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FOREWORD

BY H. LOWERY, M.ED., PH.D., F.INST.P.

HEAD OF THE DEPARTMENT OF PURE AND APPLIED PHYSICS, COLLEGE
OF TECHNOLOGY, MANCHESTER

T H E publication of thisvolume on the life of Thomas
Y oung requires no justification, since it contains all
that is requisite for an instructive and inspiring
biography.

M r. Oldham has here presented a detailed account
of the career of a great scientific worthy, together
with a comprehensive survey, in non-technical lan-
guage, of his varied achievements, the whole con-
stituting a fascinating chapter in the history of
science.  Young was, however, not the specialized
type of scientific worker with whom we are so
familiar to-day. He had great literary gifts and
extended his activities into diverse branches of
knowledge. In consequence his biography will
be read with keen interest by all those who are
interested in literature, educational theory, medicine
and physical science.






PREFACE

T H E following pages seek to give a concise account
of the life and work of one who was both a scientist
and a philosopher. By the range and nature of his
intellectual interests, by the methods of exposition
which he employs, Dr. Young belongs to the
eighteenth century; by the discoveries which he
made known in early years of the nineteenth century
heisalink between the eminent scientists of his own
age and those of our own. As a student and
medical practitioner relating his impressions of con-
temporary life at home and abroad, as one of the first
scientists to lecture at the Royal Institution, as a
publicist whose ideas were often challenged in his
own day, Thomas Young aways commands our
interest as a humanist working disinterestedly in the
cause of truth.

The present volume is the outcome of a sugges-
tion made by Lord Rutherford during one of his
lectures in the Cavendish Laboratory. It is to this
suggestion and to the friendly encouragement of
Dr. Lowery of the Manchester College of Tech-
nology that this monograph owes its existence. |
takethisopportunity of acknowledging my indebted-
ness to them and of expressing my best thanks to
Mr. A. Hyslop, M.A., for his many valuable sug-
gestions, to Mr, F. P. Dunn of thefirm of Edward
Arnold & Co., for his most helpful advice, and to
Mr. H. P. Stout for his assistance in compiling the
index. ' F. O.
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THOMAS YOUNG, FRS.

PART |
LIFE

CHAPTER |
EARLY YEARS—THE CHILD PRODIGY

DR. THOMAS YOUNG, the greatest natural philo-
sopher, or, as the French say, physicist, of the early
nineteenth century, was born at Milverton, near
Taunton, Somersetshire, on the 13th of June, 1773.
His parents were Quakers, and to their example and
.training he doubtless owed much of the quiet dignity
and reserve which characterized him in later life.
Trom" his earliest years he showed himself to be an
unusually precocious child. He could read at the
age of two, and knew the "Deserted Village" by
heart before he was six. Most of his time at this
period was spent at Minehead with his mother's
father, Robert Davis, who was a merchant there, and
was noted for hisintellectual pursuits. His daugh-
ter, Mary Davis, had married a Mr. Thompson, a
schoolmaster, and in March, 1782, Thomas Y oung
became a pupil of his at the Compton School, Dor-
setshire. The intermediate two years had been
11



12 THOMAS YOUNG

spent with large intervals of absence at a school at
Bristol, where he fared badly, the master being
morose and incapable. At Compton progress was
much better and he was helped considerably by the
usher of the school, Mr. Jeffery. He read widely,
particularly classical authors such as Virgil, Homer,
Cicero and Xenophon; mathematics, the philosophy
of Newton, a compendium of Oriental literature, and
alittle Hebrew. Besides the purely studious activi-
ties mentioned above, the usher taught him such
useful practical arts as bookbinding, colour-mixing
and copperplate making, which were to be of great
service to him in later years. In the vacations,
which he usually spent at Minehead with his grand-
father, he came under the influence of a saddler
named Atkins, who collected data of the barometric
pressure, daily temperature and wind direction for
the year 1782. This forerunner of our present
meteorologists taught him the simple rules of
measurement, and we find Y oung using his quadrant
to measure the height of the hills in the neighbour-
hood. At the same time he took pleasure in such
mechanical arts as lathe-turning and lens-grinding,
and he constructed his own microscope to assist his
studies in botany. He read Benjamin Martin's
description of the microscope for help, and it was a
reference in this book that led to his study of the
calculus and his subsequent contributions to ad-
vanced mathematical physics. On leaving school
he immediately applied himself to the study of the
grammar of such languages as Hebrew, Chaldee,
Syriac, Samaritan and Persian.

The next five years was a period of great progress
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under a tutor of the name of Hodgkin. The latter
was a well-known classical scholar, and Y oung re-
ceived a ground-work in classics such as few are
privileged to obtain. He was fortunate, too, in
having as his fellow-student a boy named Hudson
Gurney. The two became firm friends.

The record kept by Young of his studies at this
time shows them to have been typical, apart from one
or two small exceptions, of the course covered in a
modern syllabus of classical studies at any one of our
great schools.

At the same time he made considerable progress
in French and mathematics, particularly Euclid and
the conic sections. At the age of seventeen he had
mastered the Principia and Optics of Newton, Lin-
naeuss Botany, the systems of Chemistry of Lavoi-
sier and Nicholson; he was familiar with the works
of Milton, Shakespeare and Burke, and rendered
considerable portions of Shakespeare in Greek. His
formation of foreign charactersin writing was speci-
ally good, and equalled that of the celebrated Greek
scholar Porson. Much progress, too, had been
made in foreign languages; he knew his Corneille
and his Racine, and made criticisms in French and
Italian of French and Italian authors.

It was during these years, 1788-92, that he came
under the notice of his great-uncle, Dr. Brocklesby,
awell-known physician practising in the metropolis
and an important figure in the chief literary and
scientific circles of the day. We find the doctor
advising his nephew in matters of health and en-
couraging him to send him his translations of
Shakespeare into Greek, which he promptly showed



14 THOMAS YOUNG

to Burke. Thisled to his being brought into touch
with Porson, jottings from whose conversations were
carefully recorded in the diary of the eager youth.

The broad general education of Young's early
years was now to be replaced by the specific training
required for the specialist. The training of those
early years in languages, mathematics and science
had given him knowledge and understanding upon
which he could build and add his share when the
time came. In particular the careful study of Greek
and the practice he made of accurate penmanship
was responsible for the ease with which he could copy
hieroglyphics, which assisted him greatly in inter-
preting them. Careful observation and his prac-
tical nature were also responsible for his discoveries
in science. Dr. Young is an outstanding example
of a man whose classical training had not warped the
appeal of natural phenomena and their scientific
explanation. In fact, it can be safely stated that his
classical training greatly assisted his scientific bent.
On the other hand, his education suffered because
he missed the moulding influence of other minds
such as higher education in schools would give.
Throughout his life he failed to talk down to the
intellectual level of his audience when lecturing, and
was never a success as a teacher. This followed
from his inability to realize the difficulties which,
though obscure and insuperable to others, were
absent in his vision of a problem. His writings
suffered likewise, and to such an extent that some of
his brilliant discoveries were misunderstood for half
a century. The best illustration comes from the
mathematical arguments and methods in his various
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publications, where much that was obvious to him
must be puzzled out by his less fortunate followers.
A further difficulty arose because he preferred the
more clumsy Newtonian fluxions to the clearer and
more concise French methods in the calculus.



CHAPTER 11
MEDICAL EDUCATION IN LONDON

THOMAS YOUNG decided to train for a medical
degree and entered as a student at St. Bartholomew's
Hospital in September, 1793. This step was due
to the advice and wishes of Dr, Brocklesby, who
wanted him to carry on the extensive practice he had
built up in the metropolis. Thanks to the extensive
notes he made, we have detailed accounts as to the
method of training and those responsible for the
course. Medicine has changed completely during
the last century, but the germ of the modern method
is distinctly recognizable. He experienced the
usual sound training in anatomy and physiology,
the practice of physic, midwifery and botany. The
method by which he approached his subject may be
judged by the results of the dissection of the eye—a
regular procedure in the course. He was given the
eye of an ox recently killed, and found the ciliary
muscles attached to the lens still active and by their
responses compressing the lens of the eye. This
gave him a clue to the explanation of "accommoda-
tion" of the eye by which we are able to see objects
clearly though they are at different distances. The
eye must, therefore, be different from an ordinary
glass lens such as would be found in a camera, and
it is a well-known fact that if we want an image
X6



EDUCATION IN LONDON 17

clearly focused on the film or plate of a camera, we
must move the lens forward or backward. Y oung's
medical contemporaries believed that in men and in
animals the eyeball itself was elongated when near
objects are viewed so as to get the lens of the eye at
the appropriate distance from the retina.  This was
disputed by Y oung, who drew attention to the ciliary
muscles and argued that their action on the circum-
ference of the lens produced a greater bulging or
curvature which caused a decrease in the focal length.
The net result would be to bring the image nearer to
the lens and soon to the retina.  The theory was
published in the Royal Society Transactions of 1793,
and secured the author's election to a Fellowship of
the Royal Society at the early age of twenty-one.
The paper, however, raised a great deal of contro-
versy, and it was not until 1800, when Y oung took
up the matter again, that the opponents of the theory
were finally routed. We shall return to a discus-
sion of this important contribution to the science of
optics in a subsequent chapter.

There are some interesting records of Young's
vacations in the year of his election to the Royal
Society. He visited Somersetshire, and went on
to Devon and Cornwall, accompanied by Hudson
Gurney. The chief items of interest reported upon
were the botany and geology of this part of Britain.
Whilst he was in Bath, Young called on one of his
uncle's patients, the Duke of Richmond, and so
impressed was the latter by the dignified-and un-
affected bearing of the young Quaker, aswell as by his
wide knowledge of the humanities and science, that

he offered to make him his private secretary. This
B



18 THOMAS YOUNG

was a position of great importance, particularly to
anyone aspiring to political life; moreover, his duties
would have been mainly of a scientific nature, because
the Duke, as Master-Generad of Ordnance, was
interested in trigonometrical surveying. Young
decided to refuse the offer, partly from his religious
views, and partly because he still adhered to his
origina intention of becoming a medica practi-
tioner.



CHAPTERI I

SCOTTISH EXPERIENCES AND
EDINBURGH UNIVERSITY

IN the autumn of 1794 Y oung decided to continue
his preparation for a medical degree at Edinburgh,
and he proceeded northwards quite leisurely, visiting
places of scientific and general interest. Thus he
records the hospitality of Bakewell, of Dishley
Grange, Leicestershire, who had succeeded in improv-
ing the cattle and sheep of his farm by cross-breeding.
It was one of thefirst attempts in this country to pro-
duce an animal suitable for certain definite purposes,
say wool or meat only. The method has been so
successful that it has been adopted all over the globe.
Y oung also refers to Bakewell's system of irrigation
and the practice of regular cropping of grass which
was given to stalled cattle, since if the latter graze
they tend to spoil the grass.

Next there is mentioned a visit to Erasmus Dar-
win, the father of the celebrated Charles Darwin,
who was a very hearty old man with unorthodox
medical views and a gift for art, poetry and philo-
sophy.

At Edinburgh he found a delightful atmosphere
of friendliness, particularly since his fame as a classi-
cal scholar had gone before him, and a number of
letters of introduction to the best society of the city

19



20 THOMAS YOUNG

completed what was required for the beginning of
his socia development. The department of medi-
cine was in a flourishing condition under the able
guidance of Drs. Gregory, Monroe and Black. The
last-named is particularly well known for his work
on the subject of Heat, as well as for his contribu-
tions to chemistry, and it is certain that Young
derived a great deal of benefit from the methods
employed by the Edinburgh School. It was at this
stage of his career that he decided to increase his
knowledge of contemporary art and literature; he
took a new interest in drama, music and dancing, a
result no doubt of the wider interests of the new
society in which he moved. Although he still
adhered most strongly to the tenets of his particular
creed, he found the visits to the plays and his lessons
in dancing alittle too revolutionary for the Quakers,
and it served to alienate him from their society.
Of their main principles, however, their love of
peace and order, their high standard of moral con-
Id}gct, Y oung remained the strictest observer all his
ITE.

Professor Dalzel, who held the Greek Chair in the
University, was very intimate with Young, who
assisted him in compiling an Anthology of the Greek
Poets, a book which was used considerably in the last
century. Young contributed the selection from the
Greek epigrammists and added notes.

Not content with tasks of this kind, he read very
widely in German, Spanish and Italian, and aso
studied some of the works of Dr. Johnson. The
latter had published some thirty years previously a
Tour of Scotland, and as Young proposed a similar
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journey, it is interesting to compare their impres-
sions. Johnson writes very disparagingly of the
Scots, but pays great tribute to the beauties of
scenery; Young speaks highly of the people, but
makes no reference to those beauty-spots for which
the country is noted. He informs us of the nature
of his equipment—

"A stout black horse fourteen hands high, young and
spirited—I had before me my oiled linens; under me a pair
of saddle-bags, well filled with three or four changes of
linen, a waistcoat and breeches, materials for writing; soap,
brushes and razor; a small edition of Thomson's Seasons™ a
third flute in a bag, some music; a box for botanising; a
thermometer; two little bottles for preserving insects;, a bag
for picking up stones and two magps of Scotland."

Letters of introduction to about fifty people re-
siding at various points on the route indicate the
thorough manner in which he proposed to see the
land. The route embraced Stirling, St. Andrews,
Perth, Blair to Braemar via the pass of Glen Tilt,
Arbroath and Aberdeen. The hardships of the
journey, which would be very agreeable to many of
the present day, he considers to be relieved by the
hospitality he received wherever he went. At St
Andrews he met Professor Hunter, who showed
him the library, which, though entitled to a copy
of every book entered at Stationers' Hall, was in-
creased by subscriptions from the students. The
average annual cost "for fees, board and' lodging"
was about £16, which indicates the difference in
the cost of living from that of the present day.
Aberdeen then possessad two Universities (King's
College and Marischal College), illustrating the
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keenness with which the Scots regarded education.
Y oung writes very favourably of Professor Copeland
of Marischal College, who was a competent experi-
mental physicist and delighted him with various
pieces of home-made apparatus designed to illus-
trate the various parts of the subject. Young was
obviously impressed, for he adopted the same method
when he became a lecturer at the Royal Institution.

After reaching John o' Groats via Inverness and
Wick, he returned to Elgin, and stayed for a few
days at Gordon Castle, Fochabers, the home of the
Duke and Duchess of Elgin.  They were related to
the Duke of Richmond, and Young has given a
graphic description of the visit, which helps us to
view their mode of life. When he arrived, a party
was in progress, and after a moderate time spent in
drinking, the men joined the ladies, who were danc-
ing. Thiswasthe occasion for all tojoin in dancing
reels, in which Young appears to have been accom-
plished. Next morning the Duke took him to see
his workshops and showed him apparatus for the
pursuit of science mostly made by himself under
Professor Copeland's direction.  They went out to
hunt deer, but were unfortunate in returning with-
out any bag. In the evening Young took out his
diary and read some of his work in the classics, and
the attention and alertness of his audience convinced
him of the family's intellectual acuity. The follow-
ing day he spent visiting the grounds and was much
impressed by the fine trees which dated back to the
time when Scotland was all forest. Later he was
entertained by the Duchess, who gave an account of
her studies and presented him with a copy of
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Petrarch. The day happened to be her daughter's
birthday; there were games and racing for the
youngsters in the afternoon, and a ball for the servants
in the evening. Y oung tells us how all the servants
were descended from previous retainers and con-
sidered their vocations as practically hereditary. His
enjoyment was such that he confessed in his journal
that he "could almost have wished to break or dis-
locate a limb by chance, which would necessitate his
being detained." Duty called him south, for it was
decided that he should go to Germany for further
study. He had time to traverse the Caledonian
Canal, or Glen More, as it was then called, and
visited Staffa, the geological formation of which had
recently been brought into prominence by Sir Joseph
Banks. An account of a brief stay at Inveraray
Castle, the residence of the Duke of Argyll, and
shorter notes on the Lakes, Liverpool, and the iron-
works at Coalbrookdale, near Shrewsbury, conclude
his description of this interesting tour. He now
prepared for his stay in Germany, for hisuncle was
convinced that a course of study at Gottingen would
be of inestimable benefit to any student of medicine.



CHAPTER |V

GOTTINGEN UNIVERSITY AND
EXPERIENCES IN GERMANY

YOUNG'S experiences in Germany afford an illum-
inating account of the state of the country at that
time. The year 1796 was memorable in many
ways, for the French nation, having outgrown the
"Terror," became reorganized and adopted an
aggressive attitude towards the neighbouring coun-
tries. This controlled Young's original plan. He
had intended to spend eight months at Gottingen
and then to tour Switzerland, Austria and parts of
Italy. The scheme was not carried out in full, but
he did travel widely over Germany.

In October, 1795, he crossed from Yarmouth to
Hamburg, a route necessitated by the French war.
He travelled in the Stuhlwagen via Hanover to
Gottingen.  This conveyance corresponded to the
English stage-coach, but was fitted with curtains
instead of glass windows.  Some impression of the
state of the roads may be gathered from the fact that
two nights and part of two days were spent in cover-
ing the ninety miles to Hanover. After another
day'sjourney he reached G5ttingen and put up at a
house belonging to a Professor Arnemann, who was
a Doctor of Medicine. Judging from his writings,
he appears to have concentrated on social accom-

24



GOTTINGEN UNIVERSITY 25

plishments more than on his medical studies, though
with his characteristic energy he read far more than
the average student. The following details from
his journal give us a good illustration of a typical
working day:

"At 8, | attend Spittler's course on the History of the
Principal States of Europe, exclusive of Germany." "At
9, Arnemann on Materia Medica." "At 10, Richter on
Acute Diseases" "At n, Twice a week, private lessons
from Blessman, the academical dancing master." "At 12,
| dine at Ruhlander's table d'hote” "At 1, Twice a week,
lessons on the Clavichord from Forkel, and twice a week
at home from Fiorillo on Drawing." "At 2, Lichtenberg
on Physics." "At 3,1 ridein the academical manlge® under
the instruction of Ayrer, four times a week." "At 4,
Stromeyer on Diseases” "At 5, Blumenbach on Natural
History." "At 6, Twice Blessman with other pupils, and
twice Forkel."

Glimpses of Young's social activities are also to
be found in his correspondence. Every Saturday a
musical concert was given by the students. Sun-
days were set apart for social events, and professors
received students. Al enjoyed entertainments of
one sort and another. Young notes, among other
things, an absence of that hospitality and freedom
which he observed in Edinburgh. The few young
ladies were very closely guarded, as parents were
apt to fear a traitor in the heart of every young man.
This Young deplores, and for very sound reasons:

"l wish | was more acquainted with some of them for
the sake of exercise in the language; for conversation with
women gives a fluency of expression and a delicacy of
manners which are never to be learned from men.”
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We must not, however, conclude that Young's
social activities were unduly restricted. On the
contrary, he had quite a busy time, all the more
so because he wanted to be at ease in all personal
contacts which many learn naturally from their youth
upwards, but which he missed from the nature of his
early isolation.

Young was greatly impressed with German medi-
cine and science, for in contradicting some of his
uncled opinions on these subjects he emphasizes the
fact that the Germans know their own authors as
well as those in London, but the reverse did not hold.
After a six months' stay he took his examination.
The account he gives is amusingly described as
follows:

"I made no preparatory study, as is usua here and aso
at Edinburgh not uncommon, under the name of grinding.
The examination lasted between four and five hours; the
four examiners were sested round a table, well furnished
with cakes, sweetmeats and wines, which helped to pess the
time agreeably; the questions were well calculated to test
the student's knowledge in practical physic, surgery, anatomy,
chemistry, materia medica and physiology; but the professors
were not very severe in exacting accurate answers.  Most
of them were pleased to express their approbation of my
replies. We were all previously obliged to give a summary
account of the manner in which our lives had been spent."

Young also submitted to his examiners a Latin
dissertation, "De Corporis Humani viribus con-
servatricibus."  He also read a short paper on the
human voice in the summer Auditorium, and after
offering something like a prayer, was married to
Hygeia and made a Doctor of Physic, Surgery and
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Man-midwifery. In the paper he drew up an
alphabet of forty-seven letters, designed to express
by their combination every sound the human voice
utters; this alphabet, he claimed, would be of great
use in the study of languages hitherto unwritten,
as for instance the tribal languages of Africa or
America.

Y oung next made a tour of the Harz mountains,
in the company of Leslie, who became famous for
his researches in the subject of heat. Later on he
visited Brunswick, Jena, Leipsic, Dresden and Ber-
lin, returning thence to Hamburg. At Brunswick
he was introduced to the Court circle.

"l was presented," he says, "to the duchess (our King's
sister), to the hereditary princess, the Stadtholder's daughter,
and the duchess dowager, sster of the late King of Prussia
The duchess and princess each talked about two minutes
with me. The mother asked me two questions, and from
this time till nine | was left at my own disposd ... | was
glad when supper was announced; about twenty ladies sat
on one side of the table, and as many gentlemen on the other;
| was placed in the middle opposite the princess. the duchess
was not there. | attempted to converse with one of my
neighbours, but he was either stupid or sulky, and the others
were engaged among themselves. At last the duchess
dowager—who looks like a spectre—has lost her teeth—
and whom | fancied totally unfit for all company, began a
long and amusing conversation.  She asked me what | had
studied at Gottingen. | told her | was a doctor of physic.
If | could feedl a pulse: how frequent the most rapid pulse
that | had felt was: whether the English or the Germans
had the best pulses. | said that | had felt-but one pulse
in Germany, which was that of a young lady and was a
very good pulse.  She asked me if there was a good theatre
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of anatomy at Gottingen. | told her, pretty good, but that
| did not attend it; | had only gone to a single lecture, and
seen the professor dance a caricature dance; that | had been
a more frequent attendant at the manage than the school of
anatomy. Our discourse awoke the attention of those who
were within hearing, and now | had enough to talk with;
but supper was soon over, and the company dispersed.

"On the following morning | went to se the ducal
manige\ the horses are good, but the riding must not be
compared with Gottingen."

