- T o0, )

, 2b% 2b?
v=v4P-aR= 0 - o O, (5)
2c* 2c¢
w=w+xQ -yP= g ler -t by, ()
P=0y+§Q=0+n R=0g +¢ ()

Thus
®)

wk v +w? =0,
at TV pe =

so that a liquid particle remains always on a sumilar ellipsord
The hydrodynamical equations with moving axes, taking into
account the mutual gravitation of the liquid, become

rdp Au du | du

du
pu+4rpr+dt —vR+wQ+udl+vdy+wd:,‘o, , o (9)
where
o abed\
AB,C= | Grei, i ys, P
P2 =4(a% +2) (b2 +N) (¢t +N) (10)

With the values above of u, v, w, ¥, v’, w’, the equations become
of the form

d;
%£+41p:\z+ax+hy+g1=0, (11)

;Zﬁ+upBy +hx+By+fa=o, (12)
Lo ramiCagx +ly +a2 =0, (13)
and mtegrating
pa' +2xp(As® + By? + C2?)
+§(av® + By + 2% + 2fyz + 2g2x + 2hxy) =const , (14)

so that the surfaces of equal pressure are similar quadric surfaces,
which, sy ry and dyna d tons show, must be
coaxial surfaces, and f, g, 4 vanish, as follows also by algebraical
reduction, and

2 _ g2 —-a® 2
o4 - a )": - (c‘ a “,—v)

(c%+a%)? ' +a
APy (% Y1) s)
(a+b32 3 T \aty gt TS )
with similar equations for g and y
If we can make
(4%pA +a)2 = (4mpB + B)1 = (47pC + 7)c7, (16)

the surfaces of equal pressure are similar to the external case, which
can then be removed without affecting the motion, provided a, 8, ¥
remain constant

This 15 0 when the axis of revolution 1s a principal axis, say Oz,
when M =0,,=0,=0,7=0 (17)

If O, =0 or 6,=¢ 1n addition, we obtamn the solution of Jacobr’s
ellipsoid of iquid of three unequal axes, rotating bodily about the
least axis, and putting a=b, Maclaunn’s sol 138 ot 1 of
the rotating spheroid

In the general motion again of the hiquid filling a case, when a = b,
0, may be replaced by zero, and the equations, hydrodynamical
and dynamcal, reduce to

d 2c?

2a? dy 2.

d
&= " oo G A = a0 -0 (1)
2 48 2 42
Y Y  tr TR
of which three integrals are .
pem=L-0p, (20)
2 4 02
a? +n;=M+zi:(a,_')c,)x“, (21)
2 2
L s (22)
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and then
(3{)' = (;a{%a)n(ﬂﬁ -0p)?
= @l + PIOT D) - (08 0]
B
e i), (239

where Z 15 a quadratic 1n ¥ so that { 18 an cliptic function of ¢,
except when ¢ —a, or 3a
Put 0, =0Qcos ¢, {l,= - s ¢,

de _as, 2 4 o2
50 =0 - 0.0 - T Sl oy,

a4t
d¢ _, at+c? + 4t ¢
dt = T et (a~ 4 9
M+ 2c¥(at- ¢¥)
N+F s

_fd _aga g wig
o= JZ Tat= M

(at+et? o JZ'
2¢%at - ¢Y)
which, as Z 1s a quadratic f of {3, are
50 also for Y, where §=wcos y, n= -wniny
In a state of steady motion

(24)

&4 (as)

(20)
Ihptic integrals,

(27)
(28)
(29)
(30)

@ =y =ni, suppose,
D + Qgn = Qw,
d¢ at+ctw
= aanh
dy _ _ 2af Qf
dat” Cat+eta®
Gl 2¢O
a-c ey’
(ﬂ i ‘a': -‘52)1_(“2 - ¢¥)(9a? - ¢?)
0 fat+c®) T 4@t+e?) ’
and a state of steady motion 1s 1mpossible when 3a>c>a

31

1 (32)

(33)

An experiment was devised by Lord Kelvin for demonstrating
this, in which the difference of steadiness was shown of a copper
shell filled with hquid and spun gyroscopically, according as the
shell was shightly oblate or prolate Iccordmg to the theory
above the stability is 1egained when the length 15 more than three
diameters, so that a modern projectile with a cavity more than
three diameters long should ﬂ[))' steadily when filled with water,
while the old-fashioned type, not so elongated, would be highly
unsteady , and for the same reason the gas bags of a dingeable
balloon should be over rather than under three diameters long

40 A Liquid Jet —By the use of the complex vanable and its
conjugate functions, an attempt can be made to give a mathe-
matical interpretation of problems such as the efflux of water na
Jet or of smoke from a chimney, the discharge through a weir, the
flow of water through the piers of a bridge, or past the side of a
ship, the wind blowing on a sail or aeroplane, or against a wall,
or impinging jets of gas or water, cases where a surface of
discontinuity 15 observable, more or less distinct, which separates
the running stream from the dead water or air

Uniplanar motion alone 1s so far amenable to analysis, the

velocity function ¢ and stream function y arc given as conjugate
functions of the coordinates x, y by

w=[(z), wherez=x+y1, w=¢ + 1, {1)
and then
%=%+1‘5¥=-u+m, (2)
8o that, with w =g cos 6, v =¢ sm 8, the function

= -Q}:ﬁ;»g»- -ag(ui»m) :Q(cos 0+1 s 6),

2 (3)
-y q 3
gives { as a vector representing the reciprocal of the velocity ¢ in
direction and magnitude, 1n terms of some standard velocity Q
To determine the motion of a jet which 1ssues from a vessel with
plane walls, the vector { raust be constructed so as to have a constant



128

direction ¢ along a plane boundary, and to give a constant skin
velocity over the surface of a jet, where the pressure 1s constant

It 14 'convenient to introduce the function

0 =log ¢ =log(Q/q) + 6+ (4)

w0 that the polygon representing Q conformally has a boundary
given by straight lines parallel to the coordinate axes, and then to
detcrmine § and w as functions of a variable 4 (not to be confused
with the velocity component of g),
such that in th¢ cenformal repre-
sentation the boundary of the 0
and w polygon 15 made to concide
with the rcal axis of u

It will be sutficient to give a
few illustrations

Consider the motion where the
hiquid 18 commng from an mfinite
distance between two parallel
walls at a distance vy’ (fig 4), and
15atics 1 @ et between two edges A and A”, the wall +A being bent
at a corner B, with the external angle 8= jx/n

I'he theory of conformat representation shows that the motion 1s
given by

b-a' w-a) k Jb-a u-a)/" ”

;- [\/L : ;/(a':);.ﬂf(_ = @) ] ' wmacmom, (5)
whete 1 - a, ¢’ at the edge A, A', u=b at a corner B, u =o0 across
vi where ¢=00, and =0, p=00 across the end JJ’ of the jet,
bounded by the curved lines AP], A’P’)]'} over which the skin
velocity 18 Q - The stream lines ¥BA |, vA’]” are given by y=o, m,
~o that 1f ¢ denotes the ultimate breadth J] of the jet, where the
velouity may be supposed untform and equal to the skin velocity ¢)

m=-Qc, c=m/Q,
[t thete are more B corners than one, either on ¥A or v’A’, the

cxpression for {15 the product of corrcspomhu%(nctors, such as 1 (5)
Restricting the attention to a single corner B,

yb-au-a)+ Jib-a u

o= 2)" e = -a)
{ —(47) (cos né +1sm n) = Ja-a =5 —= (6)

9)» Q\"
ch nd—ch log ( 7 €os né +1shlog ( q) s g

/h ~-a /u -a @

=4ty =

Na-a \N u-v
<h nfd=-sh log (E}) cos 10 +1 ch log (?)" s g

[T ) b-a “-a
At s ERVASR AN i ®
w>a~b>0-a'> ~x, (9)

and then
an__t N -a b-a) dw__m

Au” TIn(u-b) J(u-a u-aV du" " ww (ro)

the formulas by which the conformal representation 13 obtamned
Tor the @ poli/lgon has a right angle at « =a, a’, and a zero angle at
1 = b, where ¢ changes from o to }r/n and Q increases by jir/n, so

that
an A Jib-ab-a)
du " (w=b) J(u-a u-a) where A= - n (o)
And the w poli)gon has a zero angle at u=o, w, where y changes
fiom o to m and back agaw, <o that w changes by 1, and

dw E m

3
du T where B = - . (r2)
\long the stream hne yBAP]J,
y=0, u=ae-rp/m, (r3)
and over the jet surface JPA, where the shin velocity 15 Q),
flﬁ s mg==Q,  w=aemQM _gemih (r4)
denoting the arc AP by s, startingatw -a,
. R N b-a" fu-a
ch nfd = cos ng == a-aA u-t (15)
a-b u-a’
shuQ ~ssnnd=1 /\/a~a’ N (16)
® - ac™ g, (17)

and this gives the mtrinsic equation of the jet, and then the radius
of curvature
. _8s_1dp_1dw 1dw/da
PO 0T QA TN du
-t 2n“—_t AM-a u-a)
~ u JJ@-b.b-a)’
not requinng the integration of (rr) and (12)

(18)
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If =a across the end J]’ of the jet, where u=»,¢=0Q,

ch n{}=cos na = \/Z::,,shn(‘l:lsmna:a ,\/:::,, (19)
Lhen
a-b b-a' N a-a’
COS$ 2Ha - COS 2n0 =2 ) =fom? 2na -
a-a u-b u-b
Jla-b b-a')Ju-a u-¥b)
=2V Py L
smz2nf=2 R ey (20)
=sin 2na Viu-a u-a) ,
W=
2nc b \N@-b b-a)
- r('*u-b)J‘(.:'_a W-a) (1)

_a-a"+(a+a’) cos2na - [ + &’ + (a - a’) cos 2na)cos 2n0
(@ - a’) sin?2ma
€os 2ma - oS 21

s 2nd
Along the wall AB, cosnf=o0, sinnf=1,
a~>ux=b, (22)
0\ b —a’ a-u
ch nﬂ:xslllog((;‘) “Na-a N u-v (23)
sha@=3ch log(g)";t ,\/:::, \/7:(;’ (24)
ds_dsdp_m _cQ
du"de dt " wqu wqu (23)
LB [rQdu
c YR
= ,[u/\'ﬂ -b) §/(u(_- @) ;.J/((b -;') Via- u)]""dn (26)
N(@-a’)J(u- u
Along the wall By, cosnf=1, smnf=o,
b>u>o (27)
" b-a a-u
ch nfl=ch log (%) =Aa-a ,\/,, w (28)
sh nQ=sh log (%)”: \/’:LT”’I \/';:I; (29)
At vwhereg=o,u=o0,andg=¢q,
Q\» b-a’ a a-b -a’
(r[..) - a-a \/b * \/a-a’ \/ q (30)

In crossing to the line of flow ¥’A’P’J’, y changes from o to m, so
that with ¢ = () across J J’, while across v¢’ the vclocity 18 gy, so that

m=q, ¥x'=Q JJ’ " (31)
1) a_ b-a /& a-b —a’] "
WO LN a-a N b7 a—a’\/ b > 33
giving the contraction of the jet compared with the mtial breadth
of the stream
Along the line of flow YA’P’J’, ¢ =m, u =a'e~ ™, and from ¢ to
A’ cosnf=1,smnf=o,

O\» b-a’ a-u
ch n@2=ch log (q) = \/(i—a' N ob-w (33)

O\" _ a-b u-a
sha - sh Iog(q) = \/b_— @A bw (34
o~u>a’ (35)

Along the et surface A’J’, ¢=Q,
b-a’ a-u

chnQ=cosnf= Va-aN b-w (36)
sha=tsinnd=1 \ :_—Z, ‘;__:. Q37
@ ~u=ae"lt s ~o, (38)

giving the ntrinsic equation

41 The first problem of this kind, worked out by H v Helm-
holtz, of the efflux of a jet between two edges A and A, 1n an fntinite
wall, 1s obtamned by the symmetiical duplication of the above, with
n-1,b=0,a = -,asm fig 5,

u-a -a
cha= \/ 2% shas V/ L (1)

and along the jet APJ, © >u=ae%/>a,

shQ=ssmo=1 \/s=“'lﬂlc, @
s, bl _c
ds = = sin g, (3)

w
PM- / smods=/a ]
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so that PT=c/jr, and the curve AP 1s the tractrix, and the co-
efficient of contraction, or
breadth of the jet = @
breadth of the orifice  x + 2 +

A change of § and 6 into nQ and #n6 will give the solution for
two walls converging symmetrically to the orifice AA, at an angle x/n
With 7=}, the re-entrant walls are given of Bord‘a's mouthpiece,
and the of 1on b 4 G lly, by making
@’ = -, the hne ’A’ may be taken as a straight strcan hne of
nfinite length, forming an axis of symmetry , and then by duplica-
o tion the result can be ob-
tained, with assigned », a,
and b, of the efflux from
a symmetrical converging

_%7:] :—A_j_|A

Fi1c 6

FiG 5

mouthpiece, or of the flow of water through the arches of a bidge,
with wedge-shaped piers to divide the stream

42 Other arr of the n, a, b, a’ will give the
results of special problems considered by J M Michell, Phil
Trans 1890

‘Thus with @’ =0, a stream 15 spiit symmetricaily by a wedge of
angle =/n as i Bobyleff’s problem, ‘and, by making a=x, the
wedge extends to mfimty, then

b ”
chnQd= \/b_-_u’ shnfl= )\/b—_“ (1)

Over the jet surface y=m, ¢=Q,
Uz —emmbIm = pamsle,

msle

- (2)

ch @~ cosnd= ,shl=1sn "0:'\/¢n/: F1

2 —
N
an 2 o
For a jet impinging normally on an mfinite plane, asm fig 6, n = 1,

ebmsle=tan 0, ch (Ys/c) sm 20 =1, (1)
sh §rxjc= cot 0, shwy/c= tané,
sh /e sh bwyjc =1, ehmx+2)e = ghmifc 4 pdmile 4 g (s)

With n =}, the jet 15 reversed in direction, and the profile 1s the
catenary of et!ual strength
In Bobyleff's problem of the wedge of finite breadth,

NN = L L VAN A C

b a-b
cos na = \/E' S na = \/ a ', (7)

and along the free surface APJ, ¢=Q, y =0, u ¢~ /" = gemsk |

d
edmsle = tan no, !r!d'f%—

/ emsle -y
€08 16 =Cos na o e,
AN gml " osina’
cos? na sin? @

Ml = o
s ng - sind na’

8)

the intrinsic equation, the other free surface A’P’J’ being given by
cos? na sin?no (
sin7ra - sin? nb 9)

Putting # =1 gives the case of a stream of finite breadth disturbed
by a transverse plane, a particular casc of Fig 7

When a=b, a=o0, and the stream 1s very broad compared with
the wedge or lamina, so, putting w=1w’(a - b)/a 1n the penultimate
case, and

omSle =

u=asvga-(a-buw, (x0)
chm:vliu;-!, shnf= \/./‘w" (r1)

m which we may write
w=¢p+yt (12)

Along the stream hine *ABPJ, y =0, and along the jet surface
APJ,-1>¢>-®, and putting ¢= ~-ws/c~1, the trnsic
equation 18

ws/c=cot?nd, (r3)

which for # = 1 15 the evolute of a catenary
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43 When the barrier AA’ 13 held oblique to the current, the
stream line 1B 1s curved to the branch point B on AA’ (ig 7), and
so must De excluded from the
boundary of u, the conformal re- € c
presentation 1s made now with

do Jb-ab-a)

du T (u-b)J(u-a u-a) ®
dw  m 1 w1
du” "Txu-1 wu-p
__mim u->
ST o wep g
P ]
Tmrm (2)

G 7

taking «=c0 at the source where

¢=cw, =b at the branch pomt B, «- 7, ;" at the end of the two
diverging streams where ¢ — - , while y=o0 along the stream
hine which divides at B and passes through A, A’, and y<==m, ~m’
along the outside boundaries, so that m/(), #’/Q) 15 the final breadth
o:r the jets, and (m + m’)/Q) 15 the mtial breadth, ¢, of the impinging
stream  Then

_ b ~a’ a-a _ Jb-a w-a’
o= a_aw/..-b'““l“w\/a_,.'\ RS
chn:lb__‘i‘,_“_ N
a-a u-b
_ nNE@ a-u u-al)
sh@=~/N w-b )
c_,a=-bb-a
N=2f T @)
Along a jet surface, ¢ - Q, and

chi2=cosf--cosa~ §smn?a(a-a’)/(u-0>), (5)
if #=a at the source x of the jet 1B, wheic u oo, and supposing
0 -4, 8 at the end of the streams where v 7, 7",

u-b _ }en*a u-7 o oS0 - cos
=T = o , 4sm’a - ’
a-a' «ona-con0 a-a (cos a ~ cos 8)(cos a - os 0)
cos 0 -cosf3’
(cosa = cos B)(cos o - cos 6) *
and y bemng constant along a stream hne
d¢ _dw O:ls _d¢ dwdu
du"du’ dpT a6 ~du as’
w) ds _wds _ (cos a - cos f)(cosa - cosg’) sin
mim'dd cdd (cosa - cos 0)(cos 8 - cos ) (o b - cos )’
_  sn@ 1co:m—co»/)’ __smo
T cosa-cos8 cosf-cosf Lol -cosp
cosa~cosfB sin 6
oS -cosf’ cosd-cosp’ @
giving the ntrinsic equation of the surface of a jet, with proper
attention to the sign
FromAtoB,a>u>0, 6=o0,

= {sin‘a

©)

- Q. - 2,8-4
chufchlogq =cosa - {sin ey
sh2=sh lug('% WNa-w-a) a
q u-b
Q) _(u-b)cosa-j(@-a)smia+t J@a-u u=-a’)sina (8)
q u-b - o
ds . dsdp __Qdw
Qd_ﬁ'Qszpdu— Tgdu
_m+im’ (u-b)cosa-}(a-a)ana+ J@-u u-a’)sma .
oo 1-u u-p ©)
AB _ [(2b-a-aXu-b)-%a-bxXb-a)+2/(@-b b-a' a-u u-a)
L —.J.. £ —-__n_“,—??ra—_-l——l‘ D, (10)

with a similar expression for BA’

The motion of a jet impinging on an mfinite barrier 15 obtainer
by putting 1 =4, 7"=a’, duplicated on the other side of the barner
the motion reversed will represent the direct collision of two jets of
uncqual breadth and equal velocity When the barrier 1s° small
compared with the jet, a=g=g’, and G Kirchhofi’s solution 1«
obtained of a barrer placed obliquely 1n an infinite stream

Two corners Is; and in the wall A, witha’= ~w,and n -1,
will give the solution, by duplication, of a jet 1ssuing by a reentrant
mouthpiece placed symmetrically in the end wall of the channel
or else of the channel blocked partially by a diaphragm across the
muddle, with edges turned bac! lly, prob \
by ] H Muchell, A E. H Love and M. Rétlhy

Xiv. §
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When the gon 18 closed by the walls janing, instead of reach-
mg back topt:]g,mt at #x’, the hquid motion must be due to a

source, and this modification has been worked out by B Hopkinson
m the Proc Lond Math Soc , 1898
Michdll has discussed also the hollow vortex statwonary inside a
polygon (Phi! Trans, 1890), the solution 1s given by
chnl=snw, shnfl=1cnw (11)

so that, round the boundary of the polygon, y=K’, smné=o,
and on the surface of the vortex y =o, = (), ant
cosnf=sn ¢, né=jr —amsjc,
the intrinsic equation of the curve
This1s a closed Sumner line for n - 1, when the boundary consists
of two parallel walls, and n=} gives an Llastica
The Motion of a Solid through a Liquid —An 1mportant
problem 1n the motion of a hquid 15 the detcrmumation of the state
of velouty set up by the pa-sage of a sohd through 1t, and thence
of the pressure and reaction of the hquid on the surface of the sohd,
by which 1ts motion 1s influonced when 1t 1s free
Beginning with a single body in hiquid extending to infimty, and
denoting by U, V, W, P, Q, R the components of lumear and angular
velocity with respect to axes fixed 1 the body, the velocity function
takes the form
0=Upy+ Vo, + Wyt Py + Oxa + Rxs, (1)
where the ¢'s and x's arc functions of #, y, # depending on the
shape of the body, mterpreted dynamically, C - pg represents the
impulsive pressure required to stop the motion, or C + pg to start 1t
agun from rest
The terms of ¢ may be determined one at a tune, and this problem
15 purely kinematial, thus to detcrmine ¢,, the component U alone
15 taken to exist, and then 4, m, u, denoting the direction cosines of
the normal of the surface drawn nto the exterior hquid, the function
@, must be determined to satisfy the conditions

(1) v, =o, throughout the hqud ,

(12)

() r:":‘ = =1, the gradient of ¢ down the normal at the surface
of the moving sohd ,
(m) ril""! o, over a fixcd boundary, o at mbnty ,

similarly for ¢, and ¢,
Lo determine x, the angular velocity P alone 15 watroduced, and
the conditions to be satisfied are
(1) Vv¥x, =0, throughout the hquid ,
(i) d’:‘ =ms - ny, at the surface of the moving body, but zcto over

a fixed surface, and at infimty , the same for x, and x,
For a cavity filled with hiquid in the interior of the body, since the
hquid mnwide moves bodily for a motion of translation only,
LR T SR N (2)
but a rotation will stir up the hquid 1in the cavity, so that the x's
depend on the shape of the surface
c ellipsord was the shape first worked out, by George Green, 1n
lus Research on the Vibration of a Pendulum in a Fluad Medium (1833),
the cxtension to any other surface will form an important step
this subject
A system of confocal ellipsords 1s taken
En y? P

-,

et tom b B
and a velocity function of the form
¢=1y, (4

where ¥ 13 a function of A only, so that y is constant over an ellipsord ,
and we seek to determie the motion set up, and the form of ¢
which will satisfy the equation of continuity

Over the ellipsoid, p denoting the length of the perpendicular from
the centre on a tangent plane,

! a!:T\' ’“=b‘PI,\' "=dia &
B e P
=@ et T G ©
PA=(a 4 )B4 (B3 4+ N)m + (4 \)nt, (7)
=W + DBm® 4 (T ),
dp_dn
2P 4= (8)
Thence ds " ds
do_dr  d
paHA
=‘}'~,’w+ 1(6'“)':‘{”" §, )

so that the velocity of the iquid may be resolved into a component
-y parallel to O, and -2({a"+\)ldy/d\ along the normal of the
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elly , and the iquid flows over an ellipsoid along a line of sl
with respect to Oz, treated as the vertlcalpw € ope
Along the normal 1tself

':f: {nﬁ ro(at+ x)g{}l,

8o that over the surface of an ellipsord where A and
the normal velocity 1s the same as that of the ellipsor
as a sold with velocity parallel to Ox

U= -y-2(a®+ )\):",

(x0)

are constant,
1tself, moving

(1)

and so the boundary condition 1s satisficd , moreover, any ellipsodal
surface A may be supposed moving as if rigid with the velocity 1n
(11), without disturbing the hquid motion for the moment
The continuity 1s secured 1t the hquid between two ellipsords A
and \;, moving with the velocity U and U, of equation (r1), 13
squeezed out or sucked mn across the plane ¥ =0 at a rate equal to the
mtegral flow of the velocity y across the annuldr area a, - a of the
two ellipsoids made by ¥=o0, orif
A da
aUva,Ul=fA¢d—)\dx,

a-=w\/(b2+ X 2+ 1) (r3)
Lxpressed as a diffcrential relation, with the value of U from (11),

(12)

d o d, d
Jx[“““(“'”’“x I—wd{::O. (19)
3a.g—f H(a"-}-)\);i(aif) =0, (15)
and integrating

(a® + “”"“if —=a constant, (16)

so that we may put

ye B }' Mdn

V= NP (17)
P2=4(a%+ N) (62 + ) (E+ 1), (18)

where M denotes a constant, so that ¢ 1s an elliptic mtegral of the
second kind

I'he quiescent ellhipsordal surface, over which the motion 15 entirely
tangential, 15 the one for which

z(u‘+>\)z¥+¢~.~o, (19)
and this ts the mhnite boundary ellipsoid if we make the upper hmit
A =00

"Ihe velocity of the elhpsoid defined by A =0 13 then

U- -za“fx\”—%

_M [ Max
Tabc”T ), (@+ NP
M
= o1~ A, (20)
with the notation o abe d
c dN
Aorda=J, (a®+ NP
a [dx
= —”b‘dal[; [ (21)
so that 1 (4) . e A
_M_,_Ur LA
P= e i ay BT A (22)

m (1) for an ellipsord
The impulse required to set up the motion mn hiquid of density p1s

the resul of an 1mp P p¢ over the surface S of the
elhpsoid, and 13 therefore
[lp¢idS = pyoffs1dS

=py, (volume of the ellipsoid) = y,W’,
where W’ denotes the weight of h?md displaced
Denoting the effective mertia of the hquid parallel to O by aW’,
the momentum

(23)

WU =y,W’ (24)
Yoo _As
S=U=iTAy A (25)
n this way the air drag was calculated by Green for an ellipsoidal
pendulum
Similarly, the inertia parallel to Oy and Oz s
.~ By w = Co_wr
BW'= l_——"gow f ‘7‘:: —d;—_—c;w f (26)
bl c
. By Gi=J, @ix, 40P’ (27)
an
A+B+C=abc/iP, Ag+By+Cy=1 (28)
For a sphere
a=b=c, Ag=By=C,=}, a=p=y=} (29)
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»0 that the efiective mertia of a sphere 18 wicreased by half the weight
of hquid displaced, and 1n frictionless air or uquid the sphere, of
weight W, will describe a parabola with vertical acceleration

W-w

wiwe (30)
Thus a spherical air bubble, in which W; W’ 15 msensible, wall begin
to rse 1 water with acceleration 2¢

45 When the hquid 1s bounded externally by the fixed ellipsoid
A=)\, a shight extension will give the velocity function ¢ of the
hquid 1 the mterspace as the cihipsoid A =0 1s passing with velocity
U through the confocal position, ¢ must now take the form a(y + N),
and will satisfy the conditions m the shape
abe j A1 abed\

A+B +C b 3
B,+C- B, -G

¢=Ux =Ua

_ abe _ A\
abe, _/,, (at + NP
and any confocal elipsord defined by A, mternal or external to
A=\, may be supposed to swam with the liquid for an mstant,
without distortion or rotation, with velocity along O¥
Br+Cr-B -G
By+C, - B -C,

Since - Ux 1s the velocity function for the hiqud W’ fillng the
ellipsord A =0, and moving bodily with 1t, the effective mertia of the
hquud 1n the interspace 13

A+ B, +C,

By +C,-B,-C,

1f the ellipsord 15 of revolution, with b=c¢,
A +2B;

w’ (2)

= Uy (
¢=1 ‘B, - B’ 3)
and the Stokes’ current function y can be written down
B-B
= - Uy 1,
¥ 3 y‘Bo - B, (4)
reducing, when the hiquid extends to nfimty and B, =o, to
_ A - B
¢—5U"l:;o, y=-4Uy By’ (s)

<o that 1n the relative motion past the body, as when fixed in the
current U parallel to +O,

. A\ el B
w=10s(1 e ), w=gop(s B) ©
Changing the origm from the centre to the focus of a prolate

spherond, then putting 1%~ pa, A=Na, and procecding to the limit
where a= o0, we find for a parabolod of revolution

B
lepf\'u ﬁo:‘f’fk” (7)
P pin -2 ®)
PN ’

with A’ =0 over the surface of the paraboloid, and then
UD2 - pu (2437 + 4], (9)
¥ = - JUPLJ(2 457 -, (10)
= - {Uplag [J(x* +¥7) +7] (r1)

The relative path of a hquld particle 1s along a stream hne

¢’ = }1Uc?, a constant, (12)

2~ (y2 = )2 . 202 4 (2 - ()2
A PPNV EI S L aw S

a C,, while the absolute path of a particle 1n space will be given by

dy r-x_ _yi-c?

Ty T Ty (14)
32— A=alerle (15)
46 Between two concentric spheres, with
a+a=r8, ¥4\ =aj, (1)
A=B :C=a’/3r,
a' a* a’
% r2 -2
P Tap Pad
¢=4Ur— ryrall "'“}U"’i‘-‘a'/a,” (2)
and the effective mnertia of the liquid in the interspace 13
3 3
Aot 2hy gy (42428 gy, ®

2A, - 2A, -a

When the spheres are not concentric, an expression for the effective
mertia can be found by the method of images (W M Hicks, Phil
Trans , 1880)

The 1mage of a source of strength u at S outside a sphere of
radius a 1s a source of strength ua/f at H, where OS=/, OH =a?%/{,
and a line sink reaching from the image to the centre O of
line strength - u/a, this combination will be found to produce no
flow across the surface of the sphere.

Taking Ox along OS, the Stokes’ function at P for the source S

HYDROMECHANICS

131

13 ps cos PSy, and of the source H and hine sink OH 1s u(a/f) cos PH1
and - (u/a) (PO - PH), so that

e (cos PSx +7w& PHx - ). (4)

and ¢ = - p, a constant, ovor the surface of the sphere, so that theie
1~ no flow across

When the source S 1s mside the sphere and H outside, the lme
sink must extend from H to mfinity in the image system, to reahze
physically the condition of zero flow across the sphere, an equal
sink must be mtroduced at some other itcrnal pomt &'

When S and S’ he on the same radius, taken along O, the Stokes’
function can be written down, and when Sand $’ coalesce a doublet
13 produced, with a doublet smage at H.

