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PREFACE.

In the second edition of this volume the chapter on Mili-
tary Surveys and reconnaissance has been omitted in favour
of a chapter on Hydro-Electric Surveys. Other chapters have

been brought up to date and revised where necessary.

ROORKEE : } C. J. VEALE, F.R.AS., F.RGS.

October 1926. Professor of Surveying and Drawing.






CHAPTER T.

TRIGONOMETRICAL SURVEYING or TRIANGULATION.

1. Triangulation.*—The basis of an accurate survey must neces-
sarily be an extended system of Triangulation, the preliminary step in
which is the careful measurement of a base line on some level plain. At
each extremity of this base, the angles are observed between' sevéral
surrounding objects prevxously fixed upon as Trigonometrical Statlons,
and also those subtended at each of these points by the base itself:
The distances of these stations from the end of the base line and from
each other are then calculated, and laid down upon paper, forming so
many fresh bases from whence other trigonometrical points are deter-
mined, until the entire tract of country to be surveyed is covered over
with a net-work of triangles, of as large a size as is proportional to
the contemplated extent of the survey, and the quality and power of the
instruments ,employed. The interior detail between these points is
filled up either by measurement with the chain and theodolite, chain
and prismatic compass, or by the plane-table method given in Chapter
VI., Part 1.

For the description of a regular Tngonometncal Survey of a conntry
the reader must refer to larger works. What will be described here i is juch’
a survey as might he made with a 5-inch theodolite, if the surveyor had
some few squaro miles of country to survey accurately.

The following general description of the process will be clearer by
reference to Plate I. The calculations, it will be seen as the eiplanution’
goes on, though simple enough, are somewhat confusing, and it is
necessary they should be made regularly in proper form,} both to
ensure accuracy in the first instance and to allow.of thelr bemg
checked afterwards by another calculator. &

2. Base Line.—In fixing upon an appropriate site for the mea-
surement of a basegline, a level piece of ground should obviously be
selected, where both ends of the base would be visible from the nearest
trigonometrigal points. It should alsd be as near the centre of the
survey as possible, but this is not absolutely necessary. For a survey

* Chapter ITI,Part, I of this Manual should be consulted concerning she Theordolites
+ With the Surveyor-General's pexx\nmton Swevey of Indin Forms have been used where they suit the sant.

s No.. 201500,



g CHAPTER I.

of the extent above mentioned, it should be about 2,000 feet long, and the
sides of the triangles may be increased to a mile or more. Thus, in
the skeleton plot, see Plate I., AB was selected as the base line.

Measuring the Base line.—This operation, being the basis of the
survey, must be performed with as great exactness as the instruments
available will allow. For this reason the slope of the ground should be
measured in order to reduce the surface measurement to its horizontal
equivalent, and if there are changes of slope, the points at which these
changes occur should be noted and the different slopes recorded as shown
in Form A. These slopes are mecasured by setting up the theodolite
at one end of the slope, and sending to the other end a staff with a
vane set to the height of the instrument. Any error in zero of altitude
in the instrument should be eliminated, eithet by measuring the inclina-
tion in both directions and taking the mean reading, or by observing
the inclination twice from one point once with the face reversed, and
taking the mean of the readings. With a number of changes of slope a
saving of time and trouble will be effected by adopting the latter method
and sctting up the theodolite at alternate points only.

In measuring a base with an ordinary chain, as in this class of
survey, the chain should be compared with a standard and made correct
in length before measurement. It should be again tested after measure-
ment, and if found to have varied, the measurement must be rejected.

The base should be measured and re-measured the same day, and the
mean of the two lengths taken. If too long to admit of this being done it
should be divided into suitable sections.

The variation in length, if any, between the two measurements should
be shown only as occurring in the last slope, and the measurements shonld
be continuous throughout the base or the section done in onc day, as the
case may be. This will possibly involve a slight variation in the position
of the points at which the slope is taken to change, but this variation will
be so slight as to produce no appreciable error in the deduced horizontal
length. Form A, the method of recording the measurement of the base
when taken withan ordinary chain, has been changed in this edition. The
form here given is one which has been in use of late years by students
ip making a small trigonometrical survey in Roorkee. Columns for the
record of actual measurements only are given to avoid the occurrence of
calculations in the Field-book. In the column of remarks the tests applied
to the chain should be stated with their result. The method of measuring
the excess or defect of the base length from an integral number of chain
lengths should also be stated. For very accurate work and for extended
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operations, the base line measurement should be reduced to a value at
M. ®. L. (see Appendix VIII.)

Some of the most accurate base lines have been measured by Bessel’s
compensated rods, and a description of the rod wonld not be out of place

here. I e
Fig. 1,
.- .} ~
. 1 b
o
i —— I3
, LEE 7
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o L - —

AD and CD are steel rods (Fig. 1) each nearly measuring the required
length I They are fixed by the pieces AE and CF to the ends E and F
respectively of a zine rod EF. The expansion of AB and CD, tending to
increase [ is counteracted by the expansion of EF, which tends to decrease
the spaces AD and BC, that i<, to pull the ends B and D in towards the
centre of the rod. In the compensated rod the zinc exactly counters the
steel. This may be effected thus—

Expansion of steel = &) of its length for 180°,

. IR T o
Expansion of zine = T of itslength for 180°,

Then total expansion of steel = '%'{Uﬁg in 180°,

i

and total expansion of zine = ?‘—iin 180°.

But! + EF=AB+ CD ., .1 FF _ TF
3441

496

= 6 feet 112 inches.

whence EF = , 80 that if { = 10 feet, EF or length of zinc rod =

3440/
496

For ordinary base line work mean results with a steel tape should
suffice. (Gireater accuracy than this can be had by using an INVAR tape
. . \_W—_’-—

which gives an accuracy of 5-inch per mile, and INvAR rads an accuracy

as low as ".3,5—010',?)-03 of the measured length or about J;th inch to the mile.
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Form A, (FIELD-BOOK).
MEASUREMENT of Base line on Maidan, Roorkee, with 100 feet chain,

Date of measurement

\ Vertical angle.

i
From To ‘\Distance. } ! Remarks,

|
Degrees. | A. B.
| 300 | +0 | 930[10| 0]y
A | 1 | ! Rismg ... {*Cham before mea-
! surement  100°00
| L 300 +0 100 0} 910 feet; atter measure-
| : ment 100-10 feet ;
600 + 0 I3l o 2130 mean 100°05 feet,
12 ’ }Rising .

|
E 600, 4+ 0 ! 3| 0| 8| p

|

300 | — 0 47| 0[47| 0

% Falling ..

400 | 4+ 0 |26 0{27| 0

Rising ... |[ixcess over 19
chams measured
wthlevelling
staves

2 3
300 | — 0 (4630|470

400 + 0 [26] 0]26| O

Falling ...

31856, — 0 [19(30,19|30 }

318751 - 0 [19f 0{19} O

N. B.—Thesign 4 or — is given according as the vertical angle is one of elevation or
depression in the direction of the meaxurement

*Ag before stated the chain should Le correct before and after measurement ' Tlus difference 18, however,
ghown here to avoid changing all the calculations of former editions, It also serve- to illnstrate the method
of applying the necessary correction.
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Form B. (CALCULATION BOOK).

RepucTioN oF Base LINE.

Measured
distances
in feet

‘ Stations,

Inclina-
tion of
ground.

Logarithmic
computations,

Horizontal
distances
in feet

Relative
altitudes
in feet.

Reduced
levels,

Remaiks.

300

2 +0 252

600

300

400

A Y

318:655

o v

+0 9380

-04652

+0261)

-01915

Log.
¢os,

Log.
tan,

1-9999983
2:4771213

%4771 196
3:4467518

1-9238714

1 9999998
27781518

27781511
49211034

———

1°6992545

1 9999596
24771213

2:4770809
21346171

06116980

—

1°9999873
2 6020600

2 6020473
38828639

04849112

1°9999932
2:5033208

2:5033140
37481614

02514754

299999

600°000

299-972

399988

318:650

1918-609

+ 839

+ 500

—4'090

+3054

-1'784

100°000

100-839

10}-339

97:249

100303

98519

North end of
base,

South end of
base.

Lengthofchain = 10005 fect ", true length of Dare Line =

191957 feet.

1918:609 X 100°05 -

10090
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3. Well-conditioned Triangles.—The trigonometrical stations
must be chosen with a view to the formation of well-conditioned triangles,
i.e., triangles none of whose angles is less than 80°; the nearer the triangle
approaches to the equilateral the better. The sides of the triangles should
increase as rapidly as possible from the measured base. The accompany-
ing sketch (#%ig. 2; shows how this is to be managed without admitting
any ill-conditioned triangles.

AB is supposed to be the measured base, and C and D the nearest
’ﬁ(—j’ " Fig. 2. trigonometrical points. Alltheangles
: € C. being observed and the length of AB
having been measured, the other sides
of the triangles DAB, CAB may be
calculated. DC can then be obtained
from the two triangles DAC, DBC
(baving the two sides and included
angle of each given), dne calculation
acting as a check upon the accuracy
of the other. This line DC is again
made the base from which the dis-
tances of the trigonometrical stations
E and F are computed from Dand C,
and these lines ED, EC, DF, CF, can
be used as fresh bases for extending
the triangulation, or if these be not
sufticiently large, the length of EF
can be calculated and used as a base.
This is the usu1l method of starting from a base line, unless the nature of
the ground to be surveyed interferes.

nCi

4

4. Stations.—The remainder of the trigonometrical stations must
be arranged over the whole survey, as the nature of the country will best
altow, and care must be taken that no point in the survey is too far from
some one of these stations.

5. S8ignals.—Signals are of two kinds—Iluminous and opaque.
Luminous signals are either heliotropes or lamps, and the reflected light
of the sun or the light of the lamp is directed through a sight vane which
is plumbed over the station mark.

The heliotropé is a cireular mirror with the silver backing scraped off
at the centre spot which is the peep-hole for aligning. When the sight
vane is aligned through this Jpeep-hole and the mirror is slanted towards
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the sun so that the sun’s rays are reflected on to the vane, the unsilvered
portion shows as a black dot, and when this dot is in the line of sight the
sun’s reflection is carried to the observer.

The best opaque signal is a pole and brush, or giass bound in the
shape of a brush or sometimes a cross. A pair of common wicker baskets,
placed mouth to mouth, with the pole passed tnrough, makes an excellent
signal.

The pole is plumbed vertically over the station mark and a cairn
of stones built up tc steady it. The cairn might, with advantage, be
whitewashed if it is over a station in the jungle cr low ground as it will
then show up against a dark background.

[t sometimes happens in hilly country tuat a station in the plain is
very valuable tor the reintersection of certain auxiliary points, when a
bell-shaped ¢ shuldari” or followers’-tent makes an excellent mark.

Trees which have been brushed or flagged make good signals,

6. Observing angles.”—Having selected all the stations and
placed the signals, ail the angles of the triangles must be observed with the
theodolite ; and to obtain the relative altitudes of the ground at the different
stations, the vertical angles must also be read. The angles are observed
from euch station in succession, as follows :—The theodolite is centered over
the péint on the ground, marking what is called the station dot, and which
is vertically under the signal. When tha signal is high, this is found in the
following manner :—Set up the theodolite at a short distance from the

jgnal, and having levelled it, fix the intersection of the wires on the signal,
slamp the lower plates, and bring the telescope down till it intersects the
ground a foot or so beyond the signal.© Make a mark at this point, and
stretch the chain from the theodolite to it. Now remove the theodolite to
another point, so that the dircction between it and the signal is about at a
right angle with the last direction, repeat the operation ; the point where
theso two lines intersect will be vertically under tho signal.

Place the legs of the theodolite stand firmly into the ground and
examine it for any shake. Next plumb the instrument over the statidt
dot and level up with footscrows. 1f the work is to be computed or based
on a magnetic bearing attach the magnetic compass ; set the plates to
read 0°, unclamp C; (see Plate 2) and rotate instrument till the compass
needle points N, and S. Clamp C; and unclamp C; and intersect and read
the zero station. This reading will be the direction of the zero station
from magnetic north, or in other words, it will be the magnetic bearing
of the zero station, which enter in Form C. .

*Qn geodetic overations the measutciuent of angles with wodein wstruments hax been tednced to £ § second,
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(a}» The zero station is the station selected hy the observer as
the station from which he commences and on whieh he ends his rounds of
observations.

(b). Setting to zero is a technical expression meaning that the
zero station has been set to some particular reading. When a theodolite
has only two verniers, a change of face does not mean a change of zero, as
the verniers are opposite and hecome interchanged, but with a three-
vernier instrument each change of face means a chango of zero.

(c). Therule about zeros is as follows : —If the zero station was origin-

o 360°
ally set to 0° then the next zero will be set to (5 ~ermx No o wots of angles

This changing of zeros or observing on one, two, three or more zeros
tends to eliminate any errors that exist in the graduation of the divisions of
arc, as the angles are read on diffcrent portions of it. For the purpose of
this work and for engineering practice generally, 0° and 90° may be taken
as the settings for two zeros and two zeros will be found sufficient.

7. Form ¢.—This form is a copy of the triangulation field-book,
and one page allows space for observation of horizontal angles on two
zeros 0° and 90° and two faces for each zero, also vertical angles on two

faces. ;
Procedure.—Clamp the upper plate }32 so that A vernier is on “face”

right (that is, the vernier below the arc) and is set to 0° 0" 0", or better still
to some small amount slightly greater than 0°0’ 0" ; and by unclamping
-the lower plate dlrec+ the telescope to intersect the zero station. Intersect
by slow-motion screw Ty of lower plate after clamping it by the clamp
L;. The lower plate will not now be touched till two faces have been read
on this zero. Unclamp upper plate and read to the next station by approach-
ing it gradually withoat overshooting it in the dircction of the hands of a
clock, known as right “ swing, ” read and register and so on, finally coming
back again on to the zero station.. Carc must be again taken to approach
the zero station gradually and not to pass it, but with the slow-motion
‘sorew T, to intersect it. Read and register. Now unclamp upper plato,
transit telescope, and bring it back to the zero station without overshooting
it,in a direction contrary to the hands of a clock known as left ““swing,”
and continue in this direction reading the horizontal angles with the same
caution of not overshooting the signals, finally closing again on the zero
station and registering the angles for I, 180 from the bottom line of the
column upwards. This constitutes one set. The upper clamp is now
Joosened and the telescope rotated vertically and A vernier is set to 90° 0 0,
or something greater, the upper C; clamp is now fastened, the lower clamp
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C, loosened, and the zero station brought into the field of view in a direction
of the hands of a clock, and observations treated in the same way as with
the other set.

The means are taken out by considering the values of the zero,
station 0° 0’ O, and subtracting the mean of the starting and closing
value as registered from the other values of that observation The
“General Mean” is a mean of these means.

The observations are taken on both “faces” to eliminate horizontality
of telescope axis error—on two or more zeros to eliminate graduation
error, and on a right and left “swing” or in contrary directions to elimi-
nate the error in “drag” of the verniers on the limb,

Vertical angles should not be read at the same time as the horizontal
readings. The procedure of reading and recording these angles is a
straightforward one—A vernier being invariably the vernier towards the
object end of the telescope.

Having completed the vertical angles enter the height of the axis of
the telescope and the height of the signal from the station mark, and
write a clear and concise description of the station so that there will be
no doubt as to the position of the mark which is very often buried out
of sight to avoid destruction.

Cautions to be observed in triangulation.

Set up instrument ezactly over station dot, especially in the presence
of followers, khalasis, etc., who, if they find you are casual and careless
about this, will never trouble to give a carefully plumbed mark or a
helio in true position. Unhook plummet, as if left in a wind, it will set
up a vibration. Level up theodolite, lightly brush the verniers with a
soft brush, and only give enough pressure to the clamp screws to make
them gtlp A clamp screw should be tightened only sufficiently so
tuat a gentle pressure in the reverse direction will ease it without jerk
or jump on the instrument to the great detriment of angular work ;
in fact good angular work is more a matter of hands than eye, and for
this reason turn the instrument gently by handling the upper and lower
plates—not the telescope. 1In fact cultivate a “ velvet ” touch. Be careful
to eliminate parallax and obtain a correct focus. If the instrument goes
slightly out of the level during one set of horizontal angles do not correct
it till the set is completed. This is a very important precaution to note
as a defective fitting in any footserew is quite sufficient to give a horizon-
tal “roil” and vitiated horizontal readings. In vertical angle work satisfy
yourself thoroughly as to the levelment of the vertical arc bubble, or the
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babble on the telescope as the case may be, and correct if necessary at
each observation by antagonising screw or either screws if there is no
further necessity for horizontal angular work, or apply bubble correction,
vide Appendix VII.

Intersected points are observed in the same manner as stations, but
only one set of angles is necessary or one zero and one vernier (invariably
A vernier).

The description of the point intersected should be clearly stated, as
it is not always that the triangulator subsequently does tha plane-tabling,
so that the man who follows should have no doubt as to which point is
meant and to what position of the point a height has been given. For
example, church spires and temples having lightning conductors the
horizontal angles would be taken to the lightning conductors, but vertical
angles would be taken to some point easily recognisable directly beneath
it —this should be carefully described. Again, a tree would be observed
to for horizontal angles as near the ground as possible, but if the ground
line were not visible it would be best for vertical angles to be taken to the
highest part of the tree, though as a rule where the ground line is seen
it should always be taken and sometimes both ground line and top v:iues
recorded. Sketches of objects are very useful, and these are best made
by drawing them in the book when held upside down, for this reason
that the object in the telescope is inverted, and if drawn as seen through
the telescope with the book reversed, the sketch will be right way up when
the book is held in its normal position.

In describing trees it is not of much use describing their colour, much
‘better to try and make out what kind of tree it is. Such trees as mangos
and tamarinds are easily recognisable, but if in doubt refer to a local man
and he will generally give you the correct name. It is best not to classify
the tree at all if there is a chance of it being misnamed. A good practice
in describing trees is to place them north, south, east or west of a group or
a pair of trees, etc. Avoid writing “right” or “left” of an object ag
this depends entirely on the position from which it is viewed.
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/
8. So that computations of a quadrﬂgﬂéyal figure (see Plate I.) with
a supplementary station and a Satellite or eccentric station involved, can
be followed, absiract angles from the fieid-book of an actual piece of work
are here given with the full computations to follow in the respective forms
for the purpose. The base line AD in this particular case was along the
almost level bank of a canal, and its reduction was a simple matter and
does not appear in the form suggested tor that purpose. The azimuth or
direction from true N of the station C was observed at st'ltlon A by
taking an ex-meridian observation to the sun.

Height},, .
Station Horizontal | Vertical of He‘ltght R .
ations. angles. angles. |instru-| .° ] emarks.
ment, |60k
[o} ’ [z o) ’ L4 ’ ” ’ o
At A to station B of of oD 0,00 3015 219 5 Tosignal.
" " C | 306 09 39fD of 06, 25 ... |9 4],
D | 329632 26| D 0l 00; 15| ... |10 1

” "
» Supplementary | 323| 88 86} ... | oo if e ee

At Bfostation A | ©0f 0 O[E of 0 365 13}9 5] Tosgual

- L .cC| 8oz slDoj o250 .. o . .

" w D | 120] 24| 01} E 0] 04 40] .. .| To ground level.
To tall palm o | 200 b6| 30) D 0] 011 20

D e —

At C to station D of o OfE o 1910} 5 13] 9 4| To signal.
" . B | 73] 58 04| E o] 10] 55 .. o 1y
s " A | 115] 01] 47} D 0 11} 55

At D to station B o o OfE 0of o4} 05} 5 38 |10 1! To signal.
”" ’ A 261 08] 31} & 0] 04; Hb " "
" ) C 70) 43| 41 Do 0‘1’ 21)

At supplementary
S to station B o 0 OfE 0] 25 37) 4 10| 8 104] To signal.
A | 54 47| 24|10 0 19 00 ... "
woo C | 1701 09f 290 & Of 19| 80] ... w
w D | 241} 86| o6} & | 25| 53] ... <« | To ground level,

To tall palm o | 73] 09] 20]E 0] 50 00} ... .

"

9. By trigonometry, if ABC is a triangle then % = :1,_7%_[_3__:3_1_;:_‘_2
and with the angles A,B,C known also the side A B (¢) measured, then
_ s A 17 sin B
a=—xciand b= 75 o

or log a = log ¢ + log ain A + log coseo C ete.
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10. We shall proceed to put this formula into a convenient form
which is Form D for calculation of horizontal distances with the following
instructions : — '

First examine the plane-table reconnaissance plot.and choose the best
conditioned triangles and aim at obtaining a double value for a side on
which an extension is being made. The example given in reconnaissance
plot is of a quadrilateral with A B as the known base, and it is evident
that CD is the base on which the next quadrilateral will be built. The
triangles are to be written anti-clockwise taking the known side first. In
example, ABC will be the first triangle to be solved of which the side AB
and“the three angles are known. It is to be written as ABC. The anti-
clockwise direction is selected as the bearings are from North and the
interior angles of the figure thus hecoms inward angles (see Chapter V.,
on Traversing, Part I).

The interior angles of each triangle must equal 180° 0" 0", and any
error must be distributed equally in whole scconds and not proportionally
to the size of angles—any residue again equally to the larger angles. In
this case of minor triangulation no attempt need be made to grind down
the angles or to obtain the probable errors by least squares, ete.

Having obtained the corrected angles take out the log sines for the
first and second angles and the log cosec for the third, and add the logs
of the first and third to the given log base to obtain the log side of the
first, and add the logs of the second and third to the given log base to
obtain the log side of the second.

N.B.—The reader will notice that, by holding a pencil over one line, cols. log
gines and log feet, there remains in view the correct values to add and the space
into wluch the result is to be placed.

Finally take out the antilog for “feot”” and complete form.