Young was an expert at horsemanship and in
Germany was known by the students more for this
athletic prowess than for his writing of Greek. In
his tour he managed to pass through Freiburg, where
he reports at length on the extraction of silver by
mercury—a good source of revenue to the Elector
of Saxony.

Travelling, however, was difficult at this stage,
for many emigrants of the lower type had turned to
brigandage. = The advance of the French caused his
return to Hamburg on the 14th of January, 1797,
and after a wait of several days at Cuxhaven for per-
missible sailing weather, arrived at Y armouth in the
beginning of February.

Young's impressions of other sides of German life
and thought are not without their interest to modern
readers. Writing of Kant, he says:

"Kant in point of popularity is more than the Aristotle
of Germany. In his life-time he makes already the text
of numberless commentators; and it is as much of a compli-
ment to say of a man that he is a good Kantian as that he
isagood Grecian. | therefore thought it necessary to have
at least an acquaintance with his principles, more from a
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knowledge of their currency than from an opinion of their
worth; and | have not yet been able to see them in a better
light. From what | have read of his works, Kant ssems
to posess great penetration, yet not without confusion of
ideas. His language is unpardonably obscure; it is dso one
of the spurious arts of becoming popular to affect innovations
in language. His system may, perhaps, be shortly described
by saying that it is diametrically opposed to Hume's."

"Thus we realize," says Dean Peacock, in com-
menting on this passage, "that Young's mind was
essentially English."

Concerning authors and publishers, Y oung adds:

"1 nthe learned world the great majority are mere mechan-
ical labourers; the names of a Schiller, a Wieland, and a
Gothe are but rare luminaries among an infinite number
of twinkling stars and obscure nebulae. The established
custom of the booksellers, who pay every ordinary writer
exactly in proportion to the number of sheets, and at their
periodical fairs exchange bulk for bulk of every kind of
publication, is the grand impediment,—among those who
are necessitated to subsist in part by writing,—to the laconic
effects of a brilliant genius, and the cause that the innumer-
able and ever-increasing hegp of volumes envelops from day
to day more and more stiences which it is designed to
illustrate.”

Young deplored the number of independent
states and preferred a single metropolis such as
London to a large number of provincial capitals.
His opinion on the evil effects or such decentraliza-
tion are illustrated again and again in his corre-
spondence :

"The pride of independence in the petty dates is the
cause of the great existing number of universities, all furn-
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ished with numerous professors, who are generally ill-paid
by the institutions, and to increase their fame and fill their
purses are tempted to undertake an unreasonable diversity
of lectures, which their diligence raises to the merit of minute
prolixity, but which their genius seldom elevates above the
rank of mediocrity. The students from diligence or vanity,
as well as from universal custom, are prompted to attend
to a superficial course of study in every imaginable subject
of literary information which they take implicitly from the
tribunal of the school, retain in some shape by a mechanical
memory, until time and other pursuits—unless fortunate
circumstances have favoured them—wash out those slight
impressions, which, if infixed, would have been both orna-
mental and useful. Hence one advantage of the usua
education in England, however grosdy deficient it may be
in some particulars; the ancient languages are generally so
impressed as never to be entirely forgotten, and having
attained a considerable degree of perfection in any one
branch, the influence of this positive acquirement may extend
into the remotest pursuits.

"There are many points in which Germany differs from
England that amost baffle all description. Whether the
human mind is in a more cultivated date in this or that
country, is very difficult to say: there are more learned men
in Germany than in England, but we have and ever have
had some individuals in many branches who are aimost un-
equalled. In the Mathematics and in Chemistry the Ger-
mans are making rapid advances, as painters they copy better
than the English, but have perhaps less invention; in engrav-
ing the English confessedly excel them; and the Germans
still more decidedly bear away the palm in music in which
they rival the Italians.

"The great number of independent dates reduces the
courts more nearly to the resemblance of private companies
than elsewhere; it is usual for all those to be introduced who
have a title to that privilege, and this keeps up a marked
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distinction between the numerous and poor nobility, and
the richest or most accomplished of the commonality; and
even a nobleman of late creation is not admitted into the
first circlesat Vienna, nor permitted to dinewith the Elector
of Saxony.

"The ornamental exercises, especially among the nobility,
are more attended to than in England; riding, fencing,
vaulting and dancing; the prevalence of amilitary lifeisaso
in part a cause of this, as well as of some other differences.
The union of literature and fashionable elegance is very
rare; the learned never aspire to make a figure in the gay
or in the political world; and those in power look upon a
man of letters at best merely as an ornament to their court,
like a musician or dancer.

"The laws in most parts are guided by the Roman Civil
Law; the depositions taken in writing, and the sentences
given in private. The physic is composed of that of all
other nations; for they read of all books in all languages,
but they select too little and do not appear to know the
meaning of simplicity. Scarcely awork of any consequence
can appear in any country, but that one or more translations
of it are immediately promised. The Germans have some-
times been accused of too great an attachment to the imita-
tion of foreigners; their Anglomania in physic has of late
been rather too rashly censured.

"The German language is easily so far learnt by an
Englishman, that he can read a common author, but the
connection of sentences and the order of words is so intricate
that it is difficult to spesk and write it with perfect delicacy.
It is capable, by the facility with which it admits of all
manner of combinations, of expressing readily many com-
pound ideas which can less easily be rendered into any other
language: some of its guttural sounds, and some combina-
tions of consonants, are rather unpleasant to the' ear, but the
general tenor of the language is sufficiently soft, and the
accent and cadence diversified, and, at least to an English
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ear, agreesble. It hes more dignity than the French, and
more force than the Italian; | think it hes a vigour of expres-
sion hardly equalled by any other language; but such a com-
parison is very difficult to make. Hanover and Gottingen
seem to be the nearest to correctness in their pronunciation,
but this varies widely all over the country.

"What impressions a stranger would receive from France
and Italy, | cannot judge; but | should think Germany at
present the most interesting country to a traveller of any
in Europe; not so much from its original merit, but from
its being a kind of compendium of everything that is excel-
lent, and everything that is remarkable in every country
existing; nor do | in the least repent the time and labour
employed in seeing and learning as much of it as circum-
gances would allow me."

These statements of Dr. Young, written in 1797,
are of great interest in that they help us to compare
Germany and England to-day with their state nearly
a century and a half ago. We already see a sym-
pathetic and shrewd observer of Europeans in the
man who was to become Foreign Secretary of the
Royal Society.



CHAPTERYV

THOMAS YOUNG AT CAMBRIDGE
UNIVERSITY

YOUNG'S previous medical education had been con-
fined to oneyear's residence, at London, Edinburgh,
and Gottingen respectively, but the College of Physi-
cians would only recognize two consecutive years at
the same University for an award of their degree,
and it was to comply with this regulation that he
entered Emmanuel College, Cambridge, in October,
1797.

Most students entered Cambridge at the age of
nineteen, so that Y oung would be five years above
the average age for admittance. This, together
with his previous scholastic attainments, would
hardly help him to mix well with the undergradu-
ates. The graduates, on the other hand, were in the
none too enviable position of having a pupil more
able to give than to receive instruction. Young's
good sense avoided the friction which might have
arisen in one less tactful and ambitious, and he en-
joyed a quiet uninterrupted series of terms.  There
was no course in Medicine recognized by the Senate,
although general lectures in anatomy suitable for all
were given by that able exponent, Sir Busick
Harwood, and these Young attended. The Presi-
dent of Emmanuel was a friend of Dr. Brocklesby,

3B C
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and Young was introduced to the Fellows and
Dons of that college, and through this introduction
became fairly well known to those of other colleges.
The younger students tended to avoid him, and
dubbed him "Phenomenon Young,”* which pays
him the compliment of being distinguished as a
genius, and savours of sour grapes.

The regulations for the undergraduates were so
formed that in spite of high spirits and freedom a
certain amount of control was possible, and the
change from a rigorous school system was not there-
fore too abrupt for those likely to abuse their new
freedom. To one of Young's age they might have
been irksome, but he only complained of the cold
and distant manner which some of the graduates
affected.

It may be safdly estimated that his studies at Cam-
bridge were extremely profitable, for he was enabled
to devote time to complete his work on the eye as an
optical instrument, and begin those researches on the
intimate nature of Sound and Light, which sub-
sequently placed him in the foremost rank among
the scientists of his day. Moreover, the number of
pupils was limited, so that theinstruction was almost
tutorial and he could follow to alogical conclusion
any particular problem arising during his hospital
and anatomical courses.

One of his contemporaries writing of him includes
the following remarks:

"He had a high character for dassicd learning before he
care to Cambridge; but | believe he did not pursue his
dasscd dudiesin the latter part of his life—he sddom spoke
of them; but | remember his meeting Dr. Par in the college
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Combination room, and when the Doctor had made, as was
not unusual with him, some dogmatical observation on a
point of scholarship, Young said firmly, 'Bentley, sir, was
of a different opinion'; immediately quoting his authority,
and showing his intimate knowledge of the subject. Parr
sad nothing, but when Dr. Young retired, asked who he
was, and though he did not seem to have heard his name
before, he said, “A smart young man, that."

"The views, objects, character and acquirements of our
mathematicians were very different then from what they
are now, and Y oung, who was certainly beforehand with the
world, perceived their defects. Certain it is, that he looked
down upon the science and would not cultivate the acquaint-
ance of any of our philosophers.

"He did not seem even to have heard of the names of
most of our poets, or literary characters in the last century,
and hardly ever spoke of English Literature.

"He never obtruded his various learning in conversation;
but if appeded to on the most difficult subject, he answered
in a quick, flippant, decisive way, as if he was speaking of
the most essy; and in this mode of talking he differed from
all the clever men that | ever saw.  His reply never seemed
to have cost him an effort, and he did not think there was
any credit in being able to make it. He did not assert any
superiority, or seem to suppose that he posessd it; but he
spoke as if he took it for granted that we all understood
the matter as well as he did. He never spoke in praise of
any of the writers of hisday, even in his own peculiar depart-
ment, and could not be persuaded to discuss their merits.
He was never personal; he would speak of knowledge in
itself, of what was known or what might be known, but
never of himself or any other, as having discovered anything,
or as likely to do .

"His language was correct, his utterance rapid, and his
sentences, though without any affectation, never left un-
finished. But his words were not those in familiar use,
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and the arrangement of his ideas seldom the same as those
he conversed with. He was, therefore, worse calculated
than any man | ever knew for the communication of know-
ledge. | remember his taking me with him to the Royal
Institution, to hear him lecture to a number of silly women
and dilettanti philosophers. But nothing could show less
judgment than the method he adopted; for he presumed,
like many other lecturers and teachers, on the knowledge
and not the ignorance of his hearers.

"1 n his manners he had something of the Quaker remain-
ing; and though he never said or did a rude thing, he never
made use of any of the forms of politeness. Not that he
avoided them through affectation; his behaviour was natural
without timidity, and easy without boldness.

*It was difficult to say how he employed himself; he read

little, and though he had access to the college and university
libraries, he was seldom seen in them. There were no books
piled on his floor, no papers scattered on his table, and his
room had all the appearance of belonging to an idle man.
| once found him blowing smoke through long tubes, and |
afterwards saw a representation of the effect in the Trans
actions of the Royal Society to illustrate one of his papers on
sound; but he was not in the habit of making experiments.
He walked little and rode less, but having learnt to ride the
great horse abroad, he used to pace round Parker's Piece
on a hackney.

“He seldom gave an opinion, and never volunteered one.
He never laid down the law like other learned Doctors, or
uttered apothegms, or sayings to be remembered. Indeed,
like most mathematicians (though we hear of abstract mathe-
matics), he never seemed to think abstractedly. A philo-
sophical fact, adifficult calculation, an ingenious instrument,
or a new invention, would engage his attention; but he
never spoke of morals, of metaphysics, or of religion. Of
the last | never heard him say a word, nothing of any sect,
or in opposition to any doctrine; at the same time, no seep-
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E_cd doubt, no loose assertion, no idle sooff ever escped
im."

These remarks indicate the kind of man Y oung
appeared superficially to his intellectual contem-
poraries, and we further deduce that the writer was
unable to appreciate Dr. Young as a natural philo-
sopher. Thisis not to be wondered at, for the value
of most of his work was not recognized until after
his death. It is amusing to read of the experiment
of blowing smoke through long tubes—it is often
the simplest and, to the uninitiated, trivial appear-
ances which contain the germs of new and epoch-
making discoveries.

At the end of the Michaelmas Term, 1797, his
uncle, Ur. Brocklesby, died and bequeathed Y oung
his house in London and a fortune of about £10,000.
For two years following we find very little informa-
tion of his pursuits, during term or on vacation,
although when confined to his home by reason of an
accident, he does refer to an entry into contemporary
mathematics of Lagrange and Laplace and goes on
to pay tribute to the neatness and elegance of their
methods, as compared with those of the English
School.

Thomas Y oung completed his number of terms'
residence at Cambridge by the end of 1799 and
immediately moved to London, where he resided at
48 Welbeck Street. According to the statutes of
the University, he was unable to receive his M .B.
until 1803, and a further five years had to dapse
before he could be granted the degree of M.D.
Naturally a junior medical man could not be ex-
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pected to have so large a practice as that which his
uncle enjoyed, and Young found much enforced
leisure. This he turned to good account, as shall

aopear in a subsequent chapter.



CHAPTER VI

THE ROYAL INSTITUTION
APPOINTMENT

AT the opening of the nineteenth century the Royal
Institution was barely a year old, and like a sickly
infant showed little promise of reaching maturity.
Among those most active in superintending its
establishment was Benjamin Thompson, better
known as Count Rumford, ashort biography of whom
figures in the works of Thomas Young. A soldier
by profession, he was in the service of the Elector of
Bavariafrom 1784 to 1798. His reorganization of
the police of the Bavarian capital and his many
schemes of civic improvement attracted wide atten-
tion. His success was recognized by the Elector,
who created him a Count of the Holy Roman
Empire. From 1798 to 1801 he lived in London
and devoted himself wholeheartedly to the develop-
ment of the Royal Institution. He left England for
Paris in 1802 and later (1805) married Madame
Lavoisier, after which he seems to have taken no
furtherinterest in the Royal Institution. Hediedin
1814. So persuaded was he of the value of applied
science that in winter he wore a white hat and coat
because his experiments indicated that black sub-
stances radiated more than others.

The original purpose of the Directors of the
)
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Institution was that of applying science to the con-
veniences and comforts of civil and domestic life,
and furthermore of making it serve as a medium
for introducing the subject to craftsmen and arti-
sans—carpenters, saddlers and metal-workers who
might otherwise remain in ignorance. Rumford
was the very man for this purpose, and he threw
himself whole-heartedly into the enterprise. He
wanted it to be a model for similar schemes the
world over, but found the idea would not work—
artisans and professors could not agree. Rumford
had secured the services of Dr. Garnett, who was
well known both for his knowledge of medicine and
chemistry as well as his powers of lecturing to the
public. Garnett was suffering from ill-health and
was not successful, and he was soon replaced by
Humphry Davy, who completely altered the design
and scope of the Institution. He planned a great
scientific club, which should be the meeting-ground
of society. Fashionable society, it will be remem-
bered, loved to dabble in science in those days, and
George | 11 himself had his own private laboratory.
Davy's lecture on January 21st, 1802, advanced
these objects and dwelt emphatically on the worth
of science as an agent in the improvement of society.
Davy had magnificent zead and a consummate de-
livery which won him good and increasing audiences.
His reputation as poet and his friendship with
Coleridge were adso no doubt instrumental in mak-
ing his lectures and the Royal Institution more
widely known. Two adjacent houses in Albemarle
Street, Piccadilly, were originally used by the Direc-
tors, but very soon they were converted into a club
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with lecture rooms, model rooms, a library and
secretary's rooms, and housing accommodation.

In the previous July, the Directors, of which Sir
Joseph Banks, President of the Royal Society, was
the chief, engaged Dr. Thomas Y oung as Professor
of Natural Philosophy, editor of the Journals, and
General Superintendent of the house. This last
duty was important as Rumford had engaged a cook
for the improvement of culinary arts, and Y oung
would have to report on all expenses, lectures, and
the improvements in domestic economy. It is usu-
ally held that the appointment was afailure, and that
Y oung would have been better employed elsewhere.
This view cannot be accepted, when all the evidence
is assembled. Granted that he was no success as a
lecturer, and that those basking in the sunshine of
the witty, polished encomiums on science of the
greater Davy were befogged and rendered gloomy
by the frigid, austere and laconic Young, can we
judge from the numbers attending the lectures or the
verdict of those present? Nowadays the lectures
given by Young form a storehouse of knowledge to
which few can refer without improvement, while
Davy's discourses are of little value. All the evi-
dence supports the view that the world of science is
indebted to the Directors of the Royal Institution
for their appointment. The lectures must be read
with care, perspicacity and patience, and in the
capable hands of the late Lord Rayleigh truths were
revedled which the careless, superficia and less
accomplished devotee would have missed. Dr.
Young lectured from January 20th, 1802, until
May 17th, giving thirty-one lectures. It may be
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assumed that he increased this number to sixty in
the following year, whereupon it was resolved, " That
Dr. Young be paid the balance of two years' com-
plete salary, and that his engagement with the Insti-
tution terminate from this time, July 4th, 1803/
This reads like dismissal, but on closer inquiry we
find that Young's chief desire was to establish him-
self as a medical man, and as such he desired above
all things to let nothing hinder him from realizing
hisaim.” The leisure of the next four years enabled
him to revise his lectures, make considerable addi-
tions to them in the light of his further experiments
and experience, while including an abstract of the
most important contributions to Natural Philosophy
up to his day. This great work was done during
the spare time of his rise in the medical profession.
After 1807, when he published this Course of Lec-
tures on Natural Philosophy and the Mechanical Arts,
he refrained from signing his name to any of his pub-
lications, other than medical, for a period of eleven
yearsy

! See pp. 132, 133.



CHAPTERVII
DR. THOMAS YOUNG THE PHYSICIAN

THE first reference to be found of Dr. Young's
work in a medical capacity is that of being sum-
moned to accompany the nephews of the Duke of
Richmond to France in 1802 during the Peace of
Amiens. He did not qualify for the M .B. degree
until the following year (March, 1803), so it
was more the office of tutor and guardian than
doctor.

From 1804 until 1820 Dr. Young made every
effort to succeed in practice. He gave lectures in
medicine at various hospitals in London, and during
the summer months, July to September, he lived in
Worthing, where he had a number of patients who
spent the summer at this resort. The Napoleonic
wars were responsible for the popularity of holidays
on the South Coast of Britain, for travel on the
Continent was out of the question.

A vacancy for a Physician at Middlesex Hospital
occurred in May, 1807, but Dr. Young was an
unsuccessful applicant.  Later he was asked to give
a course of lectures to students at the hospital, and
this duty encouraged him to prepare a treatise on
Medical Literature and the Practice of Physic. Dur-
ing this time he was becoming known as a promising
physician, the wealth of his knowledge appearing in

43
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his lectures having enhanced an important practice.
In the following year (1808) he took the Cambridge
degree of M.D. and presented a thesis in Latin
on amedical subject. Shortly afterwards he was
chosen to give the Croonian Lecture to the Royal
Society, and for his subject took the Functions of
the Heart and the Arteries. He was interested
in the problem of the mechanical principles in-
volved in the circulation of the blood, and it may be
gathered that he was led to this research by taking
the problem of inflammation of the arteries for his
thesis.

Early in January, 1811, there happened to be a
vacancy for a physician at St. George's Hospital.
This post, which was held some years before by Dr.
Hunter, the greatest of the physicians of Young's
student days, was recognized as the prelude to a first
practice in the Metropolis. Y oung secured the post
by the narrow margin of eight votes, and was
attached to the hospital for the remainder of his life,
even after he had ceased practice. We have no
knowledge of any great discovery he made in medi-
cine nor of any outstanding cures, but according to
Dr. Pettigrew and Dean Peacock, there is consider-
able evidence upon his methods and his attitude to
the medicine of his times. He was not sympathetic
towards vigorous practice, as it was called in those
days. His treatment was more or less the type
recommended to-day where those processes of restor-
ation and cure are encouraged. The popular
method then was the use of calomel, of the lancet and
the leech. Symptoms were rudely interfered with
and combated without any proper study of their
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causes and the way they originated. Dr. Young's
methods were very sound and as a practitioner he
was generally successful in the number of patients
relieved, but he was never popular. He was gifted
with rare powers of observation, and an extensive and
deep knowledge of his subject. He had patience
and perseverance to succeed in experiment, and he
waswell known. He was not genial, however, and
never expressed more than he felt, and lacked a
good bedside manner. Finally, he was perhaps too
diffident in forming ajudgment or in offering an
opinion on medical matters where others would find
no difficulty. The very extent of his knowledge
was in some measure a barrier between him and
success as a popular physician.

Dr. Young's real talent lay elsewhere. It is as
compiler, historian, and publicist that his name is
honoured in the annals of medicine. A humanist
and a scientist, he was never happier than when his
wide knowledge was being used to advance the
learning and prestige of the profession he had
chosen. His Prelimnary Essay on the Sudy of
Physic (18 13) insists on the value of a preliminary
cultural training, on the necessity of the student's
being able to specialize in any one branch of the
subject, and on certain general qualities of mind
and character essential to successful study and
practice. The method of approach to medicine is,
he claims, different from that of other subjects.
Whilst the

" mathematician may arrive at the highest possble degree
of eminence in the different modes of calculation without
requiring any asssance from an accurate knowledge of
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different languages and the linguist may be complete master
of all subjects of grammar and criticism, without the slightest
acquaintance with geometry: there are other branches of
study so confined within themselves, and so capable of
accurate deduction and precise definition, as to be completely
independent of all others, and to require the exercise of a
clear apprehension and correct memory only for their pur-
suit. Other departments, however, defy all attempts to
subject them to a didactic method, and require the exercise
of a peculiar address, a judgment or a taste, which can only
be formed by indirect means. . . . Physic is one of these
departments, in which there is frequent necessity for the
exercise of an incommunicable faculty of judgment, and a
sagacity which may be called transcendental, as extending
beyond the simple combination of all that can be taught by
precept.”