For a doublet at S, of moment m, the Stokes’ function 15

d
md/wsPSx=—mP’;,; (5)

PO-PH
a

and for 1ts unage at H the Stokes’ function 14
d L o
md/cos PHa ml‘l'}l‘ s (6)

<0 that for the combination
_ a' r 1 Y2/ ad '\
v;—my“([‘PH‘—Fg-') -:m/, PH!™PSY)’ (7)

and this vanishes over the surface of the sphere

There 15 no Stokes’ function when the axis of the doublet at S
does not pass through O, the mmage system will consist of an
nchined doublet at H, making an equal angle with OS as the doublet
S, and of a parallel negative hine doublet, extending from H to O,
of moment varying as the distance from O

A distribution of sources and doublets over a moving suiface
will enable an expression to be obfwmed for the veloaty function
ot a body movm;; 1 the presence of a fixed sphere, or inside 1t

1he method of electrical images will enable the stream function y*
1o be nferred from a distnbution of doublcts, finite m number
when the surface 13 composed of two spheres intasecting at an
angle w/m, where m 1s an wteger (R A Horman, Quart Jour of
Math xxu)

‘Thus for m= 2, the spheres are orthogonal, and 1t can be venficd
that , R

. @ &'_at a
VAU e ) 8)

where a;, a,, a=a,a)/\/(a*+a,) 15 the radus of the spheres and
thewr circle of intersection, and r,, rg, » the distances of a pomt
from their centres

Che corresponding expression for two orthogonal cylinders will be

., a* 4 gt
v =Uy(1-T0- 94T ©
With a, =0, these reduce to

. a*\2 a*\+
Y= !Uy"'(l - 'n)“, or Uy( - »v‘)“, (10)
for a sphere or cyhader, and a diametral plane
Two equal spheres, mtersecting at 120°, will 1equue
. ¥ 6" a'a-2x) & a'(a+2x)
¥= GU}"[; cwpt oS Tyt Lp ] (11)

with a sunilar e;g’presml for cylinders, <o that the plane ¥ =0
may be mtroduced as a boundary, cutting the surface at 60°. Ihe
motion of these cylinders across the hine of centres 18 the equivalent
of a hne doublet along cach axis

47 The extension of Green's solution to a rotation of the dlipsord
was made by A Clebsch, by taking a veloaty function

Ay (1)

for a rotation R about Oz, and a simiar procedure shows that an
elipsowdal surface X may be in rotation about Oz without disturbmg
the motion if

( L + 2d"
R= \ai N7 By A X+ 2 @)
ST g/t N) - 1/(@t 4y
and that the continuity of the liquid 15 secured if
(@3 + NPPR(BS 4 N)*(c3 + x)td% = constant, (3)
x=]”’A Nix N Ba-Mr @
A@ENEENP T abe a0 4

and at the surface A=o,

1 1\N B,-A, N 1
(;a*w);ba a?- 69 ~abca¥?

R=-Y%_7 S 1fab » (5)
N _ /6%~ 1/a®
abe =R PR ©
et n) @b

R (@D (a 69
"R(af——b')/wﬂ‘/ = (B, Ay
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The velocity function of the liquid nside the ellipsoid A=o0 due
to the same angular velocity wall
¢ - Ray(a? - 09)/(a* +07), Y]
and on the surface outside
s N B‘J - Aﬂ ‘s
bo AVXoTAY g gt 0t )
40 that the ratio of the exterior and mterior value of ¢ at the surface
s
b BBy ()
o (- )](aT+ b9 - (B, A,
and this 15 the ratio of the effective angular mertia of the hquid,
outside and mside the ellipsord X =o.

1he extension to the casc where the luﬁuld 15 bounded externally
Ly a fixed ellipsord A —A; 15 made i a similar mannei, by putting

@=y(x +M), (10)
and the ratio of the effcctive angular inertia in (9) 15 changed to
L8
(B - A - (8- A 4 g
at LB af-btabe o o
at+ b a® i bltabe,
Malke ¢ - for confocal elliptic cylinders, and then

(rr)
(By= A 4 (B, -A)

bl ab ab b2+
B ,/; (@ +2) (4 a4+ b“+l)=a4—b“(x_ A a'y )\)'(“)

ab a*+ -
B, ’a-"éb'(/\ be M-l)' Cy=o0,
and than as above i § 31, wath
a-rcha, b=csha, a) = \/(@*+\) =ccha,, b=csha, (13)
the ratio m (11) agrees with § 31 (6)
As before 1n § 31, the rotation may be resolved nto a shear-pair,
in planes perpendicular to Or and Oy
A\ torsion of the ellipsordal surface will give rnise to a velocity
function of the form ¢ =1tyzQ), wheie {8 can be expressed by the
eliptic integrals A,, B,, C,, 1n a sunilar manner, since

();wad)\/l’“
A

48 The determination of the ¢'s and x’s 15 a kmematical
plruhlcm, solved as yet only for a few cases, such as those discussed
above

But supposing them determined for the motion of a body through
a hqud, tgle kmetic energy T of the system, hquid and body, 15
expiessible as a quadratic function of the components U, V, W, P,
), R. lhe partial differential coefficient of T with respect to a
component of velocity, linear or angular, will be the component of
momentum, hnear or angular, which corresponds

Conversely, 1f the kinetic energy T 15 expressed as a quadratic
function of ¥, ¥,, %y, ¥, ¥5 ¥y the components of momentum, the
partial differential coeffictent with respect to a momentum com-
ponent will give the component of velocity to correspond

These theorems, which hold for the motion of a cingle ngid body,
are true generally for a flexable system, such as considered here for a
hquid, with one or more rigid bodies swimming 1n 1t, and they ex-
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These equations are proved by taking a line fixed in space, whose
direction cosines are /, m, n, then
dl dm dn
dI:MR_"Q’ @ =PP IR, =1Q -mP (5)
If P denotes the resultant linear impulse or momentum m this
direction
P=lx, + mx, +nx,, ©)
dp _di dm dn
@ Td " at et a
dx, | da, dxg
g Mgt g

T
_l(d, xg{w,Q)

+m(d£‘ ~x,P +x,R)
dx, .
+n( dtl -%Q +x._‘l’)
=IX +mY +nZ, )
for all valuesof /, m, n
Next, taking a fixed ongin @ and axes parallel to Ox, Oy, Oz
through O, and denoting by %, y, z the coordinates of O, and by G
the component angular momentum about §21n the direction (/, m, n)
G=ly, -2z +xy)
Fm(y, - X0 +X,2)
+n(v, -2y 4 x) (8)
Differentiating with respect to ¢, and afterwards moving the fixed
origin up to the moving origm O, so that

dx dy
x=y=z=0, but dt =U

v a=
G :t(""' Sy R Q- B W 4 va)

dt dt
+m(?;‘ -y P+yR-U rx,\\’)

R (ART R RES R +x,U)
=IL +mM +nN, 9)
for all valuesof [, m, n
‘When no external force acts, the case which we shall consider, there
arc three integraly of the equations of motion
(1{ T —constant,
() #x*+224 52=F* a constant,
(m) xy, +1,9,+%y,=n=GCGF, a constant,
and the dynamical equationsn (3) express the fact that x), a,, x,
are the components of a constant vector having a fixed direction,
while (4) shows that the vector resultant of y,, y,, ¥, moves as if
subject to a couple of components
AWe-xV, xU-xW, 1V-2U, (10)
and the resultant couple 1s therefore perpendicular to F, the re-
sultant of #,, ¥y, ¥y, so that the component along OF 1s constant, as
expressed by (i)

f a fourth integral 1s obtanable, the solution 15 reducible to a
quadrature, but this 15 not possible except 1n a hmited series of cases,
mvestigated by H Weber, F Kotter, R Liouville, Caspary,
Jukovsk fl, Kolosoff and others, chiefly Russian mathe-

press the statement that the work done by an lse 18 1
ot the impulse and the arithmetic mean of the mmtial and final
velocity ; so that the hinetic energy 1s the work done by the impulse
m starting the motion from rest

Thus 1f T 15 expressed as a quadratic functionof U, V, W, P, Q, R,
the T of um corr ding are

4T . _dT T
R ®
, _dT _drT 4T
N=ap y‘—EQ' YiTaRe
but when 1t is expressed as a quadratic function of #,, x,, %, ¥),

Yu Vn ot a
_ _ _dT
U=gir V=ary W=z, @

daT Cay daT
P= 9L g 4T,
a UGy Ry

[he second system of ex);:reesmn was chosen by Clebsch and
adopted by Halphen in lus Fonctions ellsptiques, and thence the
dynamical equations follow

_dn_ 4T 4T -
x=4 T tage Y= 2=, (3)
_dy, dT dT dT aT - _
L= ~Vagg: ¥y = Figg Fsge M= , N= , (4

where X, Y, Z, L, M, N denote components of external applied force
on the body

matlcmn:’, and the general solution requires the double-theta
hyperelliptic function
49 In the motion which can be solved by the elliptic function, the
most general expression of the kinetic energy was shown by A.
Clebsch to take the form
T=4p(x7+ 27 +4p'%"
+g(ayy+29) £ 75y,

+ir0n® +3) + 'y (r)
so that a fourth integral 1s given by
dyy/dt =0, y3 =constant , (2)
d.
o =Rlax v - malgn 1) =r(ny, - x), €)

; (%’), =0 +57 00" +95") - (0 +x9)°

9
=5+ T 49D = (FG a2
=@t +5000" +3! +95 - GY) ~’2G*1 -Fy)h, (9
n which
52 +x2=F-23 1y, + 29, =FG -2y, (s)
l'(}‘l',"'}':') =Y 'PIPI’:' +27) - pxgd ’
SN TR
=(p-p)xd +2(g - )
m, =2T - pF3 - zqi-‘G - r,y,‘q, Jatim §7;
8o that
I YCAN
Y =X, ®

where X, 18 a quartic function of #,, and thus ¢ 1s given by an elliphc
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1ntegral of the first kind, and by mversion ;18 1n eliptic function
of the time? Now

(%) = %) 0 +958) =20 + XYy F1(3 Y2 = X))
=FG

~xy+1/Xs, 9
J'n*)’u‘_l;c“‘nyt‘*’Jxx, (10)
IR Xt +agt

Srt e = @ -yl el ), (1)

, .. FG -2y, +13.'Xg
d—,;log(*’.*-ﬁg‘) =g ~g)x, =1y +rx; ‘1.*:_‘,’;; ) (12)

d Xy kgt
dn log ’\/x, -8
requinng the elliptic integral of the third kind, thence the ex-
pression of ; + v and y, +y,t
Introducing Euler's angles 6, ¢, ¥,
v, =Fanodsing, x,=Fsmnfcosg,
%, +xp =1Fsmoe%, v,=Fcosd,

Fy,~Gay

P oag (13)

= =g @) %~ (v - 1)yy~Fr

(14)

sin eﬁf:?smw 1Qcos ¢, (15)

2o dfl'
Fsmn 0{” v, v +d)?,x‘
= (g5 +10)% +(@X +ry)%,
=q(0? + %)) Hr(nyy + 5
=qF2sm? 0 +#(FG - vy ),
¥ —qFt= FG - vy, Frdy

- X“‘ \,x i ’
elliptic integrals of the third kind
mploymg G Kirchhotf’s capressions for N, Y, Z, the coordinates
of the centre of the body,

FX =¥,c05 ¥Y +v,c08 ¥Y | y5c05:Y,

(16)

(17)

(18)

FY = -y, cos X +y,cos yX +v,c05:X, (v9)
G = ¥, €08 ¥Z + 9, €08 VZ +y, 08 22, (20)
FANI 4+ YY) =y 92 492 -GE, (21)
- Fy,~Gay+1.JX, 1
FX+Yy)=""" N e 22
(oY) =" 22)
Suppose x; - F 1s a tepeated factor of X,, then y; =G, and
Xo=e - 2 Pty 40 127 00+ 1) -0, (an)

and putting v,-F y,
Lo Y ey SO a1
(dt) —r-'y?[q y F g y———PG -G
n(zp :/’F +f r‘,‘lo)y +”-7“-£v-’], (24)
so that the stability of this axial movement 1s secured if
A :4&—;—PFE+ 4q~’quG -G*

(25)

15 negative, and then the axis makes 7 /(- A)/r nutations per second
Otherwise, 1f A 15 positive

"= [ e
"]y N(A +2By +Cy)
_ 1 sh'JAJ(A+2By+Cy) 1 ch?  A+By
T JAchlT Ty (B~ AC) A/ A sh™y J(BF<ACY
and the axis falls away ultimately from 1ts onginal direction
A number of cases are worked out n the American Journal of
Mathematics (1907), in which the motion 15 made algebrawal by the
use of the pseudo-eliptic integral To give a simple nstance,
h h

(20)

to the T proj by putting tan 9 =x,
(Nxe¥)I12 = (x + 1) X, +1(x - 1) X, (27)
:‘é;: +axt +2ax° + 3(a +b)x2 +2bx + b, (28)
N'= -8(a +b), (29)

will give a possible state of motion of the axis of the body, and the
motion of the centre may then be inferred from (22)

50 The theory preceding is of practical application mn the
investigation of the stability of the axial motion of a submarine
boat, of the elongated gas bag of an airship, or of a spinning rifled
projectile In the steady motion under no force of such a body in
a medium, the centre of gravity describes a helix, while the axis
describes a cone round the direction of motion of the centre of
gravity, and the couple causing precession 15 due to the dis-
placement of the medium.

In the absence of a medium the inertia of the body to trans-
lation 1s the same in all directions, and is measured by the
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weight W, and under no force the C G. proceeds mn a straight
hine, and the axis of rotation through the C.G preserves its
onigmnal direction, if a principal axis of the body , otherwie
the axis describes a cone, right circulai 1f the body has umaxial
symmetry, and a Poinsot cone in the gencral «ase.

But the presence of the medium makes the cffective mnertia
depend on the direction of motion with respect to the external
shape of the body, and on W’ the weight of fluid medium displaced

Consider, for example, a submanne boat under water, the inertia
15 different for axial and broadside motion, and may be reprosented

by
6 =W+Wia, ;=W +W'g, (1)

where a, 8 are numerical factors depending on the external <hape,
and if the C (15 moving with velouty V at an angle ¢ with the axis,
so that the axial and broadside component of velocity 18 # = V cos ¢,
v =V sin ¢, the total momentum F ot the medium, represcnted by
the vector OF at an anglc @ with the axis, will have components,
expressed in sec 1b,

Fcosd - L,::(\V W 'u):f cos¢, Fang-= ¢,; =(W 4 W'ﬂ): sing (2)

Suppose the body 1s hept from turming as it advances, after ¢
seconds the C G will have moved from O to (', where OO’ - Vi,
and at O’ the momentum 1s the same 1n magmtude as before, but
1ts vector 1s displaced from OF to O'F’

For the body alone the resultant of the components of momentum

\\:mu&aml WZ S p1s \VZ see Ih, (3)
acting along O0’, and so 1s unaltered

But the change of the resultant momentum F of the medium as
well as of the body from the vector OF to O’F’ requires an impulse
couple, tending to mcrease the angle FOO', of magmtude, n sec
foot-pounds

F 00’ sn FOO’ =FVfun (0 - ¢), (1)
equivalent to an incessant couple

N=FVon (0 - ¢)
(Fsmdcos ¢ -Fcostsm ¢)V
(63,- )(Vjg) s g cos ¢
=W’(8 - a)uvjg ()
Tins N 15 the couple m foot-pounds changing the momentum of the

N

i medium, the momentum of the body alone remaining the samc , the

medum reacts on the body with the same couple N 1n the opposite
direction, tending when ¢, ~¢, 18 positive to set the body bivadside
to the advance

An oblate flattened body, hike a disk or plate, has ¢, - ¢, negative,
50 that the medium steers the body axially , this may be venfied by a
plate dropped 1n water, and a leaf or disk or rocket-stick or prece of
paper falling mn air A card will show the influence of the couple N 1f
projected with a spin 1n its plane, when 1t will be found to change 1t,
aspect in the ar

An clongated body like a ship has ¢, - ¢, positive, and the couplc \
tends to disturb the axial movement and makes 1t unstable, so that
a steamer requires to be steered by constant attention at the helm
Consider a submarine boat or amrship moving freely with the
« of the resul um honzontal, and the axis at a
shght inchination ¢  With no reserve of buoyancy W =W’, and the
couple N, tending to increase 6, has the eftect of dimmshing the
metacentric height by & ft vertical, where
o ut

Whtand =N =(c,-¢,)-' tané, ()
8
_a-aauw_ o 14w
"-—W-"g—(ﬂ G)I‘H,g )

51 An elongated shot is made to preserve its axial flight
through the air by giving it the spin sufficient for stability,
without which 1t would turn broadside to its advance ; a top in
the same way 1s made to stand upright on the pont in the
position of equiibrium, unstable statically but dynamically
stable 1f the spin 1s sufficient , and the nvestigation procecds n
the same way for the two problems (see GYROSCOPE)

The effective angular mnertia of the body in the medium 15 now
required, denote 1t by C, about the axis of the figure, and by ( ;about
a diameter of the mecan section A rotation about the axis of a
figure of revolution does not set the medium 1n motion <o that (, .»
the moment of 1nertia of the body about the axis, denoted by W’,,
But 1f WA321s the moment of inertia of the body about a mcan
diameter, and » the angular velocity about 1t gencrated by an impul-«
couple M, and M’ 15 the couple required to set the surrounding mccdium
in motion, supposed of effective radus of gyration &',

Whio=M -M’, Wkw=M,

(W3 + WADw=M,

Cy=Wk3 + W2 =(W + We)R3,
1n which we have put k® =¢k? where ¢ 1s 2 numerical factor depend-
ng on the shape
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1f the shot is spinning about 1ts ax1s with angular veloaty p, and
18 precessing stcadily at a rate u about a line parallel to the resuitant
momentum F at an angle 8, the velocity of the vector of angular
momentum, as 1n the case of a top, 18
Cypusin @ -Culsinfcosd, (4)
and cquating this to the impressed couple (multiplied by g), thats, to .

gN = (o, ~ c.)z‘u‘ tan ¢, (5)
)
and dividing out s 8, which equated to zero would imply perfect
centring, we obtain .
Cyt‘cosll-C‘P#+(ca—c,)L:u‘schr.o ©)

The least admussible value of p 1s that which makes the roots equal
of this quadratic 1n g4, and then
@)

™ ;C sec 8,
the roots would be imaginary for a valuc of p smaller than given by
CIp? - 40 - [Cat =0, ®

* C
ﬁ‘. =4f6q - ‘I)éic; (]
If the shot 1s moving as if fired from a gun of calibre & nches, 1n
which the nifling makes one turn 1 a pitch of # calibres or nd inches,
so that the angle ¢ of the nfling 1s given by
tan § =nd/nd = }dp/u,

Table of Rifling for Stabily
/ ¢ Rifling, and n the Puich

(10)
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If ¢ denotes the denaity of the metal, and if the shell has a cavity
homothetic with the external ellipsoidal shape, a fraction f of the
hinear scale, then the volume of a vound shot bemg }xd?, and
ywd'xs o1 a shot x calibres long

W ={xd'a(1 - f)s, (20)
Wit = jrds 2 (c - o, (21)
Wiyt = prdts” T e (22)
1f p denotes the density of the air o1 medium
W' =}md'xp, (23)
w 1
W =i (24)
ket a=f A} AB4x
Wi ke 2 (25)
S5 _Prg_oy FHL
tand §=_ (3 ﬂ)“‘ -y (20)

m which ¢/p may be replaced by 8oo times the S G of the metal,
taking water as 800 times denser than air on the average, mn
round numbers, and formula (10) may be wntten ntand=mr, or
78 =180, when § 13 a small angle, and given 1n degrees,

From this formula ézb the table following has been calculated
by A G Hadcock, and the resalts are mn agreement with practical
experience

ty of an llongated Projectie, x Calbres long, gruing 8 the Angle of

of Rifling 1n Calibres

[ Cast-rron Common Shell Palliser Shell | Solid Steel Bul Solid Lead Ballet
}-4,5G 72 1=4,SG 8 | 1=0,5G 1=0,5G 1079 |
‘ RN (R ' e — . -
x | B-a s n s | m s n s n o
10 0 0000 0° o Infimty | o° o | Infimty o o Infinity o° o Infinity |
20 0 4042 2 49 63 87 | 2 32 71 of 2 29 72 21 2 o8 84 29 |
25 0 6056 3 46 47 9ot 323 53 32 319 5417 2z 5t 63 24 i
30 0 6819 4 41 38 45 413 4279 4 09 43 47 3 38 5074
35 0 7370 5 35 3213 5 o2 3575 4 58 36 33 4 15 4240
40 o g782 6 30 27 60 5 St 30 72 5 45 3121 4 56 36 43
45 o 8100 7 24 24 20 6 40 26 93 6 32 27 36 5 3y 31 94 ‘
50 o 8351 8 16 21 %0 7 28 2308 7 21 24 36 6 18 28 44
60 o 8721 10 0% 17 67 9 o4 19 67 8 56 19 98 7 40 23 33
100 09395 16 57 10 3t 15 19 11 47 | 15 05 11 65 13 oo 13 60
Infinity | 10000 90 o0 o 00 90 00 0 00 | 90 o0 0 0o 90 00 0 0o

linear velocity of rctation §dp to u, the

arp?

4

which is the ratio of the
velocity of advance,

Y n?

tan?s <7y =

=6

e S
c‘)‘z (&
w’ w ko \¥
W ku(x o )(a!)
= B -e) g Al (11)
T8 ( a)

For a shot mn air the ratio W//W is so small that the square may

be neglected, and formula (11) can be repiaced for practical purpose

m artillery by s W e 7 h AL
lm\‘-‘a:.:,-.w(ﬂ—a)(d‘) /( ‘), (12)

d
if then we can calculate g, a, or 8 -a for the eateinal shape of the
shot, this equation will give the value of  and # required for stability
of flight 1n the air
The ellipsold 1s the only shape for which a and g have so far been
determmced analytically, as shown already in § 44, 50 we must rentnct
our calculation to an egg-shaped bullet, bounded by a prolate
ellipsoid of revelution, in which, with b=,
A _"w abdz _‘/’“’ . abh\ (13)
0T 1y (a2 N Wlal@ M@ N TS, 3@+ AR T
(14)

Ay +2By =1,
A B, _1-A, 1
=5 Ay ”"x-i},‘,”r:&”z +2a (x3)
The length of the shot being denoted by / and the cahibre by d, and

the length 1 cahbres by »
ljd =2a/3b =x, (16)

Ao"(} :’“,;mch“x "x.‘_ o (x7)

aBy= (e :‘3’?“"" +;f‘, (18)

2sh-1 /(281
oo, =2 =

%

' l)lmz [x + Vit - 1)) (19)

52 In the steady motion the centre of the shot describes a helix,
with axial velocity

ucoso+zrsm0=(x +:‘ tan“)ucosa'z wusecd,
1

(1)
and transyerse velocity
\
1 —:' Jusn 6= (8-a)usmo,
2
and the time of completing a turn of the spiral 19 27/u
When u has the critical value m (7),
2r 47w Cy
w=pC (3)
which makes the circumference of the cyhinder on which the helix
15 wrapped

usmo—vcow}:( (2)

cosa;.z;(\2+r)cow,

2w

z:(uamo ~vcos ) = (8 -a)(2*+1)sinbcos @

(4)

=nd(8 -a)(x®+1)smBcosd,
and the length of one turn of the helix

’:(u cos # +vsin6) —nd(s® +1), (5)
thus for x = 3, the length 18 10 times the pitch of the nfiing

53 The Motion of a Perfovated Sohd in Liqusd —In the preceding
investigation, the hquid stops dead when the body 1s brought to rest ,
and when the body 18 1n motion the surrounding liquid moves mn a
umform manner with res to axes fixed in the body, and the
force experienced by the body from the pressure of the hqtd on 1ts
surface i3 the opposite of that re%u(rcd to change the motion of the
hquid ; this has been exy d by the dy 1 eq given
above Butf the body 1s perforated, the hqmd car circulate through
a hole, in reentrant stream lmes hinked with the body, even while
the body is at rest, and no reaction from the surface can nfluence
this circulation, which may be supposed started m the ideal manner
descnibed 1n § 29, by the appli of impulsive p
1deal membrane closmg the hole, by means of ideal mechanmism
connected with the body The body 13 held fixed, and the reaction
of the h and the 1 of the impulsive p on the
sutface are a measure of the impulse, lnear ¢, 4, {, and angular
A, K, », tequired to start the circulation
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This impulse will remain of constant magmitude, and fixed
relatively to the body, which thus experiences an additional reaction
from the circulation which 15 the 1te of the force requiresl to
change the position 1n space of the circulation impulse . and these

extra forces must be taken into 1 the dy q

An artide may be consulted mm the Phil Mag, Apnil 1893, by
G H Bryan, 1n which the analytical equations 'pn motion are
deduced of a perforated solid in hquid, from d tons purely

I35

The branch of by dy which wave motion in a
hquid or gas 1s given now 1a the aiticles SouND and WAvE, while
the influence of viscosity 15 considered under HyDRAULICS

RErErRENCES —For the history and references to the original
memoirs see Report to the British Assoctation, by G G Stokes (1840),
and W, M Hicks (1882) Sec also the lema der Mathematsk,
and A k. H Love, " Hydrodynaouk " ia the Lacyklopddie der
h schen Wi haften (1901) (A G G)

hydrodynaimical

The eifect of an external circulabon of vortex motion on the
motion of a cylnder has been imvestigated i § 29, a similar pro-
cedure will show the influence of circulation through a hole 1n a sold,
taking as the sumplest illustration a rnng-shaped figure, with uni-
planar motion, and denoting by ¢ the resultant axial hnear
momentum of the circulation

As the nng 1s moved from O to O’ 1n time ¢, with velocity Q, and

angular velocity R, the of liqmd 1t change
from

aM’U +§and gM’V along Ox and Oy
to aM’U’ +¢ and SM'V’ along O+’ and O'y’,
the axis of the ring changing from Ox to O’x’, and
U =Qcos 8, V=04,
U'=Qcos (0-Rf), V' =Qsm (9 - RY), (2)

so that the increase of the components of momentum, X,, Y,,and N,
linear and angular, are

X, =(@M'U’ +§) cos Rt -aM'U - ¢ - M'V’s1n R¢
=(a=B)M'Q s (6 - R) sin RE - § ver k¢
Y, =(aM'U’ +§) stn Rt + M’V cos R¢ - M’V
=(a -B)M'Qcos (0 - Rt) sn R¢ + ¢ sin RT,
N, =[ - (@MU’ +3) sin (9 - Re) 4 fM'V’ cos (0 - R1)]OO’
=[~{a=B)M'Q cod (0 -~ Rt) ain (8 = RY) ~£ ~in (0 ~ ROIQ?  (5)
The components of force, X, Y, and N, acting on the hqud at O,
and reacting on the body, are then

X=lt Xt=(a~-pM'QR 8100 = (a - fYM'VR, (6)
Y =1t Y/t =(a -~ BM'QR cos # +¢{R = (a - )YM'UR +¢R, (7)
Z=lt Z)jt =~(a-BM'Q®s1n6cosf~iQsing
=[-(@-AMU+§V (8)
Now suppose the cylinder 1s free , the additional forces acting on
the body are the components of kinetic reaction of the hquid

(dU L[4V AR
_am(d, -VR), -pM(dt +UR), -l

(1)

(3)

(1)

i @

so that its equations of motion are
M(‘f}t’-VR) . —uM’('Z[;I-VR) ~(a-BM'VR, (10)

M(‘fi‘,’ +Ul() - —uM‘(%’ +UI{) ~(a - M'UR —¢R, (11)

AR AR .
’{” — =y Ha-MUV 4V (12)
and putting as before
M+aM' -, M+AM =c, C+eC'=Cy, (13)
c,?; ~¢,VR =0, (t4)
c-"fi\?,"' (c,U+§R =0, (15)
(R @U +E-GU)V o, (0)

showing the modification of the equations of plane motion, due to
the component ¢ of the circulation
The mntegral of (14) and (15) may be written
U +§=Fcosd, V= -Fsing,
2 2
F Cos—! + Fvsm 0 - £ €os 8,
2} € B

(7)
dx
W:Ucosﬂ—V:mG_ (18)
ar_ =(E_F &

m—.-Usmt)-x~V::os0..(cl -[[)smo:ow tlsma, (19)

@ _(F T\ _Ft u
c’dﬂ -(‘—l--(’)smﬂwsv clsm0=FdH,

do _ Flcos?d Flsmn®d F&
C'W‘Fy=‘\/[-—-?;__ o +zc»cosﬂ+H} (21)

(20)

so that cos  and y 15 an elliptic function of the time
When { 1s absent, dx/d¢ 1s always ative, and the centre of the
body cannot describe loops, but with £, the influence may be great
;nmlx;zh to make dx/ds change sign, and so loops occur, as shown in
t's Hydrody , 1 192 bli trochoidal
curves, which can be looped, investigated in § 29 for the motion of
a cylinder under gravity, when surrounded by a vortex.