Where double values or common sides exist their mean must be taken
and entered in each triangle and accepted for further extension work
if used as a base. The last two triangles worked out in example are
for an intersected point, and the third angle in each triangle is therefore
supplementary. These two triangles give a common side and without this
check an intersected point is doubtful. Triangles should be properly
numbered. '

The form offers the following advantages :—It is compact and the
side appears opposite or on the same linc as the angle, that is, « or BC
appears on the same line as angle A,
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Form D. -
Al Loy feet =, 8- 445 9559 from A base= 2792:26¢',
Reduced
Stetions |  Angles | Apport | o o Log sines. Lo foct Fect. | Sido.
error won
° ‘ N r n . 0 1 ]
A | 53800 21 +| 8] 58 59| 24] T | 907 0739 38| 535| 5401} 3431.95 B C,
B | 85 0] 46] 4| 41 85 03 50] T | 998 4081] 8| 626] 8743] 4235.20} A C.
C | 41] 08 431 +| 8] 41/ 03] 4v| o | 182 5103
179! 59 5«' +| 10f 180} 00 0(1
A 2 Log feet = 8 + 415 9359 from A base,
t ! \ - ( - ¢
A 32 271 3¢ —=| o a3 27 39 1| 741 #1838 3 543 3418] 3494.15] B D. -
B 120' os) il =| o] 120" 23 59| 1| 35| 7672 3| 737) 6907] s46627) A 1.
D 26 08 31l — 2, 26 0% 20| 0| 356 9674:H 8 543! 3476] 3494.2(] Mean.
ﬁ)’ 06‘02;]_ e 18()‘ o0} 00 \ V731 6938] 5466.31] Viean,
A 3 Log feet = 3 626 8743 from A 1
¢ us ol 47' + 4| 115\ o1 1) 1| 9570 1667 3 737|| 6968 5466.34] A D}
A ol 22 47 4| 2022 50 1| 541 ~960) 3| 3221 4261} 2101.00] C D,
D | 44 35 15 -|-l 4 44,35 19 0| 158 655° 3| 737 6938] 546631] Menn.
179{ 59 45-)—-}-[ | 11800 00 09' \ \ l
a4 Log feet = 3 + 835 5401 from a1
C | 78 38 04] = 9 73' 580 09of 1| 982) 7703) 3| 543 3334] 3494 24
B | 8518015 — 11985 18 14| 1| 761 8623 3 322| 445¢] 2101.11)
D | 70043/ 46 —~ 2f 70 43 44| 0| 025 0430 35 3430 3476] 3494 22| Mean.
180{100 05 -’ 5 1301 o ... 3| 22 4359' 2101 05] Mean.
A 56, Log feet = 8+ 445 9559 from A base
A |10 oy \ Wl 1 ‘»90‘ 1476 3| 514 om|
B 201 56 o 1| 5353 2031} 3| 076{ 06761 1191-37 e
Tall palm Suppl 56 53' 550 01 076 4086]...| ..
180 oo‘ 011 ‘ 3 076l (7901 1191.38] Mean,
|
A b, Log feet == 3 * 533 6924 from A *Form F.
66| 08| 26]... ! W 961! 2029] 3 49:,' 7083 ...
{)pl b 200 21V 86f ... b . | o 1] 1] 54) 53991 8| 07¢; 0903] 1191.3
Tallpalm | Suppl. .{..[ .| 93 29/ 38| 0 [ 000 sosof .| .. 1 . T
\ 180 ()()il O(l| e 3 076' 790} 1191 38] Menn,

aal
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11. Computation of heights (sec also Appendix V.)—Let A
Fig. 8. and B be two points on the earth’s surface
and O the centre of the earth, AD’ and
BD perpendiculars to AO and BO res-
pectively will represerit the directions of a
level surface at "A and B respectively,
and the angle BAD' will sensibly equal
to the angle ABD if the reciprocal angles
i D’AB and DBA had been simultaneously
L observed when the refraction would have
"been equal or constant.
Make OC == OB, then AC = 4 or
the difference of height of A and B.
! Let the observed depressions at A
v and B be D, and D, Now angle ABC =
angle OCB ~ angle BAO, and angle AB( = angle ABO - angle CBO;
and since angle OCB = angle CBO, then angle ABC = § angle ABO —
angle BAO) ; also since angle BAD = angle ABD then angle ABC =}
(angle DBO = ang]e DrAO) =} (D, -- D) = 8.
Now BC is a very small part of the earth’s sulface. So that & may

be put equal to BC tan ABC or 2 = BC tauD" -

, or if one angle is an

elovation 4 = BC tan "; D", or BC tan ]l’—"—'l‘ that is, subtended angle S

is equal to half the algebraic difference of two depressions or two eleva-
tions, and is equal to half the algebraic suin of a depression and an eleva-
tion with the proper sign. If one angle has only been observed from

figure, it will be seen that if the refraction is R*for anole BAD’ then

R = P C- D =D but when reciprocal angles have heen observed the value

R can be found and 3= B(‘ is called the co-qﬁiczent ' of r¢fraction which in India

may be considered as about 067.

Now & in the ahove formule represents the difference of heights
between the ground levels of A and B, and if 4, = height of instrument
at A, g, = height of signal at A, 4, height of instrument at B, g, height
of signal at B, and if A is the station the height of which is known, and
B be the station the height of which is required, then height of B = height

= gb + l.-’lb

of A+ BCtanS + 2 2

If one angle only has been observed then a correction for curvature and

* Appendix 3 Table or as a rough rule: —Carrection (for Curvature and Kefraction) in
feet = § of the square of the distance between the two stations in statute miles,
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refraction must be considered and this correction is always plus and is
obtained from Tab'e (see Appendix IL.). The table gives the angle for the
log of the subtended side. The algebraic sum is the value of 8.

Refraction is more or less constant between the hours of 1 and 3 p. M.
and as simyltanequs-observations cannot be taken, vertical angles are
best observed between the above hours. '

Form E has been drawn up to accommodate both cases (1) for recipro-
cal values (2) for single values. The log side is obtained from Form D.

As a word of caution the student is warned that no great reliance
zan be placed on single value heights, as refraction and pressure changes
also the presence of a grazing ray—all tend to vitiate the results.

Also that the heights, derived by reciprocal values, although they
seem to accord, are by no means as reliable as heights derived by ordinary
levelling, except over very broken and hilly ground, where levelling is
almost an impossibility.

Form E.
A A B
Known stationf A) 101504 101504 101022
Hgazg :‘é:;:\l;;(;t?gf . B Tall pali, Tall palm
ANo. L A No A No A No.
Q1)  For reciprocai values. ° rye ° o ° s ° [t
+or - D, - 0] 00| 30
+ or — E, 401 10[ 36
Algebraic sum = 28 “ -0} 11| 06
S* ~0] 05| 33
(2). For single values
K, -0} 23 60; =0 04| 20
+7,
Cotrection for C & R (see Table)t + + 05 + 14
Algebraic sum = S ) —-0| 23] 45] — | 04] 0b
Log tan S ; 208 0195 3l 839 39 3 Q?G 5)
Log =1de 3l 445]  9558] 3] UT6] 08 |8 (313 0l
Log ol 653 9753} V0] 47 O] 589 52 !
h ~4:51 —8.42 -39 N
Fa -gll+ll - ih
(1. 2 -0:31 +51 +51
(2) + (ln - 91))
Knoan height of A 101504 1015-0 1010.2
Deduced height of B 101022 1011.9 1011.4
Mean value ver
{Mean), 10117

Where E, = Elevation at A,
D, = Depression at A,
E, = Elevation at B.
D, == Depression at B,

¢, = hught of signal at A,
¢y = heigat of signal at B,
1, = height of instrument at A,
1, = height of mstrument at B,

# Appendix IV. for caleulution of logs of & ~mall ungle,
1 Appendix 4
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12. Form F is for the computation of a point from which observa-
tions- have been taken to three known points, in other words, it is the
solving of the plane-table fixing by trigonometry. Here 21l the angles of
the triangle ABC are known, also the angles « and B observed from S the
point reduired to be found. It is evident that the angles CAS and CBS
are required. Call these angles # and y respectively.

ThenC + a + 3 + 2 4 y = 360

Let(0+a+ﬁ) = P.

Then z 4+ y = 360 — P,

And CS _____bsln:l:= asmy

T @ ~n 3t

. s oa a sin o
By trigonometry - =

amp T T smy
o :—:il:—; = 2::—:: tan ¢ say

By adding and subtracting—
Binz =siny  tang ~1
sinz 4 sy tang 4 1
sin x — sin y - tan § (0 = )
sz 4 sy tan § (v + 4)°

tan 3 (@ — )

tan § (v + y)

ortan } (& — ») =1tan (¢ + y) X tan (¢ — 45°)
and this has been adapted to logarithmic computation in a convenient way.
The right hand portion of the form is only a repetition of Form D for
calculation of sides. Notice that the angle ABC is supplementary. The
sum of ACS and BCS should equal the angle ACB, but this rarely exactly
happens, chiefly because the functions of three triangles are empioyed to
obtain its value. An example is worked out from the values given in the
abstract contained in para. 8.

Supplementary stations should be made more use of than they are as
they frequently aid in filling a void or where points are few and by inter-
section and computation many intersected points by two rays can be
finally fixed by a third from a supplementary station. Such stations can
dasily be observed at on a line of march and need not be on a hill top but
preferably where, as mentioned li‘ore, points are lacking. The author
tried whenever possible, to set up near the margin of four planetable
sections so that the point fixed may give work in four plots.

= tan (p-457),

oo tan (9 — 45°%) =
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18. Porm G.—Itsometimes bappens that the only desirable position
on a hill top is occupied by a tomb, pagoda or other permanent structure,
and that a station on the particular hill is a necessity for the continuation
of the triangulation, or for the purpose of taking 3rd intersections to fix
certain intersected points which are sure otherwise to become obscured.
Most manuals give an example or explanation of what is known in India
as a Satellite station, and in America as an Eccentric station, and one is
led away with the idea that a Satellite station is of common occurrence.
This is not so. With the best laid out triangulation it is never used, and
with tertiary or minor triangulation its occurrence is rare as it can so
easily be avoided by the exercise of a little forethought or by a supplementary
station as in previous para.

The most likely circumstance in which it will occur is as noticed for
the reintersection of some doubtful points. For instance in a city survey
if a flag-staff on a tower had been intersected from stations, and it was
found necessary to make a station somewhere on the tower, the position
directly beneath the staff being an impossible one, the theodolite is set
up in some convenient position, say S (in the diagram for Case 1., Form
F), B being the flag-staff and A and C the stations from which B was
observed.

At § the instrument is set to Magnetic North and the readings
to A, C and B are taken with the same care as at stations ; the Magnetic
North being the zere station, and the lower plate is clamped to this
direction. S B is also carefully measured with a tape.

To reduce the angles at S to angles at B we proceed as follows :—
In the triangle ACB the angles at A and C are known and the base AC ;
from these data we can obtain a very nearly correct value for the sides
AB and BC. In the triangle ASB the angle ASB (8) has been observed,
SB (a) has been measured and AB (s) is known, and it we consider

SB sin ASB .

the value of the angle SAB in seconds we find it equals —57——— in

. SB . C
which 7 is a constant.

In the triangle ASB we have therefore— /\
LR A 8

A (in secs) = T X = W

S

o log A" = log a + log s S — log s — log sin 1
" where log sin 1" = 6-6855749.
This gives us the correction to be applied to the magnetic direction
of SA to obtain BA, and similarly of SC to vbtain BC ; by subtracting
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the value obtained of BC from BA we get the included angle ABC,
and obviously the magnetic directions bave no significance after the
deduction has been completed. The sign of sin 8 must be carefully
attended to, and to avoid all chance of mistakes in this respect it is
as well that a diagram with the direction N is drawn and the sign
applied accordingly. In the example, if CA was pointing due N then
the bearing of SA would be greater than BA and the angle SAB
would be subtracted from the direction SA to obtain the direction BA.
For the purpose of illustration an example is worked out as follows:-—
Let it be supposed that the theodolite could not be set up over station
mark C, and the following observations were made at a station point
C'=129" 4" trom C. The angles reduced from C’ to C should be
compared with the actual observations taken at (!, (8ee also Plate 1.)

At C’ Magnetic North . 0 0 0
to Station D . e 204! 05| 58
. B | 26| 54| 38
" " A | Cle | 83| 56
w C o o . 329 | 25| 26
Form G.

Log - =constant log = 10+ 21116993 —4'6855749 =7-4261944

L thmi .
Station. Data coggartlntli‘:llf Corrections,
Constant Log w | 7 4261244
Log sin B (angle BC'C) ' | 8995474
Total v | 7 3256718 | Direction B to (¥ = 276° 54’ 8¢"

Tog s (B () | B 5355401 168 56,
Log A" 3 7901317 | Angle C’BC = 1° 42/ 477,

A= 6167" | - Direction C to B = 2750 17 497

=1°42" 47" | fIncluded angle BOA = 41° 03’ 54,

———— e ———
—— —

Constant Log 4261244 | Direction A to C’ = 316° gy’ 57

7
Log sin S, (angle AC'C) | 1 3446339 | Angle AC'A = 2318,
Total 6 | 7707583 | ", Direction C to A =316 15 43—
Log ¢ (A C) a 6268743 | tlucluded angle BCA = 41° 33? 5'#.
Log A" .| 3 148840
A = . 1393"
= 24" 13*

" 8 = SAB
I

3 but as angle SAB 1~ very small sin SAB = number of seyonds 1 SAB x sin 14;

therefore 1f A = number of seconds i SAB thepn “"_T“S- = i\_x_;:!_n_l" orA = J—-, x SuS , that s, _SB

is a constant. et ! sy 1¥
t This angle 18 obtained by subtracting the direction as deduoed from one triangle from the

deducad iirthe other—the resulting value to be eutered 1n both compartments ot the form Com

station O between A aud B (para 8),

direction
pare ungle at
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It sometimes happens in a round of angles at station that unfortun-
ately one station, to which ohservations are necessary, is obscured, in
which case the instrument is removed to a position where the station
is visible, and with the same procedure as given above the angle is
reduced to the original mark.

The reduction of angles of Satellite stations is accurate, but a laborious
process, and for a short series of the tertiary order, such as an engineer
would rum, it would not be wrong to advise that the station be made
a supplementary station and computed as such as shown in Form F.

14. Computation of the third side from two sides and
the included angle.—As explained in a previous para. in this chapter,
it sometimes happens that a side is required for extension of triangulation,
or that in the extension of such triangulation from a measured base
it is required to test the accuracy of it. In example, we are to suppose
that no reciprocal observations were taken between A and D, and that
we wish to test the accuracy of the extension from the base line AB,
that is, we wish to test the distance A to D.

The following formulie are utilised in the form:—

For Form H see page 23.

A-B _,_; . C _ .0
“2“"a+b°0tz and ¢ = (a 4+ b) sin 5 see

the mean of the two values for AD should be accepted. Compare the
values with the values given in triangles 2 and 3 of Form D.

The triangulation is now set up and balanced by using the Traverse
Form I.. and the quadrilateral ABDC has been computed asa guide,

Tan A-B

and some remarks, alreadv made under Chapter on Traversing, (Part 1.)
are repeated.

15. Porm I.— Computation of rectangular_co-ordinates. This form
is best explained by tahing the example in which A is considered
the Origin and the bearing of A to B, or the line AD is given as
192° 127 54”. The circuit, in this case, ABDCA, is taken anti-clockwise
because in traversing the inwerd angles are observed, and this is a
closed circuit as the starting and ending station is one and the same.
In a closed circuit the angles are corrected to add up to a certain
sum by Euclid 1. 32, Cor. 1., and in a long traversed line by a
check azimuth to which the correction for convergengy has been applied
to the azimuth observed. In computing co-ordinates of triangulation
the angles are entered to seconds, but in traversing, angles to the nearest
minute only are necessary, except for city work on large scales when
the angles may be entered to the nearest whole reading of a vernier division,
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[n the 3rd column the values are all bearings, that is, they are directions
to a fixed meridian on the earth’s surface; if therefore, any azimuth
is observed at some distance E. or W. of the meridian of the origin,
and a direction found with respect to a celestial object for angular
check or the traverse is tied to a triangulated station>-the difference of
convergency of meridians must be applied to the azimuths to convert
them into bearings

In the Northern Hemisphere convergency is + according to whether

the departure is ‘—Y:—;:
Convergency may be deduced as follows:—Add to the constant log
in feet (4:2162) log tan latitude (obtained roughly from the standad
map), also log departure in feet (taken from the reconnaissance plot)

and the result will be the log convergency in minutes. In latitude

and vice wversd in the Southern Hemisphere.

30° the convergency is almost exactly } minute per mile, or 42164
+ 17614 + 3:7226 = 17004 = % minute.

The logs in the calculations for triangulation, if the sides are long,
should be taken out to 7 figures. Having found the distances on the
meridian and perpendicular they are entered in the columns for that
purpose with reference to the quadrants of the bearings. To balance
the traverse these columns are totalled and the difference Northing
and Southing also Easting and Westing should be equalised in a closed
circuit, or in other words, since the traversing returns to the origin
the departure “Westing” must equal departure “Easting” and the
latitude “Northing” wmust equal the latitude “Southing”. Let there
be an error of + ‘23 foot. This quantity in a closed circuit must be
halved and '12 foot added to the lesser and ‘11 foot subtracted from
the greater total, and then the ‘12 fcot distributed proportionally in
the several values which go to make up the total. In a traverse
which is not a closed circuit the starting and closing co-ordinates being
known the difference in the latitude and departure is therefore known,
and for the traverse to close the difference in the total latitudes and
departures of the traverse must equal the differences in the given co-
ordinates, if not, the error must be distributed as explained.

The last two examples in the form are to find the co-ordinate
values of the supplementary station and an intersected point; the area,
by successive ordinates multiplied by distances on the meridian, has been
explained under traversing, Chapter V., Part ).
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16. Spherical excess.—In triangles with an area of 76 square
miles and over the three angles will add up to something over and above
180° to be correct, and as a rough rule the spherical excess in seconds is
area in square miles

755
miles, has 1" as spherical excess, and an equilateral triangle of 100-mile

equal to ; thus a triangle, the area of which is 76 square

sides will have a spherical excess of nearly 1 minute.

17. Clearing a line.—When two stations are not intervisiblo
owing to trees and bush jungle which have grown up after a term of
years it is necessary to clear the ray. Columns of smoke in the day
and flares by night very often fail over long distances to mark the
direction, and an accurate direction is necessary in order that more
property is not destroyed than is absolutely necessary.

If there is a record of the azimuth of one station to the other
then it is necessary only to take an observation on a celestial object to
find the meridian passing through one station and to set off the recorded
azimuth ; but in the event of there being no records and a boundary
direct from one point to another is required even though a hill intervenes,
then one method is as follows :—

A traverse is run from one station to the other. The co-ordinates
are calculated from which is obtained the difference along the meridian
(z) and the departure (y), between the stations. The direction of the

direct ray between the stations is therefore found as follows :— -s— = co-
tangent of the angle which the direct line makes with North, and since

4;;’- is known therefore the angle is known which set off from the meridian

passing through the station.”

The second method of overcoming the difficulty is as follows :—-

On the reconnaissance plot, let CD be the line to be cleared. Sclect
two positions A and B intervisible from each other and from which C
and D can be seen. Let the side AB equal unity. Solve the triangle
ABC and obtain BC, also solve the triangle ABD and obtain BD,
(Form D). Next solve the triangle B)D (Form H) and find the angle
BCD. As the angle ACB is known, then direction CD at C can be laid
down either with A or B as zero station.

Note.—Compare this solation with two-point problem under Chapter VII.,
Part 1., on Plane-tabling.

18. A few hints on Triangulation.—When observing, there
must be no parallax (the commonest source of error) that is, on the
eye being shifted from side to side for horizontal angles, and up and

* This meridian can be found by & R aud L face on Polaris and calcwlated by Taylor's mothod #ee Qha pter 111,
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down for vertical angles there must be no * wobble” between the
diaphragm wire and the object intersected, If there is a wobble it
shows that there still remains some parallax which must be eliminated.
As the focus will be infinity once the parallax is eliminated there should
be no need to adjust either the eyepiece or object glass.

Avoid observing horizontal and vertical angles at one and the same
time. Itis doubtful whether the method is any quicker in the end,
and it is certain that the horizontal angles suffer in accuracy.

Avoid observing when the atmosphere is “boiling” or quivering
as is very often the case in the tropics. Avoid also selecting two sites of
stations such that the line joining them just clears or misses a ridge or spur
which sets up an intermediate disturbance in the atmosphere. Such
lines are known as “ grazing rays.”

The instrument should be in proper adjustment, and since in trian-
gulation observations are taken to points which differ considerably in
elevation the adjustment for the standards, so that the telescope rotates
in vertical planes, should be attended to (see Chapter 111, Part 1).

The stand of the instrument should be thoroughly examined for
shake and the nuts tightened, if necessary, before observational work s
commenced. The legs of the stand should also be well pressed into the
ground, and the observer’s stance should be directly behind the telescope
when intersecting the object and directly over the verniers when reading.
The readings should be recorded exactly as read.

The <entering of the instrument should be most carefully done
and also the centering of the signals, remembering that the shorter
the sides the greater the error due to non-centering.

For ordinary tertiary triangulation a 5-inch transit instrument
reading to 20" with a good lens is recommended. The stand should, if
possible, be fitted with a traversing head or better still the trayersing head
should be a part of the instrument.

With reference to the lens of a theodolite a good lens permits of a
distant object coming into focus and going out of focus with a very slight
turn of the screw. ¢ When testiifg a lens and focussing on a distant lighining
conductor or spire, the wire, if intersecting the object when in focus, should
still intersect it as it goes out of focus. If it does not, it shows that the
focussing slide is loose* or has not been properly ground and fitted by the
maker. This can only be remedied by an instrument maker; if work
must progress then one focus must be used for all observations. In

* With the internal focussing lens this error is reduced to o minimum if if exists at all.
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triangulation it is rare that the focus needs alteration as the stations
are usually all beyond the infinity focus of the telescope.

The footscrews should not be touched during a set of horizontal
angles for this reason that if the axis of the footscrew is bent then the
whole instrument will have taken on a horizontal movement or roll and the
error will be thrown into the set of readings. The slight dislevelment'
of a theodolite will not alter horizontal angles and the observer can
satisfy himself by making a test case.