Dr. Young claims that the science of medicine
requires as much, if not more, penetrating intellect,
genius and memory than any other study. Added
to this are the necessary qualities of stablejudgment,
quickness of decision, and a cool firm presence of
mind, with engaging manners and tact to deal with
all types of mankind. Obviously anyone thinking
of taking up medicine as a career would do well to
find out whether he possesses these qualities, and
the worthy professor states that as an individual is
born with or without them "he should not dare to
enter the temple of Hygeia, unless the distinguish-
ing marks are evident." He goes on to say that
no art except that of war requires so much courage,
promptness in judgment and in action, as the art of
physic. The feelings of the doctor must be kept
under control, everything being subservient to the
good of the patient, and on the whole
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"the manners and behaviour must be decorous, polished,
obsequious, courteous, gentle, obliging, cautious, and at the
same time manly and dignified in every respect. To effect
this his mind must be cultivated by the best education and
by knowledge of mankind and of the world.  Those persons,
therefore, must never expect to acquire what is absolutely
necessary for the practice of physic, much less to distinguish
themselves by superior excellence, who are as deficient in
the qualities of the mind as in moral culture and polished
education, and who consequently have not learned, and who
have not been accustomed, to accommodate themselves to the
world and to individuals, to subdue their passion when it is
required of them, to bear the burdens of their employment
without repining, and to think and act uninfluenced by
conceit, by caprice, and by senseless prejudices.  Such per-
sons as these, \f* in spite of their deficiencies, they will still
persist in the pursuit of physic, can only become, for want of
talent, short-sighted, stupid, spiritless, superficial, useless and
dangerous practitioners; and for want of good sense, and
cultivation, affected, stiff, rough, quarrelsome, vainglorious,
empty, presumptuous, proud and mean members of society;
who can at best succeed with the lowest ranks of the populace
only; who will necessarily expose to ridicule themselves and
their profession, and who must perpetually shock the feelings
of every refined and well-educated man."

Naturally, he continues, by adding that such qualities
come only with growth and experience, but there
must be definite evidence of these qualities in the
student and they must be supported by a robust con-
stitution. The preliminary education advocated by
Y oung runs somewhat as follows:

"At 2, 3, or 4 years of age, Reading and reciting English.
» 6 years of age Latin and Writing.
Arithmetic.

” ” ” ”
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At io years of age, Greek.

w12 , , , French.

14, , ltalian and Geometry.

» 16 » 55 » German, Mathematics.

» 17 » w 59 Natural Philosophy, Drawing.
., 18 , , , Chemistry, Botany.

And for studies more strictly medical:

First year: Anatomy. Theory of Medicine (Clinical
Lectures). Continuation of Chemistry
and Botany. Mineralogy.

Second year: Practical Anatomy. Physiology. Hospital.

Practice of Physic.

Third year: Comparative Anatomy. Surgery. Mid-
wifery. Materia Medica. Clinical Lec-
tures."

This early training should, according to Young,
be supplemented by practical experience in some
public appointment.

"An army physician," he sys "has often considerable
advantage, in acquiring both experience and emolument, at
a time when he might otherwise be unemployed: but his
experience is sometimes less appreciated in civil life, and in
a different climate, than he has naturally been induced to
expect it should be. The appointment of a physician to a
hospital hes so generally been considered as a very eligible
introduction to practice, that it is scarcely necessary to men-
tion it, except with a view to express a caution againgt over-
rating its advantages. A physician of the highest eminence
has been heard to declare that he could never trace a single
patient to his immediate connection with a well-known
hospital, which subssted for many years, and to give it as
his opinion, that little less was to be learned by a diligent
attendance of a hospital as a pupil, than by being employed
as aphysician to it. It appears to me that the most material



THE PHYSICIAN 49

benefit to be derived from such an appointment, with regard
to the extension of private practice, depends on the notoriety,
that the physician must be unavoidably in the habit of pre-
scribing continually for multiplicity of patients in all manner
of diseases. but many have posessd this advantage, with-
out obtaining the benefit in any material degree. At the
same time few, if any, have ever risen to eminence without
it, unless they have had some other very ostensible means
of forming and supporting a general connection in a medical
capacity."

The wisdom of such a course as Dr. Young pre-
scribes is naturally debatable, especialy the early
preliminary education. Here we se very great
prominence given to foreign languages, the young
medical student having a smattering of five before he
starts his life's work of medicine. A knowledge of
French and German is essential in the ability it gives
the student in reading publications in the original
from the pen of European scientific and medical
writers, but it is doubtful whether Greek and Italian
would be accepted; the general opinion would be to
omit their study for subjects such as history, geo-
graphy and manual work. It is a characteristic of
all educationa practitioners prior to our own day to
rely too much on the ability of a child to learn by
heart, and to do little or no practical work. Again,
it is recognized that the introduction of the child
mind often years of age to Natural History followed
by some of the purely experimental sciences in the
following years is very helpful to a medical degree.
The mathematicians, too, would disagree in leaving
the introduction of their subject to the fourteenth

year, many asserting that children from ten onwards
D
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can secure a good grasp of geometry, algebra and
trigonometry, sothat at the age of sixteen the calculus
may be entered upon advantageously. The actual
course of medical study is usually spread over four
to six years, and with the enormously improved
medical facilities of the present day, it would be
impossible to find a young physician without good
practical experience.

No one more than Dr. Young was more anxious
to enhance the prestige of his profession, and his
equanimity was more than once disturbed by the
contradictory opinion of eminent medical men.

"I was dining at the Duke of Richmond's one day last
winter," he writes to a friend in 1806, "and there came
in two notes, one from Sir Wm. Farquhar and the other
from Dr. Hunter, in answer to the question whether or no
his Grace might est fruit pies or strawberries. / trembled
for the honour of the profession and could not conceal my
apprehensions from the company: luckily, however, they
agreed tolerably well, the only difference of opinion being
on the subject of the pie-crust.”

This would certainly form a useful topic for dis-
cussion even to-day.

Contrary to the current opinions of the medical
profession of his day, Young believed that the study
of medicine could be advanced more satisfactorily
and rapidly by a careful comparison of the collected
observations of others than by the sole experience of
a single practitioner. In a letter to a friend in
January, 1807, he writes with reference to the
appointment of Sir Humphry Davy to the office of
Secretary of the Royal Society:

"1f 1 had not been a member of an illiberal professon
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| should have liked the situation myself} but perhaps the
public is right in discouraging a divided attention. | pur-
poxe serioudly to do something in physic, by collecting all
that is worth knowing, and comparing it with the general
economy of the operations of nature. | do not know who
hes attempted to do this soberly: Darwin had neither patience
nor precision enough; and | am confident that much more
may be learned and taught in this way than from a routine
of old woman's practice, which is all that a fashionable
practitioner obtains.  In many other departments of science
| have been able to draw conclusions from a comparison of
the experiments of others, which | should have been much
longer in discovering by investigations of my own; and why
not in physic.™*

The result of his researches was the publication
of the Introduction to Medical Literature, the preface
to which we have already noted. = The author parted
with the copyright for £100 in 1823 when the
second edition appeared, and remarked that it was
too good a book to be worth more. Other contri-
butions to his subject were an Essay on Palpitations,
a Practical and Historical Essay on Consumptive Dis
eases, and a translation from the Swedish of Berze-
lius's Sketch of Animal Chemistry.  This latter work
was all the more remarkable as Y oung was compelled
to rely entirely on the use of a grammar and dic-
tionary. Berzelius was impressed and gratefully
acknowledged Young's effort:

"Tell me how it is possble for the same person to posess
so deep and comprehensive a knowledge of two stiences so
widely different as Natural Philosophy and Medicine, with
its subordinate sciences of Anatomy and Physiology? When
| reflect that Chemistry constitutes my only pursuit, and
that nevertheless | am daily learning how much has been
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done in that science that has escaped my inquiry, | marvel
how you can have had time enough to go over all that you
must have required to read in order to produce your Lectures
on Natural Philosophy and this medical work."

A fitting tribute to the part played by Dr. Young
in the diffusion and extension of medical knowledge
is very ably summarized by Dr. Pettigrew in his
Medical Portrait Gallery published in 1840. Speak-
ing of the last of Young's medical publications,
A Practical and Historical Essay on  Consumptive
Diseases, which appeared in 1815, he says:

"Dr. Young is not celebrated as a medical practitioner;
nor did he enjoy an extensive practice; but in the informa-
tion upon the subjects of his profession, in the depth of
research into the history of diseases, and the opinions of all
who have preceded him, it would be difficult to find his
equal. His work on Consumptive Diseases is the evidence
I would offer in support of this assertion. There is not an
author of any note or celebrity—there is not a point con-
nected with the dissase which merits attention, that is not
there most carefully, most accurately st forth. It is a
medical library upon the subject of which it treats; the whole
body of ancient and modern medicine in relation to con-
sumption is included within the small compass of an octavo
volume. There are but two medical works in the English
language entitled to this distinction, Dr. Young's on Con-
sumptive Disseses and Dr. Cooke's on Nervous Diseases.
Each hes proceeded from a most distinguished scholar, and
each gives in a condensed form an original and authentic
abstract of opinions of all preceding authors on the subject
of the particular disessss which form the topics of their con-
sideration. If such a scheme as has been carried out by
these two learned men could be pursued, how much time
might be saved to the student, and how greatly diminished
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might be the shelves of our present libraries. But it isvain
to indulge the expectation, for there are too few qualified
to accomplish such an undertaking."

After the year 1817 Dr. Young largely decreased
his activities as a medical practitioner and only one
further reference is made to these matters.  This was
in connection with his interest in the "Proper Value
of the Expectation of Life," or, more simply, Life
Assurance. In 1816 he published a paper containing
an algebraic expression for the values of lives, and
gained fame in this branch of mathematics. Eight
years later (March, 1824) the Directors of the Palla-
dium Insurance appointed him Inspector of Calcu-
lations. Hewas permitted to hold the appointment
of Physician conjointly; i.e. he was medical referee.

Dr. Young's success in subjects other than medical
together with his private income allowed himto retire
early from actual practice. The extreme range of his
investigations, while officially adoctor, is brought out
very clearly in aletter of December, 1820, which was
written to afriend who was less happy in his leisure:

"About this time last year | was giving myself a holiday
of a few weeks, and | fell into a fidgety sort of languor,
and fancied | was growingold. It wore off very soon, how-
ever; | am convinced there is no remedy so effectua for
this and other intellectual dissesss as plenty of employment,
without over-fatigue and anxiety. This autumn | have
been in fact going on with a work which | was then amost
frightened at having undertaken, and am already printing
the first part of it, being only a translation with a commen-
tary; it will do better without my name than with it. |
am dso writing over again my article on Languages in the
Quarterly Review, with many additions, for the next Supple-
ment of the Encyclopedia Britannica; and a biographical
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Memoir on Lagrange will be aimost as long, requiring a
list of one hundred different papers on the most abstruse
parts of mathematics. | have then the business of the Board
of Longitude to manage and some of the Royal Society.
The Arctic Expedition is now settled; but we are fitting
out our explorer for the Cape with all his books and instru-
ments. Then there is a Committee of Elegant Extracts to
consider the tonnage of ships, appointed by the Royal
Society, the Admiralty, the Board of Trade, and the Treasury
—which will not take long, but | shall have theonus. Then
there is my hospital—to spesk nothing of my private patients,
who are very discreet at this time of the year. Then |
must not forget that | must shortly do a little more to the
hieroglyphics’; and after one number more | shall be able
to judge if the thing is worth considering or not. | suppose
the Review of Belzoni will give the subject some popularity.

"I have not seen the article, but | suppose my friend
Barrow will fed less remorse in exposing my infidelity to
my professiona consort than | have generally done myself.
Certainly, if a man that is married to a professon cannot
avoid keeping a mistress or two, he ought not to be the first
to blazen to the world the liberties he takes.

"I have learned more or less perfectly a tolerable variety
of things in this world; but there are two things which |
have never yet learned, and | suppose never shall—to get
up and to go to bed. It is now past twelve o'clock, but |
must write for another hour."

1 Dr. Young had ben interested in Hieroglyphics since 1814,
g2 Chap. X V.



CHAPTER VIII
SOCIAL ACTIVITIES—CLOSING YEARS

THERE is a danger in following the works and dis-
coveries of any great pioneer so closely that his real
character and habits are apt to be overlooked. In
the present instance one must appea to the records
of those who met Young in his various occupations
and leisure, and occasionaly to letters wherein he
reveals his ambitions, those activities he thinks
worth while and his pleasures and disappoint-
ments.

Dr. Young enjoyed to the full the good things in
life. He was very fond of dancing and riding,
besides those pleasures to be obtained by moving in
the best society of his day. He was a good con-
versationalist, and he could take part as a singer or
an accompanist—a more valuable asst in those days
than at present under the wider mechanization of
this art. He had great belief in his own powers,
and though some of his friends were convinced of
his inability to become a distinguished musician, he
remained obdurate, observing that had he the time
he would make as great a success of it as of his other
labours. He had few of those eccentricities which
are often a sign of genius, and we cannot fmagine him
following the example of Sir Isaac Newton in retiring
from the company of a few sdect friends he was

55} 16154
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entertaining to tackle some problem which absorbed
his attention. A decisive factor in the normal tem-
perament he displayed was the happiness of his
married life. All those who add to the sum-total
of human knowledge meet with opposition, and
Young was no exception. Misjudged, incom-
pletely understood, unfairly treated by many of those
scientists who had chosen to further the knowledge
of those subjects which he had so highly endowed by
his genius, it needed a devoted and patient under-
standing wife to help him weather the storms of
criticism and abuse which would have soured most
men. Miss Eliza Maxwell became his wife the day
following his thirty-first birthday—14th of June,
1804. She came of a cultivated and aristocratic
family, a branch of the Maxwells of Calderwood
Castle, Lanarkshire, with a home-life similar to that
of the old Scottish families we have referred to
in Young's tour of Scotland. A woman of sound
common-sense, she esteemed and understood her
husband and had an intuitive comprehension of his
work which gave them common interests. If we
add to this the mutual regard and affection they had
for each other, we can understand why above all
things Y oung was essentially human.

In appearance Y oung had very engaging features
and was considered to be the most handsome of our
great physicians. The only portrait we have of
him (see frontispiece) was painted by Sir Thomas
Lawrence in 1826, and the photograph we add
brings out the essential characteristics of his nature.
His fine open countenance expresses a kindly dis
position and good will. The excellent depth of the
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forehead, its broad proportions, and the wide
spacing of the eyes portray his intellectual gifts.
The thin nose and the mouth indicate culture and
refinement. The chin is of good proportions, sug-
gesting strength and tenacity.

It is natural to expect of such a person as Y oung
that his pursuits would be mainly studious. He
had the patience and persistence so necessary in
overcoming difficulties, and he considered his gifts
not greater than other men, attributing his success
to the earnestness and diligence of his methods. He
was undoubtedly an indefatigable worker, and found
his greatest pleasure in tackling a difficult problem.
His range of activities was extremely large, and he
always found relaxation in taking up another subject
after momentarily tiring of the subject upon which
he was then engaged. His studies occupied his
best working hours, and when these were finished he
preferred nothing better than the conversation and
company of accomplished women and the amuse-
ments of music and dancing. It must be admitted
that his excursions into socia activities were not
always happy. He occasionally gave offence by the
apparent dogmatism and off-hand nature of his
replies to strangers, but the wide and deep state of
his knowledge gave the impression that they were
effortless. The call of the open countryside had
little appeal to him, and he could not understand any-
onewho preferred living anywhere ese than London.
In his travels we find his interests are archaeological
or associated with modern mechanical objects; he
could appreciate the attractiveness of a beautiful
sunset, but a waterfall, mountainous country and
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snow-capped mountains left him amost unmoved.
This is to be expected when the time was ripe for
Wordsworth and the Lakeland poets.

Dr. Young displayed little interest in current
political opinions and changes; he esteemed his work
as a medical man and his scientific pursuits during
his leisure as of more moment. Moreover, he was
mindful of the position a medical man should occupy
in the public eye, and above al he considered it
essential to place his medical studies, discoveries,
and writings first.

Dr. Young was never happier than when he was
engaged upon the applied side of natural philosophy.
Here success lies in the choice of correct assump-
tions without which the theoretical treatment would
be so involved as to be too complex or possibly give
aresult very wide of the mark.  Thus his knowledge
of hydraulics enabled him to advance an intricate
theory of the tides in Nicholson's Journal of 1813,
and this he extended in the 1817 Supplement of the
Encyclopedia Britannica. This is considered to be
one of his best original papers. In like manner he
thoroughly enjoyed himself in applying the related
subject of hydro-dynamics to the motion of the blood
in the heart and arteries, in which he investigated
the manner in which the pulse would be transmitted
through the arteries, the actions of the muscular
coats and the disturbances of these motions through
inflammations and fevers.

In the first decade of the nineteenth century the
problem of finding the acceleration due to gravity of
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a freely falling body was examined with great care
by Captain Kater, and Young's estimate of the
errors in the method proved to be most helpful in
the discussion of the results offered. This is the
most important part of any research and limits the
value of the method adopted. Dr. Young prided
himself on his mathematical technique and he suc-
cessfully applied his powers, as we have seen, to the
statistics of Life Assurance. His other writings at
this period consisted in contributions to the Ency-
clopedia Britannka on the subjects of Bridges, Car-
pentry and Chromatics, besides the biographies of
nineteen contemporary men of science, which are
exceedingly well done.

From 1821 he became so occupied with duties in
London that he decided to make his permanent
home in the capital. In this year he toured the
Continent very extensively and found time to recall
his impressions of the activities of the French Insti-
tute, which had just accepted FresneFs discoveries in
Diffraction, and he aso deds with the delight of
travel in Italy and the Savoy Alps. A similar holi-
day abroad was taken in 1824, when he visited
Belgium, where the distressing condition of the
artisans appears to be similar to those of the indus-
trial England of his own time. "The poor are
wretchedly poor—not, as it seems, from want of
civilization, but from the excess of it at the moment,
the introduction of machinery having thrown thou-
sands out of employment.”

Two years later he was made oneof the eight
foreign associates of the Academy of Science at
Paris, in the place of Volta, and thus achieved one
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of the highest honours that could be conferred on a
man of science.

The year before hisdeath, in 1829, saw him occu-
pied with a mathematical attempt to find the figure
of the earth by observations on two points within
sight of each other, and he aso finished his Egyptian
Dictionary. At this time he was on the committee
of the Board of Longitude—a position he had held
for some years—and his procedure was the cause
for much comment and attack from members of the
Admiralty. He drew up an elaborate report, but
the labour accelerated a complaint which termin-
ated in hisdeath on May 10th. Apparently he died
from arterial sclerosis, a disease which must have
been due to his incessant labour and assails a subject
usually at a much later age than fifty-six. Dr.
Y oung was buried at Farnborough church in Kent,
and a profile medallion with an inscription on a slab
beneath it was placed as a monument in Westmin-
ster Abbey. The inscription reads thus.—
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SACRED TO THE MEMORY OF
THOMAS YOUNG, M.D.,

FELLOW AND FOREIGN SECRETARY OF THE ROYAL SOCIETY,
MEMBER OF THE NATIONAL INSTITUTE OF FRANCE,
A MAN ALIKE EMINENT
IN ALMOST EVERY BRANCH OF HUMAN LEARNING.
PATIENT OF UNINTERMI1TTED LABOUR,
ENDOWED WITH THE FACULTY OF INTUITIVE PERCEPTION;
WHO, BRINGING AN EQUAL MASTERY
TO THE MOST ABSTRUSE INVESTIGATIONS
OF LETTERS AND OF SCIENCE,
FIRST ESTABLISHED THE UNDULATORY THEORY OF LIGHT,
AND FIRST PENETRATED THE OBSCURITY
WHICH HAD VEILED FOR AGES
THE HIEROGLYPHICS OF EGYPT.

ENDEARED TO HIS FRIENDS BY HIS DOMESTIC VIRTUES,
HONOURED BY THE WORLD FOR HIS UNRIVALLED
ACQUIREMENTS,
HE DIED IN THE HOPES OF THE RESURRECTION OF THE JUST.

BORN AT MILVERTON, IN SOMERSETSHIRE, JUNE | 3TH, | 773.
DIED IN PARK SQUARE, LONDON, MAY IOTH, 1829, IN THE
56TH YEAR OF HIS AGE,






PART 11
WRITINGS AND PUBLICATIONS

CHAPTER 1IX

EARLY PUBLICATIONS
(YEARS 1799-1801)

IN the Transactions 0/ the Royal Society of January,
1800, there is a paper entitled "Outlines of Experi-
ments and Inquiries respecting Sound and Light,
by Thomas Young, F.R.S." This was communi-
cated to Gray, Secretary of the Society, and was read
on January 16th. The paper bears clear indication
of the thoroughness which characterizes all Y oung's
investigations and is typical of his general method.
Let us consider the first paragraph:

"1t hes long been my intention to lay before the Royal
Society a few observations on the subject of sound; and |
have endeavoured to collect as much information, and to
make as many experiment'x, connected with thisinquiry, as
circumstances enabled me to do; but the further | have
proceeded, the more widely the prospect of what lay before
me has been extended; and, as | find that investigation, in
all its magnitude, will occupy the leisure hours of some years,
or perhaps of a life, | am determined, in the meantime, lest
any unforeseen circumstances should prevent my continuing
the pursuit, to submit to the Society some conclusions which
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| have aready formed from the results of various experi-
ments. Their subjects are, i. The measurement of the
quantity of air discharged through an aperture. 2. The
determination of the direction and velocity of a stream of
air proceeding from an orifice. 3. Ocular evidence of the
nature of sound. 4. The velocity of sound. 5. Sonorous
cavities. 6. The degree of divergence of sound. 7. The
decay of sound. 8. The harmonic sounds of pipes. 9.
The vibrations of different elastic fluids. 10. The analogy
between 'Sound' and ‘Light." 11. The codescence of
musical sounds. 12. The frequency of the vibrations con-
tributing a given note. 13. The vibrations of chords.
14. The vibration of rods and plates. 15. The human
voice, and 16. The temperament of musical intervals."