HYDROMEDUSAE, a group of marinc animals, recogmzed
as belonging to the Iydrozoa (g v ) by the following characters.
(1) The polyp (hydropolyp) 1s of simple structure, typically much
longer than broad, without ectodermal oesophagus or mesenterics,
such as are seen in the anthopolyp (see article AN1H0z0A); the
mouth 1s usually raised above the persstome on & short conical
elevation or hypostome; the ectoderm 1s without ciha
(2) With very few exceptions, the polyp 1s not the only type of
mndividual that occurs, but alternates m the hfe-cycle of a given
species, with a distinct type, the medusa (¢ v ), while in other
cases the polyp-stage may be absent altogether, so that only
medusa-individuals occur in the hfecycle

The Hydromedusac represent, therefore, a sub-class of the
Hydrozoa The only other sub-cluss 1s the Scyphomcdusae
(gv) ‘The Hydromedusae contrast with the Scyphomedusae
in the following pomnts (1) 'The polyp, when present, 1s without
the strongly developed longitudinal retractor muscles, forming
ridges (taeniolae) projecting nto the digestive cavity, scen in the
scyphistoma or scyphopolyp (2) The medusa, when present,
has a velum and s hence said to be craspedcte, the nervous
system forms two continuous rings running above and below
the velum , the margin of the umbrella 1s not lobed (except
in Narcomedusae) but entire ; there are charactenistic differences
in the sensc-organs (see below, and ScypPHoMEDUSAE), and
gastral filaments (phacellae), subgenital pits, &c, are absent
(3) The gonads, whether formed n the polyp or the medusa,
are dev cloped in the ectcderm

The Hydromedusae form a widespread, dommant and highly
differentiated group of ammals, typically manine, and found in
all seas and n all zones of marine hfe  lresh-water forms,
however, are also known, very few as regards species or gencra,
but often extremely abundant as mdividuals In the British
fresh-water fauna only two gencra, Hydra and Cordylophora, are
found ; i America occurs an additional genus, Microhydra
The paucity of fresh-water forms contrasts sharply with the great
abundance of marine genera common in all seas and on every
shore The species of Hydra, however, are extremely common
and famihar inhabitants of ponds and ditches,

In fresh-water Hydromedusae the hfe-cycle 1s usually second-
arilly simplfied, but in marine forms the lfe-cycle may be
extremely complicated, and a given species often passes in the
course of 1ts hListory through widely different forms adapted to
different habitats and modes of hfe Apart from larval or
embryonic forms there are found typically two types of person,
as already stated, the polyp and the medusa, each of which may
vary independently of the other, since their environment and
hfe-conditions are usually quite different Hence both polyp
and medusa present characters for classification, and a given
species, genus or other taxonomic category may be defined
by polyp-characters or medusa-characters or by both combined
If our knowledge of the life-histories of these organisms were
perfect, their polymorphism would present no difficulties to
classification ; but unfortunately this 1s far from Leing thc case
In the majority of cases we do not know the polyp corresponding
to a given medusa, or the medusa that arises from a given polyp !
Even when a medusa is seen to be budded from a polyp under
observation 1n an aquanum, the difficulty is not always solved,
since the freshly-hberated, immature medusa may differ greatly
from the full-grown, sexually-mature medusa after several
months of hfe on the high seas (see figs. 11, B C, and 59, a, b, ¢)
To establish the exact relationship it is necessary not only to
breed but to rear the medusa, which cannot always be done in

! In some cases hydroids have been reared in agoaria from ova

of medusae, but these hydroids have not yet been found in the sca
(Browne [10a)).
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confinement The alternative 1s to fish all stages of the medusa
n its growth n the open sea, a slow and laborious method 1n
which the chance of error is very great, unless the series of stages
15 very complete
At present, therefore, classifications of the Hydromedusae
have a more or less tentative character, and are hable to revision
with increased knowledge of the hfe-histories of these organisms
Many groups bear at present two names, the one representing
the group as defined by polyp-characters, the other as defined
by medusa-characters It 13 not even possible m all cases to be
certamn that the polyp-group corresponds exactly to the medusa-
group, especially in mimor systematic categories, such as families
‘The following 1s the main outlne of the classification that 15
adopted 1n the present article. Groups founded on polyp-
charactets are printed in ordinary type, those founded on medusa-
characters in itahics  For defimitions of the groups see below
Sub-class Hydromedusae (Hydyozoa Craspedota)
[ Lleutheroblastea
Il Hydroidea (Leptolinae).
Sub-order 1 Gymnoblastea (Anthomedusae
» 2 Calyptoblastea (prtomedusaeg
Order 11I Hydrocorallinae.
1V Graptolitowdea
V  Irachylinae
Sub-order 1, Trachomedusae,
) 2 Narcomedusae
Order VI Siphonophora
Sub-order 1 Chondrophorida
” 2 Calycophoruda
» 3 Physophorida
4 Cystophornida

Order

»

”

Organization and Morphology of the Hydromedusae.

As already stated, there occur in the Hydromedusac two
distinct types of person, the polyp and the medusa, and either
of them 1s capable of non-sexual reproduction by budding, a
process which may lead to the
formation of colones, composed
of more or fewer individuals com-
bined and connected together
The morphology of the group
thus falls naturally into four
sections—(1) the hydropolyp, (2)
the polyp-colony, (3) the hydro-
medusa, (4) the medusa-colonies
Since, however, medusa - colonies
occur only mn one group, the Siph-
onophora, and divergent views
are held with regard to the
morphological nterpretation of
the members of a siphonophore,
only the fitst three of the above
sub-diisions of hydromedusa
morphology will be declt with
here m a general way, and the
morphology of the Siphonophora
will be considered under the head-
O Hydrormza ing of the group 1tself
t, 7lentadle, 1 The Hydropolyp (hg 1) —The
Perisarc, formmng m the gencral characters of this organism

region of the hydranth are describcd above and in the

acup or hydrotheca (h, #), articles Hyprozoa and PoLyp It

--which, however, 15 only 15 rarely free, but usually fixed and

found n polyps of the mcapable of locomotion  The foot

order Ca.l)plo{; astea by which 1t 15 attached often sends
out root-like processes—the Aydro-

vhiza (¢) The column (b) 13 gencrally long, slender and stalke
hike (hvdrocaulus) Just below the crown of tentacles, however,
the Lody widens out to form a * head,” termed the hydranth (a),
contaiming a stomach-hke diatation of the digestive cavity  On the
upper face of the hydranth the crown of tentacles (f) surrounds the
peristome, from which nses the comical hypostome, bearing the
mouth at 1ts extremity, The general ectoderm covering the surface
of the body has entirely lost the ciia present in the earlier larval
stages (planula), and may be naked, or clothed n a cuticle or exo-
skeleton, the persarc (ps), which wmn 1ts simplest condition 1s a
chitinous membrane secreted by the ectoderm. The perisarc when
present ivests the hydrorhiza and hydrocaulus, 1t may stop short

Fi6, 1 —Diagram of a typical
Hydropolyp

a, Hydranth,

b, Hydrocaulus j
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below the hydranth, or 1t may extend farther In gencral there aie
two types of exoskeleton, characteristic of the two principal divisions
of the Hydroidea In the Gymnoblastea the perisarc either stops
below the hydranth, or, if continued on to 1t, forms a closely-fitting
mvestment extending as a thin cuticle as far as the bases of the
tentacles (¢ g Bimeria, see G J Allman [1],' pl xu figs 1 and 3)
In the Calyptoblastea the perisaic 15 always continued above the

g From Allman's ymuoblastie Hydrouds, by permission of the Council of the Ry

octety

F1e 2 —Staurdium productum, portion of the colony magmhed,
£, polyp, 1A, hydroiluza

hydrocaulus, and forms a cup, the hydrangium or hydrotheca (4, ?),
standing off from the body, mto which the hydranth can be retracted
for shelter and protection

The archutecture of the hydropolyp, simple though 1t be, furnishes a
long series of vatiations affecting each patt of the body. The greatest
variation, however, 15 scen 1n the tentacles,  As regards number, we
find in the aberrant forms Protohydra and Microhydra tentacles
entu’elr absent In the curious hydioid AMoncbrachium a single
tentacle 13 present, and the same 15 the
case m Clathrozoon , m Amphibrachium
and n Lar (fig 11, A) the polyp bears
two tentacles only The reduction of
the tentacles m all these forms may be
correlated with thar mode of hf, and
especially with living 1 a constant
current of water, which brings food-
particles always fiom one direction and
renders a complcte whorl or wrde of
tentacles unnecessaty  Thus Microhydra
lives amongst Bryozoa, and appears to
utilize the currents produced by these
ammmals,  Protohydra occurs i oyster-
banks and Monobrachium also grows on
the shells of bivalves, and both these
hydroids probably fish i the currents
produced by the lamellibranchs Am-
phibrachium giows 1 the tissues of a
sponge, Iuplectella, and protrudes 1its
hydranth nto the canal-system of the
sponge; and Lar grows on the tubes of
the worm Sabella ~ With the exception
of these forms, reduced for the most part
m correlation with a semi-parasitic mode =
of life, the tentacles are usually numerous Fic 3 —Diagram  of
It 15 rare to find 1 the polyp a regular, Corymorpha. A SA hydn-
symmetrical disposition of the tentacles g0 ™0 0 gl’vmg rise
asn the medusa  The primitive number 4 msduslform persons
of four 1n a whorl 15 seen, however, 1 o ‘bidding from the
Stauridium  (fig  2) and Cladonema myar n of tghe disk, B
(Allman (1], pl xvu), and 1 Clavatella irccs swimmung medusa
each whorl consists regularly of eght (Steenstrupia gf Forbes)
(Allman, Joc cs# pl xviu) As a rule, detached from the same
however, the number m a whorl 15 ((\h"pon bral genitahia
wregular  The tentacles may form a (A nthomedusae) and only
smgle whorl, or more than one, thus i "ten¢ocle (After All-
m Corymorpha (fig 3) and 7Tubularia man )
(fig. 4) there are two circlets, 1n Staur-
idium (fig 2) several, in Coryns and Cordylophora the tentacles are
scattered irregularly over the elongated hydranth

As regards form, the tentacles show a number of types, of which
the most important are (1) fihform, s e. cylindrical or tapering from

! The numbers in square brackets [ ] refer to the bibllogmghy at

the end of this article, but when the number 1s preceded by the

‘ﬁord Hydrozoa, 1t refers to the bibliography at the end of the article
YDROZOA




AND MORPHOLOGY]

base to extremity, as in Clava (fig 5), (2) capitate, s ¢ knobbed
at the extremity, as in Coryne (see Allman, loc cit ?l. w), (3
branched, a rare form n the polyp, but seen mn Cl yne (see
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stitial cells, lodged between the narrowed basal portions of the
epithehal cells krom them are developed two distinct types of
histol 1el , the genital cells and the cnidoblasts or mother-

Allman, loc, cit. p 380, fig 82) Sometimes more than one type of
form 1s found in the same
polyp, mm  Penmnavia and
Stauridium (fig 2) the upper
whorls are capitate, the lower
tlhiform Finally, as regards
structure, the tentacles may
retan thewr primitive hollow
nature, or become sohd by

obhiteration of the axial
cavit:
‘the hypostome of the

hydropolyp may be small, or,
on the other hand, as m
Eudendrium (Allman, loc cit
pls xm, xiv), large and
trumpet - shaped In  the
curious polyp Myriothela the
body of the polyp 1s dutfer-
entiated into nutritive and
reproductive portions

Histology — lhe ectoderm
of the hydrupolyr 15 chietly
sensory, contractile and pro-
tective in function It may
also be glandular in places It consists of two regions, an external
epithelial layer and a more mternal sub-epithehal layer

Fhe epithehal layer consists of (1) so-called “* indifferent * cells
secreting the perisarc or cuticle and modified to form glandular cells
m places, for example, the adhesive cells in the foot  (2) Sensory
cells, which may be fairly numerous 1 places, especially on the
tentacles, but which occur always scattered and 1solated, never
aggregated to form sense-organs as m the medusa  (3) Contractile

Frc 4 —Ihagram of [lubularia
tndwwisa A smgle hydnform person
a bearing a stalk carrying numerous
degenerate mcdusiform persons or
sporosacs b (After Allman)

sol:::m Allman’s Gymnoblastic Hydroids, by permission of the Council of the Ray
y

sfied. B,
rh,

F1o 5 —Colonies of Clava
C  multicorms, natural size,
hydrorhiza

A, Clava squamata, m:
b, polyp, gom, gonophores,

or myo-epithelial cells, with the cell prolonged at the base wto a

cells of the nematocysts.  1he sub-cpithehal layer thus primarily
constituted may be recruited by immigiration from without of other

16 6 A —Portion of the body-wall of Hydra, showmg ecto-
derm cells above, separated by * structureless lamella ** from three
flagellate endoderm cells below The latter aie vacuolated, and
contain cach a nucleus and several dath granules In the muddle
cctoderm cell are scen a nucleus and three nematocysts, with
trigger hairs projecting beyond the cuticle A large nematocyst,
with everted thread, 13 <cen i the right-hand ectodermal cell
(After F E Schulze )

clements, more especially by nervous (ganglion) cells and muscl
cclls derived from the epithehal layer  In ats fullest development,
therefore, the sub-epithelial layer consists of four dasses of cell
clements

The genatal cells are simple wandening cells (archarocytes), at first
minute and without any specially distinctive fcatures, until they
begm to develop nto geim-cells  According to Wulfert [60] the
primutive germ-cells of Gonothyraca can be distinguished <oon after
the fixation of the planula, appearing amongst the interstitial cells
of the cctodetm  The crm-cel{s are capable of extensive migrations,
not only m the body of the same polyp, but also from parcnt to bud
through many non-sexual generations of polyps m a colony (A
Weismann [58]).

The cmdoblasts are the mother-cells of the nematocysts, cach
cell producing one nematocyst in its mterior  Lhe complete nemato-
cyst (fig 7) 15 a spherical or oval capsule contamning a hollow thread,
usually barbed, cotled 1n 1ts interior.  The capsule ’fu\u a double wall,
an outer one (0 ¢ ), tough and nigud
m nature, and an nner one (¢ ¢)
of more flexible consistence  The
outer wall of the capsule 15 -
complete at one pole, lcaving an
aperture through which the thread
15 discharged ~ The mner mem-
brane 13 continuous with the wall
of the hollow thread at a spot im-
mediately below the aperture inthe
outer wall, so that the thread itself
(/') 15 -umplf' a hollow prolongation
of the wall of the inner capsule inverted and pushed into 1ts cavity
The entire yst 1s enclosed in the doblast which formed
it When the nematocyst 13 completely developed, the cmdoblast
Ppasses outwards so as to occupy a superficial position 1n the ectoderm,
and a delicate protoplasmic process of sensory nature, termed the
cmdocsl (cn) projects from the cmdoblast like a fine hair or alium
Many points in the develop and h of the yst
are disputed, but 1t 13 tolerably certan (1) that the cmidocil 1s of
sensory nature, and that stunulation, by contact with prey or in other
ways, causes a reflex discharge of the ncmatocyst, (2) that the dis-
charge 1s an explosive change whereby the in-turned thread is
suddenly everted and turned inside out, being thus shot through the
opening 1n the outer wall of the capsule, and forced violently into
the tissues of the prey, or, 1t may be, of an enemy ; (3) that the thread
snflicts not merely a mechanical wound, but mnshls an imtant joison,
numbing and paralysing in its action The pomnts most m dispute
are, first, how the explosive discharge is brought about, whether
by pressure exerted external to the capsule (t¢ by coutraction of
the cnidoblast) or by internal pressure Twanzov [27] has brought
forward strong grounds for the latter view, pomnting out that the
cmdoblast has no contractile h and that 4
d les to be on the average slightly larger than

TF1¢ 6 B —Epidcrmo-muscular
cells of Hydra “m, muscular-fibre

rocesses  (After Klanenberg,
rom Gegenbaur )

contractile muscle-fibre (fig 6, B) In the hydropolyp the show di
le-fil lway d 1 hinally Belonging primanly
to the epithelial layer, the muscular cells may become secondanly

sub-epithehal
The sub-epithehal layer consists primanly of the so-called inter-

undischarged ones He believes that the capsule contamns a sub-

stance which swells very rapidly when brought mto contact with

water, and that in the undischarged condition the capsule has ity

opening closed by a plug of protoplasm (z, fig 7) which prevints
XIV. 5a
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access of water to the contents, when the cmdocil 1s stimulated 1t
sets 1n action a mechamsm or perhaps a series of chemical changes
by which the plug 18 dissolved or removed, as a result water pene-
trates into the capsule and causes its contents to swell, with the
result that the thread 1s
everted violently A
second pomnt of dispute
concerns the spot at which
the poison 1s lodged
Iwanzov believes 1t to be
contained within the
thread itself before dis-
charge, and to be intro-
duced into the tissues of
the prey by the eversion
of the thread A tlurd
pont of dispute 15 whether
the nematocysts aie
formed an s3tu, or whether
the cmdoblasts mugrate
with them to the 1cgion
where they are most
needed , the fact that
Hydya, for example, there
are no nterstitial cells n
the tentacles, where nema-
tocysts are very abundant,
15 certamnly mn favour of
the view that the cnido-
blasts nugiate on to the
tentacles from the body,
and that like the gemital
cells the cnidoblasts are
wandenng cells
‘The muscular  tissue
consists primarily of pro-
cesses from the bases of
the epithclial cells, pro-
cesses which are contrac-
tile 1n nature and may be
o ¢ distinctly striated A
Fic_y.—Diagrams to show the stru. further stage in cvolution

ture of ‘Nematocysts and their mode of 1 that the muscle - cells
lose thewr connexion with

Aftes
"'°l'k‘I;\u {After Twanzov ) . the epithchum and come
a, ndischarged nematocyst to lie entirely beneath 1t,
b { puymenaing discharge formmg a sub-epithehal

contractile layer, de-

¢ I)nclmr;((- complete
veloped chiefly 1n the ten-

¢n, Cmdoci
N, Nucleus of cmdoblast

9¢, Quter capsule, evolution of |
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may be lodged the fibres and cells d above,
but which never contams any connective tissue or skeletogenous
cells or any other kind of 1al mesogloeal corpuscles

3 The Polyp-colowy.—All known hydm‘rolyps possess the power
of reproduction by budding, and the buds produced may become
either polyps or
medusae The
buds may all be-
come  detached
after a time and
give rise to
separate and -
dependent ndt
viduals, as mn the
common Hydra,
i which onl
polyp-individu:
are produced and
sexual clunents
are devcloped
upon the polyps
themselves, or,
on the other
hand, the polyp-individuals produced by budding may reman
permanently 1 connexion with the parent polyp, i which case
sexual clements aic never developed on  polyp-individuals but
only on medusa-mdividuals, and a true colony 15 formed Thus
the typical hydroid colony starts from a *“ founder ™ polyp, which
1n the vast majonity of cases 13 fixed, but which may be floating, asn
Nemopsis, Pelagohydra, &c  The founder-polyp usually produces by
budding polyp-individuals, and these n their turn uce other
buds The polyps are all al mdividuals whose
i3 purely nutntive After a time the polyps, or certamn of them,
prod budd d hividuals, which sooner or later
develop sexual elements, n some cases, however, the founder-
polyp remains solitary, that 1s
to say, does not produce polyP-
buds, but only medusa-buds,
from the first (Corymorpha, fig 3,
Mynriothela, &c? In primutive
forms the medusa-mdividuals
are set frce before reaching
sexual maturity and do not con-
inibute anything to the colony
In other coses, however, the
medusa-individuals become
sexually mature while still at-
tached to the parent polyp, and
are then not set free at all, but
become appanagesof the hydroid

From Allman's Gymnoblastic Hydouds, by permussion of
the Counail of the Ray Society

Fic 9 —Colony of Hydractin.a echinata, grow-
g on the Shell of a Whelk  Natural size

tacles of the golyp. ‘Thc
%, Plug closing the opening of the € g
outer capsule

colony and go degenerative
changes leading to reduction and

cells 15 probablf' stimular ,
an cpithelial cel loy
rocessesof nervousnature
rom the base, which come
mto connexion with the
bases of the sensory cells, with the muscular cells, and with the
smular processes of other nerve-cells, next the nerve-cell loses
1ts connexion with the outer epithelium and becomes a sub-cpithelial
ganghon-cell which 1s closely « d with the layer,

t ¢., Inner capsule, continuous with the
wall of the filament, /.

b, Barbs

tractile ol

even to of
their ongmufmeduw.n structure
In this way the hydroid colony
becomes composed of two por-
tions of different function, the
nutritive ** trophosome,” com-
posed of non-sexual polyps, and
the reproductive “ gonosome,”
of sexual medusa-

conveying stimuli from the sensory cells to the
The ganglion-cells of Hydromedusac are generally very small
In the polyp the nervous tissue

is always 1 the form of a
scattered plexus, ncver  con-
centrated to form a defimte

nervous system as 1 the medusa

The endoderm of the polyp 1s
typically a flagellated cpithelium
of large cells (fig 6), fiom the bases
of which arise contractile muscular
Frocesws lymng 1n the plane of
he transveise section of the body
In different parts of the coelen-
teron the endoderm may be of
three principal types—(1)
digestive endoderm, the primi-
tive type, with cells of large
swve and consulerably vacuolated, found mn the hydranth, some
of these cells may become special ;‘:Ia.ndul:u) c’clls, without

Prem egenbaur's & lements of Com.
pamu e Amatomy

Fi. 8 --Vacuolated Fndo-
derm Cells  of  cartilagimnous
consistence from the axis of the
tentacle of a Medusa (Cunina).

P
mdividuals, which never exercise
a nutntive function while at-
tached to the colon As a
general rule polyp-buds are pro-
duced from the hydrorhiza and
hydrocaulus, while medusa-buds
are formed on the hydranth  In
some cascs, however, medusa-
buds are formed on the hydro-

rhiza, as 1n Hydrocorallines
In such a colony of connected
individuals, the exact Uimits of
the separate ‘‘ persons " are not
always clearly marked out
Hence 1t 15 necessary to distin-
guishbetween, first, the “ zooids,”
ndicated mnthe caseof the polyps of
by the hydranths, each with
mouth and tentacles, and,
11 o oaped

From Allmans Gymnoblastic Hydroas,
by permussion of the Council of the Ray
Soctety

Fi16 10 —Polyps from a Colony

Hydractsnia, magnificd  dez,
dactylozoid, gz, gastrozod, b,
blastostyle,  gom, gonophores,

flagella or contractile y 5 (2) without
vacuoles and without basal contractile processes, found n the hydro-
rhtza and hydrocaulus , (% supporting endoderm (fig 8), seen 1n sohd
tentacles as a row of cubical vacuolated cells, occupymng the axis
of the tentncle, greatly resembling notochordal tissue, particularly
that of Amphiovus at a certamn stage of development : as a fourth
variety of endodermalcells excretozcells should perhaps be reckoned,
as scon in the pores in the foot of Hydra and clsewhere (cf C Chun,
HvypRrozoa [1], pp 314, 315)

The mesogfoea 1n the hydropolyp 1s a thin elastic layer, in which

y, the rh, hydrorhiza

common flesh, which cannot

be assigned more to one ndividual than another, but consists
of a more or less complicated network of tubes, corresponding to the
hydrocaulus and hydrorhiza of the pnmtive independent iolyg»
individual The a system by which the
digestive cavity of any one potlg'p 1 put mnto communication with
that of any other individual either of the trophosome or gonosome
In this manner the food absorbed by one individual contrnibutes
to the welfarc of thc whole colony, and the coenosarc has the
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of 1 and d L nutriment through the

th itv, of unl

d growth mn a vertical direction, and as it

ny

The hydroid colony shows many vanations m form and architec-

ture which depend sumply upon differences 1n the methods mn which
. polyps are budded

In the first place,
buds may be produced
only from the hydro
rhiza, which grows out
and branches to form
a basal stolon, typically
net-hke, spreading over
the substratum to
which the foundei-
Eolyp attached itselt
‘rom the stolon the
daughter-polyps grow
up vertically, The re-
sult 1s a spreading or
crecping colony, with
the coenosarc in the

horizontal network (fig
5 B, 11, A) Such a
colony may undergo
two principal modifica-
tions  The meshes of
the basal network may
become very small or
virtually obliterated, so
that the coenosarc be-
comes a crust of tubes
tending tofusetogether,
and covered over by
4 COmMmOn PErisarc
Encrusting colontes of
thus kind are seen in
Clava squamata (fig
5,\) and Hydractinia
(figs 9, 10), the latter
having the perisarc
calatied A further
very important modifi-
cation 1s seen when the
tubes of the basal
perwsarc do not remamn
spread out in one plane,
but grow in all planes
formmg a felt-work,
the result 18 a massive
colony, such as 1s seen i the so-called Hydrocorallines (fig 6o),
where the mtcrspaces between the coenosarcal tubes are filled vp
with calcareous matter, or coenosteum, replacing the chitmous
perisare  The result 15 a stony, sold mass, which contributes to
tne butlding up of coral reefs In massive colonies of this kind no
sharp distinction con be drawn between hydrorhiza and hydro-
caulus 1n the coenosarc; it
is practically all hydrorhiza
Masaive colonics may assume
various forms and are often
branching or tree-hke A fur-
ther pecuhanty of this type of
colony s that the entirecoeno-
sarcal complex 15 covered ex-
ternally by a common layer
of ectoderm, 1t 18 not clear
how this coverning layer 1s
developed

In the second place, the
buds may be produced from
the hvdrocaulus, growing out
laterally from 1it, the result
15 an arborescent, tree-hke
colony (figs 12, 13) Budding
from the hydrocaulus may be
comnbined with budding from
the hydrorhiza, so thatnumer-
ous branching colonies arise
from a common basal stolon
In the formation of arbores-
cent colonies, two sharply
distinct types of budding are
found, which are best de-
scribed in botanical termino-

After Hincks, Forbes, and Browne. A and B modified
from Hincks, C modified from Forbes's 87/t Naked
eyed Medusae

Fic 11 —Lar sabellarum and two stages
of 1ts Medusa, Wiilia stellata A, colony of
Lar, B and C, young and adult medusae

FiG. 12, —~Colony of Bougainuillea
fruiscosa, natural size, attached to the

underside of a e of floatmg tim-

form of a root- like |

, Of
grows 1t throws out buds right and left altemately se that the
bud 1s above

Each bud produced

u
first bucr goduced by 1t 1s the lowest down the secon
e third above this again, and so on

the first,

Fra. 13 —Portion of colony of Bougainuillea fruticosa (dntho-
medusac-tiymnoblastea) mmec magnified (From Lubbock, after
Allman )

by the founder proceeds to grow and to bud in the same way as the
founder did, producing a side branch of the main stem  Hence, i a
colony of gymnoblastic hydroids, the oldest polyp of cach system,

that 1 to say, of the main stem o1 of a branch, 15 the topmost polyp ,
F

F

F1G 14 -—Diagrams of the monopodial method of budding, shown
mn five es (1-5) F, the founder-polyp, 1, 2, 3, 4» the succession
of polyps budded from the founder-polyp . ', b’, ¢’, the succession
of polyps budded from 1, a?, b3, polyps budded 'trom 2 . @, polyp
budded from 3

the youngest polyp of the system 1s the one nearest to the topmost

logy as the monopodial cr lyp , and the axis of the system 1s a true axis
ber. - (After Allman)) racemose, and the ‘:Od, dial pogl the podial method of budding, on the other hand, the
or cymose types respectively ; each 19 characteristic of one of the founder-pofyp 13 of imited growth, and forms a bud from its side,
two subrorders of the Hy , the Gy bl and Calypto- | which 15 also of limited growth, and forms a bud 1n 1ts turn, and 50 on

blastea
In the monopodial method (figs. 12, 14) the founder-polyp 1s,

| (figs. 15, 16). Hence, in a colony of calyptoblastic hydroids, the
! 013:;( polyp of a system 1s the lowest, the youngest polyp 13 the top-
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most one , and the aats of the system 15 a false axis composed of
portion-of cachof the consecutive polyps  Inthis method of budding
there are two
types Inone, the
bisenal type (fig
15),the polyps pro-
duce buds right
! and left alter-
nately, so that the
hydranths are
arranged 1 a z1g-
zag fashion, form-
mg a “‘ scorprord
cyme,” asin Obelia
and Sertularia  In

v
-

N eV the other, the uni-
2 serial type (fig 10),

\ M the buds are

i formed always on

d - the same side,
i forming a ‘ hcli-
I1e 15 —Diagram of sympodial budding, cod cyme,” as m
biscrial ty‘)c, shown in five stages (1-5) l§, Hydrallmania,
muuder-lpotn:; 1, 2, 3, 4, 5, 6, succession of according to II
polyps budded fiom “the founder, a, b, ¢, Driesch, mn which,
second series of polyps budded from the founder; however, the
a', U, sories budded from 3 primitively  uni-
serial arrange-
ment hecomes masked later by secondary torsions of the hydranths
Iiia colony formed by sympodial budding, a polrp always produces
fitst @ bud, which contributes 1o the system to which it belongs, 7 ¢
contmues the stem or branch of which'1ts parent forms a part.  Ihe
lyp may then form a second

¢ Pad!
hud, which becomes the starting
pomnt of a new system, the
beginmg, that 15, of a new
DLranch, and even a third bud,
statting yet another systom,
may be produced from the same
polyp Hoence the colonies of
Calyptoblastca may be com-
plexly branched, and the bud-
ding may be biserial through-
out, uniserial throughout, or
partly one, partly the other.
Thus in Ph;mula:;dac (figs 17,
116, 16 —Diogtam of sympodial 18) thero 1s formed a mam stem
budding, unietial  ty )e,’ shown Dy bisersal L'vuddlng‘, ea;:h polyp
m four stages (1-4) ‘:, founder- 00 the main stem - forms l"f
pol{p i 1,2, 3, succession of polyps }’"c""d bud, which usually
buddcd from the founder orms a sude branch or pinnule
Ly umiscerial budding  In this
way o forned tho familiar feathery colontes of Plumularia, mn
which tho pinnules are all in one plane, while m the allicd Anten-
nularia the pmnules are arranged m whorls round the mam biserial
stem The pmnules never branch agan, since in the uniserial mode
of budding a polyp
never forms a second
polyp-bud  On the
other hand, a polyp
on the mam stem may
form a second bud
which, mnstead of form-
mg a pmnule by uni-
sertal  buddng, pro-
duces by biserial bud-
dmg a branch, from
which pinnules arise as
from the mam stem
(hq 18—3, 6) Or a
polyp on the mam
stem, after having
budded a second tume
to form a punnule,
may give 1nse to a
thied  bud, which
starts a new biserial
system, fmm. which

L16. 17 —~Diagram of sympodial budding,
f hed P +
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single individual, and for the members to become subordinated to
the needs of the colony and to undergo specialization for particular
functions, with the result that they simulate organs and their in-
dividuality becomes masked to a greater or less degree  Perhaps the
earliest of such hzations 1s ted with the reprod (3
function  Whereas primitively any polyp 1n a colony may produce
medusa-buds, 1n many hydroid colonies medusae are budded only by
certamn polyps termed blastostyles (fig. 10, b). At first not differing
m any way from other
polyps (hg 5), the blasto-
styles gradually lose thewr
nutritive function and the
organs connected with it,
the mouth and tentacles
disappear, and the blasto-
style obtains the nutriment
necessary for its activity by
way of the coenosarc In
the Calyptoblastea, where
the polyps are protected
by special capsules of the
perisarc, the gonothecae en-
closing  the  blastostyles
difter from the hydro-
thecae protecting the hy-
dranths (fig 51).