19. Concerning base lines.—It is better to measure a fairly
short base over an even piece of ground with great accuracy and
precision than to measure a longer base under indifferent conditions and
with less precision. A base line can be checked by taking points at
intervals along the base that is dividing the base into three or more
sections setting up a theodolite at two or more points making well-
conditioned triangles, observing all the required angles, finally closing
on the last section.

Fig. 4. In figure 4 the theodolite is set

A up at A, C, D, E, B, Fand G and

all the angles measured. Accept-
ing AC as part of the whole base
AB, and also a base for the triangle
ACF the values of CD, DE and
EB can be computed by Form D,
and hence the whole length of the
line AB is found and also separate
portlons of the line are checked.
If the instrument and signals are
very carefully centered the check
becomes a very efficient one, and
will disclose any great discrepancy

8

in any one section of the whole line.

The student should notice here that if ACDE and B are not on
one and the same straight line that the direct distance A to B can be
accurately found by computing the values of their rectangular co-
ordinates, and the differences in departures and along the meridian will
give the two sides of a right angle triangle of which AB is the hypotenuse.
Similarly, FG the exact distance between two piers of a bridge can
be found, and intermediate piers can be located by being aligned between
FG, and making certain angles (found by plane trigonometry) at D
with either I or G as a zero station,
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20. Concerning mean sea level and base lines.—All the
triangles of a large trigonometrical survey are projected on to the spherical
surface of the earth at the level of the base line and then again to the
surface at mean sea level (M.S.L.). It is done thus: First the sides
of a given triangle are projected on to the horizontal (spherical) plane
passing through the lowest angle of the triangle. One of the sides of
the given triangle must belong to another triangle, and bas therefore
already been projected on to the plane passing through the lowest angle
of the second triangle. If the second triangle is lower than the first
all the sides of the first triangle are projected on to the lower plane,
and s0 on, and eventually the triangulation appears on the terrestial surface
at the level of the base line and is then again projected on to the terrestial
surface at M.S.L, This reduction is scarcely within the province of en-
gineering surveys (see Appendix for reduction to M.S.L.)

The size of the triangle should never he so large as not to admit of
at least two station points being plotted on the size of the sheet of
paper according to scale to be fixed on the plane-table. If the reconnais-
sance sheet (Plate L) is subdivided up into rectangles or graticules
showing the limits, according to scale, of reconnsissance selected for
area per sheet or size of plane-table, the triangulation scheme can he
mapped out with greater advantage.

A station fixed near the junction of four plane-table sections has
the advantage of being utilised four times and is thus of much greater
value than one placed in the centre of a plane-table area, though it must
not be inferred that stations must be fixed as far as possible near the
junction of four sections to the utter exclusion of other situations.

All surveys based on scientific principles, which could be accepted
by the State for incorporation or correction of the standard maps ust
be “tied” down or connected to at least two stations or points of the
State department work. Since certain points become common to both
surveys' the State is in a position to judge whether the work is valuable
or unreliable for its purposes. An incorrect alignment of a road,
railway or canal will only throw suspicion on an otherwise correct map.
The little extra care and foresight of connecting work to fixed points of
the standard sheats such as Trigonometrically fixed stations, trijunctions
of villages fixed by traversing is well worth the trouble, and the profes-
sional map-maker will adjust any small discrepancies which may have
crept in.



80 OIAPIER I,

21.—The two-point problem in Triangulation.

Fig. b,

P S

Problem.—Two stations C and 1) are known and the distance between.

Two other stations or points A and B are intervisible and C and D can
be observed to fdrm A and B. It is required to fix the positions of A
and B by observations to C and D only.

The above figures represent various configurations of the problem
which may be found useful for supplementing points in an area lacking
data or on reconnaissance work with an army in the field where connection
has been lost between CD and AB and when it is not feasible to return
to CD.

Let D = d and from A are observed the angle BAC and BAD
and from B the angles ABC and ABD, and thus all the angles of the
triangles AB(l and ABD are known.

In the triangle ABD—

AD = AB sin ABD cosec ADB,
and in the triangle ACB.
AC = AB sin ABC cosec ACB.

:—% == 8in ABD sin ACB cosec ADB cosec ABC
= a known quantity.
Thus in the triangle ACD the ratio ﬁg— is known, and the included
angle CAD is known, so that the triangle can be solved and AC and AD
determined.

Let 43 sin OAD = tan 6,
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Draw DE perpendicular to AC or AC produced and complete the
rectangle CFDE and join AF.
Then 'AD sin CAD = DE = CF

- CF —
o tan 8 = ic = tan CAF. -

-~ CAF = 0.
<. angle DFA = 90° — angle CFA = angle CAF =9,
and angle DAF = angle CAD — angle CAF = angle CAD — 0

AD sin DFA sin 0 .
-DF = snDAF = sm(CAD =, — sin 0 cosec (CAD - 6),

-, sin CAD sin 6 cosec (CAD = 60) = A% sin CAD,
But DF = CD sin DCF = CD cos ACD.

<. sin CAD sin 6 cosec (CAD — 0) = Span0aD,
But from the triangle ACD

AD in ACD . .
G5 = SmCap -+ ADsin CAD = CD sin ACD,

whence sin CAD sin 0 cosec (CAD - 0) = tB z:s ﬁgg = tan ACD.

Thus the angle ACD is found and therefore also ADC; D is
known and the triangle ACD can be solved.
For AC = (D sin ADC cosec CAD,
and AB = AC sin ACB cosec ABC.
The problem is simplified when put into a form suitable for com-
putation.
Ezample.—The distance CD was given as 210104 feet (log 4°:3224343)
and observations at A and B were made with the following_}ésults —
.Angle CAD = 20° 22’ 50" Angle ABC = 85° 05 50"
Aungle DAB = 83° 27/ 32" | Angle CBD\= 85° 18' 14’
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from which the following supplemental values arc deduced, viz.,
angle ACB = 41° 05' 4%" | angle ADB = 26° 08" 24

Angle ABD 120 { 24 | 04 | log sm ABD 1°9357610
»  ACB 41 | 03 | 48 | log sin ACB 1'8174945
» ADDB 26 | 08 , 24 | log cosce ADD 03559890
,» ABC 85 | 05 | 50 | log cosec ABC 00015919
log A0 01108364
» CAD 20 | 22 | 50 § log s CAD 15418960
. 0 24 | 12 j 15 | log tan 6 1:6527324
log sin CAD 1 5418960
log sin 6 16127726
s, 86— CAD 3| 49 | 25 | log cosec 6 (— CAD) 1'1759713
., ACD 115 | 02 | 05 | log tan ACD 0°3306399
log hase 4:3224343.
Station. Angle. Log angle. Log side,
D 70 [ 43 | 29 | 19749460 4°5355178
C 73 | 58 | 17 | 119827794 45433512
B 35| 18| 14 | 02381375
log base | 4-3224343
D 44 | 35 | 05 | 1-8463143 46268526
C 115 | o2 | 05 | 1'9571529 47376912
A 20 | 22 | 50 | 0-4581040
log hase | 45355178
B 85 | 05| 50 | 19984081 46265551
C 41 [ 08 | 48 | 1'8174945 | 44459415
, A 53 1 50 | 22 | 00929292
45438512
™ B 120 | 24 | 04 | 19857610 4'7376939
D 26 | 08 | 24 | 1-4440110 1-4459439
A 331 927 | 32 ] 08585817

From the above the foilowing mean values ot cides are avarable .-
AB = 27921'17 ; AC = 42300:1"; AD == 346629
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TACHEOMETRIC PLANE-TABLING.

22. The \Tache or Telemeter is generally understood to 'be
a distance measuring theodolite, that is, a theodolite fitted with stadia
wires on the diaphragm. A great deal of work has been done by the
Tacheometer, but it has this decided drawback, that the bearings or
directions of the lines measured have all to be noted most carefully in a
field-book and this has to be subsequently plotted, meaning extra labour,
a double chance of mistakes creeping in, and no direct check in
the field of the work as it progresses, which is possible with the
plane=table. The Tacheometric plane-table with its sWe head mai'
be described as a graphic Tacheometer where the table is the lower
plate, the sight rule the upper plate, and the sight rule head the upper
works with vertical arc telescope, ete.

The stadia wires are usually engraved on the diaphragm so that
the intercept on a staff viewed say 100 feet away will be 1 foot exactly.
This is not quite true, except wkh the new internal focussing telescopes or
with the addition of the anallatic lens, as theve exists a small focal constant
which will be treated of later. The advantages of this direct method
of stadia measares are as follows:—It is quick and accurate. No
destruction of property is entailed by dragging a chain through
standing crops, gardens, ctc. Measurements over the head of a crowd
in a city street can be made by reading a 15-foot staff held high
up. Mistakes in measures will be those of the surveyor himself. No-
thing is left to outside agency, except the holding of the staff in
required positions.

A description of the instrument is as follows:—

),, Parts of the Sight rule head.

23. C. Standard or central pillar of instrument (sce Fig. 6).

cc. * Two clamp screws to clamp the sight rule head to the sight rule.
J. Lower cross level.

d. Screw for adjusting lower cross level.

b.  Slow-motion screw for vernier scale and vernier arc level (H),
a. Slow-motion screw for telescope.
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A, Vertical wae e

Small capstan head antagonistic screws for adjustment of vertical
arc level. | v

Vernier arc, ¢ ‘,"’, i

Vertical limb or primary scale.

Upper level fixed on telaseop®.

Adjustment for parallax. "

o

™o

Position of diaphragm.
h. Telescope focussing screw.

=

i. Eye-piece. v,

k.  Object end of telescope.

I.  Secrew to adjust upper level which works on an inclined plane.

m. Eye-piece to read vertical arc,

n. Hinged bracksts.

p-  Small knob to pull out slide of sight rule

A. Sight rule.

B. Parallel slide.

D. Telescope. )

24. Adjustments.—Set up the table and level it by means of
1ts legs and footscrews with the ordinary type of carpenter’s level supplied
separately in the box. The table will now be nearly level.

Adjustments for horizontal collimation —This adjustment is
to set the ling of-sight so that when the instrument is turned, end
for enl, or has its “face” changed, the line of sight will be in the
same plane or that the vertical wire of the diaphragm will intersect
the same object on both faces with the sume reading as with a theodolite
(the sight rule A with its slide B takes the place of the horizontal
limb of the theodolite).

Set the sight rule over two footscrews and correct the cross level J
by the screw d and having obtained a fair level”for the table and
instrument, bring into view some di .nt object like a rod or pole and
clamp the axis of the table with the slow-motion screw beneath the
table intersect the object on the vertical wire of the diaphragin and
draw very carefully a straight line along the fiducial edge of the sight
rule. The instrument in the first position used wiil be ,probably on
face left (the usual working position of instrument) or, in other words,
the vertical arc will be on the left of the telescope. Now turn the
instrament end for end and transit telescope and set the sight rule edge
again along the straight line. The instrument is now oa the right face,
and if there is no collimation error the vertical wire should intersect
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the object selected, if not correct half the error by the slow-motion screw
beneath the table and half by the diaphragm screws.

It is not necessary to obtain exaot horizontal collimation as with
a theodolite ; indeed, it is not possible, as what is appreciable in the
telescope is not appreciable on the plane-table since the least error
in the drawing of and setting on the straight line, will make a decided
difference in the telescope. Care should be taken during this adjustment
to note whether the axis of the instrument is vertical at the time of
sighting object, that is, that the cross level (J) is in the centre of its run.

25. Adjustment for vertical collimation tacheometric
plane-tgble head. —The methods of adjustment given for Theodolites
have been considered complicated and tedious especially when through
carelessness or ignorance both adj ustments for levels H and G have been
disturbed. [t is proposed here to first deal with the adjusting of the
instrument when it has been placed on the board which has been carefully
levelled by means of the separate ordinary level supplied in the box.
After this levelment the footscrews should not be touched and the sight
rule head should be placed centrally on the table so that most of its
weight is distributed over the footscrews.

Align the telescope on to some defined distant object and bring
bubble J to the centre and also bubble H, intersect the ohjeet by
using tangent screw «g” and record the reading. Next change the
face of the instrument by rotating the telescope through 180° ani
changing the whole instrument end for end, bring bubble H again into
the centre by tangent screw ¢p” and intersect object by means of
tangent, screw “a”’ read and record the reading. s -

J Sat the vernier to the mean reading by means of screw “b” and
since this screw b, and this is tmportant to remember in this instrument,
controls the bubble H and not the line of sight, therefore any deviation
of the bubble H will be corrected by the small adjusting screws ee.

Next make the vertical circle read 0° by means of tangent screw
“a” and any deviation of the bubble G is corrected by its own bubble
futs when the line of sight will be horizontal. 1t will be noticed that
the diaphragm has not been touched for reasons already given in
Chapter 11L., Part L. of this work.

When the sight rule head is to be used as a level and thus
adjusted it is mecessary to release the screws “co” and place it on the
three-winged bracket which supports the table. Having done this it
will be found that two wings of this bracket are unoccupied on which
the separate bubble supplied, and already alluded to, can be placed and
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the bracket thus approximately levelled first over two footscrews and
then over the third when the footscrews should not again be interfered
with and the adjustment carried out as given in detail above.,

If the bubble J has also been interfered with it should be adjusted
over one footscrew and then end for end and have the error corrected
by its own screws. If the separate bubble supplied in the box is also
out of adjustment, it can be corrected quite easily on an ordinary office
table by noting the position of the bubble in one direction and then
in an endwise direction and half the error corrected by its own bubble nuts.

When the instrument is used as a level and after it has been adjusted
it will be found that the line of sight will be horizontal when bubble
G is brought to the centre by tangent screw “ a.”

Next with the telescope over the line of the footscrew selected
but with the eye end of the telescope towards the operator, note the
position of the bubble G, and if the bubble is in the centre of its run
the axis of the bubble is truly horizontal ; if not, correct half the
difference by the tangent screw a and half by the footscrew and repeat
till perfect, that is, till the bubble remains in the centre of its run, no
matter in what position the telescope points. If the tangent screw a
has been manipulated to correct bubble, the 0° will of course, no
longer coincide, and the error will be one of the vernier which, as will
be seen, will be adjusted later.

(2). With the bubble G in the centre of its run read to any
mark on a wall or for preference a level staff ; next reverse or invert
the telescope and turn the instrument through 180¢ (technically known
as changing face) and bring the bubble G now lying underneath the
telescope (new patterr instrument) to the centre of its run by tangent
screw a and again read to the mark or staff. If the horizontal wire
reintersects the mark, or gives the same reading on the staff the line
of sight is horizontal, if not, half the error is corrected by the diaphragm,
or for preference, the horizontal wire is set to the mean by the tangent
screw a in which case the bubble G will no longer be in the centre
and is to be corrected by the capstan nuts attached to the bubble.

The 0° of the graduated limb will now be in a true position with
reference to the line of sight and the bubble axis which have been
made parallel to each other and are thus both truly horizongal,

(3). With the tangent screw b bring the 0° of the vernier to
coincide with the 0° of the limb, and if the vertical axis bubble H is not
in the centre, unclamp the screw placed midway between the screws e
(in Fig. 7) and adjust the bubble H by the antagonistic screws ee of the
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vertical arc; adjust and reclamp the screw just mentioned which makes
this adjustment permanent. In the latest pattern instrument the adjust-
ing screws ee have been replaced by a single screw, but the method of
adjustment is the same as described.

The instrument is now in perfect adjustment for vertical collimation
so that when the bubble G is in the centre of its run the line of sight is
horizontal, and when the vertical arc bubble H is in the centre of its run
the readings to objects above or below the line of sight will be true
elevations or depressions. It should be noted that any manipulation of
the tangent screw b dbes not affect the line of sight in the telescope which
is very convenient for work as when an intersection is made the bubble
H can be independently brought to the centre, and the reading taking
without any fear of the line of sight altering. The small bubble J at
the foot of the standard should be made central by the screw d during
the operations above described although any small deviation will not
affect the adjustment.

26. The Stadia.*—If D is the distance away of the staff, d the
distance subtended on the staff and % the constant of the instrument stadia
wires then ) 1Y,

2D =2=% =dx 100
Example— sty

Let tho readings on the staff for the two wires be 5:28 and 347,
thend = 181 and D = 1:81 x 100 = 181 feet. This holds good only
if the staff and instrument are more or less on the same level, but if
the vertical angle of the telescope is greater than 3° (there is no
appreciable difference up to 3°) the quantity D will have to be reduced
to horizontal distance, or HD, unless the staff could be tilted to be
at right angles to the line of sight, but as this is impossible to any
degree of accuracy, the staff is invariably held vertical and a correction
applied as follows : — Fig. 9.

T
o
z S

* For theory of leuses, etc., see Appendix I
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If the telescope is inclined and the staff is held vertical the number
of divisions intercepted would be more than if the staff was held at
right angles to the line of sight, and the angle through which the
intercepted portion of the staff would bave to move from the vertical
would be equal to the angle of elevation or depression of the telescope.
Call this angle 6 (see Fig. 9). The number of divisions read on the
staff would bave to be reduced by multiplying them by cos #, the
distance thus obtained must be again multiplied by cos 6, in order to

obtain the horizontal distance; .
Now D=dcoso x &

)
but .%— = cos 0
HD
or D'— cos 6

- o HD == dcos? 0 x k.
27. The 8tadia focal constant.—Let AB represent the stadia
wires on the diaphragm, and if lines be drawn f: om A and B through the

These lines are secondary axes y axes If ¢ represent the distance AB of the
stadiz wires and s represe)'t the interval B’ A" on the staff; then by
similar tnangles, HERH f d whelef the distance from the diaphragm
to the optical centre of the lens, and d = the distance from the optlcal
centre of the ghject lens to the staﬂ' A’ B'

By the law of lenses 7— + d = T (F being the principal focal

distance). > g

From the above two equations we obtain d = — s + F. Now
since D the distance from the staff to the axis of the instrument is
required, the distance from the axis to the optical centre of the object

. F
glass or ¢ must be added and since D =d 4 ¢.D=— s+ (F 4 0).
Now if the wires in the instrument are fixed or engraved on

glass the ratio —f— usually l—;)-g is a constant, and if A» B/ = 3 feet then the

distance from the principal focus of the lens to the staff s will be
300 feet, and the distance D from the centre of the instrument to
the staff will be 300 + (F + ¢). (F + ¢) may be taken to be 1 foot
as it usually varies from 75 to 1'23 feet, and since (F + ¢) is inappre-
ciable on all ordinary scales of survey it need not be considered. It
is for this reason that the anallatic lens * has been omitted by the makers
as the addition of such cuts out a certain amount of light which is
not counterbalanced by any real gain in utility.

® This has been overcome in the uew India Pattern,
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28. To obtain the difference of levels hetween ground level at staff
and’ the ground level of instrument, let y = distance on staff from line
of sight to ground level of staff and 2 equal height of instrument (Fig. 6).
then difference of levels = HD tan 6 + « — y. The angle 6 will always be
the angle of elevation or depression of the mean reading of the staff
or the atigla_of elevation or depression of the central stadia wire,

F.mntple—[‘et the readmgs on the two stadia wires be 528 and
347 (mean reading is therefore 438 and d .= 1'81), and the angle
of elevation or"depﬂeqswn be 10° height of instrument to telescope
5 feet—""

then HD = cos? 10° » 1'81 x 100
= 1755 fect
and difference of level = HD tan 10° + # — ¢
= (1755 % *176) + 50 — 4-38
= 3071 feet.

This reduction to the horizontal distance and the method of obtaining
difference of levels seems to bring in a lot of computation and rob the
Tacheometer of its title as a time-saving instrument, but these reductlons
are easily obtained by two movements on a slide rule invented "and '
manufactured by Kern et Cie of Aarau, bw1taer1and, as follows 1=

Fz 10 ’
, RN
(o T4 3 T2 10 ] 8)
T 9-' ,4; ‘;ol:i‘ ‘1' ||=ll (13} __o,‘ T
- 3 ! 11
S A 5 55°'68%5 |7 I8 & 1 —\
15 -J L (‘L&'— Lol B i 1 :
° Sin 45 B> 20 13] 15 v 9
o EC .
360° o [ Uj" T
y (. o 2l ¢ Cest senle o oy

29. Slide Rule.—To find the reduced horizontal distance place the
‘ndex line of the trayerser (& on the scale C to the distance observed x
100 and read Scale B opposite the angle of elevafin or depression of Scale
A. In the above example place index to 181 of Scale C and read Scale B
opposite 10° of Scale A = 175" (see Fig. 10) ; to find the difference in
beight between the telescope and the central wire (that is without taking
into consideration height of telescope above the ground and the height of
the mean reading above ground) set the asterisk of Secale D to the reduced
horizontal distance, that is 175'3 of example on Scale C, and the index
of the traverser G to 10° on Scale E, the traverser in this posxtlpn will
have its index on 309 of Scale C wluch is required to be known,
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The larger pattern stadia slide rule made by Kern is about 20
inches in length and is more accurate than the ordinary pattern. The
upper scale of the rule is for 360° and the lower scale for 400 grades.
The slide bhas engraved on it the number which does for both the
English and Swiss systems of measure. In the centre of the upper seale
is found 0, to the left of O up to 45° is the cos? scale, and to the right
of the 0 is the sin cos scale up to 7° which is continued from the left
of the rule to 45° of the cos? scale.

One setting of the slide completes the operation. If the stadia
reads 2 feet on the staff = 200 feet direct distance, set two of the slide
at 0 of the upper scale. If now 20° was the vertical angle the horizontal
distance will appear on the slide under 20° of the cos® scale = 1766,
and the vertical height will be found under 20° of the sin cos scale =
64-25.

If heights are o be deduced from fixed objects it must be remem-
bered that the distance of the object from the ohserver is taken off
the plan and is thus not a direct distance or the hypotenuse, but
the base of the triangle, and a tangent scale would be necessary in
place of a sin cos scale. For all practical purposes the above slide rule
is accurate enough and the following would be the procedure :— Lot
the distance on plan be 200 feet and the angle 20°. Set 2 of the
slide opposite 20° of the cos® scale and read the difference in height
opposite sin cos 20° = 72:3" opposite 0° of the upper scale will be
given the direct distance or hypotenuse.