This is avery comprehensive work and nowadays
would form the subject of three or four volumes.
Young's linguistic ability was undoubtedly of real
service to him in this compilation, and the careful
attention he gave to every known work on the sub-
ject contributed in no small measure to its success.
Each of the subdivisions of the paper has formed
the basis of at least one line of research for later
scientists, and for our purpose it will be best to
follow up the most important statements and facts
in the paper.

The divergence of sound treats with the ability of
the phenomenon to bend round the corners of
obstacles between the source of the sound and the
observer. Newton supposed it to spread equally in
all directions after diverging from a small aperture,
which Y oung opposes on the ground that there is a
greater effect in the forward direction, otherwise how
can one explain the simple speaking trumpet? This
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led Y oung to a careful investigation of the formation
of shadows by any phenomenon propagated in waves
such as water waves, and sound. To-day the term
"diffraction" is introduced to describe the peculiar
effects arising from the bending of waves round
obstacles, and as the same result is obtained with
light, Young deduced that it was propagated in a
similar fashion. In the above digest one paragraph
deals with "The codesxence of musical sounds.”
Herein he deds with the "Beating of Musical
Notes." This occurs when two notes of very nearly
the same pitch or frequency are sounded together.
For example, if the middle " C" of the piano and the
note "D p" adjacent to it were sounded together, we
should observe 5 beats per second, supposing the
note "D b" were sufficiently out of tune as to vibrate
261 times per second, it being assumed that C
corresponded to 256 vibrations per second. The
more nearly the sounds approach the longer the beat
period; again, if the sounds are of equal intensity
the waxing and waning is much clearer. The ex-
planation can be given when it is realized that the
phenomenon is a wave motion; sound waves inter-
fere just as two sats of water waves will interfere.
The analogy is followed up in the cese of light waves
in Chapter X. A parallel case to "Beats" in sound
is the much-abused term "Heterodyning" in wire-
less, where a high-frequency broadcast wave far
above the audible limit gives an audible "Beat note"
with that of the receiving st which is dso above the
audible limit. It was by an application of these
theoretical considerations implied in the subject of
interference of wave motion that Young obtained
S
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successful experimental results which proved con-
clusively that light is a further manifestation of
wave motion.

In his "Analogy between Light and Sound"
Young states that Isasac Newton's doctrines of the
emanation of particles of light, from lucid sub-
stances, though almost universally admitted in this
country, was, in fact, directly opposed in others.
This corpuscular theory was directly opposite to the
suggestion of Huygens, the great Dutch physicist
and contemporary of Newton, who advanced the
wave theory of propagation. The facts at the time
were insufficient to justify either hypothesis, and
there is much to support Newton's attitude. Y oung,
however, observes that the insuperable difficulty is
partial reflection, for a plate of transparent glass
causss a percentage of light corpuscles to be re-
flected from the surface, whil st others are transmitted.
He asks, "Why, of the same kind of rays, in every
circumstance precisely similar, some should aways
be reflected, and others transmitted, appears in this
system to be wholly inexplicable.”* The ether was
suggested as a medium for propagating light, and it
was supposed to be everywhere.  He goes on to say:

"That a medium resembling in many properties, that
which has been denominated ether, does really exist, is
undeniably proved by the phenomena of electricity. The
rapid transmission of the electrical shock shows that the
electrical medium is posesed of an elasticity as great as
is necessary to be supposed for the propagation of light.
Whether the electric ether is to be considered as the same with
luminous ether, if such a fluid exists, may perhaps at some
future time be discovered by experiments. ..."
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If the continual asking of questions and the
attempts at linking up diverse subjects is the mark
of genius, Young must be admitted such. Great
men like Faraday, Newton, and Maxwell have the
identical manner of thinking. The postulate in the
passage just quoted was realized half a century later
when the brilliant theoretical labours of Maxwell
combined with the practical demonstrations of Hertz
in Germany proved conclusively that electricity and
light were essentially different manifestations of the
same thing. It was from these obscure beginnings
that Wireless Telegraphy came into being.

This same paragraph shows a similar foresighted-
ness.

"1t may hereafter be considered, how far the excellent
experiments of Count Rumford, which tend very greatly
to weaken the evidence of the modern doctrine of heat,
may be more or less favourable to one or the other system
of light and colours.”

At that time the commonly accepted notion was
that heat was a "caloric" substance whose presence
or absence accounted for hot and cold bodies. The
assumption of this imponderable fluid solved some
of the problems in heat, but it led into real difficulties
which caused the ultimate rejection of the same
hypothesis. The early work of Rumford, followed
by that of Joule and Lord Kelvin fifty years later,
established the nature of heat as one of the many
manifestations of energy. In the passage referred
to we infer that Y oung was disposed to accept Rum-
ford's ideas, and points to light as being a kind of
energy too. This was one of the great scientific



68 THOMAS YOUNG

triumphs of the nineteenth century—the complete
proof that thermal radiation and light are of the
same nature, viz. wave motion.

April, 1800, saw the publication in the British
Magazine of an important esssy on "Cycloidal
Curves." Young's paper is written to show that
the geometry of the cycloid and curves of a similar
nature may be solved by the methods used by the
ancient Greeks. The cycloid is the path traced
out by a point on the circumference of a wheel
rolling along a straight line, and admits of a simple
treatment by the algebraic method introduced by
Descartes. This method was not favoured by
Y oung, who writes:

"The moderns have very frequently neglected the more
essential, for frivolous and superficial advantages. To say
nothing of the needless encumbrances of new methods of
variations, of combinational analyses, and of many other
similar innovations, the strong inclination which has been
shown, especially on the continent, to prefer the algebraical
to the geometrical form of representation, is a sufficient
proof that, instead of endeavouring to strengthen and en-
lighten the reasoning faculties, by accustoming them to such
a consecutive train of argument as can be fully conceived
by the mind, and represented with all its links by the recol-
lection, they have only been desirous of sparing themselves
as much as possible the pains of thought and labour, by a
kind of mechanical abridgment, which at best only serves
the office of a book of tables in facilitating computations,
but which very often fails even of this end, and is, at the
same time, the most circuitous and the least intelligible."

This, of course, is rather prejudiced, for great
advances have been made by using the method of
Descartes.
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Mr. Brougham, a rising Edinburgh politician,
then only twenty years of age, had used the alge-
braical methods for the solution of the cycloid. His
efforts are commented upon by Young thus:

"Undoubtedly there are some cases where agebraical
symbols are more convenient than geometrical ones. but
when we se an author exerting all his ingenuity in order
to avoid every idea that hes the least tincture of geometry,
when he obliges us to toil through immense volumes filled
with all manner of literal characters, without asingle diagram
to diversify the prospect, wc may observe with the les
surprise, that such an author gppears to be confused in his
conception of the most elementary doctrines. . . . He may
very easily fancy he hes made discoveries, when the same
facts have been known and forgotten long before lie existed.
An instance of this has lately occurred to a young gentleman
in Edinburgh, a man who certainly promises, in the course
of time, to add considerably to our knowledge of the laws
of nature.""

Brougham eventually became Lord Chancellor of
England, but before attaining this exalted position
he edited the Edinburgh Review, and during the next
few years all Young's discoveries were attacked with
a persistence of scathing satire which must have
satisfied "the young gentleman in Edinburgh" for
the rest of his life.

We shall return to these attacks, their cause, and
Young's replies.



CHAPTER X
THE MECHANISM OF THE EYE

T HE eye as an optical instrument has been the sub-
ject of much experiment and discussion throughout
the ages. The action of a lens in forming an image
of distant objects was known to the ancients, but
little was done until the time of Galileo, who made a
simple telescope out of a combination of lenses. By
dissection it had been proved that the eye contains
a lens which forms the image on the retina, which is
the sensitive part of the eye, corresponding to the
photographic plate of a camera. The simplest of
cameras will only give good results when the objects
photographed are at a sufficient distance. In the
cae of nearer objects, a more elaborate instrument
has to be used which by some extension system will
enable the photographer to move the lens further
from the sensitive plate until the image is again
clearly focused. Such a mechanism was shown by
Y oung to be impossible in the eye, and the question
arises as to how we can see objects at a variety of
distances without undue fatigue. The process is
called the accommodation of the eye. It will be
remembered that he found evidence for alteration of
the shape of the lens by the action of the ciliary
muscles in the eye of an ox which had just been
daughtered. He therefore advanced the theory
70
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that the eye could view objects nearer than the dis-
tance of distinct vision, usually 10 inches, by these
muscles acting circumferentially on the lens and
compressing it so that the thickness at the centre
was increased. Such a lens has a shorter focal
length, and therefore an object nearer than 10 inches
will be brought to a focus on the retina. These
observations impressed the scientists of his day, and
secured his election to a Royal Society Fellowship.
Subsequently apparently contrary evidence of greater
scientists caused him temporarily to withdraw his
assertions, but in a communication of November
27th, 1800, he returned to his problem, and in a
masterly manner demolishes his opponents for good.
The paper embraces all facts about the eye which
had been observed up to that year, and to these
Young adds comments and further discoveries of
his own. These were due in part to the invention
by Dr. Potterfield of an instrument which furnished
a method of determining the foca length of the lens
of the eye, and the optical constants of the refracting
liquids.

The optometer is of interest historically and in
capable hands gave accurate results. The principle
upon which it is based is indicated in the diagram,
where a point source R is placed on the axis of
a lens CD, which is covered by a card with two
small apertures A and B placed symmetrically
about the axis. If a screen is placed on the far side
of the lens two images GH and IK are obtained,
and for the position EF they coincide (Pig. i).
If we now take two more point sources S and T
and place the screen so that a single image r of
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R is obtained, then other imagesss, TT will occur
(Fig. 2). If we now join the points T, R and
S by a line which is now imagined tilted with
respect to the axis, then each point on this line
will give two images. Thiswill result in two lines
being seen which converge in r. Exactly the
same situation arises when a distant object is viewed
through two pin-holes separated by a distance which

is less than the diameter of the pupil of the eye, and
if the object is a straight line slightly tilted with
respect to the axis of the eye lens the images will
cross at the distance of distinct vision.  In practice
the optometer was made in cardboard or ivory about
8 inches long and | inch wide, divided along the
length by afine black line. The latter was viewed
through a sI|der with dlits of different sizes from
1/, inch toY/yeinch in breadth and with paces some-
what broader, so as to suit pupils of different sizes.
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Lenses could be applied to the card for subjects with
defective vision. It will be apparent that the instru-
ment will only give concordant results for eyes "at
rest."

Using the instrument Dr, Young examined his
own eyes, obtaining the foca length of the lens and
other quantities, such as the diameter, length of the
axis from cornea to retina, and curvature of the
cornea.  He now made the very important discovery
that his eye did not possess equal power in focusing
lines at different inclinations to the horizontal, e.g.
when he viewed horizontal lines of sguared paper
the vertical lines were not clearly in focus, and vice
versa.  This s the first record of astigmatism. He
writes:

"My eyein a state of relaxation collects to a focus on the
retina those rays which diverge vertically from an object at a
distance of 10 inches from the cornea, and the rays which
diverge horizontally from an object at 7 inches distance.”

He accounts for this defect by the tilt of the lens
preventing the latter from being normal to the axis
of the eye. He dso indicated that spherical mirrors
would form astigmatic images.

After a brief indication of how he finds the blind
spot and its position, a detailed discussion follows
on the processes of accommodation. It had pre-
viously been supposed that the eyeball altered in
shape and that the cornea altered its bulge or curva-
ture. This Young refuted in a series of excellent
experiments. His work has not been improved
upon, except in corneal astigmatism which he
mi ssed.
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The general consensus of opinion is that the most
original contribution Dr. Young made in thisfield
was the beginning of the true explanation of colour
vision. He had satisfied himself that this was a
sensation depending not on the light but on man.
The three primary colours were red, green and
violet, these being roughly a triple division of the
spectrum. Mixtures of these coloured lights will
give the other sensations of yellow, mauve and signal
green (or peacock-blue), with the other gradations
when the colours are not mixed in equal proportions.
He cites experiments whereby this mixing may be
accomplished, and incidentally gives us the first true
explanation of the colour sensations in mixing pig-
ments. Yellow paint shows up in a continuous
spectrum of white light only in the yellow and green
portions, for it looks black elsewhere, while blue
paint shows up in the blue and green. Hence a
mixture of these paints has only the green colour
scattered when white light falls upon it, the remain-
ing components of the light being absorbed, so that
yellow and blue pigments form green.

Helmholtz and Tscherning have greatly advanced
Young's theories.



CHAPTER Xl

LECTURES ON NATURAL
PHILOSOPHY (1807)

THAT a whole chapter is to be devoted to an appre-
ciation of this great work of Young is but scant
justice. We shall endeavour to extract such matter
which is of genera interest, that which makes the
author famous, and then analyse it from our modern
standpoint.

The work was originally published in two quarto
volumes of about eight hundred pages each, and
was reprinted in 1845 with additional notes by the
Rev. P. Kelland, F.R.S. In this edition one of the
volumes is devoted solely to plates, illustrating the
matter in the first volume; it aso treats less fully his
systematic catalogue relating to natural philosophy
and the mechanical arts, a compendium which is a
most useful source of information for those inter-
ested in historical science. The author was to have
received £1,000 for the 1807 edition, but owing to
the bankruptcy of the publisher he never received
it. The wealth of diagrams, mostly drawn by
Y oung himself, make the work good reading, but
the language is compressed and in some cases un-
usually difficult.

The work is divided into three parts, each part
containing a score of lectures.  The first includes

5
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mechanics, from the theoretical and practical stand-
point; the second treats of the equilibrium and
motion of fluids, sound and optics; the third deals
with elementary astronomy, the tides, gravitation,
cohesion, electricity and magnetism, heat and
climatology. In the introductory lecture we are
given the outline of the plan.

"The phenomena of nature resemble the scattered leaves
of Sibylline prophecies; a word only, or asingle syllable, is
written on each leaf, which, when separately considered,
conveys no instruction to the mind; but when, by the labour
of patient investigation, every fragment is replaced in its
appropriate connection, the whole begins at once to speak
a perspicuous and a harmonious language.”

The work of Newton enabled him to connect such
diverse phenomena as weight and the motions of
the planets by the law of gravitation, and in like
manner Faraday's labours indicated how electricity
may be generated from magnetism, bringing with
the discovery the modern ramifications of elec-
trical engineering. Harvey had explained the
principles of mechanics. Young proceeded to
examine various types of machines in common
use and of historical importance. The section is
completed with an account of the arts of writing,
engraving, printing, and drawing. He goes on to
say:

"All these subjects are in part preparatory to the im-
mediate examination of the mechanical arts and manufac-
tures, which may best be divided into such as are principally
employed for resisting, for modifying, or for counteracting
any force or motion."
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He follows this by a lecture which deads with the
craftsmanship of bricklayers, masons and thejoiners,
under the title of Architecture and Carpentry.

"The modification of form and motion includes in its
communication and alteration, by joints of various kinds,
by wheelwork, by cordage, and its equalization by time-
keepers. The subject of wheclwork gives considerable
scope for mathematical research. . . . The consideration
of cordage leads us to that of union by twisting and by inter-
mixture of fibres; including the important arts of carding,
combing, spinning, rope-making, weaving, fulling, felting
and paper-making."

This paragraph shows the care and penetration he
proposes to apply in his lectures. When we come
to sound and optics, he writes:

"The doctrine of sound, the theory of music and the
construction of musical instruments, arc as pleasing to the
intellect in theory, as they are gratifying to the snss in
practice; but the science of optics is no less interesting, and
at the same time fir more useful; the instruments which it
furnishes are of amost indispensable necessity to the navi-
gator, to the naturalist, to the physiologist, and even to the
man of business or pleasure. It is perhgps in this science
that many persons of the greatest genius have been the most
happily employed."

It is interesting to reflect that the cinematograph
and sound films are a direct outcome of such pure
rescarch. The remaining subjects are similarly
dealt with.

We shall now consider in a little greater detail
the matter of some of the lectures themselves. In
speaking of pressure and equilibrium his illustra-
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tions are excellent; as an example we quote the
following:

"1n the equilibrium of animals we may observe many
examplesillustrative of the properties of the centre of gravity.
When a person stands on one foot and leans forward, in
the attitude which is usually exhibited in the statues of
Mercury, the other foot is elevated behind, in order to bring
back the centre of gravity so as to be vertically over some
part of the foot on which he stands. But on account of
the convex and somewhat irregular form of the foot, the
bass that it affords is really very narrow; hence, when we
attempt to stand on one foot, we find it often necessary to
use a muscular exertion, in order to bring the point of sup-
port to that sde towards which we are beginning to fall;
and when the basis is still more contracted, the body never
remains at rest, but, by a succession of actions of this kind,
sometimes too minute to be visible, it is kept in a state of
perpetual vibration, without ever attaining such a position
as would give it any degree of positive stability, and thus
it may be conceived to be supported even on a single point,
recovering this position from time to time by means of a
slight degree of rotary motion, which is produced by its
flexure and by the changes of the position of the extremities:
hence, by habit, the arts of rope-dancers and balancers are
acquired. Sometimes, however, the position of the balancer
is not so difficult as it appears, the curvature of the
\F]\{ire in contact with the foot tending materially to assist

m.

"When we attempt to rise from a seat, we generally draw
our feet inwards, in order to bring the point of support
into, or near, the vertical line passng through the centre
of gravity, and to create a tottering equilibrium, which is
favourable for the beginning of motion. And before we
rise we bend the upper part of the body forwards, in order
to preserve a momentum capable of carrying the centre of
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gravity beyond the vertical line passng through the point
of support.”

Further on, in the lecture on "Statics," we get
further applications to muscular movement.

"The application of animal force is usualy performed by
means of a progressive motion. The muscles employed in
this process are in general, if not always, the strongest of
the body, both by nature and by habit; so that when force
alone is required, it is most advantageously obtained from
their exertions. In walking, the centre of gravity is moved
forwards with a velocity which is nearly uniform. If the
legs were perfectly inflexible, the centre of gravity would
describe, in succession, portions of circles, of which each
leg would alternately be the radius; but if the velocity were
great enough to create a centrifugal force more than equiva-
lent to the force of gravity, the pressure would be removed
from each leg after the first instant of its touching the ground,;
the path would become parabolic instead of circular, and
the walking would be converted into running: for the
difference between walking and running is this, that in run-
ning, one foot is removed from the ground before the other
touchesit; while in walking, the hindmost foot is only raised
after the foremost has touched the ground. Now supposing
the length of the inflexible leg to be 3 feet, the centrifugal
force would become equal to the weight, with the velocity
which would be acquired by a heavy hody in falling through
a foot and a half, that is 10 feet/sec. or 7 miles/hour; and
this is the utmost velocity with which it would be mechan-
ically possible to walk with inflexible legs. But the flexi-
bility of the legs makes the progressve motion much more
uniform, by softening the angles of the path which the centre
of gravity describes, and rendering it either more or les
curved at pleasure, so that it becomes mechanically if not
physicaly possible, to walk with a velocity somewhat greater
than 7 miles an hour, and to run or dance with as small a



80 THOMAS YOUNG

velocity as we pleass, Snce we make the path of the centre
of gravity somewhat less or much more curved, than acircle
described on the point of the foot as centre.”

It is rare to find in works on this subject illustra-
tions so apt and so elegantly written. In the actions
which are most apparent and obvious, we find the
greatest difficulty in explanation, and it is a distin-
guishing feature of Young's genius that while pay-
ing due deliberation to profound and basic prin-
ciples, he does not neglect that illustration of fine
detail which is necessary for a full understanding of
a subject.

We shall next deal with the lecture on "Passive
Strength and Friction." Here we find a very
thorough treatment of the subject of "Elasticity,"
both for solids and fluids. The ultimate nature of
such properties as extension, compression, flexure,
twisting and fracture, must depend on the arrange-
ment of the atoms or molecules of the substance, and
this is left by Y oung to alater chapter; he deds with
substances in bulk and the effects observed. Now-
adays this particular department of Physics is of the
utmost practical importance in all the iron and steel
industries, and the various textile and building
trades. Problems of the actual thickness and form
of girders, fibres, and supporting columns are mat-
ters of life and death in the resulting mechanism or
structures, and a visit to any modern works will
exemplify the theoretical treatment by a variety of
apparatus suitable for determining the elastic pro-
perties. Young throws out suggestions which we
find carried out in these modern machines. For
example, the breaking stress of steel is of practical
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interest, and is found by an ingenious machine which
indicates the stress at the breaking-point, and also
the various stages preceding this condition. Young
has the following paragraph:

"The smplest way in which a body can be broken is by
tearing it asunder. The cohesive force continues to be
increased as long as the tenacity of the substance allows the
particles to be separated from each other without a per-
manent alteration of form; when this has been produced,
the same force, if its action is continued, is generaly capable
of causing a total solution of continuity; and sometimes a
separation takes place without any previous alteration of this
kind that can be observed."

Recent research has enabled this type of problem
to be investigated very thoroughly, in particular
X-ray examination indicating the sliding action of
the crystal planes in solids.

In a previous paragraph we have stressed Young's
ability at illustration, and as a further example we
may note his method of introducing the subject of
ductility.

"A permanent alteration of form is most perceptible in
such substances as are most destitute of rigidity, and approach
most to the nature of fluids. It limits the strength of
materials, with regard to practical purposes, amost as much
as a fracture, since in genera the force which is capable of
producing this effect, is sufficient with a small addition to
increase till fracture takes place. A smaller force than that
which has first produced an alteration of form, is seldom
capable either of increasing, or removing it, a circumstance
which gives such materials as are susceptible of an alteration
of this kind, a great advantage for many purposes of con-
venience and of art. The more capable a body is of a

p
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permanent alteration of form, the more ductile it is sad to
be; pure gold and silver, lead, annealed iron and copper, wax
when warm, glass when red-hot, and clay when moist,
posess considerable ductility.  Wood admits of little per-
manent change of form, except in a green state, although
it sometimes settles a little when exposed to pressure.  Even
stone will become permanently bent in the course of years,
as we may observe in old marble chimney-pieces. But the
most ductile of all substances appears to be a spider's web.
Mr. Bennett twisted a thread of this kind many thousand
times and shortened it more than a fourth of its length, yet
it showed no disposition to untwist."