In other colomes the two
functions of the nututne
polyp, namely, capture and
digestion of food, may bc
shared between different
polyps (ig 10) One class
of polyps, the dactylozoids

T1G. 18 —Diagiam showing metbod
1

of h m the [ ‘y&)c,
(d2), lose thewr mouth and compate with fig 17 Polyps 3 and 6,
stomach, and become clon- mstead of producing unverial pmn:xlc:,
gated and tentacle - ike, h?\'a‘prm!lac'cd b;wrllal bramﬂlus (3. s 3»1
showmg great actity of Jo 3 o 6'-6), whih give off uniserwy
movement  Another class, Cranchesin their turn
the gastrocoids (gz), have the tentacles reduced or absent, but have
the mouth and stomach cnlarged  The dactylozoids capture food
and pass 1t on to the gastrozoids, which swallow and digest 1t.
Besudes the three types of individual above mentioned, there ate
other appendages of hydroid colonies, of which the wdividuahty 15
doubtful  Such ate the ““ guard-polyps ** (machopolyps) of Plumu-
laridae, which are often 1egarded as mndividuals of the natue of dac-
tylozoids, but from a study of the mode of budding n this hydrowd
family Driesch concluded that the guard-polyps were not true
polyp-mdividuals, although each 13 enclosed m a small protecting
cup of the pcrisarc, known as a nematophore Agam, the spmes
arsing  from  the
basal crust of ) v’
Podocoryne have
been nterpreted
by some authors
as reduced polyps.
3 The Medusa
~—In the Hydro-
medusae the
medusa-individual
occurs, as already
stated, in onc of
two  conditions,
either as an inde-
l.)endent organism
eacling a true hife
m the open scas,
or asa subordinate
mdividuality n
the hydroid
colony, from which
1t 18 never set free;
1t then becomes a
mere reproductive

a;:pendageorgono-
phore, losing suc-  F1g. 19 —Diagram showing method of branch-
cessively itsorgans ing in the Aglaophenta-type Polyp 7 has pro-

duced as 1ts first bud, 8, as 1ts secoyd bud, a7,

of sense, loco-
which starts a uniserial punule, and as a third

motion and nutr-

simple I ype arse | tion, until 1ts bud I7, which starts a bisertal branch (II'-VI7)
founder ; 1-8, mam axis formed by li)lscrxai as from the mam stem | medusoid nature that repeats the structure of the mam stem and
buddiug from founder, a-¢, pmnuie formed -—type of dglaoph and org nges off p ! he mam stem 15 ndicated
by uniserial budding from founder, a'-d', (fig 19). The laws of | become scarcely by —=-, the new stem by - +

buddirg n hydrowds
have been worked out
in an anteresting
mauner by H Driesch {13], to whose memoirs the reader must be
referied for further details

Indiesdualization of Polyp-Colomies.—A« in other cases where
ammal colonies are formed by organic union of separate mdividuals,
theic 15 cver a tendency for the polyp-colony as a whole to act as a

branch formed by stmilar budding from t,
a%q?® from 2, and so forth

recognizable.
Hence 1t 1s convenient to consider the morphology of the medusa
from these two aspects.
(a) The Medusa as an Independent Org
structure and ch i of the med are
(see articles HYDRozoA and MEDUSA), and 1t 18 only necessary here to
deal with the I of the Hyd d
As regards habit of life the vast majonty of Hydromedusae are

-TTEe . gmfrd
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pelagic organisms, floating on the surface of the open sea, propelling
themselves fecbly by the pumping movements of the umbrella
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thirdly, m position and origin, bemng usually mmplanted on ths
ge of the brella, but n N d they becomo
lanly shifted and are given off lugh up on the ex-umbiella

produced by contraction of the sub-umbral e, an

capturing their prey with their tentacles. The genera Cladonema
(fig 20) and Clava-
tella (fig. 21), how-
ever,are ambulatory,
creepiag forms, ivin

in rock - pools an

walking, as it were,
on the tips of the
proximal branches of
each of the tentacles,
while the remamnng
branches serve for
capture of food
Cladonema still has
the typical medusan
structure, and 15 able
to swim about, butin
Clavatella the um-
brella 1s so much re-
duced that swimming
1s no longer possible
The remarkable
medusa Mnestra
parasites 1S ecto-para-
sitic throughout hfe
on the pelagic mollusc
Phyllirrhoe, attached
to 1t by the sub-
umbral surface, and
its  tentacles  have
become rudimentary
orabsent, Itisnter-
estmg to note that Mnestra has been shown by J W Fewkes
{15) and R T Gunther [19] to belong to the same family (Cladone-
nudae) as Cladonema and Clavatella, and 1t 15 reasonable to suppose
that the non-parasitic ancestor of Mnestra was, hike the other two
genera, an ambu-
latory medusa which
acquired louse - ike
habits In  some
species of the genus
Cunina (Narcomedu-
sae) the youngest
mdividuals  (actinu-
lae) are parasitic on
other medusae (see
below), but in later
life the parasitic
habit 15 abandoned.

From Allman's Gymwoblastic Hydyords, by permission of
the Council of the Ray Gociety

Fi, 20 —Cladonema radratum, the medusa
walking on the basal branches of 1ts tentacles
(). which are tuined up ovcer the body

From Allman s Gymnoblastic Hydrotds, by permission of

the Counal of the Ray Society No other 1nstances

Fic 21 —Clavatella prolifera, ambulatory are known of sesule

medusa ¢, tentacles; oc, ocellt habit in Hydro-
medusae.

The external form of the Hydromedusae vanes from that of a deep
bedl or thimble, characteristic of the Anthomedusae, to the shallow
saucer-like form ck 1stic of the Lept d It 15 usual for
the umbrella to have an cven, urcular, uninterrupted margin, but
m the order Narcomedusae secondary
down -growths between the tentacles
produce a lobed, indented margin to
the umbrella The margimal tentacles
are rarely absent in non-parasitic forms,
and are typically four in number, cor-
responding to the four gerradu marked
by the radial canals Interradial ten-
tacles may be also developed, so that
the total number present may be in-
creased to eight or to an indefimtely
large number  In Willsa, Geryonsa, &c
however, the tentacles and radial
canals are on the plan of six mstead of
four (figs 11 and 26) On the other
hand, 1n some cases the tentacles are
less in number than the perradn, in
Corymorpha (ﬁﬁs. 3 and 22) there1s but
a single tentacle, while two are found
m Amphinema and Gemmaria (An-

Fic 22 — Corymorpha thomedusae), and in Solmundella
nutans, adult female bitentaculata (fig. 67) and Aegmoq_su
Medusa Magnified 10 A (fig 23) (N d ) he
diameters tentacles also vary considerably n

other ways than in number : first, in
form, being usually simple, with a basal bulb, but 1 Cladonem-
1dae they are branched, often in pl d fashion , dly,
1 grouping, being usually given off singly, and at regular intervals
from the margin of the umbrella, but 1 Margehidas and 1n some
Trachomedusae they are given off in tufts or bunches (fig. 24);

After E T Browne, from Proc
Zool. Soc’ of London.

(thgs 23 and 25), and, fourthly, n structuie, being hollow o1 sol,
as mn the polyp In some medusae, for m.t nee, the remarhable
deep-sea farm{y Pectyllidae, the tentacles may buar suckers, by which
the ammal may attach itself temporanly It .honld be mentioned
finally that the tentacles are very contractile
and extensible, and may thcrefore prosent
themselves, 1n one and the same mnhw‘unh as
long, drawn-out threads, or in the form of short
corkscrew - like ringlets; they may stroaum
downwards from the sub-umbrella, or be hcld
out honzontally, or be directed upwards over
the ex-umbrella (fig. 23). Each species ot

frer Die
craspedoten Vedusen der
Plankton Fapedition, hy
permission of Tipaius'a nl

Lischer
Fro 23 —degin-
opsts hensenin,

shghtly  magmhed,
showing the manncr
m which the ten-
tacles arc carned m
hife

\fter O Mans, ( ruspedoten Meduton er Sibogu
1 apusdition, by permisoon of S Bl & (o

F16 24 —Rathkea octoncmalrs

medusa usually has a charactenistic method  of 1y
tentacles.

he sub-umbreclla invanably shows a velum as an mw.udly
projecting ridge or nm at 1ts margm, within the circle of tentucle s,
Lence the medusac of this sub-class arc termed craspedote  Ihe
manubrium 15 absent altogether m the fresh-water medusa Limno
cmida, 1 which the diameter of the mouth exceeds half that of the
umbrella, on the other hand, the manubrium may attan a gt
length, owing to the centre of the sub-umbrella with the stomach
being drawn ntot,asit were, to form a long proboscis, as in Geryomia,
The mouth may be a simple, circular pore at the cxtremity of the
manubrium, or by folding of the edges it may become square ot shape d
like a Maltese cross, with four corners and féur hips. 1 he corners of
the mouth may then be drawn
out nto lobes or lappets, which
may ve a branched or
fringed outhne (fig 27), and
m A;aryhdzw the subdivisions
of the fringe simulate tentacles
(fig_24)

The internal anatomy of the
Hydromedusae shows numer-
ous vanations The stomach
may be altogether lodged mn
the manubrium, from which
the radial canals then take
ongin directly as mn Geryonia
(Trachomedusae) , 1t may be
with or without gastric
pouches. [he radal canals
may be sunple or branched,
pnimanly four, rarely six in
number, he rnng-canal 18
drawn out mn Narcomedusae
mto festoons corresponding
with the lobes of the margn,
and may be obliterated altogether (Solmuaris) In this order the rachal
canals are represented only by wide gastric pouches, and 1n the family
Solmaridae are supp 1 altogether, 50 that the tentacles and the
festoons of the ring-canal aume directly from the stomach In
Geryoma, centripetal canals, ending bhindly, arise from the nng canal

cirrymg

i o

RS

ey

After O, Maas, Medusac, 1 Price of
Monaro's series,
F16. 25 —dAcginura grimaldii,

natural gize,

run i a radial direction towards the centrc of the umbrella
Huvd d he Tustol

! (ﬁ%zé),
I zslolog{ of the Hy — y described above
for the polyp may be taken as the primitive type, from which that
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of the medusa daffers only in greater elab d
of the cell-elements, which are also more concentrated to form
distinct tissues

The ectoderm furnishes the general epithelial covering of the body,
and the muscular twsue, nervous system and sense-organs, The

Fic 26 —Caymanna (Geryona) hastata, onc of the Trachomedusae
(After Haeckd )

solid larval tentacles, re-
sembling those of Cunina
A, Dilatation (stomach) of the
manubrium
clly of the dish
Manubrium
Tentacle (hollow and tertiary,
1e preceded by six per-
radial and six interradial
solid lar al tentacles)
u, Cartilaginous margin ot the

a, Nerve nng
a’, Radial nerve
b, Tentaculocyst,
¢, Circular canal,
a, Radiating canal 1,
, Ovary b,
Peronm or cartilagmnouns pro- ¢,
cess ascendmg  from  the
cartilag'nous margin of the
disk centripetally in the
outer surface of the jelly-

Iiko disk ; six of these are disk covered DLy thread-
perracial, six interradial, cells
corresponding 160 the tyely ¢ ¢, Velum

external epithchium s flat on the ex-umbral surface, more columnar
on the sub-umbral surface, where it forms the muscular tissu¢ of the
snb-umbrella and the velum The nematocysts of the ectoderm
m-\; be grouped to form batteries on the tentacles, umbrellar margmn
and oral lap) In places the nematocysts ma\y be crowded so
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by which the ammal progresses. The longitudmal system 1s dis-
and 13 to medial

-1 and distal
portions. The pmxlm:.l portion fonns the retractor muscles of the
well d , for m Geryomia

or p
Ihe medial poruon forms radiating ‘tracts of ﬁbres the so-called
“ bell-muscles ’ running underncath, and parallel ‘o, the radial
canals, when greatly developed, as in /1aridae, they form ridges,
s0-called mesentenes, projecting into the sub-umbral cavity
The distal ons form the muscles of the tentacles In con-
trast with the polyp, the longitudinal muscle-system 1s entirely
cctodermal, therc bemng no endodermal muscles i craspedote
medusae
The nervous system of the medusa consists of sub-eprthelil
ganghon-cells, which form, 1n the first place, a diffuse plexusof nervous
usque,bas mn i
pol ut developec
chiefly on the sub-
umbral surface ; and
which are concen-
trated, n the second
place, to form a
definite central ner-
vous system, never
found in the polyp
In  Hydromedusae
the central nervous
system forms two
concentnc nerve-

F16. 28, —~Muscul Cells of DMed
(L12z1a). The uppermost 1s a purely muscular
rings at the margm cell from iLe sub-umbrella ; the two lower are
of the lla, near cpider cells lmm the base of a
tlwba.seo{thevdum tentacle, the upstanding nucleated portion
One, the ‘‘upper” forms part of the emdermal mosaic on the
or ex-umbral nerve. free surface of the body (After Hertwig)
nng, 1s derived from
the ectoderin on the ex-umbral side of the velum, 1t 15 the larger
of the two rings, more but smaller it
cells, and mnnervates the tentacles The other, the *“ lower " or sub-
umbtal nerve-ring, 1s derived from the ectoderm on the sub-umbral
sude of the velum ; 1t contams fcwer but larger ganghon-cells and
nnervates the inuscles of the velum (see diagram 1n article My pusat)
The two nerve-rings arc connected by fibres passing fiom one to the
other

The sensory cells are slender epithelial cells, often with a cium
or stiff protoplasmic process, and should perhaps be regaided as the
only ectoderm-cells which rctain the pnmitive cihation of the larval
cctoderm, otherwise lost 1 all Hydrozoa The sense-cells form,
1n the first place, a diffuse system of scattcred sensory cells, as in the
polyp, developed chiefly on the manubiium, the tentacles and the
margin of the umbrella, where they form a wcnsory cihated epithchum
covering the nerve-centres, m the second place, the sense-clls are
concentrated to form
definite sensc-organs,
situated always at
the margin of the
umbrella, hence often
termed ‘‘ marginal
bodies.””  The posses-
ston of definite sense-
organs at once dis-
the modusa

thickly as to ¥:m\ a tough, supporting, ** ch * tissue, bl
cartilage, chiefly developed at the maigin of the umbrella and fonmng
streaks or bars supporting the tentacles
(“ Fentakels| angen,” peronia) or the ten-
taculocysts (" Gehorspangen,” ofoporpae)
The muscular tissue of the Hydro-
medusae 1s entirely ectodermal — The
le-fibres arise as | from the
bases of the e[)nhcha‘ cells ; such cells
may individually become suh—epﬂll(-lml
in position, as m the polyp, or, in places
where muscular tissue is n:all de-
veloped, as n the velum or su 1la,
the entire muscular epxthchum may
thrown 1nto folds m order to increase its
surface, 0 that a deeper sub- eplthehal
lar layer b
- pletcly fiom a more superficial body-
er O. Mans, n Reswits o OPAthelum
batress” E

from the polyp, n
which they are never
found

The sense-organs of
medusae are of two
kinds — first, organs
sensitive  to  light,
usually termed ocetls
(fig 29); secondly,
organs commonly
termed ofocysts, on
account of their re-
semblance to theaudi-
tory vesicles of higher
animals, but serving
‘fodr the :‘enn of
balance and otientd- showing the cight adradial Statocyts, each
tion, and therefore cloqe tog an OCt‘g"us Cf. fig 30 ’
given the special name
of statocysts (ﬁg. 30). The unse-organs may be temtaculocysts, 1 ¢
rachylinae, or developed from the

Mier O Mass, Craspaiotsn Medusen der Siboga-
Expedition, by permission of F S Bn

Frc 29 —Tiaropsts rosca Ag nud Mayer)

margm of the nmbrelh mn no connexion with a tentacle (or, if so
not y in the tentacle), as m
the sense-organs are always e:

Leptoh ﬁ‘ﬁ'

;}4 “A o™ Lepedivn, Ia ats angcment the muscalar tissue
v :
z.,"ﬁi')'f Cambrdger *Hsve orins two ’{::“" the oo °°"‘P°J;“
Fic. e — is to say, {y round the central
divsse, one of the 1 taridas 2X18 Of the umbrella ; ; the other of non-
(Anthomedusac) striated fibres runming K
that is to say, in a radial direction !rorn

or (in the manubrium) paraliel to, the same 1deal axs  The
circular system 1s developed continuons)y over the emtire sub-
umbral surface, and the velum represents a special local develop-
ment of this ?sum, at a region where it is able to act at the greatest
mechanical advantage in producing the contractions of the umbrella

at the umhrclhr mvgln {hence Gymwophthalmata), while fn Scypho-
medusae they are covered over by flaps of the umbrellae margin
(hence Stsgawophthaimala):

The stajocysds present in gnuenl the structure of either a knob
or a tlosed vesicle, supporting
(2) sensory, so-called lwd{twy epithelium of slender cells, each
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bearing at 1its free upper end a stiff
mnto a nerve-fibre; (3)

bristle and running out at 1ts base
11s, which prod ntercellulac
concretions, so-called oto-
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(re, of closure) 13 frequently thickened to form a so-called ** scnse-
cushion,” app ly a i fish from the sub-umbral
nerve-ring. In many

posittion of the animal,
the otoliths are caused
to mmpinge agamnst the
bristles of the sensory
cells, now on one side,
now on the other, causing
shocks or stimuli which
are transmitted by the
basal nerve-fibre {0 the
central nervous system
Two stages m the de-
velopment of the otocyst
can be recognuzed, the
first that of an open pit
on a freely - projecting
knob, m which the oto-
liths are exposed, the
second that of a closed
vesicle, in which the oto-
hths are covered over
Further, two distinct
types of otocyst can be
recognized n the Hydro-
medusae, that of the Leptolinae, 1n which the entire organ 15
ectodermal, concrement-cells and all, and the organ 1s not a tenta-
culocyst, and that of the Trachyhinae, in which the organ 15 a
| tentaculocyst, and the con-
crement-cells are endodermal,
denved from the endoderm
of the modified tentacle, while
the rest of the organ 15 ccto-
dermal
In the Leptolinae the oto-
cysts are seen n their first
stage 1 Mitrooma annae
(fig 31) and Traropsts (figs 20,
_)o?a.s an open pit at the base
of the velum, on its sub-
umbral «ide  The pit hay its
opening turned towards the
sub-umbral cavity, while its
ba.e or fundus forms a bulge,
more or less pronounced, on
the ex-umbral side of the
velum At the fundus arc
placed the concrement - celis
with their conspicuous oto-
Iiths (con) and the inconspicu-
ous auditory cells, which are
connected with the sub-
umbral nerve-ring  From
the open condition ariscs
the closed condition very
simply by closing up of the
We then find the typical otocyst of the

Modified after Linko, 7savans Soc Imp Nat, St
Petersbourg, xaix

F16 30 —Section of a Statocyst and
Ocellus of Tiaropsis diademata, cf fig 29.
ex, Ex-umbral ectoderm
sub, Sub-umbral ectoderm
¢¢, Cncular canal
v, Velum
st ¢, Cavity of statocyst
con, Concrement-cell with otolith

Modified after O and R Hertwig, Nerven
stem und Sinnesorcane der Medwsen, by

permission of E ¢ W
I'c 31 -~ Section of a Statocyst of
Mitrocoma annae

sub, Sub-umbral ectoderm

¢ ¢, Circular canal

v, Velum

st ¢, Cavity of statocyst

con, Concrement-cell with otolith

Vaoge!

aperture of the pit

Leptomedusae, a vesicle bulging on the ex-umbral side of the velum
The otocysts are placed on the outer wall of the

(figs 32, 33)

Modified after O and R Hertwig Nervwn
system wnd Simnesorgane der Medusen, by
permission of F C W Vogel
Fic 32 —Section of a Statoyst

of Phialtdsum.
ex, Ex-umbral ectoderm
sub, Sub-umbral ectoderm.
v, Velum,
st ¢, Cavity of statocyst.
con, Concrement-cell 'with otolith

Modified after O and R Henw'lf,
'

Nervensystem und Stnmesorgane

Meduren, by, perminsion of b G

Vogel

F16 33 —Optical Section of
a Statocyst of Octorchss.

con, Concrement - cell with

otolith.
stc, Cavity of statocyst.

vesicle (the fundus of the ongmal pi'g or on 1ts sedes ; thewr arrange-
ment and number vary greatly and furnish useful characters for
dutmguuhmi.gener& The sense-cells are mnnervated, as before,
from the sub-umbral nerve-nng The ner wall of the vesicle

w

liths By means of | Leptomedusae the oto
vibrations or shocks | cysts are very small, in-
t d th h the and em-
water, or by displ bedded pletely 1 the
ments 1 the balance or | tissues, hence they may con —

be easily overlooked m
badly-preserved matenal,
and perhaps are present
n many cases where they
have been said to have
been wanting.

In the lrachylinac the
simplest condition of the
otocyst 15 a freely pro-
jecting club, a so-called
statorhabd (figs 34, 352,
representing a tentacle
greatly reduced i wize,
covered  with  sensory
cctodermal  epithelhum
(ect), and contamning an
endodermal core (end),
which i3 at first continu-
ous with the endoderm
of the rmng-canal, but

After O and R, Hertwig, Nervensystem und Sinness
organe der Medwien, vy permssion of F C W
Vogel
Fic 34 —Tentaculocyst (statorhabd)
of ( umna solmans n c, Nerve-cushion,
end, endodermal concrement-cells, conw,
later becomes separated

fromit In the endoderm otolith

large concrettons are formed (con) Other scasory cells with long
ciha cover a sort of cushion (1 ¢ ) at the base of the club, the club
may be long and
cushion small, or
cushion large and the
club small  The whole
structure 1s innervated,
hke the tentacles, from
the ex-umbral nerve-nng
An advance towards the
second stage 1s seen in
such a form as Rhopalo-
nema (fig 36), where the
cctoderm of the cushion
rises up 1 a double fold
to encloso the club in &
protective covering form-
ing a cup or vesicle, at
first open distally, hinally
the opeming closes and
the closed vewucle may
snk mwards and  be
found far removed from
the surface, as in Geryoma
(fig 37)

The ocells are scen n
their simplest form as a
pigmented patch of ecto-
derm, which consists of
two kimnds of cells—(r)
pigment-cells, which are
ordinary ndifferent cells
of the epithel g g granules,
slender sensory epithehal cells of the usual type,
visual coney or
rods at their free
extremuaty. The
ocellt  occur
usually etther on
the inrer or outer
sides of the ten-
tacles, 1if on the
mner side, the
tentacle 1s turned
upwards and
carnied over the
ex-umbrella, <o

After O and R. Hertwig, Nervensystem und Sinnc

organe der Medwsew, by permmsion of ¥ C W

Vogel

Fie 35 —Tentaculocyst of Cunina lofi-
ventris.

ect, Ectoderm

n ¢, Nerve-cushion

end, I'ndodermal concrement-cells,
con, Otolith

and (2) visual cells,
which may develop

L)

as to expose the FLLT

ocellus to the

light; if the Fio. 36.—Simplo tentaculocyst of Rhopalo-
ocellus be on the nema velatum 'lg:e process carrving the otolith
outer side of a or concretion Ak, formed by endoderm cells, 18
tentacle, two enclosed by an upgrowth forming the *‘ vesicle,”
nerves run round which is not yet quite closed at the top
the baso of the (After Hertwig.)

tentacle toit In

other cases ocelli may occur b les, as in Tiaropsts (fig 29)

The simple form of ocellus described 1n the f i

may become folded into a pit or cup, the interior of which becomes
filled with a clear gelatinous secrction forming a sort of vitreous
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body  1hc distal portion of the vitreous body may project from the
cavity of the cup, forming a non-cellular lens as i Lizzia (hg 28).

HYDROMEDUSAE

[ORGANIZATION

are of
apstewns,
i

P sexes, the only known exception
one of the Trachomedusae (Browne [9])

Beyond this simple condition the visual vigans of the Hyd
do not advance, and are far from rcaching the wonderful develop-
mant of the eyes of Scyphomedusae (Charybdaea)

Beades the ordinaiy type of occdlus just descitbed, there is found
monc genus (Traropsis)  type of ocellus in which the visual elements
are inverted, and
have their cones
turncd away from
1he hight, as 1n the
human retina (fig

30)  In this case
the pigment - cells
are  cndodermal,

forming a cup of
pigment 1n which
the visual cones
arc embedded. A
similar ocellus is
formed 1 Aureha
among the Scypho-
medusace (g v {
Other  sensc
organs of Hydro-
medusae arc the
so-called sense-
clubs  or cordyls
found i a few
Leptomedusae,
(RN lly in those

After O and R Hertwig, Nesvensystem umd Sinncsorgane
der Medusen, by permwssion of F ¢ W
16 37 -Section of statocyst of Geryoma
(Carmarina hastata)
st ¢, Statocyst contarng the minutc teataculo-
cyst
nry, 1 x-umbrial neive-ning

Hy d
being Amphogona
M , all the budded from a given hydroid colony are
either male or female, so that even the non-sexual polyp must be
considered to have a latent sex. (In Hydra, on the other hand, the
ndividual is usually hermaphrodite ) The medusa always reproduces
1tself sexually, and 1 some cases non- lly also. The 1
reproduction  takes the
form of fisston, buddirg
or sporogony, the details
of which are described
below Buds may be pro-
duced from the manu-
brium, radial canals,
ring-canal, or tentacle-
bases, or from an aboral
stolon  (Narcomedusae)
In all cases only medusa-
buds are produced, never
polyp-bu«i

The mesogloea of the
medusa 18 largely dc-
veloped and of great
(luc{mess 1 the umbrella,
Lhe sub-epithchal t1ssuces,
1 ¢ the nervous and mus-
cular cells, are lodged
m the mesogloea, but 1
Hydromedusace 1t never
contans tissue-cells or

loeal corpuscles

\tter W K

Brooks, Jourmal of Morphologs,  ,
by permission of Ginn & Co

nry Sub-umbral neryve-ring
e, l.x-umbral ectoderm

(I')"The Medusae as a
Subordinate Individual.

sub, Sub-umbral ectodam
¢, Cncular canal
v,  Vdum

tadde - hke structure with an endodermal axis contammg
anial cavity which may be continuous with the ring-canal, or may
be partially occluded  Iixternally the cordylus 1s covered by very
flattened ectoderm, and bears no otoliths or sense-cells, but the base
of the club 1ests upon the ex-umbral nerve-ring  Brooks regards these
organs as sensory, scrving for the sense of balance, and re{ewntmg
a primitive stafe of the tentaculocysts of Trachylmae; Linko, on
the other hand, finding no nerve-clements connected with them,

1egards them as cdhgestive (?) m function
1 d

genera 1 which 16 39-—Section of a Cordylus of
tocystsare mcon- v. 1 aodice :
spicuous or absent | —It has been shown (¢, Circular canal
(fig 39). Each | above that lyps are ¢, Velum
cordylus is a ten- | budded only from polyps ¢ Tentacle

an | and that the medusae (. Cordylus, composed of flattened

may be budded enha
from polyps or from
mcdusae  In any case the
daughter-individuals produced from the buds may be imagined as
remaimng attached to the parent and formug a colony of individuals
1n organic connexion with one another, and thus three possible cases
anse. [he first case gives a colony entirely composed of polyps, as
i many Hydroidea  I'he second case gives a colony partly composed

cctoderm ec covering a laige-cclled
endodermal axis en

Ihe sensc-organs of the two f | L
and Lsmnocnida are pecubar and of rather doubtful nature (see . I,
Browne [10]).
Ihe endoderm of the medusa shows the same general types of
stiuctuie as m the polyp, described above We can distinguish (1)
~ igestive endoderm, in the stomach, often
with special glandular elemcnts, (2) circu-
latory endoderm, m the radwal and 1ng-
canals; (3) supporting endoderm 1n the axes
of the tentacles and 1n the endoderm-
lamella, the latter 3s primitively a double
laver of «cells, yroduccd by concrescence
ot the bral and sub-umbral layers of

of poly lividuals, partly of medusa-individuals, a posaibility also
rca.’hzecr 1n many colonies of Hydroidea  [he third case gives a colony
entirely composed of d dividuals, a possibility perhaps
realized in the Siphonophora, which will be discussed 1 dealing with
this group.

The first step towards the formation of a mived hydroid colony 1+
undoubtcdly a hastening of the sexual matunty of the medusa-
idividual ~ Normally the medusae are hiberated in quite an 1mma-
ture state; they swim

_—]
2

away, feed, grow and e
reymEeTs e ToTem 4 :2

become adult mature [T

the coelenteron, but 1t 1s usually found as a
single layer of flattened cells (fig 40); in
Geryonia, however, it remains double, and
the centripctal canals anse by parting of

@

the two layers; (4) r Yy

himing pores at the margin of the umbrella,
occurring m certain Leptomedusae as so-
called * marginal tubercles,” opening, on
the one hand, into the ring-canal and, on
theotherhand, to the exterior by *“ marginal

/
V)

mt  of
view, the medusa 1s to I
be considered as a T
means of spreading the e .
sessile polyp It may
be, however, that m-
creased  reproductie- <
ness becomes of greater \
F1G 40 —Portions of Sections through

mdividuals  From the [ wnse
species, supplementing
the d of the
importance to the
species than wide diffu-

// A funncls,”’ wlichdebouch into the sub-umbral

~ cavity above the velum As has been de-

Fi6 38 —Qcellus of scribed above, the endoderm may also con-
Lizsia  hoelltker:. oc¢, tribute to the sense-organs, but such

Pigmented ectodermal
cells, 1, lens  (After
Hertwig.)

n all cases ectodermal.

contributions are always of an accessory
nature, for instance, concrement-cells in
ihe otocysts, pigment in the ocell;, and
never of sensory nature, sense-cells being

The reproductive cells may be regarded as belongwng primarily
to nather ectoderm nor endoderm, though lodged 1 the ectoderm
m all Hydromedusae  Asdescribed for the polyp, they arc wandering
cells capable of extensive migrations before reaching the particular

spot at which they nipen,
not invanably, ripen in the ectoderm, but in the

n the Hydromedusae they usunlly, if
ht 1of the

sion; such a condition
will be brought about 1f
the medusae mature
quickly and are either
set free 1 a mature
condition or remam 1n
the shelter of the polyp-
colony, protected from
risks of a free hife 1n the
open sea In this way
tE: medusa sinks from
an independent per-

.sonahtv‘ to an organ of the
2, 5

main sources of nutriment, that 1s to say, not far from the stomach.
Hence the gonads are found on the Lt n Anth d

generally ; on the base of the manubrium, or under the gastral
pouches, or‘in both these situations (Octorchidae), or under the radial

canals, in

Trachomedusae ,
canals, in Narcomedusae. \When ripe, the germ-cells are
directly to the exterior.

under the gastral pouches or r,dm!