30. Methods of Survey.—The following examples of survey,
Plates 111, to VIL. will serve to illustrate the use of the Tacheometric
plane-table :— .

Plate III. is a plan of a piece of country very common to India
at an elevation of 1,000 feet above M. S. L. It might well represent
the watershed portion of a catchment area for a tank irrigation scheme
for which a preliminary survey on 1,000 feet to the inch scale is
required with contours at 10 feet interval, the Reservoir site being
perhaps 10 to 20 miles distant down stream. To arrive at any degree
of accuracy ayera large area of country the following procedure should
be adapted:—

Having made a rough reconnaissance of the ground, D is found
to be visible from C and E, and an extension on the base DE or CE
in the direction of F is found to be practicable. A system of plane-table
triangulation would meet wiih the requirements of the case, and from
a selected basc, extensions should be made in every direction to cover
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the catchment area “pari passu” with the detail work. Let D, (' and
E be three plane-table triangulation stations and let them be flagged and
marked. On examining the ground between D and C two positions A
and B are selected from which D and C can be seen. AB ocan
now be made the base line.

Set up the table at A, level it, and rotate the board to suit the
convenience and direction of the work, place the magnetic compass
on the board and at or near onc edge of the board, pencil in the magnetic
N and clamp table. Select a suitable position on the paper to represent
A and mark the position directly beneath it “in_situ.” Let a staff man
be sent to B, sight B through telescope and intersect the statf on
the vertical wire. Draw a line or ‘“ray” AB through the point A
go that the ray passing through A is parallel to the edge of the sight
rule* and produce the ray in both directions, or leave short guide
rays (shown in Plate IL., as “ray BA,” “ray AB,” “ray DA,” etc.)

These gujde rays are very necessary at the commencement of any
work where expansion from a short base i3 made as they confine the
azimuthal error. Through the point A, rays and guide rays should
be drawn to the positions D and C, and any conspicuous object on
surrounding hillocks or on spurs, etc. Rays should be drawn, first
the important ones, before any attempt is made at measuring the base, or
taking angles of elevation or depression, because the slightest movement
in azimuth or direction is certain to give endless trouble later ; in fact,
it is a good principle to complete the drawing of rays by returning
to the original setting and checking it. The vertical readings should
next be taken and neatly recorded along the ray drawn to the station
to which the height has been taken: then follows the measarement
of the base line.

The base line AB requires careful measuring, and this is best done
by dividing up the line into two or three portions according to the
length of the line. In the example AB may be conveniently divided
up into three parts aA, aB, and OB with an average interval of 500
feet or so at which distance the staff can be clearly read to the second
decimal place. With this in view a staff man is sent in the direction
of B and is halted at “a” distance of 500 or 600 feet away, and
readings to the staff for subtense distance, and a vertical angle to the
reading on the staff equalling the height of the axis of the telescope,
are made. These are recorded and the table moved to position b as

*To ensure correct rays, a very umportant precaution, keep the peucil at the same augle throughout the
process of drawing the ling ns when drawing througl the powt &,
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near as possible hetween’A and DB. Staff “¢” and a staff on'B are
read in the same manner as at A, and the three distances are reduced
to the horizontal distance which is plotted along the ray AB when
the position of AB is found. '

The table is now moved to position B in sitw and first roughly
placed in azimuth, the plotted point I3 is plumbed over the wark at
B, by unclamping the <crow from which the plummet hangs, and shifting
the board Tlaterally: the board is then levelled and the fidugial edge of
the sight rule is placed exactly parallel to the ray and' guide ray-
AB and BA previously drawn from A, the point A i~ intersected and
the board clamped. The hoard is now in azimuth with reference to
the initial azimuth taken at A. SYght to D and C and let rays and
guide rays to D and C be drawn. The intersections of the rays
from A and B to D and C will denote the position of D and ¢y
the careful plane-tabler though, will visit D and ¢ and alse check
them “inter se.” The ray work is completed at B when all the previous'y-
sighted conspicuous points or such a~ can be seen from B, are intersected,
and a return is made to the sight on A to make sure of the board
having kept its azimuth. Vertical angles to D, C and A are read
and the table moved to position D or C. Let pesition D be next
visited. The table is put through all the previously-explained movements,
and the azimuth here is not only checked by the guide ray ‘rom A
but also the guide ray from B. It these guide rays agree exactly
with the intersection of the respective stations A and B po-ition D
ay be accepted as correct, and if the rays to C have also been carefally

awn C will intersect from D. Draw a guide ray DC and take rays
?0\3 apd~ I, intersect all conspicuous objects and take heights, and
the work at D is completed. At station C the table is put into azimuth
by setting on the guide ray DC, and A and B having been checked
‘and found correct, rays and heights to B and F and conspicuous points
are again taken. A short visit to I% is now phid so as to obtain a tlird
ray to F and better cross intersections to intersected points. For example,
the position of the tree lying within the triangle DEF is « little ambiguous
till the cross ray from E finally settles its position. The preliminary work
so far is now completed, and the guide rays may be rubbed out, the
heights of stutions calculated, and detail survey commenced. The method
of deducing heights is explained in tho reference made to the slide rule*
‘which' gives the difference of .height between the axis .of the telescope

“*1f the H.D 18 beyond the lumts of the shde tule the heights should be caleulated hy taking off the 1,D.
from the plot and multiplying the sawe by the nutural tangent of the angle and the correction tor curvature
applied (ourvature & §' df where d = distauce 1 wmiles),
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/
and the poirit observed on, or the ébject ntersected by the central wire §
and if the value is denoted by z/aud the heights of axis of telescope and
point observed to ahove ground level hy « and y respectively,- then
difference of heights of ground level = + 2 4 (2--y) (% according as
the station observed to is above or below B, that is, an Elevation or
Depression, from station over which the table is fixed), It is usual to start
the detail work from the high ground and work down to the streams, and
with this in view the table should be taken to D as a starting poinj and a
staff sent to 1. (positions of table are shown in Plate in Roman numerals
and positions of staff in small figures), the table at D is orientated or put
into azimuth, and a direction and reading to the staff at 1. is made, and
thus the position of L. with its reduced level is known and plotted.

The table is now moved to L. and placed over the mark, no exact
plumbing of point over mark is necessary, a< the orientating of board
on D is not necessary since K or F or some distant point is sure to
be visible, and an inch or so error over the position at I. will make no
difference in the azimuth setting, DPlace sight rule on the plotted point

L., and the point on the hoard appertaining to the most distant point
seen and intersect distant object,

Detail can now be put in hy reading st%vM@qda, bends
and junctions of streams, bends of roads, etc., within reliable distance
of the table. The distance ax subtended of each staff is calculated and
reduced on the slide rule and is plotted along the fiducial edge of the
sight_gule ; the reduced level is then entered and de&l and contours
drawn in.  No pencilling of rays is necessary, and with the new system
of a.sliding parallel ruler fitted to the sight rule, the telescope may be
obsgrved from within an inch or sc of the station point, and the parallel-
slide then brought to the station point aud the <taff position plotted
with a divider, thus accomplishing a great saving of time and at the
same time conducing to cleanliness,

Fronrsfafion 1, let positions 1, 2, 3, 4, 5 and 6 be fixed and a
rough delineation of the 1,000 contour be drawn in by sending a staff
man back towards D—for example, if the height to the axis of the
telescope is 5 feet and the reduced level of I, is 1,002 teet, then when
the horizontal wire cuts the staff w1 7 feet approximately the staff.distance
subtended by the stadia wires is read and thus a point on the 1,000- -
foot contour is found—and again by reading the height of the instrument
on the staff (5 feet) at 6, 5, 4 and 2 and noting the angle, the: gjde
rule will give the difference in level when the 990 contour is fouhd,
or the 990 contour may be fised from station 11, Station IL is found.



44 OHAPTER II.

in the same way as station I, and the board orientated on the most
distant point and the staft read at 7, 8, 9, 10, 11 and 12. Stations I. and
IL. have been fixed by ray and distance, and the magnetic compass so far
has not been used. Suppose now at position 12 it was the intention
of the plane-tabler to set up bis board and make it his station IIL., but
on arriving at the position he finds his view blocked in most directions
s0 that he cannot see one distant point to set by, but on going to a
position shown as station III. he finds that a distant point is seen and
that also 12 can be seen. He sets up his table and orieutates his board
with the mfagnetic compass, this time reads the staff at 12 and plots
his point or station IIL, and having found IIL. he adjusts his azimuth
on the distant point if the compass variation has altered, (but any small
alteration in the compass will not affect his short distance direction 12
to IIL.), so that this method of using the magnetic compass, when in a
difficulty of this sort, is not inaccurate; but a whole series of points
or stations fixed by magnetic compass is not accurate, and is only to
be resorted to when the jungle is dense and the traverse so plotted can finally
be closed on a reliable fixing and checked. In such a contingency, if
the traverse point and the fixing made by resection do not agree, and
if the compass variation has been constant, the starting point and
closing point of the traverse and all detail fixed by it, should be' traced
off on tracing paper and the adjustment made on the starting poiut and
true closing point, and the adjusted detail pricked or transferred through.

" In Plate III. we will suppose that many alternate stations have been
fixed in this manner only because it was unavoidable but that wherever
the plane-table was set up a check on directioh was made and at times
a check on distance was also made by observing to (, E or F. The
cross ray from these stations should pass through the plotted point of
station ; if it does not, a desirable spot should be chosen close by where
at least three points can be seen and a check fixing made wibthin the
triangle by resection. The plane-tabler having arrived at station IX.
finds, if he continues down the stream, he will be without the triangle
of any three of his points, so he leaves the stream here till he has
riangulated points further in advance and turns his attention to the
other branch of the stream. He does not-izexarse back from IX. which
would be a waste of time, but goes back to a suitable station or a staff
pesition say No. 29, places a staff man and looks about for a good
position where he can see a distant point and at least one other, if
not two. Let X. be his next position of station where he puts up
hig table. He orientates his board with the magnetic compass and reads.
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the staff on No. 29 and plots his position, and the point thus found
he sets on a distant point in case there is any compass deflection, and
corrects his position if necessary by resection from one or more fixed
points.

If he had not read to No. 29 but merely orientated his board on
a magnetic direction, the chances are he would have had to solve a
large triangle (see Chapter VI., Part I.) which is, except in the hands
of an expert, sometimes a lengthy undertaking.

There is yet another method of setting the board and traversing,
and is known as the ““ back and forward” ray system when the forward
station is set on to the back by guide_rays, but this leads to error if
the lines are short and the station point is not exactly plumbed over
the mark. Itis used on larger scales and when distant points are not
visible, The stations by this method must also be distinctly intervisible
and a great deal depends on the sight rule, the collimation of which
should be perfect, that is to say, if » ray is drawn to a point and the
sight rule turned end for end and laid on the ray the same object
should again be intersected when the telescope is rotated vertically,

The plane-tabler continues his work towards A and B eventually
closing on A, and he has now filled in the detail more or less between
BAD and the junction of the streams. ‘(/

From A he can proceed in the direction E putting in the remaining
unsurveyed portion of the main stream closing on E, and then returning
directly towards C and surveying the small feeders and putting in the
watershed, and when completed turn his attention to the other branch
and work from station V. and close on D, ete. In surveys of this
description it is presumed that there is a staff man working on each side
of the operator, that is to say, there are at least two men on this class
of work, and probably three. To work with more than three, woald be
a waste of time and might lead to confusion in the staff men’s duties,
To work with two men would be sufficient for the beginner. As a com-
parison in time—with the tacheometric plane-table 4 or 5 points with
reduced heights would be obtained as against one chained distance with
the chain and plane-table. If the work is inaccurate with the tacheo-
metric plane-table the operator has only himself to blame, whereas chaining
done by illiterate khalassies is a fruitful source of error which means
loss of time and tempér. On the one hand, the true horizontal distance
and a reduced height is found by a slide rule, on the other a direct
distance alorig uneven ground is found when the plane-tabler makes a
rough calculation and reduction to true horizontal distance. This eak
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culation cannot be anything but rough as no correct allowance can
be made for the sag of the chain under such conditions. There is also
the distinct advantage with the new method of reading and giving a
distance to a point on a contour. The surveyor who has had to follow
a chain laboriously dragged from point to point along the edge of a
steep piece of ground very often through dense intervening undergrowth
or from spur to spur, down and up steep inclines and over rugged
ground, will appreciate an instrument that will give reduced and true
distance across obstacles of this nature and the staff man when proceeding
to the next point can halt at detail and have his staff read. Again,
the staff need not be on tbe ground but can, it hidden by undergrowth,
be held up vertically above a man’s head, though a Sopwith's relescopic
15 feet staff should be <ufficient to defeat all such contingencies. The
best plane-tablers, except when working on very small scales, resort
to the chain a~ a quick method of picking up intervening detail, and
also as a quick aid to fixing and more often, if a fixing by resection
is not possible, in the hope that his chained distance will supply the
requisite data til such time as he finds a1 uitable spot to fix in and
close his traverse. A distance measurer fitted to a sight rule which
has a telescope fixed to it and a umduated staff suited to the scale of
survey, must be 1mmeasurably superior to the ordinary sight rule and
chain, and must be a distinct advance on the older and less accurate
method. Piate LIl thus illustrates a system of plane-table triangulation
and detail work on a scale. which 15 perhaps small to the Engineer,
and which scarcely brings out all the advantages of the Tacheometric
plane-table as contours at 10 feet interval 1equire only a rough levelling.
It is when the Engineer has to survey on a large scale and do contouring
at 1 foot interval, say of his Reservoir basin, in order to find the cubic
capacity of water impounded by a certain height of weir that the tacheo-
metric plane-table shows up in its true light a~ a valuable survey
instrument.

31. Plate IV. is a piece of riverain work on a scale of 500
feet to the inch with contowrs at 1 foot intervals. The plane-table
stations are in Roman numerals and staff stations in small numerals,
which, when followed consecutively, will show how and from which
stations the detail has been surveyed. Heights of stations are reduced
levels to the second place of decimals, so also some of the heights near
the water level ; the heights to the remaining points need be only to the
first place of decimals to delineate the contour and need not be neces-
sarily inked in unless tho rises and falls aro very marked. This plate
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would also serve to illustrate a survey of a basin area if the high bunds
or embankments were imagined to be the line of separation between the
flat and high ground. '

Let the table be sct over hench-mark 990°86 and a point on the
paper selected and marked L. to represent the position of the B.M, in situ.
The table should be levelled and the axis of the telescope from the B.M.
measured and recorded to the <ccond place of decimals (the height of
the telescope to the underneath portion of the table is always a constant
quantity and it is only necessary to measure the height from the
station in sitw to the table).  The board ix now <et to the given azimuth if
any or to Magnetic N. and the staff on station 1L 15 read for subtended
distance and direction only and plotted and accurate guide rays are
drawn. A height is not read to 1I. as the difference eof level is greater
than the length of an ordinary levelling statt’ (see Plate), and a reduced
level by the slide rule is probably not accurate enough to two places
of decimals »o tor this station recourse is made to an intermediate staff
being read to, just as in ordinary levelling, and the plane-table again
set up in a convenient position so that the difference of level is read on
the staves.

It necessary station II. could be read direct for reduced level, and
the result compared with the levelling method employed to make sure
that no mistake has been made, but it can only serve as a check and
not as a value from which a mean could be deduced. Having found the
reduced level of 11, the plane-table is placed over station 11, and roughly
turned in azimuth so that the plotted pomnt 1I. can be plambed accurately
over the mark and levelled. If this rough orientation had not been
wade and the plotted point first plumbed, then when the board is put
into azimuth the point will no longer be over the station mark. No
distant point being previously fixed, the survey must be carried on by
the ¢ back and forward ray ™ traverse system, in preference to magnetic
compass setting, which is, as has been explained, accurate if the distance
between stations are not too short for the scale, and 1f the plumbing
of the board is carefully done, stations intervisible, and there is no
collimation error in the sight rule. The collimation error in this sight
rule can be reduced to a minimum by the method already given. The
sight rule is placed along the guide rays L. to IL. and station I. ig
accurately intersected and the table clamped.

A staff man is sent to position 1 on small island and is told to leave
an impress of his_staff there. A reduced level to two places of decimals
is made and the position of 1 plotted. The reuson for this is that this
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reduced level and position will act as a closing check from say station
XIL

The detail is surveyed in the manner already explained for Plate
IIL. using here the back and forward ray with guide rays for setting, and
the work is checked at station XII. on position 1 and continued to XIIIL,,
and probably again checked and closed on position 10. To obtain the
same plan with reduced levels a level would have been necessary, and
with thie ordinary plane-table and sight rule accurate chaining across
water would have been impossible, The levelling would take an extra
day to do, and it would then have to be subsequently plotted. The
numerous points fixed by the tacheometric plane-table would, under the
old system, require flags placed so that they could be intersected from
another station or two or more to be really accurate, and the chances
are a second view might not have been obtainable, and the position of
flag abandoned without considering probable confusion of flags. The
saving in time and therefore the saving in hired labour would soon repay
the initial purchase outlay of the new instrument the cost of which, at
present, is the only objection to it, but its apparent prohibitive cost is
as nothing compared to the savings it must make before even it has lost
its first polish aud shows signs of a little wear and tear. R

32. Plate V. is part of a plan of a Revenue or a (adastral Survey
showing fields.

Ty Ty T; T, T; and Tg are theodolite traverse stations along the outer
boundary of the village, which boundaries are invariably traversed by
a theodolite, and a record kept for future reference, so that if marks
are removed and disputes arise as to the ownership of land, the boundary
can be laid down from the figld-book.

The subsequent surveying of the field boundaries need not be again
explained, as the reader now will be able to understand how the different
points have been fixed and the accuracy of the survey checked. The
Roman figures represent the positions of the table and the small figures
the positions of the staves.

33. Plate VI.—The triangles aud lines in red show the system of
triangulation carried along the river Rémganga of the Sardah-Ganges
feeder scheme. The tri".}_rl‘gglg_g_ipn in this case would have been plotted
by rectangular co-ordinates as the series was a fairly long one, but if
the plate, as given, bad been the full extent of the survey, it would have
been necessary only to have plane-tabled those positions as explained for
Plate I1I. A system of levelling has also been run from station to station,
and the leveller has left bere and there pegs on his route to be am
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additional check to the plane-table heights. These are shown on the plate
to the second figure of decimals.

Let it be supposed that detail work up to the line B C has been
already completed, and that the next piece of country to be taken up
conveniently from the camp i the stretch of river lying béetween the
points B, C and D. The table is put up at B and for purposes of the
scale need only be roughly centered at B. Since Bis a triangulated
station the points B, (0 and A are visible. Select the most distant point
and let it be C.  Place the sight rule edge along the line BU and unclamp
the table, and twist 1t so that the point C 15 intersected in the telescope.
The table 1s now in “ azimuth ™ or i true orientation. S

The surveyor 1s now ready to commence his work, and staft’ men are
sent out, and the po~itions 642 6, 6418, 6405, 641 0, are fixed and the posi-
tion of the low ridge running NN 15 also found.  He finds he has no more
work o do at B, and as he might 1equire his magnetic direction, he puts
on his compass* and marks the edge of the compass box as his direction
of magnelic north. As he wishes to travel in a north-easterly direction
with the probability of not secing more thun one distant point, the staff
man at 6418 is not moved. We will suppose that 1 position (shown as
I. in the Plate) is ~clected and that 1) can be seen, also A and B.

The surveyor can thus obtain the tiue position of 1 by resection or
what is usually known in India as a “fixing.” He s within the triangle
BAD, so the true position will be within Ins triangle of error, if any. To
solve this triangle by the usual method would be a waste of time under

the conditions, and what he shouid do 15 to put on s compass and|

orientate his board till the needle 1s steady at magnetic north, when
the pomnt 641'8 is next sighted and read, and his position plotted from
641:8. The point thus found for 1 should be used with D to correct the
azimuth of the board in case the mugnetic compass gave a variation and
the position of i can now be checked by resection from B und A, There
should be no difference for even had the variation altered much it
would scarcely affect the short line hetween the position 641°8 and 1.

At station L. the staff men are kept busy as there is a good deal
of work to be done here. OUn completion ot the work at I. the plane-
tubler finds that before he can move his table northwards it is necessary
for him to make another station to the east. On this occasion he keeps
one staff man at 641'0 with the instructions to halt there till he is given

*The Dowpass supphied by Kern 15 what the manufacturer cals 4 dechnation compuss  The heedle 15 «ix
inches long, 18 vefy sewsitave and Leautitully Lalauced and should not be unclamped except ou the table
after it Tits been appioaimately leveliud,
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orders to move, and he uses the staff man at 6404 to find his position
2 exactly as ho did in the former case in finding his position 1.

Now at position 2 he probably sees the point A to check his
azimuth, but in case he does not, he can accept his magnetic compass
direction as he is not going to use 2 to continue his traveise, and any
points he fixes from two will not be atfected by a slight deviation in the
compass. The surveyor now selects the level peg with the value 641:17
and finds his position from point 6410 and checks it if possible, He
reduces his height from 641'0 and checks his height and correct it if
necessary by the height given by the leveller, He continues in this
way and closes eventually on U, checking his position and heights wherever
possible, and having an intermediate staff to obtain an approximate
position by, and thus being always a convenient distance beyond the
positions fixed frem the last station. —

34, If his table wero not set up at alternate stations as wmight
happens in dense jungle, when the back and forward ray system would
have to be resorted to, only half the quantity of work would be possible.
At C the surveyor returns eventually closing on his own work at station
4 making a Jigression to station 11.

85. In the same way, a cantonment survey can be made on a
thegdolite traverse as a basis and corners of buildings amd compounds,
the position of lamps, drains, boundary marks, hydrants, elc., can be
fixed on the plane-table. Standing crops and privaté gardens are not
damaged as they would be with a chain dragged from point to point.
The staff held above the level of the heads of people in a crowded
thoroughfare would be all that was necessary to fix a street corner, aund
further a complete system of reduced levels would be forthcoming.