It is usual in science to name some important
guantity or unit with reference to the investigator
who was distinguished in the subject to which it
refers.  Asillustrations, such electrical quantities as
Amperes, Volts or Ohms are well known, and in
connection with the subject of elasticity we have a
similar important entity called "Young's Modulus/'
which is the numerical ratio of the stress to the
strain for any material which is stretched in the
direction of its length. Al this goes to prove that
in this subject Young was pre-eminent in his time.

We now turn to the theory of the motion of fluids,
or hydro-dynamics, asitistermedtechnically. Here
the most important consideration concerns the
phenomena of waves, and it may be safely deduced
that Young's knowledge of the subject was materi-
ally helpful in his successful research in the kindred
subjects of light and acoustics. Later we shall
require some of the elementary principles of wave
motion in order to appreciate Young's discoveries
in optics, and it has been considered appropriate to
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give fairly full details of his own treatment.  After
a brief discourse upon the theoretical determination
of the velocity of waves on the surface of water,
which had not been done to his satisfaction, he
proceeds:

"Whatever corrections these determinations of the
velocity of waves may be found to require, the laws of their
propagation may still be safely inferred from the investiga-
tion. Thus, it may be shown, supposing the waves to flow
in a narrow canal of eguable length, that, whatever the
initial figure of the waves may be, every part of the surface
of the fluid will assume in succession the same form, except
that the original elevations and depressions, extending their
influence in both directions, will produce effects only half
as great on each side, and those effects will then be continued
until they are destroyed by resistance of various kinds. It
may also be inferred that the surface of a fluid thus agitated
by any series of impressions, will receive the effects of another
series, in the same manner as a horizontal surface, and that
the waves, thus crossing each other, will proceed without
any interruption, the motions of each particle being always
the sum or difference of the motions belonging to the separate
series.

"Supposing two equal and similar series of waves to meet
each other in such a canal, in opposite directions, the point
in which their similar parts meet must be free from all
horizontal motion, so that any fixed obstacle in an upright
position would have the same effect on the motions of the
fluid on either side as the opposition of a similar series; and
this effect constitutes the reflection of a series of waves,
which is easily observed when they strike against a steep
wall or bank; and when this reflection is sufficiently regular,
it is easy to show that the combination of the direct with
the reflected motions must constitute a vibration of such a
nature, that the whole surface is divided into portions which
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appear to vibrate upwards and downwards without any pro-
gressive motion, while the points which separate the portions
remain always in their natural level."

"Many of the phenomena of waves may be very con-
veniently exhibited, by means of a wide and shallow vesd
with a bottom of glass, surrounded by sdes inclined to the
horizontal, in order to avoid the confusion which would
arise from the continual reflections produced by perpen-
dicular surfaces. The waves may be excited by means of
an elastic rod or wire, loaded with a weight, by means of
which its motions may be made more or less rapid at plea
sure; and the form and progress of the waves may be easily
observed, by placing a light under the vessdl so that their
shadows may fall on a white surface, extending in the in-
clined position above. In this manner the minutest inflec-
tions of the surface of the water may be made perfectly
conspicuous.”

We may add at this point that this is the first
occasion on which the "Ripple Tank" is described,
and that it forms one of the most delightful methods
of demonstrating the laws of optics.

"By means of this apparatus,” Young continues, "we
may examine the manner in which a wave diverges, when
a portion of it has been intercepted, on either side or on
both sdes. Thus, if a wave is admitted, by an aperture
which isvery narrow in proportion to its own breadth, into
the surface of a part of the water which is at rest, it diverges
from the aperture as from a new centre; but when the
aperture is considerably wider than the wave, the wave
confines its motion in great measure to its original direction,
with some small divergence, while it is joined on each
sidle by fainter circular portions, spreading from the angles
only."
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Here we have the formation of different types of
shadow which will furnish critical evidence in the
wave theory of light.

"When two equal series of waves, proceeding from centres
near each other, begin their motions at the same time, they
must so cross each other in some parts of their progress, that
the elevations of the one series tend to fill up the depressions
of the other, and this effect may be actually observed, by
throwing two stones of equal size into a pond at the same
instant; for we may easily distinguish in favourable circum-
stances, the series of points in which this takes place, form-
ing continued curves, in which the water remains smooth,
whileit isstrongly agitated in the intermediate parts. These
curves are of the kind denominated hyperbolas, and each
point of the curve being so situated with respect to its foci,
as to be nearer to one than the other by a certain constant
distance.

"The subject of waves is of less immediate importance for
any practical application than some other parts of hydraulics;
but besides that it is intimately connected with the phen-
omenon of the tides, it affords an elegant employment for
speculative investigation, and furnishes us with a sensible
and undeniable evidence of the truth of some facts, which
are capable of being applied to the explanation of some of
the most interesting phenomena of acoustics and optics.**

The above examples will serve to show Dr.
Y oung's method in subjects which to many students
are laborious and mathematically intricate. As a
general rule, he excels in his more descriptive parts
of a subject, and in judging the various claims of
some theories over alternatives. As an illustration
of this we may mention his observations on the
divisibility of matter. Thelectureisentitled, "The
Essential Properties of Matter," andinit wefirst find
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a discussion as to how matter makes itself evident.
Next the fact that matter may be divided indefinitely
is denied, and we may suppose that Dalton, his
contemporary, contributed towards this decision.
Speaking of the extent of the divisibility in experi-
ence we have the following remarkable paragraph:

"The smallest spherical object, visible to a good eye, is
about 1/2000 inch in diameter; by the assistance of a good
microscope we may perhaps distinguish a body one hundredth
part as large, or 1/200,000 inches in diameter. The thick-
ness of gold leaf is less than this, and the gilding of lace still
thinner, probably in some cases not above one ten-millionth
of an inch; so that 1/2000 of a grain would cover a square
inch, and a portion barely large enough to be visible by a
microscope, might weigh only the eighty millionth millionth
part of a grain. A grain of musk is said to be divisible into
320 quadrillions of parts, each of which can be smelt.
There are even living beings, visible to the microscope, of
which a million would not make up the bulk of a common
grain of sand."

One of the best lectures in the book, "On the
Measures and the Nature of Heat," shows Young
in his most critical and descriptive mood. It will
be remembered that the accepted doctrine of his day
was that "Heat" was an imponderable substance for
which different substances have different capacities
weight for weight, and the hotter the body the more
it contained. This hypothesis was only destroyed
after much research in the production of heat by
mechanical work, chemical and electrical changes,
during the first half of the nineteenth century, for
which the work of Joule is renowned. We have
already indicated that "Radiant Heat" is of the same
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nature as "Light," and that Heat is one of the many
manifestations of energy. The revolutionary and
at the same time correct views of Y oung written at a
timewhen scientific thought on this particular prob-
lem was greatly confused, are expressed as follows:

"1 f heat is not a substance it must be a quality; and this
quality can only be motion. It was Newton's opinion that
heat consists in a minute and vibratory motion of the particles
of bodies, and that this motion is communicated through
an apparent vacuum, by the undulations of an elastic medium,
which is also concerned in the phenomenon of light."

If the arguments Y oung produces in favour of
the latter are tenable, then heat must be of a similar
nature. He goes on to say:

"1t is easy to imagine that such vibrations may be excited
in the component parts of bodies, by percussion, by friction,
or by the destruction of the equilibrium of cohesion or
repulsion.”

"1 f heat when attached to any substance be supposed to
consist in minute vibrations, and when propagated from one
body to another, to depend on the undulations of a medium
largely elastic, its effects must strongly resemble those of
sound, since every sounding body in a state of vibration, and
the air or any other medium, which transmits sound, conveys
its undulations to different parts by its elasticity. And we
shall find that the principal phenomena of heat may actually
be illustrated by a comparison with those of sound. The
excitation of heat and sound are not only similar, but often
identical; as in the operations of friction and percussion;
they are both communicated by contact and sometimes by
radiation; for besides the common radiation of sound through
the air, its effects are communicated by contact, when the



88 TH OMAS YOUNG

end of a tuning fork is placed on the end of a table, or on
the sounding board of an instrument, which receives from
the fork an impression that is afterwards propagated as a
distinct sound. And the effect of radiant heat, in raising
the temperature of a body on which it falls, resembles the
sympathetic agitation of a string, when the sound of another
string, which isin unison with it, is transmitted through the
air. The water, which is dashed about by the vibrating
extremities of a tuning fork dipped into it, may represent
the manner in which the particles at the surface of a liquid
are thrown out of reach of the force of cohesion, and con-
verted into vapour; and the extrication of heat, in conse-
quence of condensation, may be compared with the increase
of sound produced by lightly touching a long cord which
isslowly vibrating, or revolving in such a manner as to emit
little or no audible sound; while the diminution of heat, by
expansion, and the increase of the capacity for heat of a
substance, may be attributed to the grester space afforded
to each particle, allowing it to be equaly agitated with a
less perceptible effect on the neighbouring particles.”

The developments in electricity and magnetism
have been so rapid that Young's remarks on these
subjects are of historical interest only.

It is impossible to conclude our criticism of the
lectures without mentioning the "Catalogue” he
compiled of references to the material found in his
lectures. To-day the research worker can find a
great deal about his particular subject by a careful
perusal of such ajournal as Science Abstracts® and, of
course, contact with original workers is most help-
ful. This journal is compiled by a number of
scientists whose aim is to give in a small compass
suitable for reference, an account of the research
being conducted in every country throughout the
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world. Dr. Young's task may bejudged from the
fact that there are some twenty thousand references
all sorted into their respective classifications as
regards subject, and that the labour involved was
equivalent to three years (1804-07) continuous
application. Naturally the English periodicals,
such as the Royal Society Transactions and the Journals
of the Royal Institution” receive full reference, but we
aso find many details of the works of continental
philosophers. One interesting sidelight is the evid-
ence it brings of the communications between the
French and English philosophers which continued
uninterrupted in spite of the French Revolution.
Science then as now recognized no barriers.

The arrangement of the "Catalogue” follows the
same genera line as is found in the Lectures, but
Y oung first gives a summary of the best sources of
information on practically every department of
mathematics, which is invaluable to the serious
student, who must develop a certain mathematical
skill and technique before explaining or adding to
the theoretical treatment of the various branches of
Natural Philosophy. Occasionaly in the history of
science experiment outstrips theory, and vice versa,
but there are aways to be found a certain number of
mathematicians who apply their knowledge to
science.  One of the finest contributions in the
"Catalogue" is a summary of all that was known on
the "Standards and Tables of Measurement." Here
is to be found every type of unit in the measurement
of length, volume, weight, etc., from the earliest
records, and their relation to the modern accepted
units. The French were fortunate at this time in
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possessing some of the most distinguished mathema-
ticians and scientists the world has known. Lavoi-
sier was probably one of the very few to be executed
during the "Terror," for wefind Lagrange, Laplace,
Legendre, Fourier, Delambre and Lalande recog-
nized by any political faction in turn. Throughout
the difficult years of 1792-9 the joint French and
English commission continued their work in measur-
ing an arc from Dunkirk to Barcelona, as a basis for
the metre, and mainly through the prudence and
energy of Delambre was this end attained. Y oung
comments on this work and gives details of the
difficult task of comparing the different standards
obtaining in the various countries. It isinteresting
to note that the French were so anxious to throw off
the old yoke that the day was divided into ten hours,
the hour into a hundred minutes, and the minutes
into one hundred seconds—even the months were
given different names and the years were measured
from the beginning of the Revolution.

We may note in passing the very full references to
the strength and elasticity of materials, and as applied
in Beams and Floors, Bridges, Roofs and Furniture.
In the arts and crafts section, weaving and paper-
making are dealt with as carefully as the purely
mechanical timekeepers, and anyone desiring in-
formation on carriages, drays, harness and saddlery
will be satisfied. The subjects of optics and acous-
tics are also treated in a highly satisfactory manner,
Dr. Young occasionally adding his own theories, and
estimating the worth of the authorities he cites. As
an example, the "Description of Articulate Sounds,
with Appropriate Characters," isdonein great detail.
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As far as the optics is concerned, we need not dwell
here on his admirable precis of his published papers,
for it is proposed to consider his optical works in a
separate chapter.  Probably the greatest amount of
space is devoted to astronomy, although the subject
of heat is treated very fully. In the latter we find
suitably classified such diverse subjects as Chau-
mette's mode of preventing smoky chimneys, Saint-
Julien's theories on warm baths, Rumford's new
ideas on fireplaces, capacity for heat, and the propa-
gation of heat. There is a particularly interesting
reference to an article in the Decade Philosophiquc by
Coulomb, whose experiments pointed to al sub-
stances being slightly magnetic. Young repeated
some of the work and found wherever the effect was
noticeable a tendency to small traces of iron as
impurity. The whole question was reinvestigated
by Faraday, and later on by Curie, the discoverer of
radioactivity, with the result that all substances are
shown to have slight magnetic properties. A lively
record of thunderstorms, ball lightning and other
natural electrical phenomena occupies four pages of
the "Catalogue,” which terminates in a table of
Physical Constants, a few notices on Natural His-
tory, Botany and Terrestrial Physics.

The reader will conclude from the foregoing
remarksthat the treatment issomewhat encyclopedic,
especialy when certain difficulties were hinted in the
opening paragraphs. Dr. Young found his con-
temporaries not very enthusiastic over his work, and
in some cases open hostile criticism isto be observed.
Writing to his friend, Mr. Gurney, at Cambridge,
he states:
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"I hear that your townsman, Woodhouse, is now con-
nected with the Critical Review and | believe he has exhibited
some spleen against me in the last number; he is very angry
with me for attempting to clothe the idess of a short alge-
braical calculation in the language of words, and professing
his inability to understand the paper on cohesion, he thinks
it better to attempt to show its obscurity, than to give any
extract from the more intelligible parts, or even the heads
of the sections. | would rather, however, be severely
handled by a man who understands something of the sub-
ject, than be treated with affected contempt by a fool, which,
by a strange fatality, hes hitherto been my lot. My book,
however, will certainly be intelligible enough; you have no
idea how many well-sounding periods have been condemned,
because they contained many hard words."

The reviewer was afterwards one of the foremost
mathematical professors at Cambridge and he did
compliment Y oung on his work, though he was not
sympathetic to the mathematical treatment of any of
the Lectures. When we remember that a century
has elapsed before they have been fully understood,
we may surmise some of Woodhouse's difficulties,
which would not be apparent to Y oung.
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DISCOVERIES IN PHYSICAL OPTICS

THE subject of Light is conveniently divided into
geometrical and physical optics. In the first
branch the consequences of the laws of reflection
and refraction are worked out for narrow beams and
cones of light rays incident upon plane and curved
surfaces.  The treatment is very similar to that fol-
lowed in the geometry of the ancients, and may be
made algebraic by the utilization of Descartes” dis-
covery, so that some schools consider this subject as
an interesting branch of mathematics. The domain
of physical optics, on the other hand, has limited the
range of geometrical optics by the discovery of the
true nature of light. Here we are more concerned
with what happens to light when it is partly inter-
cepted by an obstacle of some kind, or why a thin
film of oil or sogp will show such beautiful coloration
effects in daylight, and how light is propagated from
place to place and with what speed. The best his-
torical account of the developments in physical optics
is to be found in Whewell's History of the Inductive
Sciences, in which the claims of each contributor to
our knowledge of the subject are reviewed with great
clearness. The culminating point is the epoch of
Young and Fresnel, although modern research has

! Descartes (i 596-1650) discovered that the conic sections could
be represented graphically with reference to algebraic co-ordinates.
93
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revealed difficulties in the apparently flawless pro-
duct of these distinguished researchers. Not that
their work has been proved fase, but that recent
discoveries have required wider and simpler assump-
tions as to the nature of light than was then deemed
necessary. Thus in their optics we find much
resemblance to the brilliant discoveries of Newton
on universal gravitation, this subject having been
extended by Einstein in his theory of relativity.
There is, however, this difference, that whereas
Newton arrived at the theory of gravitation in a
single flight of genius, the corresponding wave
theory of light was only established by a number of
workers extended over a period of years.

The study of optics as a science prior to Young's
day was distinguished by the variety of phenomena
investigated experimentally, and the insufficiency of
satisfactory explanation based on a simple hypothesis
as to the nature of light.  Rays of light were thought
to travel in straight lines, and the laws of reflection
and refraction at plane and curved surfaces had been
established experimentally. The velocity of light
proved to be exceptionally high, and two schools of
thought arose with Huygens, the Dutch philosopher,
maintaining that light was a wave disturbance, whilst
Newton claimed it to be a corpuscular phenomenon.
In the former case we must assume, states Huygens,
that the energy sent out from a source of light is in
the form of undulations or waves, which, with a point
source and uniform surroundings, ae spherical.
The simple laws, of course, are readily deducible by
studying the corresponding hydrodynamic analogy
already mentioned, and in the capable hands of
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Y oung many other facts were shown to be a con-
sequence of the wave theory. On the other hand,
according to Newton, light consists of weightless
particles sent out by a source in much the same way
as a machine-gun can shower bullets, or a rain-cloud
droplets. It is only fair to state here that Newton
conjectured a wave hypothesis, but worked out in
mathematical detail the corpuscular theory, giving
special properties to the particles when the occasion
required, and that his followers were the rea
defaulters from his ideas by failing to examine with
sufficient care the alternative method. Huygens
himself used the wave theory to explain double
refraction in crystals, but he did not follow the
theory to the logical conclusion in the matter of its
application in the formation of shadows, as the more
distinguished exponents Young and Fresnel did,
and in his assumption that light was of the same
nature as sound, he missed the real explanation as
to why polarization is possible.

We shall now consider briefly the important fac-
tors concerned in wave motion, then proceed to the
difficulties facing Young, and finally indicate how
he applied these factors to the solution of the diffi-
culties. The universal presence of Wireless has
resulted in a new scientific vocabulary in which the
terms wave and wave-length are very familiar, but
when we ask such questions as, "Wave of what
kind, of what substance?' or the more fundamental
guestion, "What is a wave?' science must, be con-
sulted for exact definition before progress of any
sort is possible. In the ripples traversing the
smooth surface of water, two distinct characteristics
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are noticeable, firstly, the progress of the disturbance
with some velocity, the ripples all having the same
form, and secondly, the fact that the liquid does not
move bodily, for a floating body merely executes a
vibration or oscillation in avertical plane. Itistrue
that in water waves a slight horizontal oscillation is
apparent also, but this does not affect our general
conclusion that a wave disturbance in water is a
propagation of energy by virtue of gravity and any
other controlling forces. The wave-length is the
distance from crest to crest or from trough to trough,
and the scientific term for a wave-front is that it is
the surface or line for which the phase of the particles
disturbed by the progression of the wave is the
same, or, non-technically, the points where the par-
ticles are all doing the same thing, i.e. vibrating
together up or down. When the vibrations of the
particles coincide in direction with the advance of
the wave, it is said to be a longitudinal wave, and if
at right angles to the direction of propagation, a
transverse wave. In the phenomenon of sound the
air is alternately compressed and rarefied as the
sound impulses traverse the space between the source
and receiver, and these minute changes in pressure
communicate motion to the tympanum and thence
by the mechanism of the ear to the brain.  Thus the
note middle C generates impulses which are about
53 inches wave-length corresponding to a frequency
of vibration of 256 per second. The product of
frequency and wave-length gives the velocity of the
wave. In the propagation of light the wave theory
assumed the necessary medium to pervade every-
thing, even the space between the different heavenly
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bodies, so that the changesin elasticity of the ether,
as it was called, could account for the wave and its
velocity. Thus it was commonly supposed that as
the air changed when sound was propagated through
it, so the ether was agitated when |ight passed through
it, and that our eyes were therefore sensitive to the
vibrations of the ether particles, the retina playing
the counterpart of the tympanum in hearing.
Another important factor is the range of colours to
which the eye is sensitive, and progress in this
direction had been made by Newton, who demon-
strated the prismatic spectrum and produced a
variety of colours in thin films enclosed between a
slightly curved and aflat surface. These effects he
was able to explain in the first case by the composite
nature of white light, for he asserted that each
colour had its own refractive index or degree of
bending when crossing the interface of two media,
and in the second case by giving his corpuscles fits
of or preference for easy transmission and reflection,
which though it gives a solution in this case is of no
use elsewhere.

The difficulties of emission or corpuscular theory
were realized by Y oung, and ably s&t forth in a paper
he read to the Royal Society in January, 1800.
Here he stresses the fact that Newton had first sug-
gested the wave theory and in particular had thrown
out the hint that colour depends on wave-length.
From this he proceeds to attack Newton's chief
objection to the wave theory, viz., if light, is passed
through an aperture, we should get a portion of the
light bending round the edges of the aperture, so
that, if the light was intercepted by a screen, no

G
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clear image would be received; while in the opposite
cae small opague objects should never give sharp
shadows when they intercept a beam of light.
Young, however, states that the reason why such
clear definition is apparent lies in the small wave-
length of the light, and in opposition to Newton's
claim that sound goes equally round all objects, he
insists that high-pitched sounds show the effect in
small degree compared to low notes. Thus when
a band moves away behind a row of houses, the low
notes of the drum are heard after the higher blares
of the bugle have died away. Finally, where the
undulatory theory triumphs is in its ability to
account for partial reflection which accompanies the
incidence of light on refracting substances, and its
natural result that interference effects should be
obtainable as in the hydrodynamic analogue previ-
ously mentioned. There is an excellent example of
the latter in the tides at Batsha in the East Indies,
where twice in each lunar month the tides approach
by two channels, whose lengths are half a wave
different when they reach the port and the tide dis-
appears. It reappears after seven days, attaining its
maximum height of about 12 feet. This observation
was first brought to the notice of the Royal Society
by Halley, and was successfully explained by New-
ton's application of the principle of interference.