, or bearer of the reproductive organs, and losing
d dent , namel.

the Disk of Mcdusae—the upper onc of
Liznia, the lower of Awureha  (After
Hertwig )

¢l, Endoderm lamella

m, Muscular processes of the ectoderm-cells
1n cross section,

d, Ectoderm. .

en, Endoderm hining the entenc cavity

¢, Wandering endoderm cells of
gelatinous substance

the

lyp-colony, becoming a so-called

R

gradually all 5rgans

those of sense, locomotion and nutrition.
In some cases both free

y

y for an

duced

may be

and

h
from the same hydroid colony  This1s the case in Syncor)mo‘;mrabahs

(Allman p), p. 278) lng

m the latter,

i Campanularia volubiiss ,
d h m winter

ree are p m , gonop
(Duplessis {14]). Agam 1 Pennaria, the male medusae

are set free
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in a state of maturity, and have ocell, the female medusae remain
attached and have no sense organs.

The gonophores of different hydroids differ greatly in structure
from one another, and form a serics showing degencration of the
medusa-individual, which 15 gradually stripped, as 1t were, of 1its
characteristic features of medusan organization and finally reduced to
the simplest structure A very carly stage m the degeneration 1s well

plified by the lled” " of G h (fig
41, A)  Here the medusoid, attached by the centre of 1ts ex-umbial
surface, has lost 1ts velum and sub-umbral muscles, 1ts sense organs

HYDROMEDUSAE
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(s ¢ ) by chsappearance of which the sub-umbral ectoderm comes into
contact with the ectoderm of the manubrnium. Such a type 1s found
i Plumularta and also 1n Agalma (fig 41, D) ; centrally 13 scen the
spadix (sp ), bearing the generative cells (g), and external to these (1)
a layer of ectoderm representing the epithchum of the manubnium ,
(2) the layer of sub-umbral ectoderm; (3) the endoderm-lamcila
{e?), (4) the ex-umbral ectoderm (ex ), and (5) there may or may
not be present also an ectotheca Thus the gonads are covered over
by at least four layers of epithelium, and since these arc unnecessary,
presenting merely obstacles to the deluscence of the gunads, they

and mouth, though still rud y 1 The

y undergo reduction. The sub-umbral ectoderm and that

gonads (g) are produced on the m‘;\nubnum, which has a hollow
endodermal axis, termed the spadix (sp ), In open communication
with the coenosarc of the polyp-colony and serving for the autrition
of the generative cells. A very similar condition 13 seen 1n Tubularia
(fig 41, B), where, however, the tentacles have quite disappeared,
and the cucular nm formed by the margmn of the umbrella has nearly
closed over the manubrium leaving only a small aperture through
which the embryos emcige. The next step 1s illustrated by the
female gonophores of Cladocoryns, where the racial and ring-canals

Modified from , 7 Z der Sevualelle

| cihated

| maintamned
| the
+ Hydra

g
covering the manubrium undergo concrescence to form a single layer
(fig 41, 1), which hinally disappears altogether, and the endodcrm-
lamella disappears The gonoph 18 now reduced to 1ts sunplest
condition, known as the sporosac (fig 41, F, G, H), and consists of the
spadix bearing the gonads covered by a stngle layer of ectoderm (ea ),
with or without the addition of an ectotheca, It cannot be too
strongly emphasized, however, that the sporosac should not be com-
pared simply with the manubrium of the medusa, as 15 somctime
done The endodermal spadix (sp ) of the sporosac reprcsents the
endoderm of the manubrium, the ectodermal hning of the sporosac
(e¥) represents the ex-umbral ectoderm of the medusa, and the
intervening layers,
together with the
sub-umbralcavity,
have disappeared
Lhe spadix, as the
organ of nutntion
for the gonads
may be devclnpec‘
I various ways,
being simple (fi

41, 15) or b]mucluql
(hg 41, H), m
Ludendrium (g

T

IR

41, G) 1t curls
round the smgle
large ovum

he hydroid
Dicoryne 18 re-
markable for the
possession of gono-
phores, which are
cibate and become
detached and
swim away by
means of their
ciha, Jach such
sporosac has two
long tentacle-like
processes  thickly

It has been
that
gonads  of

represent
SPOrosacs or gono-
phores greatly re-
duced, with the
las)t traces of

bes den Hyd:s s

¥i16 41 —Diagrams of the Structure of the Gonophores of
various Hydromedusae, based on the figures of G J Allman and
\ Wasmann

\, ““Mecomdium”of Gonothyraea H, Withspadixbranched (Cordy-

B, Type of Tubularia. ophora

C, lype of Garveia, &c &¢. sc¢, Sub-umbral cavity.

D, Typeof Plumularia, Agalma, ¢, Tentacles,

L, Typeof Coryne, Forskalia,&c. c ¢, Circular canal

F, G, H, Sporosacs, g, Gonads.

T, With simple spadix. sp, %padlx.

G, With  spadix p ged ¢!, Endod lamell
(Eudendyitm) ex, Ex-umbral ectoderm,

ect, Ectotheca.

have become obliterated by coalescence of their walls, so that the
entire endod of the 1510 the d of the endod

struc-
ture  completely
obliterated There
18, however, no
evidence whatever
for thus, the gonads
of Hydra bemng 4 [entacles
purely ectodermal oy, Ova, two carried on each female gonophore
structures, while sp Tests,
all medusoid gono-
phores have an endodermal portion, Hydra is, moreover, bisexual,
in contrast with what 15 known of hydroid colonies

In some Leptomedusae the gonads are formed on the racial
canals and form protruding masses resembling sporosacs super
ficially, but not in structure Allman, however, regarded this type
of gonad as eq t toa , and lered the medusa
bearing them as a nnn;sex:xal‘ organim, a " blkastocheme " ;:s he

fter Allman, Cymnoblastic Hydrosds, by permission of the

Af
Council of the Ray Society
F16. 42 —Gonophores of Dicoryne conferta
A, A male gonophore still enclosed 1n 1ts ecto-
theca [hberation
Band C, Two views of a female gonophore after

lamella. Next the opening of the umbrella closes up letely
and disappears, 5o that the sub-umbral cavity forms a closed space
surrounding the manubrnium, on which the gonads are developed ,
such a condition 1s scen 1n the male g hore of Cladocoryne and

termed 1t, prod g 7 As

are known to bud medusae from the radial canals there is nothing
impossible in Allman’s theory, but 1t cannot be said to have recen «d
Yy proof

Garveia (fig. 41, C), where, howevecr, there 1s a further complication in
the form of an adventitious envelope or ectotheca (ect ) split off from
the gonophore as a protective covering, and not present in Clado-
coryne. e sub-umbral cavity (sc) functions as a brood-space
for the developing embryos, which are set free by rupture of the wall
It 15 evident that the outer envelope of the gonophore represents the
ex-umbral ectoderm (ex ), and that the mnner ectoderm lining the
cavity rep the sub-umbral d of the free medusa
The next step 13 the gradual obliteration of the sub-umbral cavity

Reproductson and Onlogeny of the Hydromedusae

Nearly every possible method of reproduction occurs amongst
the Hydromedusae. In classifying methods of generation it 15
usual to make use of the sexual or non-sexual nature of the
reproduction as a primary difference, but a more scientific
classification 15 afforded by the distinction between tissue-cells
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(histocytes) end germinal cells, actual or potential (archaeo-
cytes), amongst the constituent cells of the animal body In
this way we may distinguish, first, vegetative reproduction, the
result of discontinuous growth of the tissues and cell-layers
of the body as a whole, leading to (r) fisston, (2) autotomy, or
(3) vegetatwve budding ; dly, germinal reproduction, the
result of the reproductive activity of the archacocytes or germinal
tissue, In geiminal reproduction the proliferating cells may be
undfferentiated, so-called pnimitive germ-cells, or they may be
differentiated as sexual cells, male or female, 7 e. spermatozoa
and ova If the germ-cells are undiffereniiated, the offspring
may arise from many cells or from a single cell ; the fist type
18 (4) germinal budding, the second 1s (5) sporogony. If the germ-
cells are differentiated, the offspring arises by syngamy or sexual
union of the ordinary type between an ovum and spermatozoon,
so-called fertilization of the ovum, or by parthenogenesis, 1 e.
development of an ovum without fertihization  The only one of
these possible modes of reproduction not known to occur in
Hydromed 15 parthenog

(1) True fisston or longitudinal division of an individual into
two equal and similar daughter-individuals 15 not common but
occurs n Gastroblasta, where 1t has been described in detail by
Arnold Lang [30]

(2) .1utotomy, sometimes termed transverse fission, is the name
given to a process of unetlsal fission in which a portion of the
body separates off with subsequent regeneration In Tubularia
by a process of decapitation the hydranths may separate off
and give rise to a separate individual, while the remainder of
the body grows a new hydranth. Similarly i Schizocladium
portions of the hydrocaulus are cut off to form so-called ** spores,”
which grow into new
mdividuals  (see
Allman [1])

(3) Vegetative bud-
ding is almost uni-
versal in the Iydro-
medusac By budding
is understood the
formation of a new in-
dividual from a fresh
growth of undiffer-
entiated maternial It
15 convenient to dis-
tingwsh  buds that
give nse to polyps
from those that form
medusae.

(@) The Polyp.—The
buds that form polyps
are very smple in
mode of formation
Four stages may be

d ; the first

HYDROMEDUSAE

[REPRODUCTION

bulge out 1 y near the to form the umbrella, while
the distal undilated portion of the tube represents the manubrium
(C); tbe umbrella
now grows out
mto a number of
lobes or lappets,
and the tentacles
and tentaculocysts
grow out, the
former mn a notch
between two
lappets, the latter
on the apex of each
lappet (D, E);
finally, the velum
anses as a growth
of the ectoderm
alone, the whole
bud shapes itself,
so to speak, and
the httle medusa 15
separated off by
rupture of the thin
stalk connecting 1t
with the parent %I‘j
T'he dircct method
of medusa-budding
only differs from /
the polyp-bud by
its  greater com-
plexity of parts and

-

=
ARG

organs,
he indirect
mode of budding F

(figs 44, 45) 15 the
commonest method
by which medusa-
buds are formed
It 1s marked by the
formation 1n~ the
bud of a character-
1stic structure
termed the ento-
codon  (hnospen~
hern, Glockenkern).

The first stage 13
a simple hollow
outgrowth of both
body-layers (fig 44,
A), at the tip of
tlis 1s jormed a
thickening of the
ectoderm, ansing
Enmnhvcly as a
ollow mgrowth
(ig 44, B), but
more usually as a
solid mass of ecto-
derm-cells (fig 45,
A) Theectodermal
mgrowth 1s the
entocodon (Ge), it

Fi1G. 44 —Diagrams of Medusa budding with
the formation of an entocodon  The endoderm
18 shaded, the ectoderm lcft clear.

A,B,C, D, F, Succes- sub-umbral
sive stages 1 ver- cavity
tical section st, Stomach
E, Transverse sec- ¢, Rachal canal,
tion of a stage c¢, Circular canal
similar to D. e !, Endodermlamella.

18 a simple outgrowth
of Doth layers, ecto-

derm and endoderm,
tam; |

bulges mto, and Ge, Entocodon. m, Manubnum,
pushes down, the s¢, Cavity of ento- v, Velum

dodermu at the codon, formuing ¢, Tentacle,
apex of the bud, the future

and 1f solid 1t soon
acquires a cavity (fig 44, C, s¢) The cawvity of the entocodon
continually 1n size, while the endoderm pushes up at the

a p K
tion of the coelentenc
cavity, in the second
stage the tentacles
grow out as secondary
diverticula  from  the
side ot the first out-

\
Much modified from C Chun, *Coelenterata,” in
ronn s 7 urreic

F1G 43 —Direct Budcing of Cumina

A,B,C, I, F, Inver- # Tentacle growth, n the thud
tical section s e, Sense organ stage the mouth 1s
D, Sketch of exter- v, Velum formed as a perfora-
nal view s¢, Sub-umbral tion of the two layers,
st, Stomach cavity and, lastly, if the bud

15 to be ecparated, 1t

# s, Nervous system
off

m, Manubrium.
becomes mpped
from the parent polyp and begins a free exwtence
(b) The Medusae —Two types of budding must be disting
—the direct, so-called palingenetic type, and the sndirect, so-called
cocnogenetic type
The direct type of budding is rare, but 1s seen in Cummna and
Miliepora  In Cumina there arises, first, a stmple outgrowth of both
layers, as 1n a polyp-bud (fig 43, A), n this the mouth 19 formed
distally as a perforation (B), next the sides of the tube so formed

sides of 1t to form a cup with bollow walls, enclosing but not quite
surrounding the
entocodon, which
remamns mn contact
at 1ts outer sde
with the ectoderm
covering the bud
(18 44, D,v) The
next changes that
take place are
chiefly 10 the endo-
derm-cup (fig 44,
D, E), the cavity
between the two
walls of the cup
becomes  reduced
by concrescence to
form the racial
canals (¢ ¢.), nng-canal (¢.c ), and endoderm-lamella (¢, fig. 44, E),
and at the same time, the base of the cup 1s thrust upwards to jorm
the manubrium (m), converting the cavity of the entocodon wto a

Frg. 45.—Modifications of the method of

budding shown in fig. 44, with sohd Eato-
codon (G¢ ) and formation ofancctotheca(ul ).
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space which 18 crescentic or h;use oz;:e -like 1n ucﬂon.d tix'e::ito t;?;
taclel(tﬁg 4, F) grow out from the nng-canal, an e dou!
w;u-mon the duml udaoltneenvocomm becomes
d of two layers of ectoderm,
tlw velum (u) o( the medusa Fim.lly a mouth 13 formed b; brcakmg
through at the apex of the manubrium, and the now fully-formed
mednsz becomes
ted by ru;
t\u’e of the stak
of the bud and
swims away
1f the bud, how-
ever, 13 destmed to
ve nse not to a
ree medusa, but
to a gonophore,
the development
18 sumilar but be-
comes arrested at
various points, ac-
cording  to the
degice to which
the
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a strictly phylogenetic sequence, we should e: t them to a T
in the ordcr set forth above (fig. 46, Ia, b, ¢) ?»f: nearest &pplrg,::h
to the phylogenetic sequence 18 seen 10 the budding of Cunsma, where
the manubnum and mouth ag{mu firat, but the umbrella 1s formed
before the tentacles (ﬁﬁ 46, b, In the indirect or coeno-
genetic method of budding, the ﬁrst lwo members of the sequence
exhibited by Cumina change J:lM:.« and the umbrella is formed first,
the manubrium next, and then the tentacles; the actual mouth’
pcrforauon being dclﬂycd to the very last (fig 46 IVa,b,¢). Hence
the bud of fies very cleaily a common phenc-
menon 1 developmcnt a ph\iogenenc xem's of events completely
n the

The «-ntocodm\ 1s 10 be mgsrded thcre(ore not as primarily an
wgrowth of ectoderm, but rather as an upgmwth of both bLody-
layers, 1n the form of a circular nm (IVa), representing the un\bulla.r
margin, 1t is compatable to the bulging that forms tho umbrella m
the direct method of budding, but takes place before a manubrium
1> formed, and 15 greatly reduced in size, 80 as to become a little pit
By a slmplc modification, the open pit becomes a sohd ectodermal
ingrowth, just as n Teleostean Fshes the hollow medullary tube, or
the auditory pit of other vertcbrate embryos, 15 formed at fiist as a
solid cord of cells, which acquires a cavity secondanly Morcover,

1S
degenemte The
entocodon 18
usually  formed,
proving the medu-
sotd nature of the
bud, but m sporo-

the ) however developed, gives rise at first to a closed
cavity, representing a closing over of the umbrella, temporary in
the bud destined to be a frce medusa, but usually permancut n the
sc-sile gonophore  As has baen shown above, the closing up of the
sub-umbral cavity is one of the carhest deges nerativo changes in the
evaolution of the gonophore, and we may regard it as the umbrellar
fold takmg on a protective luncucn, either temporanly for the bud

sacs the
may be rudiment-
ary or absent
altogether lhe
process of budding
as above describe
may be vaned or
complicated 1n
various ways,
thus a secondary,
amnion-like, ecto-
dermal  covering
or ectotheca (fig
45, C, ect ) may be
formed over all, as
m Garvera, &c ,
or the cntocodon
may remamn sold
and withoutcavity
until after the
formation of the
manubrium, or
may never acquire
4 cavity at all, as
described  above
for the gono-
phores
Phylogenetic Sig-
nificance of the
Entocodon —1t 15
seen from the
foregoing account

F16 46 —Diagrams to show the sigmficance
of the Entocodon mn Medusa-buds (Modihed
from a diagram given by A Weismann )

I, Ideally primitive method of budding, 1n of meduca - bud-
which the mouth 1s formed first ([a), ding that theento-
next the tentacles (Ib), and lastly the codon 1s a ver
umbrella important consti-

11, Method of Cunina; (a) the mouth anses, tuent of the bud,

next thc umbrella (b)), and lastly the ten- furmishing some of
the most essential
portions of the
medusa, itscavity
becomes the sub-
unibral cavity,
and 1ts hning fur-
nishes the ecto-
dermal eprthehum
of the manubrium
and of the sub-umbral cavity as fsr as the edge of the velum
Hence the of
sub-umbral surface, eqmva.lent to tﬂ‘ peristome of the polyp,
chfferentiated mn the bud prior to other portions of the organmism
which must be regarded as antecedent to it in phylogeny
H the three prmclpal organ-systems of the medusa, namely mouth,
and be d m the hght of phylogeny,
1t is evndeut that the manubrium beanng the mouth must be the
oldest, as representing a common Empeﬂy of all the Coelentera,
even of the gastrula embryo of all Enterozoa Next i order come
the tentacles, common to all Cridaria  The special property of the
medusa is the umbrella, distinguishing the medusa at once from

les
11, H pothetlcal tranaition from II to the n-
irect method with an entocodon, the
formaton of the manubrium 1s mlm'de(l,

that of the umbrella hastened (llla b)
1V, a, b, ¢, budding with an (cf
fig

44).
v, Buddmg with a solid entocodon (cf fig 45)

or ly for the gonepl
Tosum up, the entocodon 1s a prccoc:m.w formation of the umbrella,
closing over to protect the organs in the umbrellar cavity The
possession of an” entocodon proves the medusa-nature of the bud,
and can onlv be explamned on the theory that gonophores are de’
generate medusae, and 15 mexplicable on the opposed view that
medusae are derived from gonophores secondnnly set free  In the
he 1 has become so degenerate

that even the documenmry proof, so to speak, of 1ts medusoid
nature may have been destroyed, and only circumstantial evidence
of 1ts nature can be produced

4 Germinal Budding —This method of budding 1s commonly
described as budding from a single hody-layer, instead of from
both layers The layer that produces the bud is nvanably the
cctoderm, 1 e the layer in which,in Hydromedusae, the generatine
cells are lodged ; and in some cases the buds are produced n the
exact spot in which later the gonads appear Irom these facts,
and from those of the sporogony, to be described below, we may
regard budding of this type as taking place from the germinal
epithelium rather thau from ordinary cctoderm

(a) Lhe Polyp —Budding from the ectoderm alono has been
described by A° Lang [29) in Hydra and other polyps The tissues
of the bud {vecmm. differentiated nto ectoderm and cndoderm, and
the endoderm of the bud becomes secondardy continuous with that
of the parent, but no part of the pa.n.nla.l endoderm contributcs
to the building up of the daught lyp Lang regarded this
method of budding as umversal i pof)ps a notion disproved by
O Sceliger [83) who went to the opposite extreme and regarded the
type of budding described by Ea as non-existent  In view,
however, both of the statements and ﬁgure! of Lang and cf the facts
to be described presently for medusae (Margellium), it 13 at least
theoretically possible that both germnal and vegetative budding may
occur 1n pou}'pw as well as m medusae

(b) The dusa -—lhc (‘k.\lut nstance of germinal budding 1s
furnished b, 1 octe tatum, one of the
Margtlldu The bnddmg of this medusa has been worked out
detail by Chun (HYDROZOA, (1]), to whom the reader must be referred
for the interesting laws of buddmg regulating the sequence and
order of formation 0( lhc buds

The buds of M. duced on the m each of
the four inteiradu, “and the a 15¢ from the cctoderm, that 1s to say,
the germinal epuhellum which later gives rise to the gonads  The
buds do not appecar mule y but y on each of the

four sides of the manubnum, thus 3 4 and secondary buds

d d

may be T on the buds before the latter are set free
as medusae I.ach bud arises as a thickening of the epithelium, which
first forms two or three layers (fig 47, A), and becomes separated into
asuperficial layer, future ectoderm, surrounding a central mass, future
endoderm {ﬁg 47, B) Thc ectodermal eprthelium on the distal side
of the bud b 1, grows ds, and forms a typical
entocodon (fig 37, D The remaining development of the bud
14 just as described aﬁuwe for the indirect method of medusa-budding
(ig 47, G, H When the bud 18 nearly wmplm the body-wall of
the parent zmmediatcly below it becomes perforated, placing the
vity of the parent in secondary communication with

other morphological types among the C the
!ormau::'zrp of these three systems of organs took place mordmg to

that of the bud (H), doubtless for the better nutrition of the latter
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LEspecially noteworthy m the germmal b g of Marg
13 the formation of the entocodon, as n the vegetative budding of
the mdirect type

5 Sporogony —This method of reproduction has beendescribed
by E Metchnikoff m Cunina and alhed genera. In mdividuals
etther of the male or female sex, germ-cells which are quite un-
differentiated and neutral in character, became amoeboid, and
wander into the cndoderm  ‘Lhey divide each into two sister-
cells, one of which—the spore—becomes enveloped by the other
The spore-cell multiphes by division, while the enveloping cell
18 nutrient and protective. The spore cell gives rise to a *“ spore-
larva,” which 15 set frec m the coelenteron and grows mto a
medusa  Whether sporogony occurs also m the polyp or not
remains to be proved.

6 Sexual Reproduction and Embryology —The ovum of Hydro-
medusae 18 usually one of a large number of oogoma, and grows
at the expense of 1ts sister-cells  No regular follicle 1s formed,
but the oocyte absorbs nutriment from the remaining oogonia.
In Hydra the oocyte 15 a large amoeboid cell, which sends out
pscudopodia amongst the oogonia and absorbs nutriment from
them When the oocyte 1 full grown, the residual oogonia
die off and disintegrate

The spermatogencsis and maturation and fertihzation of the
germ-cells present nothing out of the common and need not be

16

47 —Budding from the ctodetm (g;rmrslal epithehum) in
. un

(After €
1he bud forms an entocodon

Margellium,

A, Theepithelmm becomes two-
layered.

B, Thelowel layer formsa sohd
mass of cells, which (()
bec‘on‘\esawmle, the future r¢,

(Ge).
G, H, Formation of the medusae
s ¢, Sub-umbral cavity,
Radial canal,

'm, g the s, St h, which m H ac-
coelenteric  cavity (coel), quires a secondary com-
while  the outer layer munication with the diges-
furnishes the future ecto- tive cavity of the mother
derm, ¢ ¢, Cucular canal

D, L, F, a thickening of the ecto- ¢,  Velum,
derm on the distal wide of ¢, Tentacle.

described here. These processes have been studied in detail
by A Brauer [8] for Hydra.

The general course of the development is described m the article
Hyovrozoa  We may distinguish the following series of stages
Sx) ovum, (2) cleavage, leading to formation of a blastula, (3)
formation of an inner mass o1 parenchyma, the future endoderm,
by immigration or delammation, leading to the so-called enchy-
mula-stage ; (4) formation of an archenteric cavity, tﬁ:r future
coelenteron, by a splitung of the internal parenchyma, and of a
blastopore, the future mouth, by perforation at one pole, leading to
the gastrula-stage; (5) the outgrowth of tentacles round the mouth

The cleavage of the ovum follows two types, both seen in Tubularia
(Brauer [8]). In the first, a cleavage follows each nuclear division,
n the second, the nucler multiply by division a number of times,
and then the ovum divides into as many blastomeres as there are
nucler present. The result of cleavage in all cases 15 a ty?lul
blastula, which when set free b oval and develops a flagell
to each cell, but when not set free, 1t remams spherical in form and
has no flagella

The germ-layer formation 15 always by immigration or delamina-
tion, ncver by mvagmation When the blastula 1s oval and frec-
swinming the mner mass 1s formed by unipolar immigration from
the hinder pole, When the blastula 1s spherical and not set free, the
germ-layer formation 1s always multipolar, either by immigration
or by delammation, 1 e. by tangential division of the cells of the
blastoderm, as in Gerjonta, or by a mixture of immigration and
dclamination, as in Hydra, Tubularia, & Lhe blastopore 1s formed
as a sccondary perforation at one spot, i free-swimmmng forms
at the hinder pole Formation of archenteron and blastopore may,
however, be deferred till a later stage (actinula or after)

The actinula stage 15 usnally suppressed or not sct free, but 1t 15
scen n Tubularia (fig 48), where 1t 1s ambulatory, 1n Gontonemus
(Irachomedusae), and 1 Cunina (Narco-
medusac), where 1t 15 parasitic

In Leptolinac the ¢mbryonic develop-
ment culmmates i a polyp, which 1s
usually formed by fixation of a planula
(parenchymula), rarely by hxation of an
actinula = The planula may fix 1tsdf (1)
by one end, and then becomes the hydio-
caulus and hydranth, while the hydro-
rhiza grows out from the base, or (2)
partly by one side and then gives rise to
the hydrorluza as well as to the other
parts of the polyp, or (3) entirely by 1ts
«ide, and then forms a 1ecumbent hydro-
rlnza from which a polyp appears to be
budded as an upgrowth

In Trachylinae the devclopment produces always a medusa, and
there 14 no polyp-stage 1he medusa aries direct from the actinula-
stage and there 1s no entocodon formed, as i the budding described
above

Life-cycles of the Hydvomedusae —The hfe-cycle of the Leptolinae
consists of an alternation of generations in wiich non-sexual mdi-
viduals, polyps, produce by budding sexual individuals, medusae,
which give rise by the sexual process to the non-sexual polyps agam,
<o completing the cycle Hence the alternation 15 of the type termed
metagenesrs  The Leptolinae are chiefly forms belonging to the m-
shore fauna. The Trachyhnae, on the other hand, are above all
oceanic forms, and have no polyp-stage, and hence there is typically
no alternation m thewr hfe-cycle It is commonly assumed that the
Trachylinae are forms which have lost the alternation of generations
possessed by them ancestially, through secondary simphhication of
the hfe-cycie Hence the Trachylmae are termed ‘‘ hypogenetic **
medusae to contrast them with the metagenetic Leptolinae The
whole question has, however, been argued atlength by W K. Brooks
P}' who adduces strong evidence for a contrary view, that 15 to say,

Modified from a plate by L.
Agasuz, Contributions to Nat.

tist Us,w

F16 48 —Frec Actmula
of 1 ubularia

or regarding the direct ty pe of devclop seen mn T ylmae 1s
more primitive, and the mctagenesis scen i Leptohinac as a secondary
complication mtroduced mnto the hfe-cycle bK the acqusition of
larval budding The polyp 15 regarded, on this view, as a form
phylogenetically older than the medusa, m short, as nothing more
than a sessile actinula  In Trachyhnae the polyp-stage 1s passed
over, and 1s represented only by the actinula as a transitory embry-
onic stage In Leptolinae the actinula becomes the sessile polyp
which has acquired the power of budding and prod g individual:
either of 1ts own or of a higher rank , 1t represents a persistent larval
stage and remains 1n a sexually immature condition as a neutral
mdividual, vex bemng an attribute only of the final stage in the de-
velopment, namely the medusa The polyp of the Leptolinae has
reached the humit of 1ts individual develop and 1s pable of
becoming 1itself a medusa, but only produces medusa-buds; hence a
true alternation of generations 1s produced. In Trachylinae also the
beginnings ot a similar metagenewus can be found Thus in Cunina
octonaria, the ovum dey clops mto an actmula which buds daughter-
actinulae, all of them, both parent and offspring, develop nto
medusae, so that there is no alternation of generations, but only
larval multiphcation In Cumina parasitica, however, .the ovum
develops mto an actinula, which buds actinulae as before, but onl
the daughter-actinulac develop into medusae, while the origmnal,
parent-actinula dies off, here, therefore, larval budding has led to a
true alternation of gencrations  In Gontonemus the actinula becomes
fixed and polyp-like, and reproduces by budding, so that here also an
\ of may occur. In the i.eptolmae we must

(blastopore), leading to the actinula-stage, and (6) the
becomes the polyp or medusa n the manner described elsewhere
(see articles Hyprozoa, PoLyp and Mrpusa) This is the full, 1deal
development, which 15 always contracted or shortened to a greater or

lled

first substitute polyp for actinula, and then a condition 1s found which
can be compared to the case of Cunina parasitica or Gonionemus, 1f
we suppose that neither th Yarent-actmuh (+ ¢ founder-polyp) nor
its offsp bud (poly

less extent, If the embryo s set free as a f;
planula-larva, in the blastula, parenchymula, or gastrula stage, then
& free actinula stage 14 not found, if, on the other hand, a free
actmula occurs, then there 1s no free planula stage

e

g b g (polyps of the colony) have the power of
becoming med}:xs-e, but only of prod g med b Puad
For further arguments and illustrations the reader must be referred
to Brooks’s most interesting memoir  The whole theory is one most
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t. ly ted with the q of the relation between polyp
and medusa, to be discussed presently. It will be seen clsewhere,
however, that whateyer view may be held as to the ongm of meta-
genests in Hydromedusae, 1m the case of Scyphomedusae (gv) no
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rendenﬂy 1n a great number of cases  Secondly, there 1s the evidence
rom the development, namely, the presence of the entocodon i the
medusa-bud, a structure which, as explamed above, can only be
accounted for satisfactorily by derivation from 4 medusan type of

other view 1s posstble than that the alternation of B the
direct result of larval prohiferation

or ion Hence 1t may be concluded that the gonophores are
degenerate medusae, and not that the medusae are lughly elaborated
h

1o complete our survey of life-cycles in the Hy it s
necessary to add a few words about the position of Hydra and 1ts
allies If we accept the view that Hydra 1s a true sexual polyp, and
that 1ts gonads are not h 1e buds) 1 the extreme
of degeneration, then 1t follows from Brooks’s theory that Hydra
must be descended from an archaic form in which the medusan tyEe
of organization had not yet been evolved Hydra must,n short, be
a hving rep 1ve of the of which the actinula-stage 1s
a transient 1 the dev of higher forms It

may be pointed out 1n this connexion that the fixation of Hvdra s |

only temporary, and that the animal 15 able at all times to detach
1tself, to move toa new situation, and to fix 1tself again  Thereis no
d )3 1 1n reg; g Hvdya as beaning the same relation
to the actinula-stage of other Hyd 1
a trochophore-larva or a hsh to a tadpole

The Relatson of Polyp and Medusa —Many views have been put
forward as to the morphological relationship between the two
types of person in the Hydromedusae For the most part,
polyp and medusa have been regarded as modifications of a
common type, a view supported by the existence, among Scypho-
medusae (g v ), of sessile polyp-like medusae (Lucernaria, &c )
R Ieuckart mn 1848 compared medusae m general terms to
flattened polyps. G J. Allman [1] put forward a more detailed
view, which was as follows, In some polyps the tentacles are
webbed at the base, and 1t was supposed that a medusa was a
polyp of this kind set free, the umbrella being a greatly developed
web or membrane extending between the tentacles. A very
different theory was enunciated by E Mectchmkoff In some
hydroids the foundcr-polyp, developed from a planula after fixa-
tion, throws out numerous outgrowths from the hase to form the
hydrorhiza , these outgrowths may be radially arranged so as to
form by contact or coalescence a flat plate  Mechmkov considered
the plate thus formed at the base of the polyp as equivalent
to the umbrella, and the body of the polyp as equivalent to the
nanubrium, of the medusa , on this view the margmal tentacles
almost nvariably present in medusac are new formations, and
the tentacles of the polyp are represented in the medusa by the
oral arms which may occur 10und the mouth, and which some-
times, e g in Margelidae, have the appearance and structure of
tentacles Apart from the weighty arguments which the develop-
ment furnishes agamst the theories of Allman and Mechnikov,
it may be pointed out that nerther hy pothesis gives a satisfactory
explanation of a structure unmiversally present in medusae of
whatever class, namely the endoderm-lamella, discovered by
the brothers O and R Hertwig. It would be necessary to regard
this structure as u secondary extenston of the endoderm in the
tentacle-web, on Allman’s theory, or between the outgrowths
of the hydrorhiza, on Mechnikov’s hypothesis The develop-
ment, on the contrary, shows unequivocally that the endoderm-
lamella arises as a local coalescence of the endoderinal hmings of a
primitively extensive gastral space

The question 1s one mtimately connected with the view taken
as to the nature and individuality of polyp, medusa and gono-
phore respectively. On this pomt the following theories have
been put forward.