36. Stress has been laid on the desirability of keeping the bLoard
in correct azimuth because there is little or no error in the distance
which is a horizontal one, and which is tacheometrically obtained, pro-
vided the staff is held within the distance of the lens power of the
telescope, and too long shots are not taken to get over the ground
quickly. In traversing with the theodolite and chain in fairly level
country the angular accuracy is more or less balanced by the chain
accuracy, but in hill work this balance does not hoid good unless the
chaining is done scientifically as on a base line. The distance the chain
measures is in excess or defect (excess generally) of the true horizontal
distance. The excess in one direction becomes an angular correction
when the traverse assumes, say, a direction at right angles to the
former one, and so the closing ervor of such a traverse is a fictitious



TACHEOMETRIC PLANE-TABLING. 51

one. As most of such traverse work is, in India, carried on in forest-
clad hills where triangulation is impossible except to serve as a tie to
the theodolite traverse, and since forest fire lines exist the tacheometric
plane-table should be adopted, each plane-tabler doing a recognised block
bounded by fire lines and working on the basis of part of a theodolite
traverse joining triangulated points if available on the ridges which are
usually fairly flat. A good series of heights as a check to contouring
would also be carried on pari passu with the traversing.

A theodolite traverse on tha ridge is unnecessary if the block is not
to be geographically fixed.

37. Onlv the bare outline of the possibilities of this system of
plane-tabling has been touched upon, and the reader will find in Chapter
VI, Part I, fuller details. Every plane-tabler learns by experience
many short cuts, and it is left to him to discover them and perfect his
knowledge in this class of work, and before closing this chapter it
would be as well to give a few further hints on plane-tabling in general,
and the difficulties that have to be met when working with unperfect
sight rules and on plane-tables made of unseasoned wood.  —--- -

Plane-tabling is usually hased on triangulation or traversing, and
the paper on which the survey is made should be pasted on cloth and
the cloth on to the board and left to thoroughly dry before the computed
points are plotted, cure being taken that the bourd is not wetted. The
ordinary plane-tables are made up of three pieces of pine with grain of
wood in one direction braced underneath by two battens of teak running
laterally with slot holes to allow for expansion and contraction, usually
contraction, since during the rainy months and at night the wood
absorbs moisture and becomes swollen, and this moisture is alven off
in the dry season and during the heat of the day. The uneven contrac-
tion in one direction, breath-wise generally, renders the best triangulation
or traversing useless directlv the board begins to give, and the only
way to surmount this difficulty is to spend one to seven days, according
to the scale and area of country to he surveyed, in wisiting fixed
stations and points in different portions of the board, and from them
cutting numerous auxiliary points, so that no part of the board is left
without points 2 to 3 inches apart. As long as the surveyor finds, during
this preliminary work, that his distant points are correct, he can conti-
nue working with all and any trigonometrical data, but when he finds
distant points disagreeing, then he must reject them and confine himself
to his near points only. In this manner he breaks up his triangulation
inta smaller triangles. and when he feels that his board is “giving”
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he must use only close points to work with and never attempt to set
on or cut in a distant point. This compulsory hemming in of work
robs plane-tabling of its greatest charm, and prevents the surveyor taking
long shots to distant peaks, prominent temples, trees, rocks, junetions
of streams, etc.: and what is worse the examination of his own work
from a prominent point which is always a pleasing occupation.

A plane-tab]g made of four pieces of good pine (Linden wood pre-
ferred) set into a frame of hard wood, the grains

=i of the pine to run crosswise, vide sketch, is suggested
B a~ more or less an efficient and cheap way of getting

| “ == over this difliculty, but nothing short of an aluminium
4 é_:—::i table ax nearly square as possible, will obviate the

difficulty of slew in the plotted points.

If the sightgrule is of the plain ordinary pattern the wood should
be of the best straight-grained seasoned wood procurable—boxwood is
as good as any and does not sweat and leave unsightly marks on the
paper. The line of sight through the sight vanes should be parallel
to the fiducial or working edge of the ruler, and if it is not so, the
back and forward setting of a ray will not be the same. If a Sight rule
has warped, only a selected portion of its edge should be used for
drawing rays and the work examined by the same rule.

The following de~sign® is recommended as it can be adjusted for
collimation, and the sight rule need not be held against the pencil or
pin over the station point for drawing rays It is made of electrum

with a narrow parallel attachment jointed so that it can be “adjusted
to the line of sight. The parallel attachment can be removed if damaged
or exchanged for an extra edge carried in the box. The sight vanes
are strongly hinged so that they can be closed down, and both rules
have a hutton attachment, one at the point of halance to lift the rule
by and the other for the parallel slide, besides a small bubble to set the
table into fair levelment,  ~ %

3,

3 :
* India pattern mannfactured by K. R Watty and 8oy, Loudon  The College pattern 13 made ot box wood
and instead of the engraved seale & magnetic compass 1~ fitted AR
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38. The plane-tabler should not be in a hurry to start his detail work.
He should first visit as many fixed points as possible, check them and
then spend a day or so, according to the scale, in fixing supplementary
points. He should avoid working * without the triangle” and rather
than do so, he <hould endeavour to fix a point ontside his work so that
he will be “ within the triangle” in fixing. The solution of a fixing
“ without the triangle ” is correct in theory, but the slightest warp in the
table may give a grave error, and this cannot happen to a fixing  within
the triangle ” as either the triangle will not solve or the error is confined
to a very small quantity. in most cases the fixing without the triangle
is ambiguons and therefore should be wvoided. - For quick work in
open or tairly open country the hsst system is, after obtaining a fixing
from a known station, to start the chain men meazuring on to any
distant conspicuous object (which need not be a plane-table fixed object)
in the direction in which the work lies and to tuke a ray to the object
selected. The chain should be halted at detail, and a position along
the chain selected where at least one distant fixed point is visible and
probably one or two cloze ones.  He <hould note the distance measured
and plot along the ray. He now orients the board by any distant
fixed point and intersects by a close point; the intersection will be
a check on the measurved distance. 1f more than one close point is
visthle and there is no reason why there should not be if the preliminary
work has been properly done, the chained distance plot now becomes
a reliuble fixing. Directly the position is found, the chain men should
be started on the next line and with a little experience, they will halt
at likely detail and wait. the plane-tabler in the mean time busies himself
with the detail near his board.

The chain is therefore only a means to an end, that is, quicke
fixing, and the work is not dependent on chain measure except perhaps
on an average of one or two stations in every ten, but even so the
very mnegt position will probably grve as a check, On small scales
this system is advocated so long as the sarveyor has one fairly
disthnt point in view at each station which need not be the same point
every time. Working up and down inclines on this system of accepting
the chained distance and setting the plotted point thus found ona
distant point for azimuth, the horizontal distance need not be calculated
if a close-fixed point to the right or left of the line 15 forthcoming from
which a ray is taken. The interscction of this ray with the previous
one for direction will give the true point, that s, the chained distance
will now be reduced to horizontal distance. The board is now corrected
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for azimnth by the acceptance of the new or true point, and this slight
alteration of the original setting will not affect the cross ray, but if
it does the grinding-down process can be continued till no alteration
takes place. It is better to put up your board and find a position
by this method in the midst of your detail than to waste time, say
50 or 100 yards away, looking for a suitable spot to obtain a fixing
by resection : such a check may be made later if there is any doubt
about the accuracy of the chained point.

39. Pencil work should be of the finest and with the best hird
graphite pencils ; the pencil point should be kept sharp by repeatedly
rabbing it on a piece of sand-paper,* a strip of which can be glued to
the legs of the table. When a pencil works soft, as it will do in hot
dry weather, a new one should be cut and the old one put away for
work in moist weather, Good soft rubber should be used which will
not destory the surface of the paper, thus ensuring good ink work latter.
A spare piece of rubber should always be carried. The pencil held
upright on its base should be used to pivot the sight rule on when
taking rays, and as the exposed lead will make ugly smudges on the
paper, this should be wormed out with a penknife.

Avoid deep pin pricks and unsightly holes made with the dividers
in plotting distances. Pencil work which is not final should not be
inked in as erasures are not permissible. Eye-contouring will be done
by taking lieights at intervals with anv of the ordinary instruments
usually used, among which the survey pattern clingmeter or tangent
clinometer is recommended as accurate, but which cannot, of course,
compete with the roughest levelling or the heights obtained by the
Tacheometric instrument based on ordinary levelling and triangulation.
The surveyor shou'd thoroughly satisfy himself that he has completed the
work at a fixing before leaving it, and as he walks from point to point
he should take note of every twist and turn, may be in a stream, pathway,
or road so as to be sure that nothing has escaped him or been omitted.

He should-observe the different agpects, that objects have from different

views, and while he is at work his mind should be concentrated on it, and
bis aim should be extreme accuracy. He should train himself, when
walking, to judge distances so that he can arrive at a good approximation
of the distance away of an object on his map. Too much stress cannot be
laid on eye-training. The faculty for judging distances, combined with
good draftsmanship, is the essence of plane-tabling. Planectabling is
an art not to be learnt in a day, and perfection is only reached after

® Winsor and Newton sell blocks of sand-paper which can be used for this purpose,
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months of steady toil very often under the most trying conditions, but
sufficient can be learnt in a very short time to answer all the ordinary
purposes of an Engineer.

40. Surveys of projects and schemes likely to change the features
of a large area of country should be based on Survey of India data
which can be had from the head offices of that department. No depart-
ment can be expected to accept work for incorporation in its maps it
the basis of the survey is not above reproach, and the crudest survey
on a large scale, when :urvemvon a correct basis, may be of service
when reduced to a small scale. A project or scheme should be based
or connected at intervals on Survey ot India data, and a griditon
or simple system of triangulation run by the Engineer as a basis for
his plane-tabling work. This triangulation need only be computed to
the value of ~ides and the sides plotted by arcs by means of bsggx
comppiisses to obtain the third station. Every station should be levelled
to, and level values left at intervals here and there between stations
to act as a further check, if fairly exact reduced levels are required.
Any datum value can be accepted for the starting stations of the levelling,
and the difference recorded on each map when the levelling has been
closed on either G. T. levelling or a bench-mark obtained from G. T.
values. The height values given by Survey of India triungulation cannot
be accepted as correct, and are only approxinrately so to within five
feet, although the approximate value, as given, could be accepted for
the initial station when the difference on closing on a B.M. would not be

so great as to make the correction an unwieldy figure.

To enter more fully into the matter we may presume that an Engineer
possesses the standard map or maps of the area over which he is to
work, and also has a copy of the Auxiliary tables of the Survey of India
which contains the information he must need for projecting and plotting
his sheets, He subdivides his standard map into convenient squares
or ‘“graticules” of latitude and longitude to suit his scale, and projects
on a piece of paper a giaticule for each section of latitude (3" 46" or 4} th
of a degree for 4" scale, 1’ 524" or Jynd of a degree for 8" scale, and so
forth). This piece of paper can be used to prick off any number of
sheets for the same parallel of latitude. By subdividing this gratieule
and making scales he can plot the values of triangulation supplied him
by the Survey of India. He proceeds now to break dowu his triangulation
by a smaller system of his own, or if the country is open emough
and he has further trigonometiical data to connect to, by a system of
plane-table trinngulution. The leveller may accompany him on this preli.
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minary work so that he can get an idea where the station points are
and where other intermediate stations are required.

This is the best and most scientific wav of workmg, bur in the
event of trigonometrical pomts as fixed on the standard map, having
too long a side wnfer se so that pomnts as a rule would fall off the size
of paper uxed for the scale, one point only could be taken and a buse
measured and the direction of the base fixed either fiom true or magnetic
north.  This would give the first two points of the survey one of
which has a fixed value. The 1nitial divection taken must not be again
altered, since the position of points are iu the future plotted by distances
only, and since thi~ is ~o the triangles should be as nearly as possible
equilateral.

This triangulation should be connected where possible to any other
trigonometiieal data, or the plane-tabling based on such triangulation
should endeavour to pick up such data. The survey work could be
then utilised for correction of the standard map, and the engineer
could see how he 1 progressing hy plotting his work on a smaller scale,

and fitting it on the trigonometrical data previously supplied.

With the hmts given 1t should not he a difficult matter for the
beginner to start work, and it must be remembered that progress at
the beginning will be siow, but steady application and an awakening
interest in all the possibilities of this art of surveying will muke the
long day short and work a pleasure.  duch methods as chain and compass
with field-books, ete., will <cem as mere stepping stones to higher
things, and the stadian method combined with topographical methods
may be said at the present day at least, to be the last word in delineating
ground.

41. Plate VII. is a picce of work done in moderately difficult
ground to serve as a check on work by students, and the reader should
notice that the triangulated points are those worked out in Chapter I. of
this book. Plate VIIL. is that of a staff suggested for this class of work.
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42. The Gradient-Telemeter Lievel™In this instrument,

Fig. 11,

made by C. F (asella and Co., “London, as shown in th#illustration
above, are embodied, by an ingenious construction, all the means necessary
for taking gradients, measuring or setting out distances, and
obtaining differences in level, all of which are performed, in an
extremely simple and rapid manner, by oue and the same observation.
With the Gradient-Telemeter Level the necessity for using a chain or
tape is entirely removed, and as the operations are performed with
singular accuracy, rapidity and ease, a much greater quantity of work can
be done in a given time compared with the usual methods employed by
surveyors and civil engineers.

The linear distances can be obtained far more accurately than with

the chain, and this regardless of rough and broken ground, or the
e

existence of a stream or other water, between the obsc“ver’s station and

the distant object.

A marked advantage with this instrament, and one that renders it
singularly attractive when employed in the field, is, that there are no
calculations to be made in connexion with its use; there is no fine
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micrometer serew to work with its certain errors and elaborate calculations ;
there are no moving etched or spider lines which soon get broken, thus
rendering the instrument useless until it can be returned to the maker
to be set right : but, by a simple revolation or movement on the axis of
the instrument and an observation through the telescope, the gradient,
distance, or difference of level, is at once obtained.

43. Description.—The horizontal limb or circle immediately
below the stage has engraved upon it a series of gradients, both of
rise and fall, 1in 500 to 1 in 24. On the index being set to zerd
it is an ordinary level and can be used for all levelling purposes in
the usual manner. All distances obtained with this instrument are
horizontal linear measures whether measured on slopes or level
ground.

To put instrument into gradient adjustment measure a distance of
200 feet or 300 feet on level ground, and set the instrument to zero
and take a reading on a staff held at the end of the correctly measured
line. Move the index to 100 of the gradient graduation and again
read staff.

If the result is not the same as the length of the line the index
can be moved so as to increase or decrease the value. The index being
set for this particular line should be correct for all readings of the
instrument. '

The following are the gradient pairs, which, when used, give by
the difference of readings on the staff multiplied by 100 the horizontal
distance away of the staff from the instrument :—

1001 6637 60 | 50 | 831 25\ 20 | 123 11}
50} 40" § 37) 33;;} 21 20 wg} 113,} 10}

or again, if a gradient and its half is used, the distance intercepted
on the staff multiplied by the figures of the higher gradient used

gives the same result—that is, if {gg}gradients are used and the

distance intercepted on the staff = 2:47 then Al d = 50 x 297 = 14850
feet.

-

To obtain the difference of height between the telescope and a
particular reading of the staff intersected by the horizontal wire, it is
required only to multiply the 2 ! d by the gradient (taking the gradient
as a fraction).



TACHEOMETRIC PLANE-TABLING. 59

To illustrate this let us consider two cases—one of a “rise” and the
other of a ¢ fall "—with the above example.
Case 1 (fall). Fig. 12. (‘ase 2 (rise).
¢

/} 500
203

r/’/ - ﬂﬂtﬂ' !
' /e N L/
e n}—[ﬁf ;M:a Y, S—— -

Case 1.—With gradient 50 let the réa(d?ng on the staff be 4500’ and
with gradient 25 let the reading on the staff be 2:03', then the 21 d
= 148'50" and height of reading 500" on the staff below telescope
= 14850 X 4y = 297" ; therefore ground level of staff below telescope
= 2297 4 500 = 797",

Again, height of reading 203" = 14850 X J5 = 594" below teles-
cope : therefore ground level or foot of staff = 5®4' 4 203" = 797’
below telescope which is the same result as obtained with gradient 50.

Case 2.— With gradient 25 height of the staff at 500" = 14850 %}
= 594 above the axis of the telescope ; therefore the height of the ground
lovel of staff above axis of telescope = 594" — 500" = 94 and similarly
with gradient 5.

From which we obtain the following rule :—if © = height of telescope*
(ax18) above ground level of station over which instrument is placed, y =
reading on the staft and = = difference of height between axis of telescope
and staff reading, then—

ground level at instrument + @ — y % = = new ground level of staff

(i z according to :S—T)
Ezample.—Let ground level of instrument or station point oer
which instrument is set —= 1,000" and let « = 4:00',
Then ground level at staff with gradient 25.”
in Case 1 = 1,000' + 4:00" = 500" ~ 297" = 99603,
in Case 2 = 1,000" 4 400" = 500" + 594 = 104 4.

- —

* This 18 easly obtained by means of the plummet with tape attachment supplied with the wstrument,



CHAPTER III.

CHAPTER II1L.

PRACTICAL ASTRONOMY.

Introduction—Spherical Trigonometry.

53. Definitions.—A sphere is a solid every point of which is
equidistant from a certain point within it. This point is the centre.

A diameter is a line drawn through the centre of the sphere and
terminated at its extremities by the surface; a radius is a line drawn
from the centre to the surface.

Great Circles are those whose planes pass through the centre of
the sphere, all others are small circles. The diameters of great circles
are diameters of the sphere, and the diameters of small circles are
not diameters of the sphere.

A line passing through the centre of a sphere and perpendicular
to the plane of a circle of a sphere is called the axis of that circle.
This line is limited by the surface of the sphere, and its extlemlths
are known as the poles of that cirele.

The distance of two points on the surface of a sphere is that portion
of the arc of the great circle passing through the two points intercepted
between them. A spherical angle is the angle at a point on the surface
of a sphere formed by arcs of great circles passing through the point
and is measared by the inclination of the planes of the two circles.

A spherical triangle is a triangular figure formed on the spherical
surface of a sphere by arcs of three great circles each of which is
less than a semicircle. As its angles are angles contained between
the planes or are solid angles the triangle may be imagined to be a
solid triangle for purposes of demonstration. Again, as the sides of
a spherical triangle are arcs of great circles of the same sphere their
lengths are proportional to the number of degrees contained in them,
and hence these sides are usually calculated by the number of degrees,
minutes and seconds they contained or subtend at the centre and are
expressed in angular measure.

" 54, Formulee.—From the foregoing definitions it will be unders
stood that Spherical trigonometry treats of the ratios between sides (aros
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of great circles) and angles of trianglég situated in three or more planes
inclined to one another and passing through one point, (the centre) and
as plane trigonometry treats with ratios between angles and sides of a
figure in one plane, it might be said that spherical trigonometry bears
the same relation to plane trigonometry as solid does to plane geometry.

The spherical triangle to be dealt with in this chapter is the spherical
triangle PZ0, where P is the pole, Z the zenith and O the object (sun,
moon, planet or star), and if the earth is considered as the point where
the planes of the spherical triangle meet, these planes are imagined to cut
the surface of a great sphere (the celestial sphere) in three arcs of great
circles and lines joining these points to the centre contain what is known
as the solid angle.

By definition, these arcs, by their intersection, will form the spheri-
cal triangle PZO the sides of which are expressed in angular measure and
the angles are those contained between the planes. -

To prove some of the formule useful for astronomical work as
required by the engineer and topographical surveyor it is intemded to
simplify the theoretical part by the use of solid geometry by which the
solid angles are reduced to plane angles.

Note.—It is necessary that the reader should understand that in solid geometry
a certain system of lettering is used, and a dash to a letter denotes an elevation,
and a numeral added below the letter, different positions of the letter in plan
in one and the same plane. In the diagram Z is she plan, Z' the elevation
of the point Z or the pomt immediately above Z. 74, Z; Z; Z,, etc., are
different positions of Z on the horizontal’ plane, and a dash added to one of
these is the same point in elevation, eg., 4’5 1s the elevation of the point
directly above Z;. Again,'the reader .will undérstand that since Z,; Z, Z;, ete.,
are all different positions: of Z that when such paints are rotated or brought
into position with one another they will coincide and become Z' or the elevation
of Z. In the perspective view only A’ is glven which in the other diagram is
also Z' immediately above Z. ;

In Fig. 1 of Plate X, let PZ’ OE be thé solid triangle the face POE
lying on the horizontal plane (H.P.) 4ta level of the earth’s-centre of
which the sides PO (2), OZ' (p), PZ (o) are given in angular measure,
The first thing to do is to develop this solid trianglé or to lay it down
Aflat into the H.P.  With-E as centre and any radius EP or EO draw an
arc_Z,PQZ, and set off the angles Z,EP, PEQ and Z,EO as given.
“The sector EZ,FOZ; represents now the development of the solid triangle
BPOZ Z, and Z,, as mentioned above, are as seen when the position
of Z' is rotated down into the H.P.

Let Z, and Z, be again rotated up with PE and EO as hinge
lines reppectively and let us .consider what happens, The points Z;
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and Z, will have their plans following a path Z;AZ’ and Z;B7 respectively.
at vight angles to their hinge lines, that is, that Z;A%Z’ is at right angles
to PE and Z,BZ’ is at right angles to OE, and to reconstiuct the figure
again from the development given draw ZZ and Z,7' at right angles
to PE and OF respectively, and the point of ntersection Z' (which is
the elevation of 7 in plan) is the elevation of Z; and Z, when they
occupy a position directly above Z. To understand this more fully cut
along the lines PZ; and Z;F and fold along PE, and in the same
way cut along OZ, and Z,I and fold along OF and flap these over
so that Z; and Z, coincide ; and as EZ;and EZ, are radii of the same
circle, k%, will coincide with EZ; and bhecome TZ’ or the intersection
line of the tw» plunes.

Consider next the paper madel as a solid and pass a vertical plane
through EZ’ down to EZ. The view we would obtain by looking at
it directly trom the right would be the view drawn on the left hand
side of the diagram, that is, we bave a side elevation of the vertical
plane. To construet such a view draw a line X'Y" parallel to EZ and
draw EE at right angles to X'Y' and with E' as centre draw an arc
equal in radius to EZ', EP or EO. This arc is an elevation of part
of the sphere. Through Z' (or Z) draw Z'ZZ’ parallel to LE’ and
where it cuts the arc or at Z' the point will be the elevation of Z' and
will represent the height of Z' above Z. Join E'Z”and this will represent
the elevation of the intersection of the two planes EZ'P and EZ'O.