Thefirst satisfactory application Y oung makes of
his theory is to the colours obtained by the reflection
of white light from fine gratings and surfaces of
metal in which the polishing process has left a large
number of minute scratches. Each line acts as a
source sending the light in all directions so as to
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reach the eye. If we choose a particular wave, for
example, red light, which is related in such a way
that the distances from the eye to successive lines,
or rulings, increases regularly by half a wave-length
of this colour, it will not be perceived by the eye.
A slight displacement of the eye will bring it into
view, because this may be sufficient to increase the
successive distances for the waves of red light to be
in step. As an example Y oung quotes the case of
Barton's buttons used for ornament, as they had a
similar appearance to that of diamonds. Polished
metal plates were stamped by a die of hardened
steel which had been ruled with a series of parallel
grooves separated by less than one ten-thousandth
part of an inch. The same principle is used in
the modern reflection grating, which enables the
spectroscopist to examine the light of any source
and determine readily the wave-length of any
component.

Probably the most brilliant interference effects
are seen in thinfilmsof oil, soap filmsand the wings
of various insects. Here again Y oung provided the
correct solution, and, moreover, used Newton's own
observations of thin films, which he had most
ingeniously produced by placing alens of very small
curvature on aflat plate of glass.  The thickness of
the film varies as we proceed from the point of con-
tact outwards, and it is easy to calculate the thick-
ness at any desired point. In this manner by
illuminating the film with white light the following
table of colour and thickness was drawn up. For
convenience Newton called the repetition of the
colours the successive order of the spectra:
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TABLE |
TINTS OF NEWTON'S COLOURS OF THIN FILMS
Order. Film Thickness in Tintin
millionths of an inch. Reflected Light.
(0 . Black.
35 . Gray.
)5'5 . Whitish.
. Straw.
lio . Orange.
. Brick red.
Dark purple.
/11.5 . Violet.
13 . . Blue.
Jé . . Peacock.
[Ce . Yellow.
19- . Orange.
ﬁ _ . Red.
. . Violet.
124 . Blue.
255 . Peacock.
27 o . Green.
<*9'5 . Yellowish green.
31* . Rose.
305 . Crimson.
33 . . Purple.
(34'5 . Violet.
36 . . Peacock.
3@. . Green.
20 o . Yellowish green.
44 . Rose.
(48 . . Pale green.
52 . . Pale rose.
|55, . Rose.
(60 . . Pale peacock.
64 . . Pale rose.
66 . . Rose.
71 . . Pale green.
174. o . Pale rose.

To account for this change in colour as the thick-
ness increases Y oung employed his theory of inter-
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ference. Consider afilm of air between two parallel
glass surfaces of thickness /. Then a parallel
beam ABDP will be partly refracted and reflected
into portions BCQD and EB D F respectively. Con-
fining our attention to the two rays AB and PD in
this beam, we note that AB will be split up, part
traversing BC and the other BE. In this way a
second division occurs at C and again at D. Hence

Glass

FIG. 3.

a combination of rays is possible when we refer to
ABCDF and PDF. Along the direction DF two
rays will proceed and interference is possible in this
direction if the wave separation BC plus CD is an
odd number of half wave-lengths. The diagram
becomes yet simpler when AB is perpendicular to
the film, and the path difference between the two
rays is twice the film thickness. Since the central
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spot is black as observed by reflected light, Young
was obliged to introduce a half-wave retardation
when a ray is partially reflected. This may be at
B or at C, for in the first case there is reflection
internally in glass at a rarer medium (air), and in the
second cae reflection at a denser medium—a glass
surface. Reading Young's remarks very closdly it
is apparent that he saw the need for a retardation of
half a wave-length at reflection from the analogy of
sound. If a condensation of air traverses an organ
pipe open at both ends, it will emerge from the open
end leaving the air at the end rarefied. This rare-
faction proceeds along the tube in the opposite
direction to the condensation, and we have therefore
a condensation reflected as a rarefaction.  This is
the same thing as a half-wave retardation. On the
other hand, a closed organ pipe reflects the con-
densation as a condensation by virtue of the fixed
end or barrier. Hence two reflections of the same
kind for a thin plate should have a bright central
spot. This Young ingeniously obtains by interpos-
ing oil of sassafras between crown and flint glass
plates because the oil has an intermediate optical
density or refractive index of the two kinds of glass.

In this case BC is reflected at the optically denser
and PD aso at an optically denser medium, so that
when the film is infinitely thin thereis no retardation.

Young gives the argument for the conclusion
arrived at above, and it contains references to the
principles of impact in dynamics of small with large
masses, and vice versa, as well as the acoustic refer-
ence already mentioned. He now enters more fully
into the theory of the soap film, which he produced
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across a wine-glass supported o that the film was
vertical—in order that it might drain—and the
colours were observed as the thickness diminished.
There arise a series of bands of colour which arrange
themselves as in the table for Newton's thin films.
The diagram illustrates what we should see just
before the film breaks. At the upper edge we have

Crown
Glass

Oil of
Sassafras

CK Flint Glass

FIG. 4.

a black region surmounting the colours indicated.
W e therefore conclude the film to be much less than
a wave-length thick in this region, and allowing for
the half-wave retardation for the two kinds of reflec-
tion, the light must interfere and total blackness
results as in Newton's experiment. With great
care to avoid contamination it is possible to get the
whole film black.*
! S appendix.
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We shall now proceed to an explanation of why the
colours arrange themselves in the order of Table I,
and at the same time this will solve the colours pro-
duced by soap films. It will be simplest to imagine
afilmsuch as Newton used illuminated with light of

/ A

FIG. 5.

1. Black; 2. Gray; 3. Straw; 4. Brownish Red; 5. Purple; 6.Y ellowj
7. Greenish Yellow; 8. Green; 9. Pinky Red.

one wave-length only. For example, with yellow
light several hundreds of rings are visible, the first
appearing where the film thickness is 14 millionths
of a centimetre thick, or $\ millionths of an inch.
The next appears at twice this thickness, the third
three times the thickness, and so on. Thered waves
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would give their first bright ring at a point where
the film thickness was 17 millionths of a centimetre,
or 6] millionths of an inch. Thus the rings will
vary in size according to the light used to illuminate
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the film. Hence the final result of Table | with
white light will be obtained by adding up'the over-
lapping colours. This is done diagrammatically
above, where the film thickness increases regularly
from left to right.
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The wave-lengths can be found in various ways,
and assuming these are known, they are drawn to
scale for the seven colours of the spectrum. The
width corresponds to including just over five and a
half yellow waves. Hence at any given distance
from the centre, the resultant colour will be obtained
by adding up the various amounts of coloured light
at this point.  For example, when the film thickness
is 5% millionths of an inch thick the yellow is a
maximum, there is plenty of orange, green and pea-
cock, but little blue and red, and very little violet.
Thus the resultant colour will be whitish with a
yellowish orange tint. At double this thickness
there is a preponderance of blue and violet with a
little red, and the other colours contribute very little
indeed. Thiswill give adark purple tint, and ends
the first order of the spectra

Allowing for the half-wave retardation at reflec-
tion, we se that since the yellow waves give a bright
ring at the point where the thickness is5%2millionths
of an inch, the wave-length of yellow light is about
22 millionths of an inch. Dr. Young draws up a
table of colour and wave-length, and the values in-
cluded agree very well to three-figure accuracy with
those we assign to-day (see Table on opposite page).

Y oung concludes his paper of November 12 th,
1801, with atribute to Hooke, one of thefirst Royal
Society Fellows and a great contemporary of New-
ton, who in a work termed Micrographia suggested
that the wave theory would solve the Newton's Rings
problem, but as often happens the work was for-
gotten, and when rediscovered independently by
Young, he writes: "It was not till | had satisfied my-
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self respecting all these phenomena, that | found in
Hooke's Micrographia a passage which might have
led me earlier toasimilar opinion.” Wemust turn,
however, to afurther paper which Y oung read before
the Royal Society on November 24th, 1803. In
the interval he had communicated an "Account of
the production of colours not hitherto described,”

Length of an No. of Undulations
Colours. Undulation. or Cycles per
Millionths of an inch Second.
Extreme . . . 26.6 463 millions of millions
Red . 56 482
Intermediate 24-6 501
Orange 24-0 512
Intermediate » 235 523
Yellow 227 542
Intermediate 21-9 561 = 2“8 roughly.
Green . 211 584
Intermediate 20-3 607
Blue . 19.6 629
Intermediate 18-9 652
Indigo . 185 665
Intermediate 18-1 680
Violet . 17-4 707
Extreme 167 735
Mean of all Or white 22-5 547

but now he fedls that he can bring positive evidence
before those who may yet doubt the undulatory
theory and its application to the problems in hand.

In the ripples on the surface of a sheet of water
from two sources it will be found that interference
effects should be observed at definite points accord-
ing to their distances from the sources and the spac-
ing of the sources. Dr. Young obtained like effects
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with sunlight by a method which is shown in the
diagram.

The light is reflected by a mirror MM to reach
the hole H in the wall PQ of the room. A and B
are two small holes in a screen, so providing two
sources from the light which spreads from H very

P
Suns Raye
M\i
N\ =z
. ,;f_._. F
Lye
M
Dark Dark
Q
FiG. 7.

slightly. These sources will interfere in the regions
where the light spreading from them overlaps. Thus
an eye placed at E will see interference fringes, their
separation being increased as the eye recedes to the
right. Young used an alternative method which he

describes thus:

"1 brought into the sunbeam a dip of card, about one-
thirtieth of an inch in breadth, and observed its shadow,
either on thewall or on other cards held at different distances.
Besdes the fringes of colours on each sde of the shadow,
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the shadow itself was divided by similar parallel fringes of
smaller dimensions, differing in number, according to the
distance at which the shadow was observed, but leaving the
middle of the shadow always white. The result is due to
the incident beam being split into two portions by the
obstacle, and these are capable of interfering. At the centre
of the shadow on the axis they will contribute disturbances
which are in step accounting for the white middle of the
shadow."

To show that both the beams conspire in these
effects, Young covered up one edge of the obstacle
and the fringes disappeared.  Here again the wave-
length of the light may be determined from the spac-
ing of the fringes, the distance from the screen to
A, B, and the separation of the latter. The result
agreed with the determinations made with thin
films.

In the last investigation the edge of the object is
never sharp, but is bordered by unequally spaced
fringes, which are easily distinguishable from the
regularly spaced interference fringes. These new
fringeswereaproblemwhichY oungfailedto explain,
though he advances a very ingenious explanation on
the principles of interference. This phenomenon
is termed diffraction and was first recorded by
Grimaldi in 1665, and was discovered independently
by Hooke about seven years later. Young stated
that the fringes were produced by the difference in
distance of two rays which arrive at the same point
on the screen, one directly and the other by reflection
(or infection—a term he introduced) from the edge
of the object.

Thus P would be a dark point on the screen if the
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difference of (SA+AP) and SP were an odd number
of half wave-lengths. O would be the limit of the
fringes. The correct solution was offered some
fourteen years later in 1817 by Fresnel in France.
By investigating more particularly the way in which
an undulation propagates itself, he was able to
advance upon Huygens* original scheme. Thus
Fresnel considered all the parts of a wave of light to

Obstacle

Fringes
here

Source\S

Slit

Screen

FIG. 8

interfere with one another, and his ingenious con-
struction and solution will be found in the recognized
works on the subject.  Fresners paper was delivered
to the Institute of France on July 29th, 1818, and
he was awarded the prize of the Academy of Science
in the following year. A preliminary attempt had
been made by him in 1815, and through the agency
of Arago, it was brought to the notice of the Insti-
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tute, but it was not well received. Up to this date
Y oung had been aone in the field, and the entrance
of Fresnel with similar ideas discovered quite
independently caused the scientific world to recog-
nize the potentialities of the wave theory. Fresnel
acknowledged the priority of Y oung very gracefully
when it was pointed out to him by Arago, and both
communicated with Young. Arago, writing from
Paris, July 13th, 1816, says.

"MONSIEUR,—J'ai Phonneur de vous adresser quelques
exemplaires d'un memoire sur la diffraction de la lumiere,
que j'ai fait inserer dernierement dans le nouveau journal
que nous redigeons. M. Gay-Lussac et moi, sous le titre
'D'Annales de Chemie et de Physique,' I'auteur, M. Fresnel,
ne connaissait pas, quand il Ta compose, les excellens dcrits
que vous avez publics, sur cette matiere, dans les Transactions
Philosophiques. Vous verrez que depuis que je lui en ai
fait part il sest empress* de vous rendre justice et de recon-
naitre ranteriorite de vos titres."

* * * * *

Further on he refers again to Young's work in
the way it confirms additional experiments of his
own, which he hopes to apply to the determination
of refractive index. This was realized by Arago,
and has become one of the best methods for deter-
mining the refractivity of gases.

Later on in the same year Arago visited England
and travelled down to Worthing to see Y oung and
discuss the optical discoveries of the period. In
spite of the work of Young and Fresnel, the wave
theory did not meet with the warm approval and
support from the rest of the great scientists of the
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day, and Laplace as well as Biot preferred the
corpuscular theory. The former had written in
1809 an exposition on Polarization of Light, and as
at this stage the wave theory had not been applied
with success to this problem, he treated Young's
work with scorn, and his word affected the remainder
of the Institute, so that Fresnel did not get the
recognition he deserved until it was almost too late,
for he died at the early age of forty in 1827.

We must now consider the phenomenon of polar-
ization or the "one-sidedness" of light.  There are
certain crystals, particularly tourmaline, which trans-
mit light, but the light which emerges is peculiar in
that a second tourmaline used to transmit it will
change the intensity of the light as the crystal is
rotated about the axis. In one position the light
seems hardly altered by being passed through both
crystals, while when the second tourmaline is turned
through one right angle, the light is completely cut
off.  Thefirst tourmalineis called the polarizer, and
the second the analyser. There are other methods
of polarizing light. Most crystals distinguish
themselves by double refraction—a single ray inci-
dent is split into two rays when the crystal is suitably
placed, and examination with an analyser shows that
by setting it to cut out one ray, the other is unaffected,
and vice versa.  One ray obeys the law of refractions
and the other does not, so they were termed ordinary
and extraordinary rays. Dr. Young had observed
that if a parallel beam of polarized light from a
tourmaline was incident upon a plate of crystal and
examined with an analyser, then the crystal showed
colours depending on its thickness, and moreover a
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rotation of 90° in the analyser brought about a
change to the complementary colour.  For example,
if the crystal showed light green, it became a rich
mauve. It must be stated that a whole variety of
effects, such as rings of colour and even more com-
plicated curves, can be obtained with special beams
of light and the crystal set in specia manner, but
this need not concern us. It is sufficient to state
that Y oung's first idea was that the polarization was
due to the vibrations of light being at right angles
to the direction of propagation. This was a most
unorthodox hypothesis, for it was contrary to
dynamical principles; dso the elasticity of the ether
would be an exceptionally high value, while at the
same time with the velocity of light being of such
large order, the density would have to be corre-
spondingly small. Laying aside these difficulties,
Y oung next suggested that the ordinary and extra-
ordinary rays vibrated in perpendicular planes, and
so that by traversing a crystal with different speeds
the two rays would emerge with a path difference
depending on the thickness and the difference in the
two refractive indices, and on being combined by
the analyser would be in a condition to interfere.
This advance in the theory was attained with the
help of Fresnel, who had shown why it was necessary
to use the arrangement of analyser and polarizer and
had solved many problems connected with the more
complicated effects briefly alluded to above. Again,
the two expositors differed in that Y oung adopted a
less satisfactory method than Fresnel, who excelled
by his characteristic French genius for mathematical
analysis.
H
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Thewhole problem is therefore very similar to the
colours produced on thin films, except that in the
present case the separation of the interfering rays is
brought about by the difference in velocity of the
two rays, while in thin films the interference effect
is due to partial reflection and refraction combined
with the thickness of the film. Dr. Young quotes
an observation made by Professor Chladni, which
helped him to get the solution by the difference in
speed of the ordinary and extraordinary ray. It is
a fact that sound travels one and a quarter times
faster along the fibres of a block of Scotch fir than at
right anglesto them. Thuswe sethat Dr. Young's
intimate knowledge of Sound was of great use in
solving the problemsin the kindred subject of Light.

Inthework of Dr. Y oung on diffraction, although
he was not successful in the theoretical explanation,
he made great use of the phenomenon in the con-
struction of an instrument for measuring the sizes of
small particles. This he called the "Eriometer,"
and in its simplest form it consisted of a small circu-
lar hole, one-eighth of an inch in diameter, behind
which was a source of light of one colour only, i.e.
monochromatic. The small particles are placed on
a plate of glass and illuminated by the light coming
through the aperture.  The appearance of the latter
changes, for it is surrounded with haoes, of which
the diameter depends directly on the size of the
particles. Thus by making an experiment with
particles of known size, the diameter of any other
small particles may be found by simple proportion,
after measuring the diameters of the haoes in each
cae. The experiment is usually made by using
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particles of lycopodium, which are very nearly
spherical and are remarkably uniform. The ar-
rangement necessary is shown in the diagram.

Lycopodium
on a Glasa Circud
ircuiar
Plate Averture
FIG.9.

The substances he used were blood corpuscles
from various animals and the hairs of various
animals. For example, in dealing with wool he
gives figures for all types, and gives an empirical
method of estimating the value per pound. For
fibres which can be arranged parallel, he says that
a fine slit is preferable to the circular aperture.

The method was used later for finding the size
of the small droplets in various types of clouds.

It will be convenient at this stage to mention that
Dr. Young used the sdts of silver to record the
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interference fringes formed by blue light, and the
rays to which the eye was insensitive, snce called
the ultra violet. Into the solutions were dipped
paper or lesther and the bright rings darkened the
sengtive surface.  Hence we have the first instance
of photography, though in a very incomplete and
elementary form.

The reception of Dr. Young'swritings on optics
and the criticisms are of such interest that the
following chapter will be devoted to correspondence
which furnishes interesting evidence of the recog-
nition which the scientific world wes at last com-
pelled to accord him.



CHAPTER XIII

CONTEMPORARY CRITICISM OF
DR. YOUNG'S WORK ON OPTICS

THE beginning of the nineteenth century saw the
rise of many cultural periodicals which undertook
to place before the public the progress of stence
and of the humanities. Among these were the
Quarterly and Edinburgh Reviews, the latter being
particularly fortunate in its able contributors.
Probably one of its mogt able reviewers was Broug-
ham, the leader of the younger section of Edin-
burgh society, a man who commanded an effective
style with knowledge of a wide and varied char-
acter. He had ben attacked and corrected by
Young in the early work he did in connection with
mathematics, and, as we have dready mentioned,
he was able to return with interest, under a cloak
of anonymity, criticism of Y oung's work on optics.
Both Young and Brougham were very able men,
but whereas Brougham could influence the generd
reading public through the medium of his paper,
Young could only command the ear of the mogt
accomplished scientists of the day and one or two en-
lightened ministers of the Government. Hence the
majority who preferred to obtain their idess through
the more easly assmilable form of the Review
condemned Y oung asa scientist, and considered his
17
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optical discoveries a travesty of Newton's genius.
A specimen of Brougham's handiwork which
follows illustrates his style. He discusses Y oung's
lecture on "The Theory of Light and Colours":

"As this paper contains nothing which deserves the name
either of experiment or discovery, and asit is in fact destitute
of every species of merit, we should have allowed it to pas
among the multitude of those articles which must aways
find admittance into the collections of a Society which is
pledged to publish two or three volumes every year. The
dignities of the author, and the title of Bakerian Lecture,
which is prefixed to these lucubrations, should not have
saved them from a place in the ignoble crowd. But we
have lately observed in the physical world a most unaccount-
able predilection for hypothesisdaily gaining ground, and we
are mortified to se the Royal Society, forgetful of those
improvements in science to which it owes its origin and
neglecting the precepts of its most illustrious members, is
now, by the publication of such papers, giving the counten-
ance of its highest authority to dangerous relaxations in the
principles of physical logic. We wish to raise our feeble
voice against innovations that can have no other effect than
to check the progress of Science, and renew all those wild
phantoms of the imagination which Bacon and Newton put
to flight from her temple. We wish to recall philosophers
to the strict and severe methods of investigation pointed out
by the transcendent talents of those illustrious men, and
consecrated by their astonishing success”

In connection with Dr. Young's hypothesis of
interference, the Review adds:

"A hypothesis which is assumed from a fanciful analogy
or adopted from its apparent capacity of explaining certain
appearances, must always be varied as new facts occur, and
must be kept alive by the same process of touching and
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retouching, of successve accommodation and adaptation, to
which it originally owed its puny and contemptible exist-
ence. But the making of a hypothesis is not the discovery
of a truth. It is a mere sporting with the subject; it is a
sham-fight which may amuse in the moment of idleness
and relaxation, but will neither gain victories over prejudice
and error nor extend the empire of science. It is the un-
manly and unfruitful pleasure of a boyish and prurient
imagination, or the gratification of a corrupted and depraved
appetite.  |f, however, we condescend to amuse ourselves
in this manner we have a right to demand that the enter-
tainment be of the right sort, and that the hypothesis be so
consistent with itself, and so applicable to the facts, as not
to require perpetual mending and patching; that the child
we stoop to play with shall be tolerably healthy, and not of
the puny sickly nature of Dr. Young's productions, which
have scarcely stamina to subsist until the fruitful parent hes
furnished us with a new litter, to make way for which he
knocks on the head, or more barbarously exposes the first."

The 1802 paper of Dr. Young cals forth a
further rebuke from the Reviewer and an admoni-
tion to the Council of the Royal Society to prevent
a degradation of their Institution, which has so
long held first rank among scientific bodies, by no
longer accepting any publications by Dr. Young
on the subject of Interference.

In the ninth number of the Edinburgh Review
the attack is again renewed with fresh vigour and
even greater sarcasm. After advancing his own
explanations of the experiments mentioned in Dr.
Young's paper, he still fees that the subject has
not been pursued with the care and diligence of
Newton, and goes as far as to put forward the
opinion that the removal of the interference fringes
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in the shadows of a fine wire or hair by covering
up one side of the hair was inaccurately made. He
then adds:

"We may now dismiss for the present the feeble lucubra-
tions of this author, in which we have searched without
success for some traces of learning, acuteness and ingenuity,
that might compensate his evident deficiency in the powers
of solid thinking, calm and patient investigation, and success-
ful development of the laws of Nature by steady and modest
observation of her operations.”