1. lhe theory that the medusa 13 simply an organ, which has
become detached and has acquired a certain degree of independence,
like the well-known st of the h yle of the cuttle-fish
On ths view, put forward by I van Beneden and T H Huxley, the
sporosac s the starting-point of an evolution leading up through the
various types of gonophores to the free medusa as the culminating
pomnt of a phyletic serics The evidence agamnst this view may be
classed under two heads‘ first, comparative evidence, hydroids
very different in their structural characters and widely separate in
the sy 1c cl of these may prod d
very similar, at least so far as the essential features of medusan
organization are conceme‘t . on the other hydrondql closely allied,

that a Rotifer bears to

4

Js as the organ-theory requires

2 The theory that the medusa 14 an mdependent mndividual, fully
equivalent to the polyp in this respect, 15 now umversully accepted
as bemg supported by all the facts of comparative morphalogy and
development  The question still remams open, however, which of
the two types of peison may be regarded as the most primitin ¢, the
most ancient 1 the race-history of the Hydromedusae I
Balfour put forward the view that the polyp was the more primitive
type, and that the medusa 1 a spectal modification of the polyp for
reproductive purposes, the result of diviston of labour mn a polyp-
colony, whereby special reproductive persons become detached and
acquire organs of locomotion for spreading the speces Wk
Brooks, on the other hand, as statcd above, rcgards the medusa as
the older type and looks upon both poly p and medusa, 1 the Hydro-
medusae, as denived from a free-swimmung or floating actinula, the
polyp bemg thus mercly a fixed nutritive stage, possessing second-
auly acquired powcrs of multiplication by I;mkﬁng

The l-lertwlgs when they discovercd the endoderm-lamella show «d
on morphological grounds that A)olyp and medusa are mdependent
types, each produced by modification i different dircctions of a
mote primittve tvpe represcnted i development by the actinula-
stage 1f a polyp, such as Hydra, be regarded simply as a sessile
actinula, we must certainly consider the polyp to be the older tvpe,
and 1t may be pomnted out that m the Anthosoa only polyp-mdi-
viduals occur  1his must not be taken to mean, however, that the
medusa 1s derived fiom a sessile polyp, 1t must be 1garded as a
direct modification of the more ancient free actinula form, without
primitively any mteryenng poly p-stage, such as has bee n mtroduced
secondarily mto the development of the Leptolmace and represents a
revival, so to speak, of an ancestral form or larsal stage, which has
taken on a special role m the economy of the speees

SYSTEMATIC REVIEW OF THE IIYDROMFDUSAL

Orpkr 1. Eleutheroblastea.—Simple polyps which become
sexually mature and which also reproduce non-sexually, but
without any medusord stage in the hfe-cyde

‘The sub-order includes the family Hydridae, contammng the
common fresh-water polyps of the genus Hydra Certam other
forms of doubtful affinities have also been refericd provisionally
to this section

Hydra — 1 Ins genus comprises fiesh-water polyps of simple struc-
ture  The body bears tentacles, but shows no division mnto hy drorhiza,
h{ldrocaulua or hydranth, 1t1s temporanly fixed and has no perisarc.
The polyp 1s usually hermaphrodite, dcvelo}mng both ovaries and
testes m the same individual There 13 no free-swimming planula
larva, but the stage corresponding 1o 1t 1s passed over in an enyelop-
g cyst, which 15 secrcted round the embryo by 1ts own ectodermal
layer, shortly after the germ-layer formation 1s complete, 1 n the
parenchymula-stage The envelope 15 double, consisting of an ex-
ternal chitinous stratified shell, and an internal thin elastic membrane
Protected by the double (nvelope, the embryo 15 set free as a so-called
“ cgg,” and 1 Europe 1t passcs the winter m this condition  In the
spring the cmbryo bursts 1ts shell and 15 vet free as a minute actinula
which becomes a Hydra

Many species are known, of which three are common 1 European

waters It has been shown by C F Jickeli (28) that the species arc
distinguishable by the characters of their nematocysts hey also
show characteristic differences i the egg (Brauer [2]) In Hydia

virdss the polyp 1s of a green colour and produces a spherncal egg
with a smooth shell which 1s dropped nto the mud H grisca 1s
greyish i tint and produces a spherical egg with a <piky shell,
which also 13 dropped into the mud ~ H fusca (- H vulgaris) 18 brown
m colour, and produces a bun-shaped egg, spitky on the convex
surface, and attached to a water-weed or some object by 1ts flattencd
side Brauer found a fourth species, similar in appearance to H
fusca, but differing from the three other species n Lelng of separate
sexes, and 1n producing a spherical egg with a knobby shell, wRuh 5
attached like that of fusca

The fact already notcd that the species of Hydra can be dis-
tinguished by the characters of their nematocysts 1s a point of great
interest. In each species, two or threc kinds of nematocysts occur,
some large, some small, and for specific identification the nemato-
cysts must be studied collectively in each species It 18 very rc
markable that this method of charactenzing and diagnozing specics
has never been extended to the marine hydroids It 18 quite possible
of the ysts might afford data as nscful

y m this group as do the spicules of sponges, for
1t would be particularly interesting to ascertain how the

perhaps almost may p m theone | that the ch t
case, medusae 1n the other, for ple, Hyd ph to the

and Podocoryne (med ), Tubul ph and Ectopl i

(med ) ) and Syncoryne (medum), and so on

oryne h
1f 1t 19 assumed that all these genera bore gonophores ancestrally,
then medusa of similar type must have been evolved quite iade-

nematocysts of a polyp are related to those possessed by the mcedusa
budded from it,and st 18 possible that in this manner obscure qucstions
of relationship might be cleared up
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Fyotohydra 18 a manne genus ch d by the ab of
les, by a great i/ to Hydra in h 1 structure, and
by reproduction by transverso hission. It was found ongmally Inan
oyster-tarm at Ostend The sexual reproduction 15 unknown For
further mtormation sce C Chun (Hyprozoa (1], P1 1)
Polypodium hydvifoyme Ussow 18 a fresh-water form pnraslt:c on
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that 1n some cases the p of med or gonop varnes
with the season or the sex. Moreover, P. Hallez [32] has recently
shown that hydroids hitherto regarded as cistinct species are only
forms of the same species grown under different conditions.

SUB-ORDER 1. HYDROIDEA GYMNOBLASTEA (ANTHOMEDUSAE).

the eggs of the sterlet A “stolon” of unk origin p
thirty-two buds, which become as many Polypodia, ecach has
twenty-four tentacles and divides by fission repeated twice into four
ndividuals, each with six 1 Ihe dang luals grow,
form the full number
of twenty-four tentacles
and divide agamn  The
polyps are free and wall
on therr tentacles, Sec
Ussow (84]

Tetraplatia  volstans
Viguier 18 a remarkable
floating marme form
See C Viguer [88) and
Delage and Hérouard
(HybRrozoa (3])

Halevemita  Schau-
dinn See ¥ Schaudinn
[80] and Delage and
Hérouard (HYDROZOA
12)

zn all the above-
mentioned genera, with
ihe exception of Hydya,
the lfc cycle 15 so mm-
perfectly  known that
their true posttion can-
not be detcrmined 1n
the present state of
our knowledge They
may prove eventually
to bcong to other
orders Hence only the
penus Hydia can be
considered as truly re-
resenting  the order
leutheroblastea The
phylogenetic  position
of tlis genus has been
ciscussed above

Orper II. Hy-
droidea seu Lep-
tolinae. — Hydro-
medusae with alter-
nation of generations
(metagenesis) m which

0 —Magram

showing possible
modifications of persons of a gymnoblastic

13
Hydromedusa  (After Allinan)

a, Hydrocaulus (stem)

b, Hydiorhiza (root).

¢, Enteric cavity

d, Endoderm,

e, Lctoderm

/, Pensarc (horny case)
, Hydranth (hydnform person) c‘S).\ndcd

’, Hydranth ~ (hydriform rson) con

& thacted g pe 4 non-sexual polyp-

4, Hypostome, bearing mouth at its generation  (tropho-
Lxtremity some) produces by

&, bpo:;)‘:.i;:s springing from the hydro- budding a sexual

K, Sporosac springing from m, a modified medusa-generation
ﬁ;dn(orm person  (blastostyle)  the (gonosomc). The
gemitalia ate ~cen surrounding  the polyp may be sohtary,

spadix or manubrium
1, Medusiform person or medusa
m, Blastostyle

but more usually pro-
duces polyps by
budding and forms
a polyp-colony ‘The polyp usually has the body distmctly
divisible into hydranth, hydrocaulus and hydrorhiza, and 1s
usually clothed m a perisarc. The medusae may be set free or
may remain attached to the polyp-colony and degencrate nto
a gonophore. When fully developed the medusa s characterized
by the sense organs being composed entirely of ectoderm,
developed mdependently of the tentacles, and innervated from
the sub-umbral nerve-ring.

The two kinds of persons picsent in the typical Hydroidea make
the classification of the group extremely difficult, for reasons ex-
plamned above Hence the systematic arrangement that follows
must be considered purely provisional A naturat classification
of the Hydroulea has r‘t to be put forward Many genera and
families are separated by purely artificial characters, mere shelf-
ani-bottle groupings devised for the convenience of the museum
curator and the collector Thus many subdivisions are diagnosed by
setting free medusae in one case, or producing gonophores in another,

Ithough it is very obvious, as pointed out above, that a genus pro-
duung medusae may be far more closely allied to one producin
gonophores than to another producing medusae, or vice versa, an

-—~Troph without hydrothecae or gonothecae, with mono-
podial type of budding. Gonosome with free medusae or
gonophores ; medusae usually with ocelli, never with otocysts
‘The gymnoblastic polyp usually has a distinct perisarc mvesting
the hydrorhiza and the hydrocaulus, sometimes also the hydranth
as far as the bases of the tentacles (Bimeria) ; but in such cases
the perisarc forms a closely-fitting mvestment or cuticule on
the hydranth, never a hydiotheca standing off from it, as in the
next sub-order. The polyps may be solitary, or form colonics,
which may be of the spreading or encrusting type, or arborescent,
and then always of monopod:al growth and budding. In some
cases, any polyp of the colony may bud medusae; n other
cases, only certan polyps, the blastostyles, have this power.
When blastostyles are present, however, they are never enclosed

Fic 50 —Sarsta
(Dipurena) gemmafera.

Fic st — Sarsia  pyolifera
Ocelli are seen at the base of the
tentacles, and also (as an ex-
gc;:ltnon) groups of medusiform
uds

, The long manu-
brium, bearing medusi-
form buds, a, mouth

in special gonothecae as in the next sub-order. In this sub-order
the characters of the hydranth are very vaniable, probably owing
to the fact that it 1s exposed and not protected by a hydrotheca,
as m Calyptoblastea

Speaking gencrally, three principal types of hydranth can be
usting hed, each with sub & e?:met{; of forn)xy
1 Club-shaped hydranths with tentacles, lly
scattered irrcgularly, sometimes with a spiral arrangement, or 1n
whorls (* verticillate **)
(@) Tentacles fillform, type of Clava (fig s), Conlyl?ham, &
(b) Tentacles capitate, simple, type of Coryne and Syncoryme ,
Mpyriothela 1s an aberrant form with some of the tentacles
modified as ** claspers ” to hold the ova
() Tentacles capitate, branched, wholly or i part, type of
Cladocoryne
(@) Tentacles fihform or capitate, tending to be arranged in
definite whorls; type of S d1 (hg 2), Clad
and Pennaria
2. Hydranth more shortened, daisy-like in form, with two whorls
of tentacles, oral and aboral .
(@) Tentacles filiform, simple, radially arranged or scattered
larly ,_type of Tubularia (8¢ 4), Corymorpha (fig 3),
Nemopsss, Pllagokh;rdva, cli:c
h a t ar

() Tentacles wit t 1 hed & 1
mn addition to sumple fibform ones; type of Branchio-
cenanthus

3. Hydranth with a single circlet of tentacles.
(@) With fihform tentacles; the comrgonest type, scen 1n
Bougainvsllea (fig. 13), Ewdend o
(8) With capitate et type of Clavatella
4 Hydranth with tentacles reduced below four; type of Lar
(fig 11), Monobrachsum, &c.
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The Anthomedusa mn form is generally deep, bell shaped.
The sense organs are typically ocelli, never otocysts. The gonads
are borne on the manubrium, either forming a contnuous ring
(Codomd type), or four masses or pairs of masses (Oceanid type).
The tentacles may be scaticred singly round the margin of the

brella (* ””) or arranged in tufts (** lophone-
matous ”’) ; in form they may be simple or branched (Cladonenid
type) ; in structure they may be hollow (“ coelomerinthous “);
or sohd (“ pycnomermmthous ™). When sessile gonophores are
produced, they may show all stages of degeneration.

Classsfication —Until quite recently the hydroids (Gymnoblastea)
and the medusae (Anthomedusae) have been classified separately,
since the connexion between them was mnsuthciently known., Delage
and Hérouard (Hyprozoa [3]) were the first to make an heroic
attempt to unite the two classifications into one, to which Hickson
(HyDpRozOA (4]) has made some additiona and shght modhfications
The classification given here 1s for the most part that of Delage and
Hérouard It s certain, however, that no such classification can be
considered final at present, but must undergo continual revision in
the future, With thus reservation we may recogmze fifteen well-
characternized famihies and others of more doubtful nature  Certan
discrepancies must also be noted

1 Margelidas (=medusa-famly Margelidas + }

drowd {amil
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7 Corymorphidas (ncluding the medusa-family Fybocodonidas)
Trophosome solitary polyps, with two whorls of tentacles; gono-
some, free medusae or gonophores Corymorphs (fig 3), a well-

known Bntish genus, sets free a medusa known as Steenstrupra (hy
22). Here belong the deep-sca genera Monocaulus and Bra chiocers-

anthus, including the  largest
hydroid polyps known, both
genera  producing sessile gono-
phores

8 Dendroclavidas, — Tropho-
some, polyp with filiform tentacles
m three or four whorls  Dendro-
clava, a hydred, produces the
medusa known as 7 urritopss.

9 Clanidae (including the
medusa-family 11aridae (figs. 27
and s§1). Trophosome, polyps
with scattered filtorm tentacles;
gonosome, medusae or gono-
phores, the medusas with hollow
tentacles. Clava (fig 5), a
common Brtish hydroid, pio-
duces gonophores; so also does
Cordylophora, a form inhabiting
fresh or bLrackmsh water. 7urris

q

y
Bouganvilltdae, Dicorymidae, Bimeridae and Ludendridae). Tropho-
some arborescent, with hydranths of Bowgainviliea-type, gonosome
free med or hores, the d with sohd tentacles in
tufts (lophonematous) Common genera are the hydroid Bougain-
villea (figs 12, 13), and the medusae Hippocrene (budded from
Bougainvillea), Margelis, Rathkea (fig 24), and Margellium, Other
hydroids are Garveia, B: , Eudendrium and Heterocordyle, with
gonophores, and Dicoryne with peculiar sporosacs

2 Podocoryntdae (=med faml h

+hydroid famihes Podocorynidas and Hyd: )
encrusting with hydranths of B. llea-type, polyps ti-
ated mto blastostyles, gastrozoids and dactylozoids, gonosome frec
medusae or gonophores. The typical genus s the well-known
hydroid Podo-
coryne, budding
the meduasa known
as  Dysmorphosa ,
Thamnostylus,
Cytacis, &c, are
other medusac
with unknown
hydroids. Hydrac-
tma (figs. 9, 10)

d ‘,i‘d C)itaazdae

18 a famihar
hydroud genus,
bearing gono-
phores,

3 Clad d

7 free d 4mphs-
nema 15 a medusan genus of une
known hydrowd

10. Bythotiaridae,— I'ropho-
some unknown ; gonosome, frec
medusae, with deep, bell-shaped
umbicila, with interradial gonads
on the base of the stomach, with
hanched radial canals, and corre-
spondingly numerous hollow ten-
tacles. Bythotiara, Ssbogita.

11.Corynidae (=hydroid tamihes
Corynidae,  Syncorymdas and
Cladocorynidas + medusan family
Sarsridae) —1rophosome polyps
with cap les, simple or
branched, scattered or verticillate,

After Haeckel, System der Medusen, by

of Gustav Fischer

F16  §3 —Plevonema darwini

gonosome, frce medusae o1 gono- The apex of the stomach 1s pro-
hores  Coryne, acommon British longed into a brood pouch con-

Kydroxd, produces gonophores, taming embryos.

Syncoryne, ndistinguishable from

it, produces medusae known as Sarsia (fig 51)  Cladocoryne 1.
another hydroid genus, Cod and Dsp: (fig 50) are med
genera,

12. Myriothelsdae.—The genus Myriothela 14 a solitary polyp with
scattered cay tentacies, prod g

13. Hydrolaridae.—Trophosome (onl; known in one genus),
lyps with two tentacles forming a creeping colony ; gonosome,

—Trophosome,
polyps with two
whorls of ten-
tacles, the lower
filiform, the upper
capitate; gono-
some, free med-
usae, with ten-
tacles solid and

type-genus Clado-
nema (fig. 20) 15 a
common  Brntsh
form

1 Clavatellidae
—Trophosome,
polyps with a
single  whorl of
capitate tentacles ,
gonosome, free
medusae, with ten-
tac] branched,
soid,  Cl i

branched The !

ree med with fou, six or more radial canals, giving off onc or

more lateral branches which run to the margin of the umbrella, with
the stomach produced mnto four, six or more lobes, upon which the
gonads are developed, the mouth with four hips or with a folded
margin ; the tentacles simple, arranged evenly round the margin of
the umbrella  The remarkable hydrowd Lar (fig 11) grows upon the
tubes of the worm Sabhel/a and produces a medusa known as Willia
Another medusan genus 1 Proboscidactyla

14. Monobrachiidae —1he genus Monobrackium is a colony-
formmng hydroid which grows upon the shells of hivalve molluscs,
cacl polyp having but a single tentacle, It buds medusac, which,
however, are as yet only known in an immature condition («.
Mereschkowsky [41))

15 Ceratellidac —Trophosome polyps formmg branching colonics
of which the stem and main branches are thick and composed of a
network of anastomosing coenosarcal tubes covered by a common
ectoderm and supported by a thick chitinous pcrisarc ), hydranths
similar to those of Coryne,”gonosome, sessile gonophores  Ceratella,
an exotic genus from the coast of East Africa, New South Walcs and
Japan. The genera Dehitella Gray and Dendrocoryne Inaba «hould
perhaps be referred to this family, the last-named 1s regarded Ly
S Goto (18] as the type of a distinct family, Dendrocorynidae
"l:).oubﬂu} !(:_i‘rmllm, or forms difficult to classify, are ~ Pteronemudae,

o

(fig 21), with a
peculiar  ambula-
tory medusa 18 a
British form
5 Pemnaridas
FiG. 52 —Tsara pileata, L. Agassiz —Trophosome,
; folyw with an
upper circlet of numerous capitate tentacles, and a lower circlet of fili-
form tentacles  Pemwana, with a free medusa known as Gloksceps, is a

After Hacckel, Systews der Medusem, by pernussion of Gustav
Fischer.

Staursd (fig 2)1s a British hydroid.

6. Tubularsrdae — r:gbosome, polyps with two whorls of ten.

tacles, both filiform  Twbularia (fig 4),a well known British hydrod,
bears gonophores.

1 type, with hydroids for the most part un-
known. The British genus éammana, however, 15 budddd from a
hydrod referable to the famuly Corynidae  Pleronema (fig 53).
Nemopsidae, for the floating polyp Nemopsis, vary similar to
Tubularsa in character; the medusa, on the other hand, is very
sumilar to Htp{a;reu (Maygelidae) See C. Chun (HyDROZOA (1))
Pelagohydridae, for the floating polyp Pelagohydra, Dendy, from
New Zealand  The animal 15 a solitary polyp bearing a great number
of medusa-buds The body, rcpresenting the hydranth of an
ordinary hydroid, has the aboral portion modified 1to a float, from
which hangs down a proboscis ring the mouth. The float 1s
d with long ¢ les and bears the medusa-buds. The
roboscis bears at its extremity a circlet of smaller oral tentacles
g‘bm the affinities of the hydranth are clearly, as Dendy points out,
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with a form such as Corymorpha, which also 15 not fixed but only
rooted in the mud. [he medusae, on the other hand, have the
tentaclc - in tour tufts of (in the buds) five each, and thus resemble
the mcdusac of the
family  Margelidae.
See A Dendy (13}
Perigonsmus — Lhis
common British hy-
droid belongs by 1ts
characters to the
family  Bougainvii-
hdae; it producces,
however, a medusa
of the genus Tfara (fig
52), rcfcrable to the
faimly Clavdae; a
{fact suffictent to indi-
cate the tentative
character of even the

cations of this order.

SuB-orpDER IL
HyproipeA CALyp-
TOBLASTEA (LEPTO-
MEDUSAE) —Tropho-
some with polyps
always differentiated
mto nutritive and
reproductive  ndi-
v.duals (blastostyles)
enclosed 1 hydro-
thecae and gono-
thecae respectively ;
with sympodial type

most modern classifi- |

Fi1a, 51 —Diagram showing possible modi-
fications of the pursons of a Calyptoblastic
Hydromedusa, ~Lettets @ to & same as in
fig 49 1, The horny cup or hydiotheca of
the hydnform persons; 4, medusiform person
springing from m, a modified hydriform
person (hlmlmtylvﬁ: %, the horny case or
geonangium enclosing the blastostyle and
its buds  Ilis and the hydrotheca s give
origin to the name Calyploblastea, (After
Allman )

of budding. Gono-
some with free med-
usae or gonophores ;
the medusae typr-
cally with otocysts,
sometimes with cor-
dylh or ocelh (figs.
54, 55)- .

The calyptoblastic

polyp of the nutritive
type 1> very umform in character, its tendency to vanation
being limited, as 1t were, by the enclosing hydrotheca The
hydranth almost always has a single circlet of tentacles, ke
the Bougarnuvillea-type n the preceding sub-order , an excep-
tion is the curious genus Clathrozoon, m which the hydranth has
a single tentacle  The
charactenstic hydrotheca
15 formed by the bud at
an early stage (fig. 56);
when complete 1t 1s an
open cup, in which the
hydranth develops and
can be protruded from the
opening for the capture
of food, or is withdrawn
mmto 1t for protection.
Solitary polyps are un-
known in this sub-order ;
the colony may be creep-
ing or arborescent m form ;
if the latter, the budding
of the polyps, as already
stated, is of the sym-
podial type, and either

55 —View of the Oral Sutface of
one of the Leptomedusas (Irene pellu-
cuda, Haeckel), to show the numerous
tentacles and the otocysts

Fie

e, Genital glands.  r¢, The fowm radi- :
%t', Manubrium. ’ ating canals. biserial, forming stems
of, Otocysts. Ve, The velum.  capable of further branch-

ing, or uniserial, forming
pinnules not capable of further branching In the biserial type
the polyps on the two sides of the stem have primitively an
alternating, zigzag arrangement ; but, by a process of differential
growth, quickened in the 1st, 3rd, sth, &c., members of the
stem, and retarded in the 2nd, 4th, 6th, &c., members, the polyps
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may assume secondarily positions opposite to one another on
the two sides of the stem. Other vanations m the mode ot
growth or budding bring about further differences 1n the building
up of the colony, which are not 1n all cases properly understood
and cannot be described 1n detail here. The stem may contamn
a single coenosarcal tube (* monosiphonic ”) or several umted
mna common persarc (“ polysiphonic ’)  Animportant vanation
1s seen, m the form of the hydrotheca itself, which may come
off from the main stem by a stalk, as n Obelia, or may be
sessile, without a stalk, as in Sertularia.

In many Calyptoblastea there occur also reduced defensive
polyps or dactylozoids, which in this sub-order have received
the special name of sarcostyles. Such are the ‘ snake-lke zoids ”
of Ophiodes and other genera, and as such arc generally inter-
preted the “ macho-
polyps” of the
Plumularidae
These organs are
supported by cup-
like structures of the
perisarc, termed
nematophores,  re-
garded as modified
hydrothecae sup-
porting the specral-
1ized polyp-indi-
viduals. They are
specially character~
istic of the family
Plumularidae.

The medusa-buds,
as alrcady stated,
arealways produced
from  blastostyles,
reduced non-nutri-
tive polyps without
mouth or tentacles
An apparent, but
not real, exception
1s Halectum haleci-
num, m which the
blastostyle 15 pro-
duced from the side
of a nutritive polyp,
and both are en-
closed in a common
theca without a
partition hetween
them (Allman [1
p 50, fig 24) The
gonotheca 1s formed 1n 1ts early stage in the same way as the
hydrotheca, but the remams of the hydranth persists as an
operculum closing the capsule, to be withdrawn when the
medusae or genital products are set free (fig. 56).

The blastostyles, gonophoresand gonothecae furnishaseries of vana-
tions which can best be considered as so many stages of evolution

Stager,seenn Obelta N d are budded vely
within the gonotheca and set free, they swim off and mature 1n the
open sea (Allmann [1], p 48, figs. 18, 19)

Stage 2, seen m Gonothyraea Med ,
are budded but not liberated, each in turn, when 1t reaches sexual
matunty, 1s protruded from the gonotheca by clongation of the
stalk, and sets free the embryos, after which 1t withers and 1s re-
placed by another (Allman [1], p. 57, fig_28)

Stage 3, seen m Serfularia —The gonophores are reduced 1n varying
degree, 1t may be to sporosacs; they are budded successively from
the blastnstyf;, and each in turn, when ripe, Jamtrudes the spadix
through the gonotheca (fig 57, A, B) The spadix forms a gelatinous
cyst, the lled acrocyst (ac), 1 to the gonotheca (gth),
enclosing and protectmg the embryos Then the spadix withers
leaving the embryos 1n the acrocyst, which may be further pmtectctf
by a so-called marsupum, a structure formed by tentacle-like
processes growing out from the blastostyle to enclose the acrocyst,
each such process being covered by pensarc like a glove-finger
secreted by 1t (fig 57, C). (Allman {1}, pp 50, 51, figs, 21-24;
Weismann [88], p. 170, pl. ix., figs 7,8)

Hydrowds, by

After Allman, of
the counal of the Ruy Society.

T1c 56 —Diagrams to show the mode of
formation of the Hydrotheca and Gonotheca
m Calyptoblastic Hydroids A-D are stages
common to both, from D arises the hydro-
theca (E) or the gonotheca (b), 1k, theca;
st, stomach; ¢, tentacles; », mouth, mb,
medusa-buds

Ned * dia **
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Stage 4, seen in Plumularidac —The generative elements are
produced 1 structures termed corbulae, formed by reduction
and modification of branches of the colony Each corbula
contamns a central row of bl y d and d
by lateral rows of branches representing stunted buds (Aﬁman ),
p 6o, fig. 30)

The Leptomedusa in form 1s generally shallow, more or less
saucer-like, with velum less developed than in Anthomedusae
(fig. 55) The characteristic sense-organs are ectodermal oto-
cysts, absent, however, 1n some genera, m which case cordyli
may replace them. When otocysts are present, they are at least
cight in number, situated adradially, but are often very numerous.
The cordyli are scattered on the ring-canal  Ocelh, if present,
are borne on the tentacle-bulbs The tentacles are usually
hollow, rarely solid (Obelza). In number they are rarely less than
four, but n Dissonema there are only two. Primitively there
are four perradial tentacles, to which may be added four mter-
radal, or they may become very numerous and are then scattered
evenly round the margmn, never arranged in tufts or clusters.
In addition to
tentacles, there
may be margmnal
cirri (Laodice)
with a sohd
cndodermal axis,
spirally coiled,
very contractile,
and Dbearing a
termmal battery
of nematocysts.
The gonadsare de-
veloped typically
beneath the radial
canals or below
the stomach or
1ts pouches, often
stretching as long
bands on to the
base of the man-
ubrium. InOctor-
chidae (fig. 58)
each such band
1s Interrupted,
forming one mass
at the base of the
manubrium  and
another below the
radial canal in
each radws, 1n all
eight separate gonad-masses, as the name implies In some
Leptomedusae excretory “ marginal tubercles ” are developed
on the ring-canal

Classification —As 1n the Gymnoblastea, the difficulty of umting
the hydroid and medusan systems into one scheme of classification
15 very great 1n the present state of our knowledge In a great many
Leptomedusac the hydroid stage 1s as yet unknown, and 1t 15 by no
means certain even that they possess one. It 1s quite possible that
some of these medusae will be found to be truly h{pogcucuc, that 1s
to say, with a life-cycle secondarily simplified by suppression of
metagenestis At present, ten recent and one extinct famuly of
Caly ptobl Lept: 1 ) may be g d provisionally

1 Eucoprdae (figs 55, 59) —Trophosome with stalked hydro-
thecae, gonosome, free medusae with otocysts and four, rarely six
or eight, unbranched radial canals Two of the commonest British
hydroids belong to this family, Obelia and Clytia Obelta forms
numerous polyserial stems of the characteristic zigzag pattern grow-
ng up from a creeping basal stolon, and buds the medusa of the same
name In Clytia the polyps arisc singly from the stolon, and the
medusa is known as Phzalidium (fig 59).