We have now found the height of Z' abeve Z, that is, the height of
7’ above the line X'Y".

One of the rules of solid geometry is that if a plane is punssed at
right angles to the intersection of two planes the auziliary plane will
have traced on it the angle between the two planes, The hinge line
PE is the intersection of the two planes POE and PZ'E and the hinge
line OE is the intersection of the two planes PO'E and OZE. If we
turn to our paper model and imagine a plane passed through the line
Z4AZ’, which is at right angles to PK, the intersection of the two planes
PEO and PEZ, and if we cut away all the unnecessary parts of the
auxiliary plane Z,AZ’ we would be left with a triangle which would just
fit between the planes PEU and PEZ/, one angle of which would represent
the solid angle required, viz., P. )

Such a triangle can be constructed as follows :—

Since the three sides are known, viz., AZ;, AZ and ZZ', the height,
equal to ZZ' and the angle at Z is a right angle since Z' is directly
above Z, hence construot such a triangle AZZ; and similarly BZZ,.
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The angle ZAZ, will be equal to the angle between the planes POE
and PZ'E = P, and the angle Z,BZ will be equal to the angle botween
the planes POE and OZ'E = O.

Cut along the lines AZ,, Z;Z, BY, and Z,Z, and with AZ and
BZ as hinge lines, rotate the triangles into position and it will be
found that Z; Z, Z; and Z, all coincide and are, as mentioned bLefore,
Z: the elevation of Z.

Nezt to find the third angle, that is, the angle Z hetween the planes
PZ/E and OZ'F the intersection of which is EZ.

By the rule given we can find the angle by passing an auxiliary
plane at right angles to EZ’. Let this plane cut EZ at Z and the
elevation of such a plane will be Z'C: drawn at right angles to E'Z+ the
elevation of the intersecting line. Project ( down to meet EA and
EB produced in C and D respectively. Then CD will represent the
intersection of the plane at the level of the sphere’s centre also CD
will be a hinge line and C and D will be the feet of the angle
required. To find its true shape or value it is necessary to rotate it
down on to the H.P. Therefore with (7 us centre and radius (VZ' draw
a circle cutting X'Y+ at Zr or Zy. Project Zy or Z; down to the
intersection line EZ or EZ produced and join ('Zg, DZ, also CZ; and
EZ; and the angles CZD and CZD will each equal the sqlid angle Z.

This angle can be found by another method and to prove the
construction  Through Z, and Z; draw two tangents at rights angles to
EZ, and EZ, respectively : these tangents will intersect EP and EO pro-
duced in C and D.  With C as centre and CZ, as radius (since CZ, is the
true length of C7Z) draw an are, and with D) as centre and DZ, as radius
draw an are. These ares will intersect at Zy and Z;.

Now take the perspective view, Fig. 2. Ilere again we have the
solid triangle POZE lying on the plane POE. From Z' let drop
a perpendicular to Z on the H.P. or the plane POE so that Z becomes
the plan of Z*. From Z draw perpendiculars ZB and ZA to EO and
EP respectively.

Note.—~Compare, in the previous problem aud model, the triangles AZyZ and
BZ,Z and they will be found to be simlur to Z2'ZB and Z'ZA.

By construction (EZ')* = (4Z') + (EZy

= (ALY — (AZp + (AZ) + (AE)

= (AZ')’ -+ (AE?
that is, the angle Z’ALl is a right angle and the angle ZAE is a rigfxt
angle by construction, and therefore the angle Z'AZ is the angle between
the planes POE and Z'PE, and is the angle P,
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Similarly, the angle Z'BZ is the angle between the planes POE

and Z'OE and is the angle O.
55. Thus in both figures—

7’ BZ’
AT EZ  sin p/

sin P A7Z7 BZ+ E7

Sn0 ~FZZ T A7 TAZ T amo
BZ7 b VA

. P s
and similarly T2 =222

and therefore sin P : sin O : sinZ :: sinp : sino : sin z...uei(1)

and from this we get the rule that the sines of the angles of a spherical
triangle are in proportion to the sines of the sides to which they are opposite.

56. Given the three sides to find the value of the angles.

Draw ZK parallel to BE and AL parallel to BZ and let ZK intersect
AL at K. )

Then because AL is parallel to ZB and ZK is parallel to BL, the angle
ZBL = angle ALE = 90° and therefore the angle AEL + the angle
LAE = 90°.

But the angle ZAE = 90° by construction.
»~. the angle LAE + z = angle LAE + angle ZAK
" .z = angle ZAK.

EB EL LB
Now cos p = 33 = 7 + 77
_EL Br ZK  AZ AZ
= FEa XEz TAZ X a7 " E7
= cos z cos 0 + 8in z cos P sin o
‘.. cos P = (‘03[} - (08 0 CO% 2
SNnosIn 2z
. . — CO8 0 = COS p COS Z
and similarly  cos O = Fpans [ Creettesarerteties ccrrenne (2).
— COSZ—('O\“Z]”C_‘O_S—&
and cosZ = 8in 2 8 0

57. Giventwo sides and the included angle or two angles

and the included side to find the remaining functions.

To prove that cot O sin P = cot o0 sin z ~ cos P 2: z

BZ Y//4
COt O SID P = /L’ A7'

BZ
=3a7

AL AK
= A7 T a7

AL AE AK AZ
=AW X A7 T AZ X X7
= sin z cot 0 -~ cos z cos P

similarly cot P sin O = cot psinz — cos O cos z 2
and cot P sin Z = cot psino — cos Z cos o veens(8).
etc., ete., i



/
58. Andif Lhref :uwle:{ are givendt camrde' proved that
cos I 4 cos 0 cos 7
TTun Osm 7
cos 7o 4 cos O cos P
CO8 2 = ————-:T]-T)—:{-n—lg — eeecenssoane .'-‘..-uuono.nu.(4)-
cos O 4 cos P cos 7
sin Psin 7

pmqno?/txsmemm. 65

cos p= -

CO8 0 =

59. The above formule, with the exception of 1, are not adapted to
logarithmic computation but they can be changed to meet the case.

. €O P — COS 0 CoNZ
In formula (2) cos P=- €I o s 7

.
CoN /) - COn 0 L()S 4

sol=—cosPP=1- —
SN oo sz

SIN O SIN 4 4 CON 0 COS 4~ CON P

s o SIn 7
cos (0 = z) — cos p
- S g SIn %
2an (0 =44 p)ysn(p — o + z)
-y R
= 7T Gnesmz T T
\ Xa + Y + P
- o z .
Now put’s = ————and 1 —cos P = 2sin’ 5

2an(y = z)an (s - ¢)
=N 0 81N 4

. P
Then 2 sin® — =

., P __ s (» = 2) s (8 — 0)
2
orsin 2 sin o ~in z *

gin s sin (v = p)
0 0 sIn 2

. 2 P
Similarly cos® 5 =

2 P sin (s —z)sin(s —0)

S tan® 5 sinssing = p)y reereeeeee(8)
- z sin (8 - s —
and similarly tan? 3= —_si-ﬁ_?gi)ns:: (_ o o) RN (- )

60. As the angle I at the pole is the hour angle of a heavenly body
Areviaia (5) is used for Time computations, and as the angle Z at the
Zenith is the azimuthal angle of a heavenly body formula () is used for
Azimuth computations.

The four general equations established in formule (1) to (4) are suffi-
cient for the solution of right-angled triangles, and the practical use of ptfcil\
is when observations are taken to circuiapolar stars at Elongatién, or
when the angle at the star or angle O, known as the parallactic angle is 90°,

In formula (1) let O = 90° and therefore sin O = 1
np

i 0

then Sln P == or Sm p Sin (/] Sin P-n TR TR YR TY TR on(7).

and Eln Z == n or Sln 2 == Sln o Sln Z.................-..-.-...(8)

In formula 2 let O = 90° and therefore cos O = O -
W COS 0 = cosp COS Zronvsrrrvronsrrvonsrsaregorersn -nu.uuu:nnu(g)o
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In formula 3 with the same arguments—

cot P==cot p sin z oviiiniiiiiiiiiiiiiinii (10).
tan p = tan P sin 2 «ovvveiiniienniinniiennnn crereeens ceeererer eeeens(11).
tan z=tan Z sin p cccovevinirinnniinnininninnn B N «(12).
tan 2 == cos P tan 0 c.ocerieiiiiniieiiiiiiiiiiies cenieiniiieeain. e (13).
tan p = €08 Z tan 0 cevernirniniiineniannins cresesenreranes creenns voeee(14).
In formula 4 with the same arguments—
cospsinZ =cos P .ocveviiiiiinniiinninnn e, e eereaneeriaaareas (15)
cos 2 sin P = cos Z...... eeeaeretttacttrs cresnssecnsteanntacisronsen s (16).

61. The formulee 7 to 16 are best numbered by Napier’s rules of
circular parts which are as follows:—

If the right angle is neglected then there are 5 parts remaining and
these are the two sides containing the right angle, the complement of
the side opposite the right angle and the complements of the two angles.

These five circular parts ure written in the order in which they

occur in the triangle, viz,, % - P, -—2"-. - o, —:— ~ Z and p since O is the
right angle; any three circular Fig. 13.
parts are taken, one of them can P

be so chosen that the other two “ﬂb
are either both adjacent or else ¢ 3
both opposite to it.

The diagrams show how the ;

parts are written (Fig. 13).

The selected part is termed the middle part and Napier’s rules are

ns follows:— -

1. Sine of the middle part equals the product of the tangents of the
adjacent parts.

2. Sine of the middle part equals the product of the cosines of the
opposite parts.

Ezample by rule 1—
Sin p = tan (5 — Z) tan z = cot Z tan 2 [compare (12) supra].

By rule 2—
Sin p = cos (l.:,- — P) cos (% - 0) = sin P sin o [compare (7) supra].
ete., ete.,

ASTRONOMY—DEFINITIONS,

62. Reference has already been made to the spherical triangle PZO,
and in astronomy, for the purpose of the surveyor, this bas a special
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value, and is the triangle formed in the celestial sphere by O the object,
P the pole and 7 the zenith.

As O the object is a moving object (sun, moon, planet or star) the
conditions of the triangle in question differ at every instant. Astronomers
speak of the object as moving, whereas it is the earth which is revolving
and rotating, and it is for this reason that the expression “apparent”
is used to denote that the earth i3 accepted as stationary and that
celestial objects are moving. ~ Astronomy is based on this supposition.

Definitions are given in all handbooks and works on Astronomy,
and reference should be made to them where necessary, but a few
of the most usefal will be explained so that the reader may be familiar
with the ares and angles with which he will have to deal.

The best way to unlerstand such definitions is for him to stand
in an open space on a clear night and to imagine the celestial hemisphere
as a vast dome on which different celestial objects have been impinged.

Supposing he is in the northern hemisphere the first star he must
recognise is Polaris or a Ursw Minoris (see para. 67 on Azimuth). This
star is very near the north polo and is graduaily getting nearer; it is
about 1° away or its N. P. D. or north polar distance is 1°

For the purpose of demonstration let the observer accept Polaris
as one of the poles of the earth’s axis (PP Plate IXy), that is, points in
the celestial sphere in direct prolongation of the earth’s axis.

The point immediately above the observer’s head is his Zenith and
opposite to Zenith is Nadir (denoted by Z and N). We have now the
poles, zenith and nadir.

The plane of the great circle, at right angles to the poles or axis
of the earth, and passing through the earth’s centre, is known as the
celestial_equator—SS, which is therefore coincident with the earth’s
equator; the plane at right angles to Z and N is the celestial horizon
HH which passes through E the earth’s centre, but since the earth in
astronomy is in most cases* considered as a point in space, the celestial

horizon may be called the horizon.
Great circles passing through the poles PP will cut the celestial

equator SS at right angles and are known as Declination cixcles, viz., POP
Greut circles passing through Z and N will cut the celestial horizon

at right angles and are known as Vertigal circles, viz., ZON.
The great circle passing through ZPN is the only instance when a

vertical circle and a declination circle coincide and is called the Meridian
HPZSH. The meridian of the observer is therefore the great circle

®A poiut on its surface is only considered when near objects such as the Sun, Moon and Planets are observed to,
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Plate 1X.

[0 tace page 69,
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passing through his zenith and the poles, and this circle cuts the horizon
in N and 8 points, and a great circle passing through his zenith at right
angles to his meridian will be the Prime vertical ZKN.* This prime
vertical cuts the horizon in the observer’s east and west points K and K.

Now let vs consider an object O travelling in its orbit around P
(shown in dotted lines); the declination circle through O is POP and
the declination of the star is OK, in this case north declination, so that
declination may e defined as that portion of the arc of a declination
circle passing through the _object intercepted betwoen_the object and the
celestial equatar, usually known as o If the object is north of the
celestial equator\i—t‘-i::ﬂi(i to have declination N, and if south, declination
S.  The complement of the declination is the north polur distance,
usually written N. P. D | that is, 90° = i = PO or NPD = PO = ¢ if the
star has a declination N, and is 90° 4 ¢ if the star has a declination 8.

The declinations of the sun, moon, planets and a certain number of
stars, are found in the Nautical Almanac (N.A.)

The howr.aagle of an object is the angle between the plane of the
meridian at the place and the plane of the declina- Fig. 14,
tion circle passing through the ohject. In figure 23/ (3 i
it is the angle ZPO or P, and is that part of the arc !
of the celestial _equator intercepted between the
‘lper?(iiqlx and the declination circle_passing through
the object. '

Its measure iy given in hours, minutes and seconds
or in degrees, minutes and seconds and is W or E
according as the hour angle is W or E of the
meridian.

It will be noticed that as O the object is moving, if in the east it
is rising and the hour_angle is decreasing, and when it is in the west
it is setting and the hour angle is increasing. When the object arrives
on the meridian (transits) its hour angle is zero or it vanishes. Again, if
the value of the hour angle at a given instant is known and the declination
also, the position of the ohject is found and this is one system of
celestial co-ordinates, vi=., hour angle and declination.

The declination of a star changes very gradually and is scarcely
appreciable except every five days or so, but that of the sun, moon and
planets is appreciable for short periods of time and a reference to the
N.A. will make this clear.

* The reader should note that <ome stars waceording to the observer's latitude) will never cross the Prime
Vertical and only at the equator 16 1t possible for n star to have a course comudent with the Pume Vertical and
the dechinution of such a stur would be 0° 0/ v”
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Again, with O the object in the east, it is rising, and therefore its
altitude or distance from the herizon is increasing or its zenith distance
is decreasing until it transits, and its altitude then decreases and its zenith
distance increases as it sets into the west. Altitude® may be defined as
that portion of the are of a vertical circle intercepted between the object
and the celestial horizon as OL and its complement is ZO or zenith
distance = 90° — OL.

Again, with the same argument as with the hour angle at P, the
angle OZP or Z decreases till the object arrives on the meridian and
thereafter increuses as the object sets, This angle, between the plane of
the meridian of the place and the plane of the vertical circle passing
through the object, is known as the azimuthal angle or Z, and this
angle is also measured as that portion of the horizon HH intercepted
between the vertical circle passing through the object and the meridian
of the place, as LH, and is measured in degrees, minutes and seconds.

If the azimuthal angle and the altitude of the object are known then
the position of the object is known at that instant and this is another
system of celestial co-ordinates.

When the object O arrives on the meridian it is said to culminate,
and it culminates twice in a sidercal day, once on the meridian above
our heads known as the upper culmination (better known as transit)
when by the foregoing arguments its hour angle and azimathal angle
are nil, and at its lower culmination, or when it arrives at the meridian
below our feet, when its azimuthal angle is nil and its hour angle is
180° or 12 hours in sidereal tine.

The amplitude of a heavenly body is the angle measured alopg the
horizon between the vertical circle passing through the object and the

E and W points
’mu/d:()\) of a place is the inclination of the normal or

plumb-bob to the plane of the equator and is measured along the
meridian and is ZS or the angle between the planes SKS and ZKN.

Now SP = 90°also ZH = 90° .-, ZS = PH, or the altitude of the
elevated pole is the latitude of the place, and ZP its complement is the
co-latitude of the place or o of the spherical-triangle ZPO.

Therefore, given the latitude (1) of a place which can Be found on
amap and need not be known with any great accuraey for time and
azimuth results to say 5 to 10 secs., and since the declination ¢_and
hence the N.P.D. can be found in the N.A., if we observe OL we know
the three sides of the spherical triangle ; for ZP or o is the co-latitude

* Altitude weans observed altitude corrected tor parallax and refraction.
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and ZO or p is the co-atitudgand PO or zis the N.P.D. tiis by the

__ s (8 = z) s (x - o)

1)
formulx tan® - PN 1) 3

8in s s (s — p)

VA sin (s — p) sm (s = 0)
an2 —_ SR 3
and tan b} bmb““(\ P teeassasiiercnnne ..-....................(b).

that is, that the hour angle I’ an the azimuth angle Z can be computed.

If O an object has = its N.P.D. less than PH, then it will be
seen that it will always be above the horizon .HH and the object
(always a star) is then known as being circumpolar. A circumpolar star
is thus defined as onc whose N.P.D. is less than the latitude of the
place or its N. declination is greater than the co-latitude of the place.
With reference to the apparent motion of stars it should be noticed that
those on the prime vertical ZKN will be moving faster than an object off
the prime vertical since it has a greater arc to traverse in the given time
and hence to obtain good time results an object on or as near as possible
to the prime vertical should be chosen.

The ecliptic is a great circlo along which the sun travels annually
among the stars or is the apparent motion of the sun among the stars
and intersects the celestial equator obliquely as QM. The angle that the
plane QM makes with the celestial equator SS is 23° 274/, and this
angle is known as the obliquity of the ecliptic;* the two intersection
points are known as the equinoaes.

When the travel of the sun or the sun's apparent motion among
the stars is from south to north of the celestial equator the point of
intersection is known as the spring or verngl equinvr- or the first point
of Aries (v), and when the sun seems to travel from north to south the
point of intersection of the celestial equator is known as the autumnal
equinoz of the first point in Libra. The reader will understand that at
the two equinoxes the sun’s declination is nil.

The Declination circle passing through the Equinoctial points is
known as the Equinqgtial Colure.

~The sodiac 1 is a zone extending about & on each side of the ecliptic
and is divided into 12 equal parts, each of 30°, which are known as the
signs of the z::(imc. The ngmes of 'thez;lgns are as follows et ’,u
J/ Aries (ram), Taurus (bull), Gennm (heavenly twins), Cancer (crab),

* So called as the ancients noticed that the eclipses of the moon took place bn this circle,

+ The ancients calculated that the earth 1eturned to the same position among the stars in
860 days- They gave 12 Signs to the Zodiac to portion off 12 months, As the dmmetel of
the moon or sunseems to be 4° (really 32 mmutes) or the sun travelled a double minute in
its course of one diameter we get 80° for each sign of the Zodiac and 360° tor the whole circle
and 60 minutes and 60 seconds as divisions in time,
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Lie o. (lion, Virgo (virgin), Libra (scafs), Scorpio (scorpion), Sagittarius
(archer), Capricornus (he-goat), Aqudrius (water-carrier), Piﬁc;s (fishes).
Two of the signs include the equinoxes—Aries and Libra. =

The_ first point of . Aries oceurs on or about the March 22nd of each
year aud the aulumaaleguinox about the 23rd September of each year,
and midway between these dates the sun will have reached cither its most
northern declination of 23” 274" (N) known as the summer_solstice or
its most southern declination ot 23" 274 () known as the winter solsticed
The term solstice is derived from So/ (Sun) and sfo (stop or stand)
meaning where the sun scem~ fo stop or halt in its passage northwards
or southwards,

The term summer solstice as we understand it applies only to the
Northern hemisphere which is in reality the winter solstice of the Southern
hemisphere, and so also the vernal or spring equinex will be an equinox
occurring in the autumn, say in Australia or New Zealand.

Now sun time and star time are based on the first point of Aries,
and it would not be unprofitable to explain how this imaginary point in
the heavens derived its name. S

The first point of Aiies was a star in the constellation of the Ram
about 3,000 years ago, that is; the vernal equinox took place at that
time at or very close to a star in Avies, and this was when Astronomy
was in its infancy or became known as science. Since then it has
moved and the imaginary point i~ now m Andromeda and is slowly
moving towards He_n_gﬁes. This movement is due to the earth being an
oblate gpheroid and to the sun and moon exerling an unequal attraction
on the earth’s inequality and each tending to drag the carth into its
own orbit, the result being a backward or retrograde mgtion of the inter-
section of the ecliptic and celestial equator along the celestial equator,
that is, that tke first point of Aries retrogrades along the equator and this
retrogression is about 50°1” a year and is known as the Precession of the
Equinozes. This Precession of the Equinoxes was discovered by the
Greek Astronomer Hipparchus, and has been calculated to take 25,868
years to encompass the Zodiac or the sun’s apparent motion among the stars.

The forces which cause precession do not act uniformly so there is
a slight wobble in the axis and the direction of the axis and the pole is
not stable. The total difference at the N. pole is roughly, a square of
‘50 feet. This is called Nutation from nutare (to nod).

Aberration is the error in the apparent place of a body produced
by the earth’s motion in a direction contrary to that of the ray of light

from the,body,
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It is necessary mow that the reader should understand that there
are three kinds of time, viz., Star time or sidereal time, Sun or apparent
time or time kept by the true Sun which is sun-dial time, and mean
time or the time kept by well regulated clocks and watches, and all
these times have as their zero the first point of Aries since all Right
Ascensions (R.A.*) are reckoned eastwards from this one point. The right
ascension of an object is the angle between the plane of the declination
circle passing through the object and the plane of the declination
circle passing through the vernal equinox or, in other words, is that portion
of the arc of the celestial equator intercepted between the declination
circle passing through the object and the 'first point of Aries. The
angle YPK or the arc KY represents the R.A. of O. Right ascensions
are reckoned from west to east from zero to 360° or from O hour to
24 hours. For example, if YK in figure was 15° its R.A. would be one
hour, but if K had been 15° on the other side of Y as at K- then its
R.A. would have been 345° or 23 hours (behind the first point of Aries).
Right ascension is like terrestial longitude except that terrestial longitude
is reckoned east and west of Greenwich 180°. K in figures would be
1° W. Longitude and K+ would be 1° E, Longitude.