The attitude of the Reviewer to the Royal In-
stitution and its adherents is made clear in the com-
prehensive diatribe, for early on in this organized
attack he writes:

"Has the Royal Society degraded its publications into
bulletins of fashionable theories for the ladies of the Royal
Institution? Proh pudor! Let the Professor (Thomas
Young) continue to amuse his audience with an endless
variety of such harmless trifles, but in the name of science,
let them not find admittance into the venerable repository
which contains the names of Newton, and Boyle, and
Cavendish, and Maskelyne, and Herschel."

Dr. Young's answer to such criticism was the
publication, in the form of a pamphlet, entitled A
Reply to the Animadversions of the Edinburgh Re-
viewers. It is a classic utterance showing the true
character of Young, his sense of values, his aim as
a philosopher, the nature of his approach to his
epoch-making discoveries, and the spite of his un-
just critic. His opening paragraph runs:

"A man who has a proper regard for the dignity of his
own character, although his insensibility may sometimes be
awakened by the unjust attacks of interested malevolence,
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will esteem it in genera more advisableto bear, in silence, the
temporary effects of a short-lived injury, than to suffer his
own pursuits to be interrupted, in making an effort to repel
the invective and to punish the aggressor.  But it is possible
that art and malice may be so insidiously combined, as to
give the grosses misrepresentations of semblance of justice
and candour; and, especidly where the subject of the dis-
cussion is of a nature little adapted to the comprehension
of the generality of his readers, even a man's friends may
be so far mided by a garbled extract from his own works
and by the specious mixture of partial truth with essentia
fasehood, that they may not only be unable to defend from
the unfavourable opinion of others, but may be disposed to
suspect, in spite of their partiality, that he has been hasty
and inconsidered at least, if not radically weak and mistaken.
In such case, he owes to his friends such explanations as
will enable them to se clearly the injustice of the accusa-
tion, and the iniquity of its author; and, if heisin asituation
which requires that he should in certain degree posess the
public confidence, he owes to himself and to the public to
prove that the charges of imbecility of mind and perversity
of disposition are not more founded with regard to him,
than with regard to all who are partakers with him in the
avoidable imperfections of human nature.

"Precisely such is my situation. | have at various times
communicated to the Royal Society, in avery abridged form,
the results of my experiments and investigations relating to
the different branches of natural philosophy: and the Council
of the Society, with a view perhaps of encouraging patient
diligence, has honoured my esssys with a place in their
Transactions.  Several of these essays have been singled out,
in an unprecedented manner, from the volumes in which
they were printed, and have been made the subjects in the
second and the ninth numbers of the Edinburgh Review,
not of criticism, but of ridicule and invective \ of an attack,
not only upon my writings and my literary pursuits, but
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almost on my moral character. The peculiarity of the style
and the tendency of this attack has led me at once to suspect,
that it must have been suggested by some other motive than
the love of truth; and | have both internal and externa
evidence for believing, that the articles in question are, either
wholly, or in a great measure, the productions of an indi-
vidual, upon whose mathematical works | had thought it
necessay to make some remarks, which though not favour-
able, were far from being severe; and whose optical specu-
lations, partly confuted before, and aready forgotten,
appeared to their fond parent to be in danger of a still more
complete rejection from the establishment of my opinions.
As far as my reputation in natural philosophy is concerned,
| shall consider a libel of this kind as neither requiring nor
deserving an answer; but | cannot help feeling the propriety
of endeavouring to defend myself from the more pernicious
influences of those imputations, which might tend to lessen
the confidence of the public in the professional qualifications
of a man whose abilities have been thus contemptuously
and repeatedly depreciated. The practice of physic hes
aways been, either immediately or remotely, the object of
my pursuits, and | can affirm, without fear of contradiction,
that | have never neglected any opportunity either of im-
proving myself in its study, or of being useful to the humblest
of those who have committed themselves to my care, in its
application. But | have no right to expect that any degree
of industry that | may have employed, should encourage a
man to entrust me with the management of that which so
nearly concerns his happiness and prosperity, if he has reason
to think me rash and wavering in my opinions, and that
even upon subjects which are generally supposed to admit
of proofs perfectly decisive and satisfactory.”

Next he answers the insolent admonition of the
Reviewer that he had never studied "the plainer
parts" of the works of Newton, and in the lecture
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on Light and Colours altered his opinions, imput-
ing to him a 'Vibratory and undulatory” mode of
reasoning. The Reviewer had unnecessarily re-
ferred to the earlier communication in 1793 on
"The Eye and Vision*' of Young, and his change
in attitude up to the more complete paper of 1800,
when he returned to his original theory after a more
exact period of experimental inquiry. To vindicate
himself Young goes on to show why he actually
read the works of Newton. He accounts, too, for
his excursions into the extensive regions of natural
philosophy, though primarily a medical man.

"1t is now fourteen years since | first resolved to devote
my life to the profession of physic. | continued for two
years the pursuit of those attainments, in mathematics and
genera literature, which had before constituted my sole
occupation; and which by the express sentiment of the father
of the medical sciences, and by the universal suffrages of the
more liberal part of mankind, have been allowed to be the
surest and best foundation for the superstructure of the
requisite qualifications of a physician. The causes of
disease, obscure in their nature, and hidden in their opera-
tion, dude but too frequently the most diligent researches
of the strongest and most experienced minds: they afford
ample scope to the most minute investigation, and the most
sagecious discernment; but they require that the faculties
of the observer should have been sufficiently prepared, by
being employed on subjects of a nature more certainly
definable, and more perfectly intelligible. Classica litera-
ture, mathematical philosophy, chemistry and natural history,
a knowledge of different countries, and an acquaintance
with different languages, are as necessary to the melioration
of those powers of reasoning which are to be called into
activity in the pursuit of a profession, as they arc essential
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to the perfection of the character of a general scholar, and
an accomplished man. This must be my excuse for having
devoted a considerable portion of my attention to the study
of the classics, on my success in which the Edinburgh Re-
viewers have, with an insulting affectation of candour,
thought fit on another occasion to compliment me. |
pursued the study of mathematics and natural philosophy
as far only as | esteemed them subservient to other objects,
not that | preferred philology to science, but because |
thought myself obliged to sacrifice both to Physic. After
having rendered myself familiar with many other mathe-
matical works, | read in the autumn of 1790 both the
Principia of Newton and his Optics. | read not the plainest
parts of the Principia® only, but the whole; and all that
illustrious author meant to be understood by a reader, |
understood and admired: where he purposely omitted a
demonstration, | did not at that time attempt to investigate
it. That | was then satisfied with some few parts, which
I do not now think unexceptionable, might easily have
happened, even if | had felt less reverence than | have
uniformly done for the character of the unrivalled author.
The Optics* too, | read with attention and delight, yet by
no means with the same satisfaction that | had derived from
the perusal of the Principia."

Dr. Young now indicates how his attention to
optical subjects was revived, when he considered
the problem of vision; and how his success in this
field was appreciated everywhere. In particular
Dr. Olbers, who advanced contrary theories, on
reading the celebrated paper of 1800 acknowledged
that it completely refuted his own theory respect-
ing the changes of the eye, and in a letter to Y oung
states that he was glad of this advance in science,
since their object was to discover truth and not
support to their opinions—the fault of the Edin-
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burgh Reviewer. He continues with an outline of
how he came to be interested in theories of light.

"When | took a degree in physic at Gottingen it was
necessary, besides publishing a medica dissertation, to deliver
a lecture upon some subject connected with medica studies:
and | chose for this, the formation of the human voice. A
few pages, containing a table of articulate sounds, were
printed at the end of my dissertation, On the Preservative
Powers of the Animal Economy, my uncle, Dr. Brocklesby,
at the instance of the late most respectable Dr. Heberden,
repeatedly urged me to give some further explanation of the
subject to which these characters related. When | began
the outline of an esssy on the human voice, | found myself
at a loss for a perfect conception of what sound was, and
during the three years that | pesssd a2 Emmanuel College,
Cambridge, | collected all the information relating to it that
I could procure from books, and | made a variety of original
experiments on sounds of all kinds, and on the motions of
fluids in general.  In the course of these inquiries, | learned
to my surprise, how much further our neighbours on the
continent were advanced in the investigation of the motions
of sounding bodies and of elastic fluids, than any of our
countrymen; and in making some experiments on the pro-
duction of sounds | was so forcibly impressed with the
resemblance of the phenomena that | saw, to those of the
colours of thin plates, with which | was aready acquainted,
that | began to suspect the existence of a closer anaogy
between them than | could before have easily believed. On
further reflection and examination my opinion was con-
firmed, and as | thought | could place the question in a
clearer light than that in which it had generally been viewed,
| was induced to insert my observations in a paper, which
| presented soon after to the Royal Society, under the name
of 'Outlines of Experiments and Inquiries respecting Sound
and Light." A determination to confine my studies as
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much as possble to physic was my motive for laying them
before the Society in a state of confessed imperfection. . . ."

The opinion expressed by the Reviewer that
Young was the sole champion of the undulatory
theory of light is next refuted by a volume of
evidencewherein Y oung showsthat Newton himself
was undecided as to which theory would prove the
more fruitful, and such distinguished philosophers
as Euler, D'Alembert, Lalande and even Laplace
were dissatisfied with certain statements in Newton's
Optics, though they had no experimental evidence
to hand to decide for or against. Young adds:

"I have been accused of insinuating 'that Sir Issac New-
ton was but a sorry philosopher.” But it is impossible that
an impartial person should read my essys on the subject of
light without being sensible that | have as high a respect
for his unparalleled talents and acquirements as the blindest
of his followers, and the most parasitical of his defenders.
| have acknowledged that 'his discovery of the composition
of white light would aone have immortalized his name’;
that the very arguments which tend to overthrow his hypo-
thesis respecting the emanation of light, 'give the strongest
proofs of the admirable accuracy of his experiments; and
that a person may, 'with the greatest justice, be attached to
every doctrine which is stamped with the Newtonian appro-
bation." The printer of the Review, feeling perhaps the
last expressions would militate too much in my favour, has
thought fit to plunder me of them, by omitting the marks
of quotation, and attributes them to my antagonist. But,
much as | venerate the name of Newton, | am not there-
fore obliged to believe that he was infalible. | see not
with exultation, but with regret, that he was liable to err,
and that his authority has, perhaps, sometimes even retarded
the progress of science.  The mistakes have been acknow-
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ledged and corrected by later writers: other persons, les
considerate, have attacked him where he was least invulner-
able. One of these is the gentleman whom | have reason
to think the author of the remarks to which | am replying,
and who, having first accused Newton of a papable and
fundamental blunder, appears now to be desirous of securing
to himself the exclusive privilege of questioning hisauthority.
What | have hitherto said relates to the state of the question
respecting the nature of light, as it stood before the publica-
tion of the first of the papers which have excited so much
virulence. But | assert that this paper contains an argu-
ment, sufficient to convert that which before was doubt and
conjecture, into probability and conviction. Itwasin May,
1801, that | discovered, by reflecting on the beautiful
experiments of Newton, a law which appears to me to
account for a greater variety of interesting phenomena than
any other optical principle that hes yet been made known."

Y oung now describes the phenomenon of inter-
ference in water waves, and points to the analogy
in sound and light, and then he says:

"1t is unnecessary, on this occasion, to enter minutely
into the consequences of the law of interference of light:
they have been the principal subjects of the three papers
which have drawn down upon me the repeated anathemas
of the self-erected Inquisition of the North. Not asingle
argument has been produced to invalidate it.

"I n order to answer the charge of inconsistency in my
opinions respecting the nature of light, I must begin by
observing that there are two general methods of communi-
cating knowledge; the one analytical, where we proceed
from the examination of effects to the investigation of causes;
the other synthetical, where we first lay down the causes,
and deduce from them the particular effects. In the syn-
thetical manner of explaining a new theory we necessarily
begin by assuming principles, which ought in such a case,
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to bear the modest name of hypotheses, and when we have
compared their consequences with all the phenomena, and
have shown that the agreement is perfect, we may justly
change the temporary term hypothesis into theory. This
mode of reasoning is sufficient to attach a value and import-
ance to our theory, but it is not fully decisive with respect
to its exclusive truth, since it has not been proved that no
other hypothesis will agree with the facts.

"It is exactly in this manner that | have endeavoured to
proceed my researches. By analysing the experiments of
Newton and comparing them with my own, | had arrived
at principles, to which | gave in my paper on the theory of
light, the unassuming title of hypotheses; after comparing
these principles with all the phenomena of light, and show-
ing their perfect consistency, | thought myself authorized
to make a conclusion, in my ninth proposition, which con-
verts the hypothesis into atheory. | wasjustified in doing
this because no man had ever attempted to advance a theory
which would bear to be compared mathematically with the
phenomena that | enumerated."”

The touchings up which Young found necessary
in the elaboration of his theory are now dealt with,
and a correction is aso given in accordance with a
discovery made at that time by Wollaston. We
now come to the diatribe on theory and hypothesis
in which it was asserted by the Reviewer that
"a hypothesis is a work of fancy useless to science.”
Y oung first indicates that this conclusion could only
follow from "such hypotheses as have neither been
deduced from experiments, nor afterwards com-
pared with them." Again, the insinuation that
theory is harmful and the work of infancy or dotage
is contradicted by Young's examples of useful
theories in divers subjects, and he continues:
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" T he speculations which | have extracted from Newton's
writings he is determined to show were merely the amuse-
ments of some vacant hours at the close of his scientific
career. It is very true that the queries of Newton were
given to the world at a time when his brilliant and solid
discoveries were fully established; but the papers which
explain all his hypotheses concerning light the most at large,
and to which | have had the most frequent occasion to refer,
were read to the Royal Society more than ten years before
he began to write his Principia; and the principal reason
that delayed their publication appears to have been appre-
hension of disputes with Dr. Hooke. Some wer e published
in the Optics shortly after Dr. Hooke's death; others are
only to be found in Birch's history of the Royal Society.
Had | not taken care to annex the dates to my quotations,
the Reviewer might easily have pleaded his ignorance in
excuse for his misrepresentations.

* * * * *

"I n the first paragraph of the review of my paper on the
production of colours, the writer confesses that he has not
‘sufficient fancy to discover’ how the 'interference of two
portions of light' could ever produce an appearance of colour.
T he poverty of his fancy may easily be admitted, but it is
unfortunate that he either has not patience enough to read,
or intellect enough to understand, the very papers that he
is criticizing; for, if he had perused with common attention
my Bakerian lecture on light, he might have understood
such a production of colour without any fancy at all. He
then quotes from me the assertion, that a 'black hair' does
not produce the appearance of interference fringes, and he
has even modesty to refer to a certain page of my paper.
| have there said, that a 'horse hair' did not produce that
appearance; and | have left it for the Reviewer' to decide
whether the horse should be white or black. The truth
is, that a fine wire or a small hair, whether black or white,
exhibits equally well the colours | have described. If the

1
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fact were otherwise, it would be equally unintelligible; for
there is absolutely no foundation for the Reviewer's insinu-
ation that any theory of these colours was deduced by De
Dominis, or can be deduced by any other person, from the
laws of refraction. He assts that it is mathematically
impossible for the light to bend round a hair; Grimaldi hes
long ago experimentally demonstrated this flexion, and called
it diffraction; an effect which furnishes the most striking
anadogy between the motions of light and those of the waves
of water."

In answer to a query about the change of half
a wave at reflection of the surface of separation of
two media of different optical densities, which
Young brilliantly proved with and without oil of
sassafras in the space between a lens of crown glass
resting on a plate of flint glass, the Reviewer again
refers to Newton, whom he misquotes, and so leaves
the field again in triumph to Young. He follows
up with the following statement:

"l have discovered the different flexibility of light is
admitted® in the absurd and unwarranted snse it is here
employed, by three writers only. The first is Mr. Henry
Brougham, the second the anonymous author of an article
in the Encyclopedia Britannica, and the third the assailant
whose injurious attacks | am now repelling. From so
remarkable a coincidence, | think myself authorized to
conclude that these three writers are one and the same.

"I have now answered everything that was intended as
an argument, in the articles published in the second number
of the Review. This congtitutes, in fact, but a small part
of those articles: they have much less the appearance of
impartial discusson of a long-disputed question in natural
philosophy, than of the buffoonery of a theatrical entertain-
ment, or of the jests of a peer advocate, endeavouring to
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place in a ridiculous light the evidence of his adversary.
To answer such an attack in similar language would be
degrading; to attempt to oppose it by argument would be
futile. | shall refrain, therefore, from noticing any of the
additional scurrilities which have been copiously intermixed
by the same writer with his remarks on my last paper. |
sy the same, because | am unwilling to suppose that this
idand has produced two persons capable of so stupidly mis-
understanding, and so wilfully misrepresenting.”

The most unpardonable criticism that Brougham
advanced was the statement that Young had not
performed the experiment of covering up one side
of the hair producing interference fringes suffi-
ciently carefully. Naturally this experiment is the
most direct proof of the law of interference, and
has been performed countless times since. Young
therefore adds:

"The Reviewer haes afforded me, in the next observation,
an opportunity for a triumph as gratifying as any triumph
can be where the enemy is so contemptible. Conscious of
inability to explain the experiment which | have advanced,
too ungenerous to confess the inability, and too idle to repest
the experiment, he is compelled to advance the supposition
that it is incorrect, and to insinuate that my hand may easily
have erred through a space so narrow as one-thirtieth of an
inch. But the truth is, that my hand was not concerned:
the screen was placed on a table and moved with the utmost
caution; the experiment succeeded where the breadth of the
object was doubled or tripled; and | assert that it was as
ey to me to estimate an interval of one-thirtieth of an
inch, as an interval a hundred or a thousand times as great.
Let him make the experiment and then deny the results if
he can."

Further contentions of the Reviewer are as sum-
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marily dealt with, and Dr. Young concludes with
an answer to the vulgar references to the Royal
Institution.

"The Reviewer has thought proper to unite in severa
instances, with his invective against me, some ridicule of
the objects of the Royal Institution of Great Britain; an
institution in which its Managers have studied to concen-
trate all that is useful in science, or elegant in literature.
This connection gppears to him to add so much weight to
his arguments, that he has chosen without further provoca
tion, to insinuate its existence more than a year after it had
been dissolved. | accepted the appointment as Professor
of Natural Philosophy of the Royal I nstitution as an occupa-
tion which would fill up agreeably and advantageously such
leisure hours as a young practitioner of physic must expect
to be left free from professiona cares. | was led to hope
that | should be able to impress an audience formed of the
most respectable inhabitants of the metropolis, with such a
partiality as the moderately well informed are inclined to
entertain for those who appear to know even a little more
than themselves of matters of science; that | might be of
use to the public in disseminating the true principles of
natural philosophy; and that | might in future be remuner-
ated by the enjoyment of a more extensive confidence in
my professiona abilities than could have been granted to a
person less generally known. While | held the situation,
| wished to make my lectures as intelligible as the nature
of the subjects permitted; but | must confess that it was not
my ambition to render them a substitute for those of any
superficial experimenter that was in the habit of delivering
courses of natural philosophy for the amusement of board-
ing schools. Whatever may have been the imperfections
of my lectures, it cannot be asserted, except perhaps in the
Edinburgh Review, that they were fit for audiences of ladies
of fashion only. After fulfilling, for two years, the duties
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of the Professorship, | found them so incompatible with the
pursuits of a practical physician, that, in compliance with
the advice of my friends, |1 gave notice of my wish to resign
the office. | think it, however, just to the Institution, to
the public and to myself, that the result of my labours,
throughout the whole extent of natural philosophy and the
mechanical arts, should be rendered of some permanent
utility, and | have since collected such a mass of further
reference to works of all ages and of all nations, accompanied
by many notes and extracts from them, that it will hence-
forward be essy for every student and every author to know
a once what has been done, and what remains to be done,
in the subject of his particular researches, and to what books
he must apply for the best information, when further in-
formation is required, and can be obtained. Considering
how widely this information is at present scattered, | trust
that | shall have rendered a service of some importance to
every department of the science, and | am now on the point
of preparing my book for immediate publication. With
this work my pursuit of genera science will terminate:
henceforwards | have resolved to confine my studies and
my pen to medical subjects only. For the taents which
God has not given me, | am not responsible, but those which
| posess, | have hitherto cultivated and employed as dili-
gently as my opportunities have allowed me to do; and |
shall continue to apply them with assiduity, and in tran-
quillity, to that professon which has constantly been the
ultimate object of all my labours."

This reply was published towards the end of the
year 1804, and Y oung asserts that he published it
in the form of a pamphlet. Only one copy was
actually sold and the general consensus of opinion
remained hostile to his merits as a man of science
and to this particular theory. It was left to the con-
tinental research workers to rediscover the principle.