2 Aequoridae —Trophosome only known in one genus (Poly};

After Allman, Gymmnoblastic Hydrowds, by permission of the

council of the Kay Society

Fic 57 —Dugrams to show the mode of
formation of an Acrocyst and a Marsupum,
In A two mcdusa-buds are scen within the gono-
theca (gth), the upper more advanced than the
lower one  In B the spadix of the upper bud has
protiuded atself through the top of the gono-
theca and the aciocyst (ac) 13 secreted round 1t
In C the marsupium (m) 15 formed as finger-hike
process from the summt of the blastostyle, en-
closing the acrocyst, b, medusa-buds on the
blastostylc
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bearing ocelli and with marginal sense-clubs. Laodice and Thau-
mantias are representative genera.

4 Berenicidae —Troph unknown, g , {ree med 3
with four or six radal canals, bearing the gonads, with numerous
tentacles, between which occur sense-clubs, without otocysts
Berensce, Staurodiscus, &c

5 Polyorchsdae —Trophosome unknown, gonosome, free medusae
of deep form, with radmf canals branched n a feathery manner, and

Afer Haeckel, System dor Medusen, by permission of Gustay Fischer

T1o 58.—Octcrchandra canariensis, from hfe, magnified 4
diameters

bearing gonads on the main canal, but not on the branches, with

numerous hollow tentacles bearng ocell, and without otocysts

Polyorchis, Spirocodon.
6 C layid.

1dae —Troph

J p! as in Lucopidae ; gonosome,
sessile gonophores  Many common or well-known genera belong
here, such as Halecium, Campanularia, Gonothyraca, &c

. Laf —Trop! as n the ling, gonosome, free
medusac or gonophores, the medusae with large open otocysts
The hydroid genus Lafoca 1» remarkable for producing gonothecac on
the hydrorluza, each contamning a blastostyle wlhich bears a single
gonophore , this portion of the colony was formeily regarded as an
independent parasitic hydroid, and was named Coppinia  Medusan
gencra are Mitrocoma, Halopsts, Tiavopsis (fig 29, &c)

(So far as the ch rs of the troph are concerncd, the
seven preceding families are scarcely distingusshable, ar

After E. T Browne, Proc. Zool Soc. of London, 1896,
F16 59 —Three stages in the development of Phialidium tem-

porarium  a, The syour\gest stage, 13 magmfied 22 dameters; o
older, 15 magnified 8 diameters, ¢, the adult medusa, 13 magmhuf
6 diameters,

a section apart, contrasting sharply with the families next to be
mentioned, 1n none of which are free medusae hberated from the
colony, so that only the ch s of the troph nced be con-
sidered

8 Sertularidae —Hydrothecae sessile, bisenal, alternating or
opposite on the stem Sertularia and Sertularella are two very
genera of this farmly

canna), and similar to the preceding ; , free witl
otocysts and with at least eight radial canals, often a hundred or
more, simple or branched A4 eguorea 15 a common medusa

3. Thawmantidae.—Trophosome only known in one genus (Thau-
mantias), similar to that of the Ei d 1 d

9 Plumularidae —Hydrothecae sessile, biserial on the main stem,
umsenial on the lateral branches or pinnules, which give the colony
its charactenistic feathery form, with nematophores A very

P

) ee
with otocysts inconspicuous or absent, with usually i(:;xr, sometimes

eight, rateli more than eight, radial canals, simple an

t and prolfic family, well-known British genera are
Plumularia, A laria and Aglaoph
10 Hyd —This famuly the single Austral
spectes Clath wilsons Spencer, in which a massive hydrorhiza

along w! the gonads are developed, with 1
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bears sessile hydrothecae, containing hydranths each with a single
tentacle, and numerous nematophores. “ce W. B Spencer [53)
Dend d. encra, such as

1 graf y g fossil ( )
Dendrograptus and Thamnograptus, of doubtiut affinitics.

Order 111. Hydrocorallinae.—Metagenetic colony -forming
Hydromedusae, m whih the polyp-colony forms a massive,
calcareous corallum mto which the polyps can be retracted ;
polyp-individuals always of two kinds, gastrozoids and dactylo-
zoids ; gonosome either free medusae or sessule gonophores
The trophosome consists of a mass
of coenosarcal tubes anastomosing
in all planes. The interspaces
betwecn the tubes arc filled up
by a solid mass of lime, consist-
ing chiefly of calcium carbonate,
which replaces the chitinous peri-
sarc of ordinary hydroids and forms
a stony corallum or coenosteum
(fig. 60). The surface of the
coenosteum 1s covered by a layer
of common ectoderm, containing
large nematocysts, and 15 pur-
forated by pores of two kinds,
gastropores and  dactylopores,
giving exit to gastrozoids and

Fic  6o.—Portion of the
calcarcous corallum of Mille-
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by a ring of dactylozoids (fig 61). In such a system the dactylo-
pores may be confluent with the gastropore, so that the entire
cyclosystem presents itself as a single aperture subdivided by
radiating partitions,
thus having a super-
ficial resemblance to
a madreporarian
coral with its radiat-
ing septa (figs. 62
and 63).

The gastrozoids
usually bear short
capitate tentacles,
four, six or twelve
m number; but in
Astylus (fig 63) they
have no tentacles
The dactylozoids
have no mouth; m
Mzilleportdae they
have short capitate
tentacles, but lack
tentacles n Styla-
sleridae

pora nodosa, showing the
cyclical arrangement of the
pores occupicd by the " per-

dactylozoids respectively, which
are lodged mn vertwal pore-canals

The gonosomecon-
sists of free medusae
in Mz:lleporidae,
which are budded

FIG 62 —Diagrams 1llustiating the suc-
cessive stages 1n the development of the
cyclosystems of the Stylasteridae  (After

oseley )

1, Sporadopora  dicho- s, Style,

ons " or ;‘IY""““““ (.va:v(:\;. of wider calibre than the cocno-
¢ natur slze 1) . it
Moscley.) sarcal canals of the general net

work  The coenosteum increases
in size by new growth at the surface, and in the deeper,
older portions of massive forms the tissues die off after a certain
time, only the superficial region retaining its vitahty down to a
certain depth  The living tissues at the surface are cut off
from the underlying dead portions by horizontal partitions
termed tabulae, which are formed successively as the coenosteum
increases in age and size  1f the coenosteum of Muilepora be
broken across, each pore-canal (perhaps better termed a polyp-
canal) 15 seen to be interrupted by a scries of transverse
partitions, representing successive periods of growth with
separation from the underlying dead portions.

Besides the wider vertical pore-canals and the narrower,

MG 61 -——Enlaricd view of the surface of a hiving Millepora,
showing five dactylozowds surrounding a central gastrozod. (I'rom
Moxcley )

irregular caenosarcal canals, the coenostcum may contain, 1n its
superficial portion, chambers or ampuilae, in which the repro-
ductive zoids (medusae or gonophores) are budded from the
coenosare.

The gastropores and dactylopores are arranged in various
way s at the surface, a common pattern being the formation of a
¢y closystem (fig 60), in which a central gastrozoid 1s surrounded

r{f), Dactylopore

p, Gastropore
i, In fig 6, mner
horseshoe-
shaped mouth
of gastropore.

from the apex of a
dactylozoxd in Mille-
pora murray:, but 1n
other species from
the coenosarcal
canals The medusae .
are produced by dircct budding, without an entocodon in the
bud. They are lhiberated in a mature condition, and probably
live but a short time, merely sufficient to spread the specics.
The manubrium bearng the gonads is
mouthless, and the umbrella 15 without
tentacles, sense-organs, velum or radial
canals. In the Stylastertdae sessile gono-
phores are formed, always by budding
from the coenosarc. In Distichopora the
gonophores have radil canals, but in
other genera they arc sporosacs with n»
trace of medusoid structure.

Cl —T1wo famil known:—

1. Mllsporidas. — Coenosteum  massive,
irregular 1n form; pores scattered irregu-
larly o1 1n cyclosystems, without styles, with
transverse tabulae, free medusae. ~ A single
genus, Mullepora (figs 6o, 61).

2. Stylastersdas —Coenosteum arbor-
escent, sometimes fanlike, with pores only
on onc face, or on the lateral margina of the
branches ; gastropores with tabulae only i
two genera, but with (except in Astylus) a
styls, i1.s. a conical, thorn-like projection
from the base of the pore, sometimes found
also m dactylopores, sessile gonophores
Spondagm has the pores scattered irregu-
larly istichopora has the pores arranged
in rows. Stylaster has cyclosystems. In
Allopora the cyclostems resemble the calyces
of Anthozoan corals In Cryptohelia the

toma.
2, 3, Allopora nobilss.
4, Allopora profunda
&, Allopora mimiacea
6, Astylus subviridss.
7, Distichopora coccinea

F1c 63 —Portion of

cyclosystem 13 covered by a cap or oper-
culum. In Astylus (fig 63) styles are
bsent

Affinities of the Hyd ']

the corallum of Astylus

subvinidis (one of the

Stylasterrdae), showing
! t laced

'y —There
can be no doubt that the forms comprised
1n this order bear a close relationshup to the
Hydroidea, especially the sub-order Gymno-
blastea, with which they should perhaps be
classed 1n a natural classification. A hydro-
as a form of

yclosy at
intervals on the
branches, cach with a
central gastropore and
rone of shit-like dac-
tylopores. (After
Moseley.)

the coenosarc
in ali planes, and m‘“‘rhnh tg:

b d .l
far as the trophosome 1s concerned, the step from an encrusting
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y such as Hy to the hy lline Mullspora 18 not
great

Hickson considers that the families Milleporidas and Stylastersdas
should stand quite apart from one another and should not be united
m one order. The nearest apgroa:h to the Stylastersdas 13 perhaps
to be found m Ceratella, with its arborescent trophosome formed of
anastomosing coenosarcal tubes s?ported by a thick periarc and

by a d . Ceratolla stands in much the same
relation to the Stylasteridae that Hydractinia does to the Malle-
poridae, 1 both cases the chitinous perisarc being replaced by the
solid coenosteumn to which the hydrocorallines owo the second half
of their name,

OrpER 1V. Qraptolitoidea (Rhabdophora, Allman)—This
order has been constituted for a peculiar group of palaeozoic
fossils, which have becn interpreted as the remains of the skelctons
of Hydrozoa of an extinct type.

A typical graptolite consists of an axis bearing a series of
tooth-like projections, hke a saw. Each such projection 1s re«
garded as representing a cup ot hydrotheca, similar to those borne
by a calyptoblastic hydroid, such as Sertwlaria. 'The supposed
hydrothecae may be present on one side of the axis only (mono-
prionid) or on both sides (diprionid); the first case may be
conjectured to be the result of 1 (helicoid) budding,
second to be produced by biserial (scorproid) budding. In one
division (Refiolitidae) the axis 1s reticulate. In addition to the
stems bearing cups, there are found vesicles associated with
them, which have been interpreted as gonothecae or as floats,
that 15 to say, air-bladders, acting as hydrostatic organs for a
floating polyp-colony.

Since no graptohtes are known living, or, indeed, since palaco-
zoic times, the interpretation of their structure and aflimities
must of necessity be extremely conjectural, and 1t 1s by no means
certain that they are Hydrozoa at all It can only be said that
their orgamzation, so far as the state of ther preservation
permuts 1t to be ascertamed, offers closer analogies with the
Hydrozoa, especially the Calyptoblastea, than with any other
existing group of the animal kingdom.

See the treatise of Delage and Hirouard (Hyprozoa, [4]), and the
article GRAPTOLITES

OrpEr V. Trachylinea.—Hydromedusac without alterna-
tion of generations, ¢ e. without a hydroid phasc, the medusa
develops directly from the actinula larva, which may, however,
multiply by budding. Medusae with sense-organs represented
by otocysts denved from modified tentacles (tentaculocysts),
containing otohiths of endodermal origm, and mmmnervated from
the ex-umbral nerve-ring.

Ths order, contaming the typical oceanic medusae, 15 divided
nto two sub-orders.

SuB-ORDER 1. TRACHOMEDUSAE —Tentacles given off from
the margin of the umbrella, which 1s entire, z e. not lobed or
mdented ; tentaculocysts usually enclosed mn vesicles, gonads
on the radwal canals  The medusae of ths order are characterized
by the tough, ngid consistence of the umbrella, due partly to
the dense natare of the mesogloea, partly to the presence of a
margmal rim of chondral tissue, consisting of thickencd ectoderm
contaiming great numbers of nematocysts, and forming, as 1t
were, a cushion-tyre supporting the edge of the umbrella, Pro-
longations from the nm of chondral tissue may form clasps
or peronta supporting the tentacles. The tentaclcs are primarily
four in number, perradial, alternating with four interradial
tentaculocysts, but both tentacles and sense-organs may be
multiphied and the primary perradin may be six instead of four
(fig. 26). The tentacles are always sohd, contaming an axis
of endoderm-cells rescmbling notochordal tissue or plant-
parenchyma, and are but moderatcly flexible. The sense-organs
are tentaculocysts which are usually enclosed m vesicles and
may be sunk far below the surface The gonads arc on the
radial canals or on the stomach (Ptychogastridac), and cach
gonad may be divided into two by a longitudinal sub-umbral
muscle-tract. The radial canals are four, six, eight or mere,
and m some genera blindly-ending centripetal canals are present
(fig. 26). The stomach may be drawn out mto the manubrium,
forming a proboscis (** Magenstiel ”’) of considerable length.

The develog of the Trachomed so far as 1t 1s known,
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After Haechel, System der Medusem, by pere
mission of Gustav ¥ischer.
¥i16 G4 —Olindias mikllery, twice
natural size

After E T, Browne, Proc Zool.
Soc of London.

Fic 65 —Aglantha
vosea (Forbes), a Brtich
medusa, < §
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shows an actinula-stage which is either free (Jarval) or passed
over 1n the egg (foetal) as in Geryoma ; 1n no case does there
appear to be a free planulastage, ‘The actinula, when free,
may muluply by larval budding, but in all cases both the original
actinula and all its descendants become converted into medusae,
so that there 1s no alter-
nation of generations.
In Gontanemus the acti- AN
nula becomes attached \\"\\"j»“ .
and poly p-like and repro- v} g
duces by budding. ““ , ¥
The Trachomedusac arc I;
divided mnto the following \
famalies
1 Pectasidae (Petachni-
dae) —Four radial canais
four gonads; stomach not
rolonged nto the manu-
um, which 15 relatively
short, tentaculocysts free.
Petasus and other genera
make ug this  family,
founded by Haeckel, but
no other naturalist has
ever scen tham, and 3t 1
probable that they are
simply immature forms of
othcr genera.
2 Ohnd:adae, with four
radial canals and fouw
gonads, manubrium
short; 11ng-canals giviny
off blind centripeta
canals, tentaculocysts
enclosed. Olindias mullers
(ig 64) 15> a common
Mediterrancan species,
Other gencra are Aglau-
ropsts, (ossea and (rani-
onemus, the last named
bears adhesive suchars on
the tentacles. Some doubt
attaches to the position
of this family It has
been asserted that the
tertaculocy sts are entircly
ectodermal and that either
the family should be
placed amongst the Lepto-
medusae, or should form,
togethcr with certam Leptomedusac, an entuely distinct order
In Gontonemus, however, the concrement-cells are endode rmal
3. Trvachymemidae —Eight radial canals, eight gonads, stomach
not prolonged into manubrium, tenta-
culocysts enclosed. Rhopalonema,Irachy-
nema, &c
4 Ptychogastridae (Pectyllidac) — As
m the preceding, but with suckers on
the tentacles — Prychogastria  Allman
(-= Pectyllis), a deep-sea form
5 Aglauridae —YLight radial canals,
two, four or eight gonads, tentacles
numerous, tentaculocystsfiee, stomach
prolongcd mmto manubnium  dglawva,
.1glantha (fig 65), &¢ ,with aght gonads,
Stauraglaura with four, Persa with two
Amphogona, hermaphrodite, with male
and female gonads on alternating radial
canals,
6 Geryontdae —Four or six radal
canals, gonads band - hke, stomach
rolonged into a manubrium of great
cngth, tentaculocysts enclosed Luriope,
&c , with four radial canals, Geryoma,
Carmarna (fig 26), dc , with six
Halrcrerdae, — Light very broad
mswl canals, ex-umbrella often pro-
vided with lateral outgrowths, tentacles
differmg m size, but m a single row
Halicyeas
SUB-ORDER 2. NARCOMEDUSAE.— Margin of the umbrella~
lobed, tentacles ansing from the ex-umbrella at some dist:.nce
from the margin; tentaculocysts exposed, not enclosed m
vesicles ; gonads on the sub-umbral floor of the stomach or of
the gastric pouches.
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The Narcomedusae exhibit peculiarities of form and structure
which distinguish them at once from all other Hydromedusae.
‘The umbrella 15 shallow and has the margin supported by a
rim of thickened ectoderm, as in the Trachomedusae, but not
so strongly developed The tentacles are not inserted on the
margin of the umbrella, but arise high up on the ex-umbral
surface, and the umbrella s prolonged into lobes corresponding
to the interspaces between the tentacles. The condition of
things can be imagined by supposing that in a medusa primitively
of normal build, with tentacles at the margin, the umbrella
has grown down past the msertion of the tentacles. As a result
of this extension of the umbrellar margm, all structures belonging
to this region, namely, the ring-canal, the nerve-rings, and the
rim of thickened ectoderm,
do not run an even course,
but are thrown into fes-
toons, caught up under
the sertion of each ten-
tacle m such a way that
the ring-canal and 1ts ac-
companiments formn each
notch of the umbrellar
margm an verted V, the
apex of which corresponds
to the sertion of the
tentacle; mm somec cases
the limbs of the V may run
for some distance parallel
to one another, and may
be fused mto one, giving a
figure better compared to
an mverted Y Thus the
cctodermal rim runs
round the ecdge of each
lobe of the umbrella and then passes upwards towards
the base of the tentacle from the re-entering angle between
two adjacent lobes, to form with its fellow of the next
lobe & tentacle-clasp or peronmum, 1e a streak of thickened
ectoderm supporting the tentacle  Sumilarly the ring-canal
runs round the edge of the lobe as the so-called festoon-canal,
and then runs upwards under the perontum to the base of the
tentacle as one of a pair of peromal canals, the hmbs of the V-like
figure alrcady mentioned  The nerve-tings have a similar
course  The tentaculocysts are implanted round the margins
of the lobes of the umbrella and mav be supported by prolonga-
tions of the ectodermal rim termed otoporpae (Genorspangen)
‘The radial canals are represented by wide gastric pouches, and
may be absent, so that the tentacles arise directly from the
stomach (Solmaridae) 'The tentacles are always sohd, as in
I'rachomedusae

The development of the Narcomedusae s in the man similar
to that of the Trachomedusae, but shows some remarhable
features  In Aeginopsts a planula 1s formed by multipolar
immigration  The two ends of the planula become greatly
lengthened and give rise to the two primary tentacles of the
actinula, of which the mouth arises from one side of the planula
Hence the principal axis of the future medusa corresponds,
not to the longitudinal axis of the planula, but to a transverse
axis.  This 15 1n some degrec parallel to the cases described
above, in which a planula gives rise to the hydrorhiza, and buds
a polyp laterally

1In Cuninaand alhied genera the actinula, formed in the manner
descnbed, has a hypostome of great length, quite disproportionate
to the size of the body, and 1s further endowed with the power
of producing buds from a stolon ansing from the aboral side of
the bodv  In these species the actinula 15 parasitic upon another
medusa, for instance, Cunoctantha octonaria upon Turritopsis,
C proboscidea upon Liriope or Geryoma  The parasite effects
a lodgment in the host either by invading it as a free-swimming
planula, or, apparently, in other cases, as a spore-embryo which 1s
captured and swallowed as food by the host. The parasiticactinula
is found attached to the proboscis of the medusa, it thrusts its

I'ta, 66 —Cunina rhododactyla, one
of the Narcomedusae  (After Haeckel )
¢, Circular canal
A, Otoporpac " or centripetal process

of the margmal L.\mla?mous nng
connectad with tentaculocyst
k, Stomach
I, {(&ll of the disk
7, Radting canal (pouch of stomach)
1t, Tentacles
hwe, tentacle root
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greatly elongated hypostome nto the mouth of the medusa
and nourishes itself upon the food n the digestive cavity of
its host. At the same time it produces buds from an aboral
stolon The buds become medusae by the direct method of
budding described above. In some cases the buds do not become
detached at once, but the stolon continues to grow and to produce
more buds, forming a “bud-spike” (Knospenahre), which
consists of the axial stolon bearing medusa-buds m all stages
of development In such cases the original parent-actinula
does not 1tself become a medusa, but remams arnested in develop-
ment and ultimately dies off, o that a true alternation of genera-
tions 1s brought about It 1s in these parasitic forms that we
meet with the method of reproduction by sporogony described
above

In other Narcomedusae, eg Cunoctantha fowlers Browne,
buds are formed from the sub-umbrella on the under side of the
stomach pouches, where later the gonads are developed

Classification —Three families of Narcomedusac are recognized
(see O. Maas [40]) *

1 Cunanthidae —-With broad gastric pouches which are simple,
1e undivided, and “ pcrnemal,” 7 e, correspond 1n position with the
tentacles Cunina (fig 66)
with more than eight ten-
tacles, Cunoctantha with eight
tentacles, four perradial, four
nterradial

2 Aegimdac —Radna mul-
tiple of four, with radial gastric
pouches bifurcated or sub-
divided ; the 1tentacles are
mmplanted in the notch bctween
the two subdivisions of each
(primary) gastric pouch, hence
the (secondary) gastric pouches
appear to be “‘inteinemal”
m position, 1 ¢ to alternate in
position with the tentacles
Aegina, with four tentacles and
eight pouches, .lcginura (hg
25), with eight tentacles and
«ixteen pouches, Solmundella
(fig 67), with two tcntaclesand
eight  pouches, Aeginopsis
(hg 23), with two or four
tentacles and sixteen pouches

3 Solmaridac --No gastric
pouches, the numerous ten-
tacles anse direct from the
stomach, nto which alvo the
peromial canals open, so that
the nng-canal 15 cut up into separate festoons  Solmaris, Pegantha
Polvxenta, & To this family should be referred, probably, the genus
Hydroctena, described by C Dawydov (11a] and regarded by him
as intermediate between Hyd d and C pl See
O Maas [35]

After O Maas, Craspedoten Medusen der

Sitoga Expedition, by permision of kS

Bridl & Co.

F16. 67 —Solmundella bitentaculata
(Quoy and Gaimard)

Appendty to the 1rachylinae

Of doubtful position, but commonly referred to the Trachylnae,
are the two gencra of fresh-water medusae, Limnocodium and
Limnocmda

Limnocodsum sowerby: was first discovered wn the Victoria regia
tank 1n the Botanic Gardens, Regent’s Park, London  Since then
1t has been discovered in other botanic gardens in various parts of
Europe, its two most recent appearances bemng at Lyons (19o1) and
Munich (1905), occurring always in tanks in which the Victoria regra
15 cultivated, a fact which mndicates that tropical South America 1s
its ougmal habitat  In the same tanks a small hydroid, very similar
to Microhydra, has been found, which bears medusa-buds and 1s
pirobably the stock from which the medusa 15 budded It 1s a re-
markable fact that all specimens of Limnocodsum hitherto seen have
been males, 1t may be nferred from this either that only one polyp-
stock has been introduced mnto Europe, from which all the medusae
scen hitherto have been budded, or perhaps that the female medusa
15.a sessile gonophore, asin Pennaria. The male gonads are carried on
the radial canaﬁ

Limnocnsda tanganyicae was discovered first in Lake Tanganyika,
but has since been discovered also i Lake Victoria and in the
niver Niger It differs from Limnocodium n having practically no
manubrium but a wide mouth two-thirds the diameter of the umbrella
across It buds medusae from the margin of the mouth in May and
June, and in August and September the gonads are formed in the
E::“ where the buds arose. The hydroid phase, if any, is not

Both these med have gans of a peculiar type, which
are said to contain' an endodermal axis like the sense-organs of
Trachylinae, but the fact has recently been called in question for
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Limnocodsum by S Goto, who considers the genus to be allied to
Olindias  Allman, on the other hand, referred Limnocodium to the
Leptomedusae.

n this connexion must be mentioned, finally, the medusae budded
from the fresh-water })olyp Microhydra  The polyg-%tages of Limno-
codium and Microk; are ext: ly stmilar in In both
cases the hydranth 1s extremely reduced and has no tentacles, and
the polyp forms a colony by budding from the base In Limno-
codium the secretes a gelatinous mucus to which adhere
particles of mud, &c , forming a protective covering. In Microhydra
no such protecting case 15 formed In view of the great resemblance
between Mucrohydra and the polyp of Limnocodium, 1t might be
expected that the medusae to which they give ongin would also be
sumilar  As yat, however, the medusa of Microhydra has only been
seen 1 an lmmature condition, but 1t shows some well-marked
differences from Limnocodium, especially mn the structure of the
tentacles, which furnish useful characters for distinguishing species
amongst medusae  The possession of a polyp-stage by Limnocodsum
and Microhydra furnishes an argument agaimnst placing them in the
Trachylinae  Their sense-oigans rcquire renewed Investigations.
(Browne [10] and [10a] )

OrpEr VI Siphonophora.—Pelagic floating Hydrozoa with
great differentiation of parts, each performing a special function ,
generally regarded as colonies showing differentiation of in-
dividuals in correspondence with a physiological division of
labour.

A typical Siphonophore 15 a stock or cormus consisting of a
number of appendages placed mn organic connexion with one
another by means of a coenosarc. The coenosarc does not
differ m structure from that already described i colonial
Hydrozoa It consists of a hollow tube, or tubes, of which the
wall 1s made up of the two body -layers, ectoderm and endoderm,

and the cavity 1s a continua-

. n tion of the digestive cavities

A of the nutnitive and other

I3 appendages, z e. of the coel-

enteron. Lhe coenosarc may

consist of a single clon-

gated tube or stolon, forming

the stem or axis of the

cormus on which, usually,

the appendages are arranged

in groups termed cormidia ;

7 or 1t may take the form of a

compact mass of ramifying,

anastomosing tubes, in which

¢ _, casc the cormus as a whole

has a compact form and cor-

midia are not distinguish-

able In the Disconectae the

coenosarc forms a spongy

mass, the “centradenia,”

which 15 partly hepatic 1n

function, forming the so-

called liver, and partly ex-
cretory.

The appendages show
various types of form and
structure corresponding to
different functions. The cor-
mus 1s always differentiated
into two parts; an upper
portion termed thenectosome,
1n which the appendages are
locomotor or hydrostatic in
function, that 1s to say, serve

Fic 68 —Diagram showing pos-
sible 1 10ns of dusiform
and hydnform persons of a colon
of Stphonophora  The thick blac
line represents endoderm, the thinner
line ectoderm  (After Allman )

#, Pneumatocyst

k, Nectocalyces (swimming bells)

I, Hydrophyllium (covering-piece)

1, Generative medusiform person

¢, Palpon with attached palpacle, 5 for swimming or floating,
S;phg;\c 1thh branched grappling and a lower portion termed
, S e, /. the stphosome, bearng ap-

pendages which are nutnitive,
reproductive or simply protective in function.

Divergent views have been held by different authors both as
regards the nature of the cormus as a whole, and as regards
the homologies of the diff types of appendages borne

by 1t.
The general theorses of Siphonophoran morphology are discussed
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below, but in enumerating the various types of appendages it 13
convenient to discuss their morphological interpretation at the same
time

In the nectosome one or more of the following types of appendage
occur —

1t Swimnung-bells, termed nectocalycces or nectophores (fig 08, k),
abscntin (,hongmphanda and Cystophorida, they are contractile and
resemble, both i appearance, structure and function, the umbrella
of a medusa, with 1adial canals, ning-canal and velum, but they
are without mauubnum,
tentacles or sense-organs,
and are always bilaterally
symmetrical, a pccubanty
of form rclatu] with the
fact that theyare attached
on one side to the stum
A given cormus may bear
one or deveral necto-
calyces, and by thar con-
tractions they propd the
colony slowly along, like
so many medusac har-
nessed together In cases
where the cormus has no
pneumatophore the top-
most swimming bell may
contain an oil-reservorr or
oleocyst

2 The Fneumntoplmm
or air-bladder (fig 68, n),
for passive locomotion,
formmg a float which
keeps the cormus at or
near the surface of the
water, The pneumato-
phore anses from the ectoderm as a pit or mvagmation, part of
which forms a gas-secreting gland, while the rest gives rise to an
air-sack lmed by a chitmous cuticle. The onfice of mvagmation
forms a pore wf‘:xch may be closed up or may form a prottuding
duct or funnel. A4 in the analogous swim-bladdcr of fishes, the
gas m the pneumatophore can be sccreted or absorbed, wherchy
the specific gravaty of the body can be dimmushed or mcreased, <o
as to cause 1t to float nearer the surface or at a deeper level
Navar more than one pneumatophore 1s found 1n a cormus, and
when present it 13 always situated at the highest pomnt above the
swimming bells, if these are present also  In Velella the f!\cmna(n-
phore becomes of complex structure and sends aw-tubes, lined by a
chitm and resembling tracheae, down wmto the compact coenosarc,
thus evidently serving a respiratory as well as a hydrostatu
function

Divergent views have been held as to the morphological
significance of the pneumatophore, 1 Haeckdl regardad the
whole structure as a glandular ectodermal pit formed on the «¢x-
umbral surface of a medusa-person. C Chun and, more recently, R
Woltereck [59], on the other hand, have shown that the ectoddrmal
pit which gives rise to the pneumatophore represents an entccodon
Hence the cavity of the air-sack 15 equivalent to a sub-umbral
cavity i which no manubrium 13 lnrnml, and the pore or orifice of
mvagmation would represent the margin of the umbrella  In the
wall of the sack 18 a double layer of cndoderm, the space betwcen
which 15 a continuation of the coelenteron By coalescence of the
endoderm-layers, the coelenteron may be reduced to vesscls, usually
eight 1 number, op g mto a ring-s| ur ding the pore
Thus the disposition of the endoderm-cavities 13 roughly comparable
to the gastrovascuar system of a mcdusa

The diffcrence between the theories of Haeckel and Chun 1s con-
nected with a further divergence in the mterpretation of the stem or
ax1s of the cormus. Hacckel regards it as the equivalent of the
manubrium, and as 1t 13 implanted on the blind end of the pneumato-
phore, such a view leads necessarily to the air-sack and gland bemng a
development on the ex-umbral surface of the medusa-person, Chun
and Woltereck, on the other hand, regard the stem as a stolo prolifer
ansing from the aboral pole, that 15 to say, from the ex-umbrella,
similar to that which grows out from the ex-umbral surface of the
embryo of the Narcomedusae and produces buds, a view which 1~
ccrta;nly supported by the embryological evidence to be adduced
shortly.