63. It has been explained how the first point of Aries governs our
time, and we may proceed to distinguish between the different times.

A star will cross the meridian at exact intervals of time, so let us
suppose we set up a theodolite and sight the vertical wire on the
meridian of the place and note the time that a particular star transits
and for days continue doing this noting the time ; if our time-keeper
showed exact intervals of 24 hours then the tipe kept would be sidereal
time and our time keeper would be a sidereal clock, but if the time-
keeper was a mean time or_ordinary-wabch (regulated to keep true
mean time) then the star would cross the meridian or transit also at
exact intervals of time but 3 minutes 56 seconds (uearly) earlier every
day, and this would happen day -after day till 24 hours would have
been gained by the star on mean time in a sidereal year. The reason
for this is as follows : — .

In Fig. 15 suppose E to be the position of the earth in its orbit

Fig. 15.

— . ——— = - — —— -~ ——
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when it is noon at A, or a transit of the Sun 8 is occurring, and let
F be a fixed star in the same line EAS, produced to an infinite distance
of the earth from the sun.

Then suppose that in the time that the earth has made one
complete revolution on its own axis, it has moved along its orbit round
the sun into the position E~. At this moment the fixed star F will make
another transit, since EE/ is nothing in comparison to the distance EF,
and the angle EFE- is inappreciable, so that E A’ is really parallel to EA.

But quite the contrary is the case at this moment with the Sun;
here the distance EE’ is quite appreciable in comparison with ES, and
the angle ESE’ is quite measureable, and it will take the earth nearly four
minutes more to revolve through the angle A’E‘S, when a transit of
the sun will occur. ‘

Hence a solar day, which is the interval between two transits of
the sun, is four minutes longer than a sjdereal day, or the interval
between two transits of a fixed star,and that GF the earth in its revolution
on its orbit around the sun makes one rotation less in the interval so
that if this interval is a year, a tropical year may be defined as the
time in which the sun moves from vernal equinox to that point again,
and a sidereal year is the time in which the sun moves from a fixed
star to the same star again, or the time it takes to perform an absolute
revolution and returns to the same position among the constellations.
It must be remembered that owing to the precesalon of the equmo:gs
every year the sun does not return to the same point it started from -

and Bessell has calculated that a mean solar or tropical year i5°865-2422
mean solar days, and as the sidereal year is one day more
and 1 sidereal day = 0199726957 mean solar day,
or 24 hours sidereal time = 23 hrs. 56 mins. 4:091 secs. of mean time
or the daily acceleration of sidereal time (S.T.) on meantime (M.T.) is 3
mins. 56 secs. approximately, and the retasdaetien of M.T. on S.T. is 3
mins. 56 secs. approximately, or acceleration and retardation at 9:8565*
seconds per hour (usually taken as 9-86). 7!

As there are roughly 3654 days in a tropical- year and as a quarter
of a day cannot suitably be made provision for, the years are made
up of an even number of days known as eguatorigl years, and Julius Ceesar
arranged that every year should be a 365-day year except the 4th year
or year divisible by 4 which would be a Jeap year or a year of 366 days.

This calendar is known as the Julian Calendar. This rather over-

* 8ee Table: in N,A, and Ohvﬂnbers’s Mathematical fc:hlen, page 438, latest cdition,
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corrects the error, and it has been calculated that a day is gained in
every 100 years, so the century year is not a leap year except as
follows :—that a3 this rather undercorrects the error and a day is lost in
400 years Pope Gregory inaugurated that every century year divisible
by 400 should be a leap year. Thus 1896, 1904 and 2000 are leap
years and 1900 not. This is known as the G'regorian Calendar.* P

64. It has been noted that the vernal equingx occurs at or about,
the 21st March each year or when the declination ot the true sun is 0°
that is when the true sun is on the Celestial Equator. howe

The RA of the apparent or true sun at this instant will be 0", 0™, 0, ;
but since we are dealing with a mean sun the Sidereal Time of G. M. N.
for the date will differ with the R.A. of the true sun by an amount equal
to the Equation of Time in Sidereal units, The following extract from
the N.A. 1925 will make this clear—

1
, Date March, Apparent R.A, Apparent declination, Equation of Time, S.T, at GMN
o

.oom, s m, 8. h, m. s
20 - 23 57 414 So~=15-01'2 T 415 23 49 5992
21 00 01 2006 N,—08-41'1 7 236 23 53 5647

On March 22nd by argument already given, the sun will cross the
menidian at 12 noon by the mean time clogk, but the sidereal clock will
have gained 3 mins, 56 secs. and the sidereal clock will be 12 hours ahead
at the Autumn equinox, and so on, hence we get in the N. A. the
sidereal time at Greenwich Mean Noon (8.T. at G.M.N.) or in other words
the hour angle of the sun at Greenwich. These sidereal times are tabu-
lated for different days in the year because all R.As. of celestial objects
are reckoned from the first point of Aries.t

Next, if an observation is taken E. or W. of the Greenwich meri-
dian or the meridian adopted by the N.A. and most nations have adopted
this zero, it must bappen that the first point of Aries will transit in
one case at Local Mean Noon (L.M.N.) before Greenwich and in the other
case after, so that if in 360° there is a change of 3 mins. 56 secs, in
sidereal time then a proportionate correction minus when east and plus
when west must be applied to the sidercal time of G.M.N. to reduce it
to S.T. at L M.N.

* If the year lelSibl(fby 128 is not considered a leap year, there would be an error amounting to a day in 100,000
YeRIYs.

t The reader will understand that if the wdercal clock at Gieenwich beats 0 howrs when the dechination
circle passing through the first point of Aifes coincides with the vertical wire of the meudian that if he
noted the times of certain oelestial objects one after the other crossing the wire he would be tabulating a series
of Right Ascensions (in sidereal time) of oelestial objects Agmin, if the m-trument had been set with, we will
say, a vertical are graduated at 0° when the telescope intetsected the first point ot Aries on March the $2nd
(then on the oelestial equator) then as stars transited and their elevations or depressions wete registered with
Teferenve to this 0° line exclusive of oorrection for refraction he would obtain the declinations N or 3, as thoy
appeared above or below tlus zerc-plane
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Example.—The S.T. for G.M.N. on a certain date was found to be

12 hours ; what is the 8.T. at L.M.N. at a place 90° W. and E. Longitude ?

860° . 356" . .
90° = =~ .. a correction of —— is to be applied.

Thus the 8.T. at LM.N. for 90° W. = 12 hrs, + 59 secs. = 12
h. 0 m. 59 s., and the S.T. at L.M.N, for 90° E. = 12 hrs. — 59 secs.
=11 h. 59 m. 01 s.

It is necessary now to show if the meridian at a place is known how
the L.M.T. is found. This is best done by a diagram and an example.

Ezample—Giwen the S.T.
at G.ML.N. for a cortain date, as Fir 18 '

5 hre. 0 min. 51 secs. and the S ”,ﬁ@

R. A, of a star as 15 hours; ///
find what the L.M.T. is at a

place when the star is at transit,

the langitude of the place being

77° 54’ E. 6h

Let the diagram Fig. 16
show a vertical section through :
the celestial sphere and let it be
divided into four quadrants of 6 ! $
hours each numbered anti-clock-
wise and let 0 hours or 24 hours
be the meridian.

When the particular star is on the meridian its position is known
so on the diagram it is placed at 0 hours or at M. Siuce its R.A. is
15 hours wo can measure back 15 hours and place the first point of
Aries on the diagram because 15 hours have clapsed sinco the first
point of Aries was on the meridian, ¢

|

18h

12h

Again it is known, with reference to Greenwich, that the interval
of time (sidereal) lapsed from the first point of Aries, when the sun was
on the meridian at Greenwich, was 15 h. 0 m. 51 secs., and therefore in
Longitude 77° 54’ E. the interval will be 5 h. 0 m. 51 s.—51 s, or 5
hours exactly, and so in the diagram the mean sun is placed 5 hours
back from Y. Thus it will be seen that the sun with respect to the
local meridian is 10 hours ahead, that is, that 10 hours (sideral) have

From 1925 onwards the times in the N,A, will be from midnight, .., G.M,T, or Greenwich
mean time will be reckcned from midnight and midnizht on the Ist January will mean {he
end of the day a1 the night of New Year's da;. that is, that midnight New Year's Eveis O
day of the year and noon on the 2nd Januvary will be 1'5 days,
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lapsed since local noon, and tojreduce this to mean time units at 9'86
secs. per hour the result 9 hours 58 minutes 21'33 seconds is obtained
in nean time units, as the L.M.T. of observation.

If the meridian is not known but the hour angle had been calculated
by the formula already given and found to be 2 hours with the star
in the east and with the conditions given in the last example we have
the following diagram Fig. 17 and placing.

Since the star’s hour angle (h.«.) was 2 hours from the meridian

\ Fig.'117. and the star was in the E. it can
\) be placed 2 hours to the right

of M. If the star had been in

Ao, the W. then the position would
have been 2 hours to the left

of M. the meridian. Also in the

example, the first point of Aries

18n  1is placed 15 hours anti-clockwise
from the star and the sun 5
hours back from the first point of
Aries, and the interval of L.M.N.
in sidereal units is found to be

8 hours and the L.M.T. of obser-
vation would, on reduction, be

found to he 7 hours 58 minutes 41-1 seconds,
A useful equation can thus be devised und this should be resiembered.

R-A.(+ 24 hours if necessary) t%! (h. a.) = 8.T. at L.M.N.
= gidereal interval (S.I.) from L.M.N.

If the result is reduced to mean time units the correct local time
is obtained. vy

Consider the equation and suppose tho time of transit of a heavenly
body is required or when the k. a. of tho body is O ; the second value
of the equation vanishes and we get R.A. (+ 24 hours ) — S.T. at LMN
= S.L from L,M.N, ol ..

Ezample—When will Polaris (a Urﬁae..Mmorls) transit in Longitude
77° 54’ E. on the 12th November, 1909, The R.A. of Polaris in the
N.A. for 1909 on that day is given as 1 A. 27 m. 28 s. and the S.T, at
G.M.N. on 12th November, 1909 is given as 15 4. 23 m. 53754 whence
S.T. at LM.N. =15 h. 28 m. 537 5. = 51 &. (corraction for Long. E.) =
15 A, 23 m, 02:7 « 1 and R.A. 4 24 hours == 25 k. 27 m. 28 5., therefore
sideveal time of transit == 25 f. 27 m, 28 ¢, = 10 k. 23 m. 087 6, = 10},
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04 m. 25'8 s. in sidereal units or the local mean time of transit is 10 4.
02 m. 46'3 secs.

When clocks and watches keeping mean time are set to a certain
standard meridian a correction must be given according to the departure
E. or W. of that meridian.

This correction for s{ﬂzf{qﬁ{l_lfme at a placo 15 W. of the locul
standard time meridian will be minus one hour and if 15° E. plus one
hour to obtain local time.

6. The time kept by the true sun is sun-dial time but this is not the
time kept by watches and clocks as sun time is variable. If the
orbit of the carth were a circle with the sun as centre the apparent day
would be a constant interval of time, but the earth’s orbit 1s an ellipse
with the sun in one focus, and Kepler’s second law proves that the earth
travels through equal areas at equal intervals of time or that the radius
vectors sweep out equal arcas in equal times, and it thus stands to reason
;;h'lt the earth 1s travelling faster when it is nearest the sun or at
perthelion and slower when it is at its aphelion.  Again, the sun’s path is
along the eclipticf which is inclined to the celestial equator and hence
a second variation of time.

These are the main reasons® for the .sun’s time being variable,
and since no clocks could be regulated to go fast and slow to conform
with the sun, astronomers have arranged to have a uniform day and this
day to coincide more or less with day and night and therefore observations
to the sun bave to be reduced from what is apparent or true solar time
to mean time; this correction is termed the FEyuation of time, and its
amount, whether additive or subtractive, will be found in the N.A.,; page
I. of every month—the equation of time being in sidereal units.

Apparent time may be defined as the angle contained between the
meridian of the place and the meridian passing through the true sun.
Mean time as tho angle contained between the meridian of the place, and
the meridian passing through an imaginary sun moving on the equator
with the mean velocity with which the true sun appears to move in the
ecliptic. The angle contained between the meridians passing through the
true and ungginary  suns is the equaton of time. Sun-dials therefore
shonld 16 corrected for equation of time to conform to local mean time.

It is next required to interpolate the variation in 1 hour for 18 1. 9 m
between the noons of the 1st and 2nd June and the variation will- be
found to be *379 s. This variation multiplied by 18136 hours = 6 87 &
and since equation of time for 1st June = 2 m. 2867 s. decreasing then

* ¢ Barlow and Brjau's Mathematical Astronduy tor further explanation,
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the equation of time = 2 m. 28'67 ¢. — 6'87 5. = 2 m. 21'8 4, and there-
Tore LM.T. of LA. = 124 0m 05 —~2m. 2185 = 11k 57m.
38'2 s, and therefore the clock for local time was 11 &, 57 m. 382s -
11 %, 85 m. 404, = 21'm. 582 5. slow. Had however the clock been
keeping standard time for 5} hours or 824° E. of Greenwich it would have
been 4 m. 0 3. + 1 m. 582 s, slow or 5 m. 582 3. slow.

The foregoing examples show how time is found by observation
to a celestial body on the observer’s meridian.

If the celestial body is a star the computations are greatly simplified
as there is no reference to Greenwich Mean time which will be explained
under the next para. [t is not usual that the meridian is known, and hence
observations to the sun or stars out of the meridian, or ez-meridian
as they are sometimes called, will be next explained.

66. Observations to the sun or stars out of the meri-
dian for time and azimuth.*—The following are the corrections
to be applied to astronomical observations and a general idea of how
observations are best made :—

Refraction.—A ray of light from any celestial body upon entering
the atmosphere becomes bent or refracted in a downward direction,

and the closer the body is o the horizon the greater the width of the
belt of atmosphere through which the ray has to pass and therefore
the greater the refraction. Refraction thus tends to raise an object or
the elevated angle read is more than the true, and thus refraction is
always subtracted from the observed altitude to obtain the true altitude.
Refraction is dependent on the temperature and height of the baro-
meter, (see Table III., Appendix II.,) 'or 58" cot altitude gives a close
value.

Parallaz.—In the ordinary processes of astronomy, we assume that
the m fixed stars, are at infinite distances, that is, the rays
from.s fixed star to the surface of the earth and also to the earth’s centre
are coincident, and we thus assume that the observations are made at
the earth’s centre and referred to a plane parallel to a plane of the
sensible horizon of the observer’s position. But this does not hold good
with the solar system.

® The author here reiterates his caution concerning the footscraws for levelment of bubbles during a set of
observations (a setincludes readings to R.M.) involviug horizonfal angles. The footsorews <hould not be fouched
and any levelment of the upper level should be doue by the antagonising screw (11de para, 18 Part JI)
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Let OF be a section of the earth; O any point on the surface ;
Fig. 18, 13 HOR the horizon at that point; H’O'R’
the rational horizon through the centre of
the earth and parallel to HOR. Let M
be the sun, moon, or some planet, then
MOR is the altitude of the body above
the horizon HOR, but MO'R’ (= MTR)
is the altitude of the body above the rational
R ot horizon ¢.e., the altitude ahove the horizon
«hrough the datam point. New MTR = MOR +_ OMT, i.., the true
altitude is greater than the observed altitude by the angle OMT, which is
called the parallaz. 1t is evident from the figure that the magnitude of this
angle OMT depends on the altitude of M, being nothing in the zepith, and
attaining its maximum on the horizon. The fixed stars are so far from
the earth that the magnitude of this angle is imperceptible, and even the
horizontal parallax from the sun never exceeds 9 seconds, so therefore
if observations are being made with an instrument which only reads to
minutes, as, for instance, the poeket-sextant, the correction for parallax may
be wholly omitted. Correction for parallax must be added to observed
altitades or subtracted from zenith distances, vide Table IV., Appen-
dix II.
- Semi-diameter.—When an observation bas to be made on the sun
by means of an alt-azimuth instrument, it would be very difficult exactly
to bisect the disc of the sun by the horizontal cross wire of the
instrument, so it is usnal to read the elevation of one of the limbs,
either the upper or lower, and then, as the case may be, subtract or
add the semi-diameter of the sun, to find the true altitude of the
centre. This is called the correction for semi-diameter, and is given in
the ¢ Nautical Almanac” for every day in the year. This correction is
in reality the angle subtended at the eye of an observer placed in the
centre of the earth by the semi-diameter of the sun, and is constantly,
though slightly, varying ; not because the diameter of the sun waries,
but because the distance between the sun and the earth -is ever
changing. Also, when a sextant and an artificial horizon are wused, the
altitude of one of the limbs instead of the centre is usually read,
because the observer can note with much greater accuracy when the
two Suns just touch one another than when they exactly coincide.

To all observations for altitude, after having observed.the altitude
of the sun and the readings of the barometer and thermometer at the
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time of observation, the corrections above.mentioned should be applied
in the following order :—

First make the corrections due to instrumental errors; then take
out of Table I1I. the refraction due to the observed zenith distance
corrected for instrument. Now this number was calculated at an assumed
temperature of 50° ., and a barometric pressure of 30 inches. Table III.
gives the necessary corrections with their signs. Then having corrected
the refraction, add it to the ohserved Z.D. Then apply the semi-diameter
(taken from the “Nautical Almanac”), subtracting it if the observation
was made on the lower limb* and adding if on the upper limb ; and
finally take out the correction for parallax and subtract it from the Z.D.

Example 1.—The observed altitude of the sun’s upper limb is 39° 16/
20’ at 8 A.M. on June 20th, 1922 ; harometer, 28:85 inches ; thermometer,
80° F., no error for instrument ; find the true altitude of the sun’s centre.

Observed Z,D, (90° = alt.) coovsereiieriinninnnennnn . 50° 43" 40°
Refraction for 50° 07 07ceriviviiiericnvnisrisersvesonnned 1 94

And change for 4837 40"... « coiit tiiiniiiiin i cnrene I'8
Correction for barometer, 2885 inches........ vreer— 27
” . thermometer, 80° ...... ... ciiiiienr— 42

e ]

Value of COrrections.ceeeeres covvessrenverronenrersees 4 1 048

. corrected refraction for 50° 482 40 i8.c.ueeee oo+ 1 048
Semi-diameter (from N.A.)evviiiiciniiiiiiens wnd 15 468
Parallax in altitnde....c.ceeveeeer e vervonnenne cor = 065

—— —— ——

True altitude of sun’s centre (90° —- Z.D ) =388° b9* 36"

Ezample 2.—The observed double altitude of the sun’s lower limb

at 8 A.M. June 22nd, 1922, was 84° 44’ 40"; index error, 3’ 45 on

the arc (therefore negative) ; barometer, 28'85 inches; thermometer,

85° F.: find the true altitude of the sun’s centre.

Observed double altitude.c.ccveerreero . 84° 447 407
Index error....c..c. cooverrvvaece vor o o= 03 43
2)84 40 55

Single altitnde... ... .o eveieven o o000 42° 207 27°5" = 47° 89’ 8257 Z.D.
Refraction for 47°.cccuieereereorrenerrosscansnesennnt 1 02:4%,

..change in 89’ 32:5" + 146~
- Correction for barometer, 28:8J..ccu.vvuvsrs= 2:44
” ,» thermometer, 85°%...c.oevviars = 438

Value of eorrections v .. ovoe v vr v veeen siannnennd 740"
..corrected refraction for 17° 89/ 82:5v is... . ...+ 00" §7-0-

Semi-diameter, June 23rd............ cerereraenes = 15/ 462~
Parallax in altitude.......ccoovvenreinnnriniiciiini=— 64

True altitnde of sun’s centre 90° — Z.D. = 42° 33’ 28+

*Note that the object as viewed through the telescope of an ordinary theodolite [without usiug the lnverting
eye-plece] is reversed,
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In the above there appears to be a certain amount of unnecessary
labour in calculating refractions from a Table of Zenith Distances, but
the system has been adopted since most refraction tables used for astro-
nomical work are for zenith distances and not for altitudes. The
reader will now understand that when dealing with celestial ohjects other
than fixed stars he has to apply the following corrections:—

Right eseensions and Declinations with reference to their position, at
the same instant, to be very exact, at (Greenwich, and the correction
for parallax. Correction for refraction is common to both, Correction
for semi-diameter is for the sun only, but it is advised that the limbs of
the sun be observed to in preference to the centre which cannot always be
accurately intersected and requires a great deal of judgment in any case.

Thus for time observations it is recommended to allow one limb
of the sun to cross the horizontal wire and register the time of contact
and then permit the sun to cross the wire (steadily working the horizontal
slow-motion screw of the plate in case he has the tendency to move out
of the field) and then to register the time of the second contact or the
final crossing of the sun across the horizontal wire. In this way, one
vertical angle is recorded ahd two times, and the mean of the two times
is the correct time of the intersection of the sun’s centre at the
vertical angle observed, and the time of the sun’s centre is connected to
the clock which is to be examined for the local mean time or standard
time it is keeping see example, page 95.