CHAPTERXIV

CAPILLARITY—YOUNG A MODERN
PHYSICIST

T H E surfaces of liquids have a remarkable property,
of which there are many illustrations of everyday
occurrence. A liquid isusually said to find its own
level, the surface being horizontal, but we have only
to examine a tumbler of water or a dish of mercury
to find that this statement is untrue, for at the
boundary of the liquid where it closely approaches
the containing vessel, whilst mercury recedes from
the boundary, water is found to pile up towards the
glass. This accounts for the form of the meniscus
of a liquid and is shown to the best advantage in
tubes of half an inch diameter. Again, the rapid
ascent of liquid through the interstices of a lump
of sugar or the corresponding action of blotting-
paper and the manner of drying oneself with a
towel, are manifestations of a surface force in the
liquid. Such an agency must be present for soap
bubbles or bubbles of air below the surface of water
to be possible. Here we have the liquid acting in
precisely the same way as the envelope of an inflated
india-rubber balloon, with this difference, however,
that experiment shows us the greater the extension
of the rubber the greater is the force tending to
disrupt it, whereas the surface force of liquids is
134
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the same for aimost all possible sizes of bubbles.
The magnitude of these forces is considerable, as
may be seen by the impossibility of an insect such
as the common house-fly to use its wings when
once they are thoroughly wetted, and in the exten-
sive forces required to separate two plane surfaces
separated by a drop of water. Since one of the
simplest methods of demonstrating the phenomenon
is by plunging a fine tube or capilla partly into a
liquid, so that the height to which it rises above
its ordinary level indicates the force in the meniscus
opposing the tendency of the liquid to find its own
level, this property is termed capillarity. Thomas
Young ably summarized the extent of knowledge
of the subject, when he approached it in the Lec-
tures (1804), but he added considerably to a better
understanding of the phenomenon in a paper pub-
lished in the Philosophical Transactions of the Royal
Society, 1805, and again in an article on "Cohesion”
for the Encyclopedia Britannica of that period. Dr.
Y oung's method suffered in his manner of approach,
for his mathematical treatment, though strictly
correct and very elegant in its way, failed to attract
his contemporaries, who would not trouble to give
that attention so necessary to follow the argument
in its original form. The publication of a paper
on the identical subject by Laplace in the following
year turned such attention as Y oung did receive to
the new-comer. It is fairly sofe to maintain that
Dr. Young's methods were beyond the comprehen-
sion of his readers, and we are indebted -to the late
Lord Rayleigh, who has presented a very clear
account of the work of both Young and Laplace,
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and with his great insight Rayleigh has made plain
the sections of Y oung's work which had confounded
previous readers. The result has been to give
Y oung the credit and honour of being the first to
measure the size of atoms, an occupation which has
been very successful in a variety of methods in
modern research. The Greeks attempted to explain
matter and its properties by assuming it to consist
of minute particles or atoms, but it was John
Dalton, the Manchester chemist, who demonstrated
that matter is composed of ultimate units called
atoms or combinations of these by appealing to the
laws of chemical combination. He was supported
in his ideas by Avogadro, who extended the theory
and put it in the form which is accepted to-day.
It is not our object to follow the rise of the mole-
cular theory and its ramifications in the light of
nineteenth-century and modern research, for there
are many excellent books on this subject suitable
for the scientific and lay reader. We shall, there-
fore, content ourselves by illustrating in a descrip-
tive, non-mathematical manner the brilliant research
of Young on this problem of the size of molecules.

The method of approach is from a different angle,
for he endows the particles composing the liquid
with properties of attraction which act through a
small distance. This he found necessary to account
for cohesion in liquids and solids, and it indicates
why we have spherical droplets of liquids, if we
neglect gravity, for the pull of the particles upon
each other will cause the area of the surface to be
as small as possible for the fixed volume, and the
sphere is the only solid figure possible with this
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proviso. Young then argues that there must be
other forces arising which limit the volume of
liquids and make it so difficult to compress them.
He assumes that the particles, whatever the form
of the substance they compose (solid, liquid, or
vapour), exert a repulsive force which decreases
directly as the distance apart of the particles in-
creases. Thus in air and vapours this form is un-
controlled, while in liquids and solids it must be
counterbalanced by the attractive force. He sup-
poses the force of cohesion to be nearly or perfectly
constant in magnitude throughout the minute
distance to which it extends. In all theories the
initial assumptions are of the greatest importance,
and it may be said to the credit of Young and L a-
place that they began on the right lines, for their
assumptions agree with the experimental facts of the
tendency of vapours to liquefy under great pressure,
and for the heat of vaporization to be so large.

It is next necessary to inquire whether the
cohesive pressure may be calculated from experi-
ment. Y oung appears to have solved this problem
by noting a curious phenomenon which sometimes
happens in the Torricellian method of demonstrat-
ing the pressure of the air. A tube seded at one
end and at least one metre in length, is taken and
filled with clean dry mercury. On inverting the
tube and placing the unsealed end below a mercury
surface, the mercury is usualy found to fall to a
height of about seventy-six centimetres, but occa
sionally the mercury sticks to the top of'the tube
by virtue of adhesion and is therefore under the
action of a stretching force contrary to that of
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cohesion, for the atmosphere can only support a
fraction of total column of liquid. Young argued
that the liquid resisted forces tending to disrupt it
in just the same way as a solid, and he next goes
on to find the disruptive force which would have
to be applied to a liquid in order to neutralize the
force of cohesion. One method of approach is
possible from a consideration of the steam pressure
which is necessary to exceed the cohesive pressure
when ebullition commences. This is exceedingly
difficult, for absolutely pure liquid would be neces-
sary as well as absence of agitation. In the case
of water, advance along these lines shows that under
the requisite conditions boiling will not commence
until the steam pressure is of the order of a thou-
sand atmospheres. For boiling to commence,
small cavities or bubbles must arise, and these will
at first be of the same order as the distance between
the particles. Now the pressure in a bubble is
directly proportional to the surface tension and
inversely proportional to the radius, so that the
pressure will have a very high value if the radius
is exceptionally small, as in the case under consider-
ation. The problem is much more complicated
than the equilibrium of a bubble, for the latter is
usually obtained without any reference to the mole-
cular theory or the forces between the molecules,
these being included in the surface tension. Y oung
deduced that the cohesive pressure was given by
dividing the distance through which the cohesive
force extends into three times the surface tension.
He gave the value 23,000 atmospheres for the
cohesive pressure, and taking the surface tension
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as 3 grains per inch, he obtained the result that
"the extent of the cohesive force must be limited
to about the 250 millionth of an inch." The
region in which the cohesive force exists must be
taken as the limit of the molecule. Discussing the
merits of the investigation, he continues:

"It is not very probable that any error in the suppositions
adopted can possibly have so far invalidated this result as to
have made it many times greater or less than the truth.
Within similar limits of uncertainty, we may obtain some-
thing like a conjectural estimate of the mutual distance of
the particles of the vapours, and even of the actual magni-
tude of the elementary atoms of liquids, as supposed to be
nearly in contact with each other; for if the distance at
which the force of cohesion begins is constant at the same
temperature, and if the particles of steam are condensed
when they approach within this distance, it follows that at
60° F. the distance of the particles of pure agueous vapour
is about the 250 millionth of an inch; and since the density
of this vapour is about one sixty thousandth of that of water,
the distance of the particles must be about forty times as
great, consequently the mutual distance of the particles of
water must be about the ten thousand millionth of aninch.”

The great importance of this statement by Y oung
was first emphasized by Lord Rayleigh in 1890,
nearly a hundred years after it was made. This
magnificent paper of Young's places him as the
first natural philosopher to solve the problem of the
size of atomic matter, and that he realized the im-
portance of his discovery is seen from a brief extract
from a letter to Arago, dated 12th January, 1817:

"I have been reconddering the theory of capillary attrac-
tion, and have at legt fully stisfied mysdf with regpect to
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the fundamental demonstration of the general laws of super-
ficial contraction, which | have deduced in a manner at
once simple and conclusive from the action of a cohesive
force extending to a considerable number of particles within
a given insensible distance. The solution has very un-
expectedly led me to form an estimate, something more than
merely conjectural, though not fully demonstrative, of the
ultimate atoms of bodies, of water, for instance, about a
million of which would occupy alength equal to the diameter
of one of the red particles of blood. This, however, you
may possibly regard as a mere dream, and you are fully at
liberty to do so."

This letter was written twelve years after he first
became interested in the theory underlying the
action of capillarity, and the period between is of
great importance from the injustice he met with at
the hands of Laplace, the supreme French mathe-
matician of this decade. He was some twenty
years older than Young and had become famous
for his analytical solution of the problem of the solar
system published in works entitled Exposition du
systeme du monde and the Mecaniqueceleste. Laplace
was also content to apply his mathematics to some
problems in light and to others in capillarity. In
the former he adopted Newton's corpuscular theory,
and in the latter borrowed freely from Young's
work without acknowledging the debt, claiming the
ideas as his own. The Quarterly Review of 1809
contains a criticism of Laplace's work in optics by
Young, who realized the importance of mathe-
matical analysis of the French School, but could
not tolerate it when applied to problems which were
solved more elegantly from first principles. In one
paragraph he states:
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"Mr. Laplace has therefore given himself much trouble
to prove that coincidence in a particular case, which must
necessarily be true in all possble cases In a person who
sams to delight in long calculations, this waste of labour
may easily be excused. A Turk laughs at an Englishman
for walking up and down a room when he could sit still;
but Mr. Laplace may walk about, and even dance, as much
as he plesses, in the flowery regions of algebra, without
exciting our smiles, provided that he does no worse than
return to the spot from which he s&t out; but when, in the
rapidity of his motion, his head begins to turn, it is time for
the spectators to think of their own safety.”

He further adds:

"We complain aso, on national grounds, of an unjustifi-
able want of candour, in not allotting to the observations
of different authors their proper share of originality."”

Thus in spite of Laplace's great brilliancy he
appears to have borrowed right and left from those
philosophers whom he considered practically un-
known. He made mistakes with three famous
men, viz. Legendre, Fourier and Young. In
criticizing Laplace's contributions to the subject
of capillarity Dr. Y oung first points out the remark-
able similarity to his own efforts, which, as we have
already intimated, were published a year before
Laplace brought his results before the Institute of
France, while he glories in the fact that there was
no necessity to introduce a single mathematical
symbol. The harvest from Young's work is more
extensive than that of Laplace, who went so far as
to assert that his superior skill in mathematical tech-
nique showed inaccuracies in Newton's treatment.
Thiscannot beallowed whenitisrealized that Y oung
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obtains identical results, so that Newton's mistakes
did not depend on any deficiency in his mathematical
acquirements. Hence, although Laplace's service
to science was very great, it has been the unhappy
lot of posterity to point out his want of candour and
to lay bare his true character. He resembled the
Vicar of Bray in his loyalty to whatever party held
the reins of political power and so survived the
Revolution, the Napoleonic era and the Restoration.
His ambitions were realized, for he eventually be-
came amarquis, but heforgot those who had assisted
him to fame from the most obscure of beginnings.

We have mainly stressed the application of
Young's genius to the solution of the size of the
ultimate atoms, or more truly the region through
which atomic forces extend, but it must be remem-
bered that this really was one application of his
theory of cohesion, and there are many other results
in the theory of equal importance. Thus we find
the equilibrium of different liquids in contact dis-
cussed, and the reason given for the spreading of
one liquid over another, for example, oil over wacer,
as well as the angle at which aliquid meets a solid.
In the case of water and glass this angle is zero,
and there is a tendency for the water to spread in
an excessively thin layer over the surface of the
glass. Many of these problems have been tackled
successively by different investigators since the
time of Young, and their methods are certainly not
so difficult to understand, but his labours in this
subject will always be a source of wonder and an
inspiration to those who seek to render intelligible
the intricacies of the works of nature.



CHAPTER XV

RESEARCHES IN THE EGYPTIAN
HIEROGLYPHICS

THERE are many people to-day who find consider-
able relaxation and pleasure in solving crossword
puzzles. Thomas Young found in the writings of
the Ancient Egyptians problems of a similar nature
which occupied part of his leisure from 1814 to
the end of his life.

The early part of the nineteenth century saw the
introduction of many important historical docu-
ments from Egypt to France and England, and
many attempts were made to decipher the records,
which \yere mainly inscriptions on stone or papyri
frommummy-cases. Probably the most impor-
tanfr'discovery was made by the French in 1799 at
Rosetta, here a black basalt pillar inscribed with a
decree of Ptolemy Epiphanes in three characters—
hieroglyphics, demotic and Greek, of which the
first two are respectively the so-called sacred letters
and the letters of the country. The stone was
transferred to the British Museum after the capitu-
lation of the French in Egypt. Dr. Young first
turned his attention to deciphering these records in
1814, when in the November of that year-he pub-
lished a conjectural translation of the second of
these inscriptions of the Rosetta Stone.  Some idea
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of the difficulties of the problem may be realized
when investigation revealed the fact that the early
part of the first inscription was destroyed, and
that many portions of the Greek were mutilated.
Thanks to the labours of those distinguished Greek
scholars, Porson and Heyne, the third inscription
was restored with very little ground for error, and
the last paragraph indicated that the three inscrip-
tions, as far as was possible, expressed the same
decree.

At this stage it will be convenient to examine
the problem as it confronted Y oung, and his remarks
upon it, and we are fortunate in having at our
disposal fairly full details in the third volume of
his works edited by John Leitch. He first com-
pared the Greek and second inscription, groups of
characters in the latter being obviously recognizable
as the equivalents of Alexander and Alexandria.
It was not very difficult to find the conjunctions
and the words which were repeated most frequently,
such as "Ptolemy" and "king." He then says:

"Having thus obtained a sufficient number of common
points of subdivision, we may next proceed to write the
Greek text over the enchorial (demotic), in such a manner
that the passages ascertained may all coincide as nearly as
possible; and it is obvious that the intermediate parts of each
inscription will then stand very near to the corresponding
pessages of the other."”

After observing that the inscription must be read
from right to left, he proceeds to the difficulties
encountered in using this translation as a key tc
that of the first inscription. Young therefore
pasted upon parchment the corresponding parts o:
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the two first inscriptions, having been provided
with copies of engravings through the kindness of
the Antiquarian Society, and then compared them
as in his solution of the last pair of inscriptions.
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F1 G. 10—Young's arrangement of the lag line of the Rosgtta Stone.

Asillustration (Fig. 10) thelast line of the Rosetta
Stone, as treated in this way by Young, is added.
The results he obtained were of great importance,
and he summarizes them as follows:
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"1n thus comparing the demotic with the sacred char-
acters, we find many coincidences in their forms, by far too
accurate to be compatible with the supposition that the
demotic could be of a nature purely aphabetical. It is
evident, for example, that the demotic characters for a
diadem, an asp and everlastings are immediately borrowed
from the sacred. But this coincidence can certainly not
be traced throughout the inscriptions; and it seemed natural
to suppose that aphabetical characters might be interspersed
with hieroglyphics, in the same way that astronomers and
chemists of modern times have often employed arbitrary
marks, as compendious expressions of the objects which were
most frequently to be mentioned in their respective sciences.
But no effort, however determined and persevering, had
been able to discover any alphabet, which could fairly be
sad to render the inscription in genera at all like what was
required to make its language intelligible Egyptian; although
most of the proper names seemed to exhibit a tolerable agree-
ment with the forms of letters indicated by Mr. Akerblad;
a coincidence, indeed, which might be found in the Chinese,
or in any other character not aphabetical, if they employed
words of the simplest sounds for writing compound ..names."

Akerblad was a distinguished researcher in
ancient languages, resident in Paris, and he had
shown that the proper names mentioned were
analysable by means of an aphabet, but he could
make no further progress with it. It was at this
point in the inquiry that Y oung made his discovery
that the demotic writings were traceable back to
the hieroglyphic or sacred characters, the former
being the hieroglyphics adapted to a running hand.
As time went on the scribes would make the latter
more facile until marks were necessary to indicate
the object more distinctly, and signs were aso
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necessary to cope with changes in dialect, just as
we find a change from Chaucerian to present-day
English. Naturally the sacred writings would
remain unchanged, so that at the time of the Rosetta
inscription (195 B.C) there would only be the
faintest resemblance between the native or demotic
and its original prototype. These conclusions were
mentioned in letters dated 1816, which were
written to the Archduke John of Austria, who had
become interested in the subject when visiting
England, and also to Akerblad, and they were later
published in Young's article "Egypt,” which he
contributed to the Encyclopedia Britannica.

Dr. Young was greatly assisted in his discoveries
connected with the hieroglyphics by the publication
of copies of most of the existing manuscripts and
papyri, which were nearly all funera scrolls, being
representations of the scenes and stages up to the
last judgment of a life hereafter commonly believed
in by the Egyptians. His work showed that these
beliefs had been handed down until the time of
classical authors such as Diodorus, and he verified
their records so well as to bring to light the generic
relationship of the demotic to the sacred characters.
Prior to this he had come to the conclusion that
all proper names in the hieroglyphics sur-
rounded by a ring or frame as shown D

and that the words therein were necessarily phonetic,
He supports this by a reference to the Chinese,

where the symbol | I (kon) placed to the left
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e =

of a group of three characters se, f te,
=3

%{; lung, change the several meanings,

magistrate, to obtain, and dragon, to the Englishword
"strong.” He, moreover, asserted that these rings
were around the names of persons recorded on the
monuments founded by them, and not the Gods
in whose honour they had been built, and in the
cae of a female the name was accompanied by a
semicircle above an oval. The hieroglyphics were
commonly supposed to be addressed to the eye
only, and it was a great step forward when Y oung
advanced the hypothesis that the characters express-
ing the proper names under specia circumstances
were addressed to the ear instead, i.e. they resem-
bled the case quoted above. It was found by
Champollion, a contemporary French investigator
in the same subject, that Young's assumption was
a little too wide and that the rings were confined
to the names and titles of royalty only, while the
phonetic nature of the hieroglyphics was applied
elsewhere too. Prior to 1821 Champollion had
followed Akerblad in his attempts at interpreting
the various inscriptions, and had made little head-
way, although his knowledge of the history and
customs of the Egyptians as well as of their modern
language was unrivalled. The result was a publi-
cation in that year entitled De I'Ecriture Hieratique
des anciensEgyptiens, in which Champol lion advances
the conclusions that the hieroglyphics had been
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modified to form a running hand through various
phases until we reach the enchorial, and that the
hieroglyphics were the signs of things and not the
signs of sounds, i.e. not phonetic. It will be seen
that in the first conclusion he had been anticipated
by Young by at least seven years, and in the second
he was wrong. In the subsequent year he com-
pletely withdrew his previous statement that the
hieroglyphics were not phonetic, and followed every
one of the hypotheses advanced by Dr. Young,

Vv

FIG. 11.—CLEOPATRA.

except the correction with regard to proper names,
without any acknowledgment, and he even claimed
the new change of attitude as his own discovery.
There appeared in 1824 his Precis du Systime Hiiro-
glyphique, in which he successfully enlarged upon
the principles employed by Dr. Young, and cor-
rected the hypothesis on the phonetic characters.
Again he was fortunate in receiving an' engraving
containing the name of Cleopatra in hieroglyphics
and Greek, which helped him to arrive at the correct
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use of phonetic characters. Dr. Young had two
royal names to base his deductions upon, namely,

K

n

V

Ptolemy and Bernice, in both of which there were
possible ambiguities. We shall consider the three

FIG. 12—PTOLEMY.

FIG. 13.—BERNICE.

names as indicating the solutions by Young and
Champollion.
In the first case Cleopatra is represented in the
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diagram. Starting from right to left of the lion,
flower, feather and parallelogram, three are repeated
in Ptolemy, and may be identified as the letters L,
O, Eand P. The bird must be A, and this leaves
the quadrant of the circle, the open hand, the mouth
are phonetic, representing the sounds of K, T and
R respectively. The distinguishing marks of the
female are also discernible. It rarely happens that
there is no ambiguity as in Cleopatra, for consider
the cae of Bernice, who was the wife of Ptolemy
Soter, and is found mentioned in an inscription on
the ceiling of the temple at Karnak. Champollion
with the knowledge he had gained from interpret-
ing Cleopatra recognized the mouth as being R,
the basket to be B, the wavy line to be N, the foot-
stool to be K, and the goose to be S, equivalent to
BRNIKS. According to Dean Peacock, the choice
which Young was allowed according to the know-
ledge he had of the subject was one of twelve:

Bereniken Breniken Briniken  Brnikn
Berenikes Brenikes Brinikes Brniks
Berenike Brenike Brinike Brnik

And whereas Young adopted the first and ninth,
Champollion adopted the eleventh.

Dr. Young's contribution may be summarized
as follows:

(1) He was the first to grasp the idea of a phonetic
principle in the reading of the Egyptian hierogly-
phics.

(2) He was the first to apply this principle to
deciphering the inscription.

(3) Dr. Young independently discovered and
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first applied successfully the alphabetic hierogly-
phics, and

(4) The oval or cartouche designation of a
proper name.

(5) He recognized the semicircle surmounting
an oval as indicating a goddess.

Champollion (1790-1832) corrected and en-
larged Young's list of alphabetic Egyptian char-
acters, and he further formulated the accepted
system of grammar and general decipherment used
up to the present. His success was largely due to
his excellent knowledge of Coptic—the language
of the first Egyptians to embrace Christianity—
which helped him to find the phonetic values of
many syllabic signs as well as to interpret the
pictorial characters.

Hence we may conclude that the merit of priority
belongs to Dr. Young despite the extravagant
claims of the French contemporaries of Champollion
in these matters. Difficulties aso arose since Dr.
Young published anonymously until 1823, and
Champollion gave no credit to anyone except him-
self for any discovery in these realms.
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APPENDIX

THE PRODUCTION OF INTERFERENCE
COLOURS IN SOAP FILMS

T H E genera disposition of the apparatus is shown in Fig.
14. It is the most satisfactory arrangement, the colours
being projected on to a screen by means of an achromatic
lens. White light from a lantern is first passd through a

TBafomea ] Piater
Balgrce Bath

Image of
Sodp Film

FIG. 14

trough of water containing alum and is then incident upon

the film nearly normally. The film itself (AB) "is formed

on a shallow glass trough about 3 inches in diameter, and

care must be taken to make the rim smooth. A little black
1%
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paper at the bottom of the trough prevents reflection from
the glass base.  The film is placed in a glass case to shield
it from draughts and temperature changes. The lens which
cadts the real image of the film (A .%)is about 12 inches
focal length and the screen is 4 feet away. In carrying out
the experiment the vesdls used must be scrupulously clean,
and it is best to leave them to soak in a mixture of strong
sulphuric acid and potassum di-chromate and then rinsing
in tap water.

The results with a solution of sodium oleate (25 grs./litre)
and the effects of adding ammonia and glycerine are as
follows:

1. The pure solution gives horizontal bands after \\ to
2 mins. The black film then appears and this is sur-
mounted by the colours in the order shown in fig. 5 (page
104). The average life is about 4 mins., but cooling the
film lengthens the life.

2. Adding a few drops of strong ammonia causs the
bands to be formed with great rapidity, but the film hes a
life of only 2 mins. The colours are very delicate and
change quickly as the film thins under gravity.

3. The genera effect of glycerine is to toughen the film.
The solution is first diluted with its own volume of distilled
water and then a few c.c.'s of glycerine are added and well
mixed. The resulting film is quite stable with a life of
easly half an hour, but the bands are now thinner and colour
filters arereally best to bring themout. Too much glycerine
makes the film streaky.
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