In t)l')e siphosome the following types of appendages occur —

1 Stiphons or nutritive appendages, from which the order takes its
name, never absent and usually present in great numbers (fig 68, ¢)
Each 1s a tube dilated at or towards the base and containing a mouth
at its extremity, leading into a stomach placed in the dilatation
already mentioned The siphons have been compared to the manu-
brium of a medusa-individual, or to polyps, and hence are sometimes
termed gastrozoids

2 Palpons (fig 68, ¢g), present in some genera, especially 1n
Physonectae ; similar to the siphons but without a mouth, and purely
tactile in function, hence t termed dactylozowds. 1f a
distal pore or aperture is present, it 1s excretory in function ; such
varieties have been termed * cystons ** by Haeckel

After A Agawaz, from Lankester's [reatie om
Zoology

F16 69 —Porpita, seen from above,
showmg the pneumatophore and «x-
panded palpons
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3. Tentaclos ("' Fangfaden '), alwayshprasent. ‘am;‘ unplhntedL one
c

HYDROMEDUSAE

{SIPHONOPHORA

at the base of each ssphon (fig. 68, /). p
may reach a great length and have a complex structure  They may
bear accessory filaments or tentwiia (/'), covered shickly wath batteries
of nematocysts, to which these orgamisms owe their great powers of
offence and defence,

4 Palpaclas ("' Iastf . tagether with palpons, one
implanted at the base of each palpon (fig. 68, 4), Lach palpacle 1s
a Emctﬂe filament, very extensile, without accessory filaments or
nematocy sty

5 Bracts (" hydvophyllia "), occur i Calycophorida and some
Physophorida as scale-like appendages pmwcﬁntieot.her Fartn (fig

'm and

Staden "

68, /) The mesogloea 1s greatly developed in they are
ten of very tough consistency. By Haeckel they

are considered homologous with the umbrella of a
medusa

6. Gonostyles, appendages wluch produce by buddin
medusae or gunopgorcs, like the blastostyles of a hydro
colony. In therr most primitive form they are seen m
Velella as * gonostphons,” which possess mouths hike
the ordinary sterile siphons and bud free medusae In
other forms they have no mouths They may be
branched, so-called ' gonodendra,” and amongst them
may occur special forms of palpons, *“ gonopalpons "
The gonostyles have been compared to the blastostyles
of a hydroid colony, or to the manubrium a

meduse which produces free or sessile medusa-buds

7 Gonophores, Producrd either on the gonostyles
alrcady mentioned or budded, as i hydrocorallines,
from the coenosarc, e the stem (fig ~68, 1) They |
show every transition between free medusac :md‘

sporosacs, as already de cribod for hydroad colonies
Lhusn Velella free medusae are produced,
which have been described as an inde-
;)erulcut genus of medusae, Chrysomitra,
n other types the medusac may be set
i

{

EC

..A.f-v\ ;

From G H Fowler, after A Agassiz, Lankester's Treatise on Zoology.
o
peripheral thirds of a balf-section of the colony,

70.—Diagram of the structurc of Velella, showmng the central and
the middle third being

m b;

the appendages Are d as ragulasly re dia along it,
and the are then said to be  ordamate.” In such cases the
oldest cormidia,

that 1s to say, those furthest from the nectosome,
may become detacl like ts

or preglottades of a tape-worm) and
swun aff, each such detached cormidwum
then becoming a small free cormus
whick, 11 many cases, has been given an
wndependent genenc name A cormidium
may contamn a sngle nutntive siphon
(" monogastric ’)’) or severa) siphons
. astric

¢ ’Fglcygiallowmg are some of the forms
of cormidia that occur —

1 The eudovome (Calycophorida), con- Fic, 71.~Upper sur-
sisting of a bract, siphon, tentacle and face of Velella, show: g
onophore, when free 1t 15 known as pneumatophore and sail

Fudoria

2 'Lhe ersagome (Calycophonda), made up of the same appendages
23 the preceding type but with the addition of a nectocalyx, when
fiece termed Lysaea

3 The rhodalome of vome Rkodalidae, consisting of siphon, tentacle
and one or more gonophores

4 The athoroms of Physophora, &c , consisting of siphon, tentacle,
one or more palpons with palpacles, and one or more gonophores

5 The crystallome of Anthemodes, &c., samilar to the athorome but
with the addition of a
group of bracts

Embyvology of the
stphonophora —The fer-
tlized ovum givos ree
to a parenchymula, with
sohd endoderm, which 1s
set free as a freesswime
ming planula larva, 1n
the manner already de-
seribed  (see HybRrozoA),
Ihe planula has its two
extremitres dissimilar
(Bipolaria-larva)  The
subsequent development
15 shghtly different ac-
cording as the future
cormus 13 headed by a
pneumatophore (Physo-
phorida,  Cystophorida)
or by a nectocalyx (Caly-
cophorida)

(1) Physopho-
rida, for example
Halistsmma  (C.
Chun, HYDROZOA
{’xe]) The planula

comeselongated
and brcader
towards onc pole,
at which a pit or
mvagmationof the
cctoderm  arises.
Next the pit closes
up to form a
vesiclewith a pore,
and so gives nse
to the pneumato-
phore From the
broader portion of
the planula an
ouigrowth anses
which becomes the
first tentacle of

From G H Fowler, after G
Cusicr, Lankesters /rcatise on

omitted The ectoderm 13 indicated by close h g, the
light hatching, the mesogloea by thick black hnes, the horny skelet:
the puncumatophore and sail by dotting

BL, Blastostyle. M, Mecdusad gonophores

Yy
on of

Fro. 72.~A, Diphyes campanuiata,
B, a group of appendages (cormidium) of

the cormus The
cndoderm of the
planula now ac-
quires a cawity,

the same Diphyes  (After C Gegenbaur )
a, Axis of the colony o, Oiifice of

C, Contradema, PN, Primary contral chamber and
D, Palpon. PN’, concentric chamber of :ndowe:t ’:h: ”, l%lectocalyx nectocalyx.
EC, Edge of colony prolonged be- the pneumatophere, showing m"g\:th & fomed. »ufb-umbra{ cavity #, Dract.
yond the pneumatophoce an opemng to the exterior oWt 1 IRREC, R d’i""tm)x #, Siphon.
G, Cavity of the large central and a “ trachea,” g mg aphon. 0 & al canals of g, Gonophore
aplioa, S, Sail iy Y'm';‘l‘ o nectocalyx. 1, Tentacle.
frec in a mature condition as the so-called ‘ gemital smamnung , ongnal planula three appendages are, as 1t were, budded off, while
bells,” parable to the Globiceps of P . The most usual ' the planula itself most y gives rise to cocnosarc, just as i some
condition, however, is that in which sesailo d 1 or | hydrowds the planula 1s converted chiefly nto hydrorhza

sporosacs are produced.

The various types of appendages described 1n the foregoing may
be arranged 1n groi termed cormdia  In forms with a compact
coenosarc such as Velella, Physalia, &c., the separate cormudia cannot
be sharply distinguished, and such a condition 8 desonbed techar
cally as one with " scattored "’ cormudia. In forms i which, on the
other hand, the forms an eb d, tubular axis or stem,

"
(n) Calycophonda, for example, Muggtasa planaia devel
on the wi okg in a similar nl:anm, t the ectodermal xn\gz:
nation anses, not at the pole of the planyla, but on the side of its
braader portion, and gives rise, not to a pneumatophore, but to a
nectocalyx, the primary swimmang bell or profocodon (** Fallschirm )
which 1slater thrown off and replaced by secondary swimming bells,
lacodons, budded from the coenosarc,
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From a comparison of the two embryological types there can be no
doubt on two points, first, that the pneumatophore and the proto-
codon are strictly h k , and, fore if the yx 18
comparable to the umbrella of a medusa, as seems obvious, the
pneumatophore must be so too, dly, that the 1 axis
anses from the ex-umbrella of the medusa and cannot be oom;mred
to a manubrium, but is strictly comparable to the * bud-spike " of a
Narcomedusan

Theories of Strhonophon Morphology —The many theories that
have been put forward as to the mterpretation of the cormus
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Claus, according to whach the cormus 13 to be compared to a floating
hydroud colony. It may be regarded as derived from floating polyps
sumilar to Nemopsss or Pelagohydra, whuch by budding p a
coloay of yps and also form medusa-buds The polyp-ndi-
vaduals form the nutntive siphosome or trophosume  1he medusa-
buds are esther fertio or sterile. 1f fertile they become free medusas
or sessie gosophoses. If sterie they remain attached and loco-
motor 1 f the t , the ph
and swimming-bells.

Hacckel, on the other hand, is in accordance with Balfour n

a Siph hore as a med

and the various parts are set forth and in the
treatise of Y Delage and E Héronard (Hyprozoa (4]) and more
recently by R Woltereck [89], and only a brief analysis can be
given here

In the first place the cormus has been regarded as a smngle mdi-
vidual and 1ts appendages as organs This 1s the so-called ** poly-
organ ” th lly con-

g g T , that 13 to say, as a colony
composed of medusoid pervons or organs entirely Haeckel con-
sders that the Siphonophores have two distinct ancestral lines of
evolution
1. In the Disconanthae, t ¢ in such forms as Velella, Porprta, &c ,
the ancestor was an eight-rayed mcdusa (Desconul/a) which acquired a
h as an ectodermal pit on the ex-umbrella, and m

’ T 7
nected wnhm:tz name of Huxley,
but 1t must be borne in mind that
Huxley regarded all the forms
produced, m any ammal, between
one egg-generation and the next,
as constituting m the lump one
single individual Huxley, there-
fore, considered a hydrowd colony,
for example, as a single indivadual,
and each scparate polyp or medusa
budded from 1t as having the
value of an organ and not of an
individual Hence Huxley's view
i3 not <o different from those held
by other authors as it seems to
be at first sight

In more recent years Woltereck
[696] has supported Huxley’s view
of individuality, at the same time
drawmga fine dstinction between
“mdividual ” and “ person ”* The
mdividual is the product of sexual
reproduction , a person is an mdi-
vidual of lower rank, which may
be produced asexually A Sipho-
nophore 13 regarded as a single
mdividual composed of numerous
zoids, budded from the primary
zoid Ssiphon) procduced from the
planula  Any given zod is a
person-zoid 1f equivalent to the
prunary zowl, an organ-zoid if
wuwa ent only to a part of 1t

oltercck considers the siphono-
phores most ncarly alhed to the
Narcomedusae, producing hke
them buds from an aboral stolon,
the first bud being represented
by the pneumatophore or pro-
tocodon, in differcnt cases

Contrasting, 1 the second place,
with the polyorgan theory are the
varions ‘' polyperson * theones
which mterpret the ﬁphonophorc;

p F
which the organs (manubrium, tentacles, &c) pecame secondarily
multiphed, just as they do m Gastroblasta as the result of mcomplete
fission. The nearest living allies of the ancestral Disconula are to
be sought n the Pectyllidae

2 In the Siphonanthae, 1 ¢ n all other Siphonophores, the ances-
tral form was a Siphonula, a bilaterally symmetrical Anthomedusa

After Hacckel, from I ankester s Treatise on Zoology
Fi6 74 —Stephaha corona, a young colony.
s, Siphon

h

cormus as a colon o
more or fewer md{vuluaﬁ m or-
ganic union with one another On
this 1nterpretation there 1s still
room for considerable divergence
of opinion as regards detail To
begin with, it is not necessary on

After C Gegenbaur
F1G 73.— Physophora hydvostatica
a’, Pneumatocyst
t, Palpons
a, Axis of the colony
m, Nectocalyx
0, Onfice of nectocalyx.

n, Siphon the polyperson theory to regard
g, Gonophore cach appendage as a distinct in-
x,' Tentacle. dividual, 1t is shll possible to

compare appendages with parts
of an mdinidual which have become seeamted from one aunother
by a process of ‘“ dislocation of organs™ Thus a bract may be
regarded, with Haeckel, as a mecdified umbrella of a medusa,
a siphon as 1ts manubrium, and a tentacle as ting a
medusan tentacle shifted in attachment from the margin to the
sub-umbrella, or a siphon may be compared with a polyp, of which
the single tentacle has become shifted so as to be attached to the
coenosarc and so on  Some authors prefer, on the other hand, to
regard every appendage as a vep dividual, or at least as a
portion of an inalwdua{, of which other portions have been lost or
obliterated

A further diwvergence of opimon arises from differences in the
mterpretation of the persons composing the colony. It 1s possible to
regard the cormaus (1) as a colony of medusa-~ ns, (2) as a colony
of golyp-pet!ons, (3) as composed partly of one, partly of the other
1t s sufficrent here to mention briefly the views put forward on this
point by C Chun and E Haeckel

Chun (HYDROZOA [1]) maintains the older views of Leuckart and

P q 1, Auroph
n, Nectocalyx lo, Onfice of the aurophore ¢, Tentacle
with a «ingle long tentacle (cf Corymorpka), which became dis-
placed from the margin to the sub-umbralla  The Stphonuls pro-
duced buds on the manubrium, as many Anthomedusae are known
to do, and these by reduction or dislocation of parts gave rise to
the various appendages of the colony Thus the umbrella of the
Stphonula became the protocodon, and its manubrium, the axis or
stolon, which, by a process of disdlocation of organs, escaped, as 1t
were, from the sub-umbrella through a cleft and became «econdarily
attached to the ex-umbrella, [t must be pownted out that, however
probable Haeckel’s theory may be mn other respects, there is not the
slightest evidence for any such cleft in the umbrella having been
present 4t any tirae, and that the embryological evidence, as already
pointed out, i3 all against any homology een the stem and a
manubriom, since the pnmzrgms'nphon does not become the stem,
which arises from the ex-umbral side of the protocodon and is
strictly comparable to a stolon.

Classtficatton.—The Siphonophora may be divided, followmg
Delage and Hérouard, mto four sub-orders .

I CaonproPHORIDA (D tae H , Tracheophysae
Chun) With an apical chambered pneumatophore, from which
tracheal tubes may take origin (fig 70); no mectocalyces or
bracts ; appendages all on the lower side of the pneumatophore
arising from a pact , and isting of a central

Lol
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rincipal siphon, sur
y tentacles.

Three famtlies Sx) Dsscalidae, for Discalia and allied genera, deep-
sea forms not well known, (2) Porpitidae for the familiar genus
Porpata (hg 69) and 1ts allies, and (3) Velellidae, represented by the
well-known genus Velella (figs 70, 71), common 1n the Mediterranean
and other scas

1L CaLvcoprnoriDA (Calyconectae, Haeckel) Without pneu-
matophore, with one, two, rarely more nectocalyces.

Three families (1) Monophyidae, with a single nectocalyx,
examples Muggiaea, sometimes found in British seas, Sphaeronectes,
&, (2) Diphyidae, with two nectocalyces, examples Diphves (fig
Zﬂ, Praya, Abyla, &c , and (3) Polyg yidae, with numerous necto-

yces, example Hippobodius, Stephanophyes and other genera

ded by g h

and these again

From G H Fowler, modified after G Cuvier and F Haeckel, Lankester's Treatise
on Zoology

Fic 75 —A Physaha, gencral view, diagrammatic, B, cor-
midium of Physelta, D, palpon, T, palpacle, G, siphon, GP,
gonopalpon, Mg, male gonophore, Mg, female gonophore, ulti-
mately set free

I1T. PuvsoPHORIDA (Physonectae + Auronectae, Haeckel).
With an apical pneumatophore, not divided into chambers,
followed by a series of nectocalyces or bracts.

A great number of famuhies and gencra are referred to thus group,
amongst which may be ment: 9 lly—(1) Agalmidas, con-
taming the genera Sicphanomia, Agalma, Anth

<8
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Rhizophysina, with long tubular coenosarc-bearing ordimate
cormidia, and Physalina, with compact coenosarc -
scattered cormidia

A type of the Rhuophysina s the genus Rhuzophysa  The
Physalina comprise the familes Physalidae and Epibulidae, of
which the types are Physalia (figs 74, 75) and Epibulia, respectively
Physalia, known commonly as the Portuguese man-of-war, 1s re-
markable for its great size, 1ts brilhiant colours, and 1ts ternble sting-
mg powers
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&c, (2) Apolemidae, with the genus Apolemsa and its allies,
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HYDROMETER {(Gr #0wp, water, and pérpov, a measure), an
mstrument for determining the density of bodies, generally of
fluids, but 1n some cases of sohds When a body floats in a
fluid under the action of gravity, the weight of the body 1s equal
to that of the fluid which 1t displaces (see HYDROMECHANICS) It
1S upon this principle that the hydrometer 1s constructed, and 1t
obviously admuts of two modes of application in the case of fluids .
cither we may compare the weights of floating bodies which are
capable of displacing the same volume of different fluids, or we
may compare the volumes of the different fluds which are dis-
placed by the same weight. In the latter case, the densities of
the fluds will be inversely proportional to the volumes thus
displaced.

The hydrometer 1s said by Synesius Cyreneus 1n hus fifth letter
to have been invented by Hypatia at Alexandria,! but appears
to have been neglected until 1t was remnvented by Robert Boyle,
whose “ New Essay Instrument,” as desctibed in the Phil Trans
for June 1675, differs in no essential particular from Nicholson’s
hydrometer This instrument was devised for the purpose of
detecting counterfeit com, especially guineas and half-gumneas
In the first section of the paper (Phul. Trans No 115, p. 329) the
author refers to a glass instrument exhibited by himself many
years before, and “ consisting of a bubble furnished with a long
and slender stem, which was to be put into several liquors, to
compare and estimate their specific gravities.” This seems to
be the first reference to the hydrometer in modern times,

In fig 1 C represents the instrument used for guineas, the
circular plates A representing plates of lead, which are used as
ballast when lghter coins than guineas are exammed. B

} In Nicholson’s Jowrnal, w. 89, Citizen Eusebe Salverte
calls attention to the poem ‘‘ De Pondenbus et Mensum‘" generally
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represents ‘ a small glass instrument for estimating the speaific

gravities of hquors,” an account of which was promised by Boyle

in the following number of the Phsl Trans , but did not appear.
The instrument represented at B (fig 1), which 1s copied from

Robert Boyle s sketch in the Phd Trans for 1675, 1s generally

known as the common hydrometer.

It 15 usually made of glass, the lower

bulb being loaded with mercury or

small shot which serves as ballast,

causing the mstrument to float with

the stem vertical. The quantity of

mercury or shot mserted depends upon

the density of the liquids for which

the hydrometer 1s to be employed, 1t

being essental that the whole of the

bulb should beimmersed i the heaviest

hquid for which the instrumentis used, g

while the length and diameter of the

stem must be such that the hydro-

meter will float in the hightest hquid

for which 1t 1s required. The stem 15

usually divided nto a number of equal

parts, the divisions of the scale being

G

varied in different instruments, accord- c ?
ing to the purposes for which they are
employed. F16 1 —Boylc's New

Let V denote the volume of the m-
strument mmmersed (1e of hquid dis-
placed) when the surface of the hquid 1 which the hydro-
meter floats comcides with the lowest division of the scale, A the
arca of the transverse scction of the stem, / the length of o scale
division, # the number of divisions on the stem, and W the waght
of the instrument  Suppose the successive divisions of the scal to
be numbered o, 1, 2 . n starting with the lowest, and let w,,
w,, w, w, be the weights of umt volume of the liquids in which
the hydrometer sinks to the divisions o, 1, 2. = respecuively
Then, by the principle of Archinedes,

W=Vw,, orw,=W/V Also

W= (V+IA)w,, or w,=W/(V+IA),
w,=W/(V + piA), and

wy=W/(V +nlA),

or the denaties of the several hquids vary inversely as the respective
volumes of the mstrument immersed 1 them’, and, since the
divisions of the scale correspond to equal mcrements of volume
immersed, 1t follows that the denwtics of the several hquids in
which the mstrument sinks to the successive divisions form a
harmonic series

If V=NIJA then N expresses the ratio of the volume of the mnstru-
ment up to the zero of the scale to that of one of the scale-divisions
If we suppose the lower part of the mstrument replaced by a uniform
bar of the same sectional arca as the stem a.mr of volume V, the
mdications of the instrument will be 1n no respect altered, and the
bottom of the bar will be at a distance of N scale-divisions below
the zero of the scale

In this case we have w,=W/(N+p)/A; or the density of the
hiquid varies nversely as ?‘1+p, that 15, as the whole number of
scale-divisions betwecn the bottom of the tube and the plane of
flotation

If we wish the successive divisions of the scale to correspond to
equal mcrements 1n the density of the corresponding liquids, then
the volumes of the mstrument, measured up to the <uccessive
divisions of the scale, must form a series 1 harmonical progression,
the lengths of the divisions mncreasing as we go up the stem

The greatest density of the hquid for which the instrument de-
scribed above can be employed 1s W/V, while the least denwty 15
W/(V + niA), or W/(V +1), where v represents the volume of the stem
between the extreme divisions of the scale. Now, by mcreasing v,
leaving W and V unchanged, we may increase the range of the mstru-
ment indefinitely  But 1t 13 clear that 1f we increase A, the sectional
area of the stem, we shall diminish /, the length of a scale-division
corresponding to a given vanation of density, and thereby pro-
portionately dimuush the sensibiity of the instrument, while
diminishing the section A will increase / and proportionately mncreasc
the sensibdity, but will dimiish the range over which t{e mnstru-
ment can be employed, unless we increase the length of the stem n
the inverse ratio of the sectional area Hence, to obtan great
sensibility along with a considerable range, we require very long
slender stems, and to these two objections apply 1n addition to the

Essay Instrument

ascribed to Rhemnius F and qt y 300 years
older than Hypatia, in which the hydrometer is descri?)ed and

attributed to Archimedes

q of portability ; for, 1n the first place, an instrument with
a very long stem requires a very deep vessel of liquid for 1ts wmﬂ)ete
immersion, and, in the second place, when most of the stem 1s above
X1v. 6
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the plane of flotation, the stabihty of the instrument when floating
will be dimmished or destrovcd 1 he various devices which have
been adopted to ovircome this difficulty will be descnibed in the
account given of the several hydrometers which have been hitherto
generally employed

The plan commonly adopted to obviate the nccesuty of mcun-
venicntly long stems 15 to constiuct a number of hydrometers as
nearly alike as may be, but to Joad them differently, so that the scale-
divisions at the bottom of the stem of one hydrometer just overlap
those at the top of the stem of the preceding By this means a set
of six hydrometers, each having a stem rather more than 5in long,
will be (quivalcnt to a single hydrometer with a stem of 30 1n
But, mstead of employing a number of instruments diffuriag only 1
the weights with which they are loaded, we may cmploy the same
mstrument and alter its weight dither by addmg mercury or shot to

HYDROMETER

small balls the instrument could be adapted for liquids other than
water,

‘To an instrument constructed for the same purpose, but on a
still larger scale than that of Desaguhers, A. Deparcieux added
a small dish on the top of the stem for the reception of the
weights necessary to sink the instrument to a conventent depth
The cffect of weights placed in such a dish or pan 1s of course
the same as if they were placed within the bulb of the mnstrument,
since they do not alter the volume of that part whic his immersed

The first important improvement i the hydrometer after
Its remvention by Boyle was introduced by G D Fahrenheit,
who adopted the second mode of construction above referred to,

the interior (1f 1t can be opened) or by attaching weighty to the ex-
terior  Thesc two operationts are ot quite equivalent, since & woight
added to the interfor does not affect the volumo of hquid displaced
when the mnstrument 18 immersed up to a givea division of the scale,
while the addition of weights to the (xterlor inereases the chsplace-
ment  This difficulty may be met, as m Keene's hydrometor, by
having all the weights of procisely tho same volume but of differcat
mosees, and ncva using the nstrument except with ene of thesc
welghts attached

The first hydrometer imtended for the determination of the
densities of iquids, and furmished with a set of weights to be
attached when necessary, was that con-
structed by Mr Clarke (mstrument-maker)
and described by J. T. Desaguliers i the
Philosophecal Transactions for March and
April 1730, No 413, p 278 The following
15 Desaguliers’s account of the nstrument
(fig. 2) —

“ After having made several fruitlcss trals
with 1vory, beciuse 1t imbibes spirituous liguors,
and thereby alters its grawvity, he (Mr Clarke)
at last mado a copper hydrometcr, represented
1n fig. 2, havang a brass wire of about 1 n thick
gom;i through, and soldered into the copper
ball Bb  Lhe upper part of this wire 15 filed flat
on one sule, for the stem of the hydrometer,
with a mark at m, to which 1t sinks exactly mn
proof spirits  ‘There are two other marks, A and
B, at top and bottom of the stem, to show
whether the liquor be ¢yth above proof (as when
1t sinks to \), or sth under proof (as when 1t
emerges to B), when a brass weight such as C
has becn screwed on to the bottom atc  There
are a great many such weights, of different si1zes, and marked to be
strewod on nstead ot € tor liquors that diffcr more than gth from
proof, <o as to scrve for the specific gravities i all such propoi-
tions as relate to the minture of spirituous hiquors, 1 all the variety
made use of m trade. [heire are also other balls for showing the
sprcific gravities quite to comnon water, which make the mnstrunwent
perfect mats kand

Clarke’s hvdrometer,asafterwards constructed for the purposes
of the excise, was provided with thirty-two weights to adaptat to
spirits of different specific gravities, and eleven smaller weights,
or “* weather weights ” as they were called, which were attached
to the mstrumentin order to correct for variations of temperature
The weights were adjusted for successive intervals of 5° I, but
for degrees intermediate between these no additional correction
was ap‘ghcd. The correction for temperature thus afforded was
not sufficiently accurate for excise purposes, and Wilham Speer
n his essay on the hydrometer (Tilloch’s Phal Mag., 1802, vol.
xiv.) mentions cases i which this imperfoct compensation led
to the extra duty payable upon spirits which were more than 10 ‘r,
over proof being demanded on spmts which were pur ly
diluted to below 10 % over proof in order to avoid the charge.
Clarke’s hyd  h , T | tandard instrument
fo; excise purposes from 1787 until 1t was displaced by that of
Stkes,

Desaguliers hamself constructed a hydrometer of the ordinary
type for comparing the specific gravities of different kinds of
water (Desaguhers’s Experimental Phuosophy, 1. 234) In
order to give great sensibility to the instrument, the large glass
ball was made nearly 3 n. in diameter, while the stem consisted of
awire 10in. in length and only /10, 1n diameter. The instrument
weighed 4000 grains, and the addition of a gramn caused it to
sink through an mnch. By altermg the quantity of shot in the

Fio 2 —Clarke’s
Hydrometer

arranging his mstrument so as always to
displace the same volume of hquid, 1ts
weight being varied accordingly. Instead of
a scale, only & single mark is placed upon the
stem, which 18 very slender, and bears at the
top a smell scale pan into which weights are
placed untd the instrument sinks to the mark
upon its stem. The volume of the displaced
hiquid being then slways the same, its density
will be proportional to the whole weight
supported, that is, to the weight of the
instrument together with the weights required
to be placed n the scale pan

Nicholson's hydrometer (fig. 3) combmes the
charactenistics of Fahrenheit’s hydrometer and of Boyle’s essay
mnstrument.!  The followng 15 the description ginven of at by
W. Nicholson i the Manchester Memosrs, n. 374 -

“ AA represents a small scale It may be taken off at D Dia-
meter t}in , waght 44 grans

““B a stem of hardened steel ware

“ I a hollow coppcr globe  Diameter 2% in
369 grains

“ i‘F a stirrup of wire screwed to the globe at C

“ G a small scale, serving hikewise as a counterporse
1} in Weght with stirrup 1634 gramns

‘“The othcr dimensions may be had from the diawimng, which 1
oncssixth of the linear magnitude of the mstrument itself

“In the construction 1t 1s assumed that the uppa scale shall
constantly carry 1000 grains when the lowcr scale 14 empty, and the
mstrument sunk i distilled water at the tom}nrature of 60° Fahr
to the middlc of the wircor sttm  The length of the stem s artutrary,
as 14 likewse the distance of the lower scale from the surface of the
globe  But, the length of the stem being settled, the lower scale may
be made highter, and, consequently, the globe less, the greater ats
distance 15 taken from the surface of the globe, and the contrary "

In comparing the densitics of different hiquids, 1t 15 clear that
tlis nstrument 1s precisely equivalent to that of Iahrenheit,
and must be employed 1n the same manner, weights being placed
in the top scale only until the hydrometer sinks to the mark on the
wire, when the specific gravity of the hquid will be proportional
to the weight of the instrument together with the weights i the
scale

In the subsequent portion of the paper above referred to,
Nicholson cxplains how the instrument may be employed as a
theimometer, since, fluds generally expanding more than the
solids of which the mnstrument is constructed, the mstiument
will si