67. Azimuth.—For azimuth or the direction of the gneridian and
when dealing with the sun er-meridian, the computed angle Z is connected
to a point on the earth’s surface as a referring—mark which plays the
same part as the clock does for time observatigns, Hence, to obtain an
azimuth from the sun, correct time not being known, the horizontal
angle to a referring mark (R.M.) and altitude of the sun’s centre is
required; the following method might be adopted:—

In latitudes greater than 23 27 N. the sun will always rise south
of the east point and will have a motion when rising and setting, of left
to right when the observer is facimgesouth, and the motion will be as
shown in diagram Fig. 19, though, when looking through the telescope,

Fig. 19. it will be reversed. What
the observer must do, after
determining the direction of
the sun’s motion in the#eles-
cope, is to bring one quadrant,
formed by the horizontal and

A vertical wires in contact with
~ the sun’s_limbs and +to note
he time, horizontal and verti-
cal angles, taking care that

the theodolite is in true levelment. The standard time corrected to local

Sun rieng v Sgn sefring

’

® Jorrections for Barometer and thermometer are only necessary for Latitude Observations.
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time and referred to Greenwich need not be very exact but sufficiently so
in order that the sun’s declination can be calculated to the require-
ments of the accuracy needed. A small error in the declination will not
affect the ultimate result materially. He next proceeds to get a contact with
the opposite quadrant and registers the time, horizontal and vertical angles.
The mean of the times of observation and mean angles will give the time
of the observed altitudc of the sun’s centre and the horizontal angle
to it.

After obtaining the first contact, say in position 2 and recording
time and angles, there is nothing gained in moving both the horizontal
and vertical arecs to make the second contact, in fact, it is better to
leave the vertical arc alone and to follow the sun with the horizontal
slow-motion screw, und after a little lapse of time if the sun is rising

Fig. 20. he will be in a position, as nearly as possible as shown

in diagram Fig. 20. The observer should now take care

and keep as much ot the sun to the right of the vertical

wire as there is above the horizontal wire or, in other

words, he should endeavour to cut equal segments of

the sun with his 8rd quadrant and in this manner, Ry
a final manipulation of the horizontal tangent screw or slow-motion
screw, obtain a perfect double contact.

It is a very good practice to set the horizondal limb of the theodolite
to read 0° on the magnetic meridian by rotating the lower plate and
clamping as it avoids any possible confusion in the azimuth of the refer-
ring mark (R.M.) and the magnetic variation which is the difference
between the reading to the R.M. from magnetic north and the computed
angle from true north. .

This is done as follows :—Attached the compass to the theodolite on
face left, unclamp the upper plate and set the A vernier to 0° and
clamp the upper plate. Unclamp next the lower plate and revolve the
instrument till the north end of the needle points north. Clamp the
lower fMte and release the upper plate and read the R.M.

An example is necessary to show how the declination of the sun is
found from the N.A,

A set of observations was taken on the sun at a place keeping standard
time 6 hours E of Greenwich on the 2nd June at 10 A.M., (mean of observ-
ed times). The following elements are extracted from the N.A. table
1L i~

Apparent declination 1st June N 21° 59", 03:8" at G.M.N,

" » 2nd June N 22° 07' 189"
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From table 1. N.A. variation in 1 hour lst June = 2090: and 2nd
June 19:94¢ 10 A.M., on the 2nd June Civil timg (see a previous para. con-
cerning change in G.M.T. for 1925 onwards) is 22 hours since noon on 1st
June and since the time was for]6 hours  of Greenwich the corresponding
Greenwich time was 16 hours on 1st June. By interpolation it will be
found that the rate of variation at 16 hours is 20-26* which multiplied
by 16 hours = 5' 24:16" and therefore the declination of sun at the time
of gbserving was N 21°. 59'—03 8" + 5"24. 16" = N 22° 04’ 28",

. N.P.D. = 67. 55. 32",

‘When observing to a star for azimuth, as the object is very small
and also as the declinations of stars ch.mge very gradually the recording
of the date of observation is sufficient, and only the passage of-the star
across the intersection of the wires is required. The star should be allowed
to intersect"itself by manipulating either the horizontal or vertical screw
for slow motion and allowing for the apparent inclined passage of the star.

In azimuth opservations the lower plate will remain clamped throngh-
out and as suggested, for preference, with 0° of A vernier on face *left ”’
on the magnetic meridian.

The following example of observations and computations to a star cz-
meridian will show how the field=book entry is kept, etc. As azimuths are
for all practioal purposes correct enough to a half minute the barometer and
thermometer corrections are unnecessary, The footnotes on page. 85 are
important.

FIELD-BOOK Latitude 29° 52, Azimuth er-meridian, dated 8tk January, 1914.
—"| ) T Hortzontal angles. Mangleu.
Faoey * Object. t Angle C Time and date
A, B. Mean, |hetween R.M, A B, Mean
and object,
ol'r|f' 0 7| of 7, " T T 0/ | .

L RM, 23169|20 59140 28|569(30

] 1

L .htu‘igu EJ s0l85 40‘35 20| 50/35/80 i 00{27]201

R 46[40147/00 50|46/40 ! 40/28(40 I

| 3381100 +8754] 03| 7 e

R " 58 40]54 20| 50]54/00; I 00{2040| | (approx.)

L " 51(01{00,00140| 53]00i50| J 20{18)40 J

R R.M, H'IO 59, 59‘20 28159110

RM, 28[59]20/50140; 98]59130)

) B ) |

L | a Pegasi W rm 58|40(59(00/254 (5850 |14 20

R » 75|58|40|63|40{255(53{40 I 20,06/20 I

+127}46 20 | L46(4010 | 7-15 P,

R . 76136]20(86|40/256|36{80 l 46|12 20,12(40 (approx.)

L " 257|24|40(26/20(257(256]00| ) 145/07(20]07(40

R RM, 8]59|40,00(00| 28 a9lso
P— — .
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Object E. or W.

Mean Zenith Distance

+ Refraction — Parallax

Corrected Z. D.
Co'atitude

N. P. Distance

Log cosec s
(6~ 2)

2 »

- BiD (8 = 0)

' T (8 - P)

Sum = Log tan® }4
. tan }d

44
A.

=p

-0

=2
™

Sup—= 2s

8

e

8~z

Se

b

8 ~—0

8—p

e

Angle R, M. and Start
Azimuth of R M. from N. ...

CoMPUTATION, 8th Jamuary, 1914.
B Aurige E. a Pegasi W,
52| 05 57| 43 19 50
+ 01 151 + 00 55
52| 07 2| 43| 20 45
60| o8| ool 60| o8| 00
45| o8 25| 75| 15 26
157 | 18 87 | 178 |- 44 1
78| 89 19| 89| 22 06
83| 8b s¢| 14| 06 40
18| 81 9] 20| 14 06
26 | 82 07| 46 o01 21
0| 008 | 5695 0| 000 | 0264
0| 256 | 9865 0| 612 | 9608
1| 501 | 9733 1| 688 | 7693
1| 650 | 0633 1| 857| 0987
1| 417 592 0| 158 | 8552
1| 708 | 7968 0| 079 | 4276
21| 05 4] 50| 12 88
54| 10 28| 00| 25| 16
838 | 10 05| 127 | 46 20
21 20 38| 27| 21] o4

* When the Star is ‘%—zﬁ of the merihan the azimuth of the Btar is to be

—

¢

acdded to
subtracted from

the angle R, M.and

Star ; if the result 1s negaf fve, subtract it from 360°; and if pesitive but greater than 360° deduct 360° from it.

To the result thus obtained convergency is to be

addedito
subtracted from

azimuth observed % of origin, For conver-
genoy ocorreotion see para. 131 Part I, (Oonvergenoy is roughly 307 per mile in Lat,

t Always subtract the reading of the Star from that of the Ry X, to get the angle R. M, and Rtar,
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If the' above azimuth had been taken 2 miles E. of the origin the
bearing to be used in ordinary traverse computation would have been
27° 21'=1' = 27° 20", Maonetic Variation 34° E (approx.) )5”"
3ircumpolar star is one whose N. P. 1. is less than the lamude of
<he place, or in other words, whose declination is greater than the

titude of the place. It can thus easily be conceived that a circum-
polar star never sets or goes below the horizon of the place at which the
observation is taken. Polaris is the star usually observed and a few facts
concerning Polaris would not be out of place here. If the times of W. or
E. elongation of Polaris 1s not suitable any other circumpolar star will
give just as good results. Polaris is known as a Ursee_Minoris or the
bright star of the “Little Bear” (in America this (onstellatlon is known
as the “Little Dipper).” The “Great Bear” or Urse Majoris has two
stars pointing direct to Polaris. The “Great Bear” is kuown sometimes
as the “Great Dipper” and sometimes as the ““Plough.” The pointers
are at the end of the dipper opposite to the handle. The last star but
;)ne in Ursee Majoris is { Ursee Majoris or “Mizar.” When Polaris is
vertically over Mizar then it is nearly on the meridian.

The polar distance of Polaris is now about 1° 07, this distance
will decrease at the rate of } minute a year until the star 1s about 30
minutes from the pole when it will begin to increase.

When we say the N, P. D. of Polaris is 1° 07" its N, P. Dewill be
1° 07’ at the equator, that is, that the angle of 1° 07’ from the.
meridian will only hold good on the equator or at latitude 0° when the
zenith and celestial equator coingide. Directly the observer moves north
his zenith approaches the pole, and although the N. P. D. of the star
remains constant, at elongation the angle at the zenith between the star

and pole increases. At N. latitude 40° it would equal 1° 22" 13" or sin

. in NPD . PZO _ sin PO
star’s bearing = slcm since ::3 7P = m: 7p and ZOP = 90° and ZP =

90° — A, For this reason the correction for latitude enters into the com-
putations.

By consulting Napier’s rules of circular parts (para. 61) when the
angfé’it”O the object, is 90" we obtain the following:—

sz-cos(-—— ~ Z) cos (5 ~ 0 ) = sin Z sin o.

sin NPD sin NPD

~.8in Z = sin azimuth angle = o oolt, = oatai reeessesenssannn(i)s

*A star is said to be at elongation when the angle at the star between the plane of the declination civcle passing
through the star and the plane of the Yotical gircle passing through the star is 80°



PRAOTICAL ASTRONOMY, 87

N . U
again sin (7 - O) = COS p co8 2.

coso __ sin latitg_de .
cos NPD ‘n'onn-.......,....“...(“).

.. cos p = sin altitude =

cogz

and again sin (—21 - P) = cos P = cos k. a. = tan (% - o) tan 2

= tan latitude x tan N.P.D................(iii).
and thus we find the angle, time and altitude of any circumpolar star

at eastern or western elongation.

The altitude it must be remembered

is the true altitude uncorrected for refraction.
- Example on the 11th November 1915. The following elements were

given ;—

» Draconis (W)

RA 16%, 227, 49°

N.P.D. 28° 17'. 45°

S\T. at L.M.N. 15%. 17™, 20®
Lat 29°. 52'. 00"

¢ Draconis (W)
17%, 08™. 30
24°. 10", 51"
158, 17™, 20°
20°, 52', 00°

Therefore considering the formule for Cos P, sin Z and sin alt. the

following computation is pecessary.

tan A 1:7591022
‘tan N.P.D. 17310653

—— — e

Log Cos P 1:4901675

h ! "

+ h.a. 44758

R.A. 16-22:49

L.S.T. of obs: 21:10°47

ST @ LMN 151720

Sid Int. from LMN 55327
Retard : 58
Mean Time (Local) 55229
Correction for Stand : T 1824

! "

h

Chronometer time 6:10:53

Sin NPD :1-6758005
Cos X 1:9381126

Log Sin Z 17376879
Azimuth angle (Z) 33°03-08"
Sin A 1'6972148

Cos NPD 19447352

— ——

Log Sin alt 1:7524796
alt 34°2629°
refraction + 1-23

app. altitude at elongation 34°-27"42"

'}.7591022
1-6522616

1'4113638

h ! "
+ 50014
17:08:30
220844
15:17-20
65124

1:07

65017

1824

0841

1-6123789
1-9381126
26%11-14"
1:'6972148
1'9601173

— s —

17370975

33°-05"05"
4128

"38°06"83"




38 CHAPTER III

The above shows that the time of Elongation of one star by the clock
keeping standard time was 6 b, 10 m. and 53 s, and of the other star was
T h. 08 m. 41 s,

To take the observation set up and level a theodolite very accurately
over a mark (generally a traverse station) and as advised, in a previous
para. to avoid mistakes, put on the magnetic compass, set the two plates on
face left A vernier to 0," open or release lower clamp and rotate instrument
Lill the needle of the compass shows 0.° Clamp the lower -plate. The 0°
line of the instrument is now with reference tu the magnetic meridian.

Set up a lamp on the R.M. which will be either on the back or
forward traverse station as a referring mark (R.M ) and read the angle to
it on both faces, Let such a mean angle be 56° 52° 20.~ This should
bring you up to a few minutes before the time of elongation, and in case
your clock is not very correct it would be as well to leave a margin of a
few minutes, the clock time being corr corrected and an allowance made for
local time as against standard time. Por » Draconis set the vertical arc
to 84° 26’29, -and if you do not quite know the star set the horizontal
vernier to read 360°—33° 08' roughly. The star will be 1ecognisable and
as the altitude has not been augmented for refraction the star has still to
rise higher in the telescope and therefore has not yet reached its elongation,
Watch # now very carefully and immediately it is seen to be rising
vertically along the wire (falling in the telescope for eastern elongation)
clamp and read the horizontal plate, and if you have time change face and
read again to disperse collimation error. Polaris for 10 minutes or so of
time on either side of elongation does not change more than 10 secs. in
arc and therefore with Polaris there is sufficient time to take it on both
faces. In case both faces are not taken, the reading to the star will be
referred to that of the R.M. on the same face only. Having: now obtained
the mean azimuth angle on the theodolite we can find the line of true
north by subtracting the computed value from the observed value,

Correct now the magnetic_bearing of the R.M. to obtain azimuth
of R.M.

Note that the time and altitude, except as a rough guide for the
position of the star at elongation, do not enter further into the cal-
culations. The R.M. may be observed after the star. It is neither
advisable nor possible to leave an instrument standing till daylight to
observe to a peg or any defined mark, and a lamp on the R.M. provided
the R.M. is not too close is sufficiently accurate as a mark for all traverse
purposes in whick an azimuth to } minute in correetness is deemed
necessary. (onvergency correction to be applied as in pura. 181, Part 1.
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69. To find the meridian by Polaris.—This method is given
in Taylor’s “ Handbook for Surveyors”, and is worthy of note, as no
nautical almanac is required, and it is not every engineer who bas an
almanac, and with the following tables, a rough knowledge of the
observer’s latitude and a fairly good idea of the local time of observation,
a correct meridian is possible.

Table 1. gives the epochs or times of equal date in April when the
Mean Sun and Polaris are on a meridian together that is when the ap-
parent R. A. of Polaris and the R. A. of the Mean Sun agree.

Year. ‘ Epoch. Year. Epoch.
|
1924 15:0 1930 164
1925 157 1931 16'6
1926 16-1 1932 160
1927 16-4 1983 16°4
1928 157 1934 16'8
1929 161 1935 ‘ 171

In 1924 with Epoch 150 showed that the mean sun and Polaris were
on a meridian together on the 15th April at 12 midnight (14th and 15th).
The next day the sun will reach the meridian nearly 4 mins. later than
Polaris, and thus the hour angle of the star will be more than that of the
sun by 3:94 minutes multiplied by the number of days after the epoch to
which must be added the angle between the sun and Polaris on that day
and if we call this hour angle ¢, from Table II., given below, we obtain an
angle which multiplied by the azimuth co-efficient in Table III, gives us
the correct azimuth.

TasLe 1L TasLe 111.
Hours (¢), | Angle (a). | Hours (¢), Lat. 1920, 1930, 1935,
0 o' 24
1 25' 23
2 49’ 22 2Q° 75 ‘72 69
3 69’ 21
4 84/ 20
5 93’ 19 300 81 77 78
6 9¢' 18
7 92’ 17
8 82' 16 4(Q° ‘91 87 82
9 67’ 15
10 47 14 i
1 24’ 13 500 1:09 1:04 09
12 0’ 12
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Ezample.—On the 7th January 1925 at 6-40 p.m., L. M.T. the
angle between Polaris and a Referring Mark was
found to be 121° — 54' — 00". What was the azimuth

oy of the R. M. if the latitude of the place was 29°52' N.?

Here the Epoch 15'0 for 1924 must be considered and the number of
days lapsed since 14th—-15th midnight of April 1924 to 6 hours 40
minutes p.m. L.M.T. on the %th January 1925. To simplify matters it
is better to count in full numbers of days from tho 1st April of any
one year to the full date of observation and subtract the value given
in the Epoch. In this case we have the number of days as 30 + 31 +
30 + 31 +3L+ 30 + 81 +30 + 31 + 678 = 28178 — 15°0 days =
266'78 days and thus the hour angle between the mean sun and
apparent R.A. of Polaris at the time of observation, since the gain is
394 minutes per diem, is 266:78 days x 8:94 = 17'5 hours.

We next want to know the position of Polaris with respect to the
meridian and the position of the meridian is known since the sun was
6:66 hours past it and thus the angle of Polaris with respect to the
meridian or ¢ = 175 + 6:66 = 24'16 hours = 016 hours past the
weridian (in the first quadrant).

From Table Il. we obtain 25’ x ‘16 = 4 mins,

% rom Table IIL for latitude 20 52 and year 1925 we obtain 79
(by interpolation) as a multiplier.

Therefore Azimuth of Polaris was4x'79 = 3:08 mins west = 8’ 04'8".

Therefore Azimuth of R M = 121°54":00" — 305" = 121°50'55",

Ezample.~What was the azimuth of Polaris at 6 hours 28 minutes
L.M.T. on the 12th February 1926 ?

Days elapsed since 1st April 1925 = 30 + 31 + 30 + 31 + 31 + 30
+ 3L + 30 + 31 + 31 + 11:78 = 31778 days and epoch for 1925 = 157,
Therefore the number of days elapsed since Polaris and the sun were on
'a meridian together = 317:78 — 15'7 = 302'08 ; which multiply by 3:94
giving as a result 19 hours 50 minutes.

To find the position of Polaris with respect to the meridian, 6 hours
28 minutes must be added to 19 hours 50 minutes which equals 2 hours
18 minutes. Thus the star is in the 1st quadrant (W. of North) and
=2 hours 18 minutes. Interpolating in Table II. we obtain R = §5°
00" and reducing by Table III. the true azimuth of Polaris W. of North
is 55’ ¥ ‘79 == 43 minutes 27 seconds West.

70. Observations for Time ex-meridiay to a fixed star
or the sun.—It is necessary, to get the best results by observations

to a fixed star, to select one on the prime vertical when the apparent
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movement of a star is greater and therefors gives the best time results. *
If the latitude of the observer is 30° N. then stars in the N.A. with a
declination N. of 30° will be on the prime vertical.

Set up the theodolite and level it very exactly, specially the upper
Jevel or vertical arc level. If this level is fixed on the telescope it jis
necessary to first set the vertical arcto 0°. If the theodolite is mnot
fitted with a reflecting cap take a band of white paper about 2} inches
wide, fit it over the object glass end of the telescope with a pin, and
tear off a small quantity overlapping the object glass and leaving, so to
speak, a small tongue which is then bent inwards at an angle of 45° or
so. The light of a lamp or a small lantern thrown on to this bent
tongue will be reflected down the telescopo and will illumine the wires
of the diaphragm and the light can be regulated either by altering the
angle of the bent piece or by holding the lamp closer or further away
from the paper. The correct illumination will have been obtained when
the‘vires and star are equally visible. Too much reflected light is a
mistake, To get the star in the view of the telescope arrange that the
lanterns, etc., near by are held away from the theodolite, then sight
along the top of the telescope to the star, and the star should be in
the field of view of the telescope. Some theodolites of large pattern are
fitted with gun sights, but a little practice with the ordinary theodalite
will make this preliminary work quite easy, the observer remembering that
the direction of the motion of the star is inverted in the telescope, and that
a bright star to the naked eye will appear a bright object in the telescope.

The observer should set his telescope on any bright star, focus it
to a point so to speak, disperse pa‘r/allax, and he is ready then to
commence work. The star he selects f is next brought in view in the
telescope, his vertical level is examined and the light is reflected on to his
digphragm. He next sets the star as close to the vertical wire as possible
if the star is in the east above the horizontal wire, and if in the west
below it.}” In the ordinary theodolite it often happens that the lenses are
only optically correct near the centre and observations should be made

as close to the field of cross hair as possible. The flare seen through
the telescope means that the lens is not set square and to be true the
star should focus to a steady point so to speak. Having finally ascer-
tained that the levels are correct he calls “ready” to the recorder and
time-keeper, and if there is no recorder he should test his counting of
seconds by his watch and try and obtain as near as possible the correct

. * When the mean of E and W stars for Time or the mean of N abd 5 stars for latitude 18 acoepted there is no
need to change face R. G.'S, Journal June 1917, N
{ Stars of the first magnitude or very bright stars do not give such good results as those of lesser maguitudes.
1In Time observations he should not observe the star at the actual {utersection of the cross wires as this s
where the glass is often splintered by the engravers tool,
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beat ; he goes on counting till the star crosses the korizontal wire and
making a mental note of the intersection, continues counting and examines
his watch to see what error has accrued in the interval; if he
is not satisfied he should do it again, but with a little practice and
experience a few seconds need only lapse for the whole operation of
counting, etc., so that the ‘“eat ” error is a negligible quantity.*

If there is a recorder he, on the caution “ ready,” starts counting
the seconds and calls them loudly, and the observer at the crossing
calls the second he wishes registered. It is not a good practice to
say “now” “up”, ete. The recorder enters the seconds called and
makes a careful note of the minutes (the watch or clock should be set
before observation so that the full minute of the minute hand is reached
when the second hand shows 0 seconds). Mistakes are usually made
in the minutes when recording just as in levelling the feet are often
recorded wrongly because the lgyeller is too intent on getting the decimals
correct. e next changes face and goes through the same operation in
exactly the same order, the recorder noting that if the star is in the east
the next values given him will be greater in altitude and vice versd if the
star is in the west. It is not advisable to take observations to a star of
lower elevation than 25° owing to the refraction correction increasing
and being less reliable.

The observer should next take a star in the west if his first star
was in the east., This balances the observation on each side of the
meridian and also eliminates the personal error of taking a star some-
times slightly above or slightly below the horizontal wire. Since the
conditions of incorrect intersection are, so to speak, equal and opposite
the mean of the times on east and west disperses this personal error.
Thus, the.altitude of a certain N.A. star has been observed and connected
to the tinie of a clock or wateh on a certain date, and it has already
been explained how, if latitude is known also the declination of a star
and if altitude (corrected for refraction) is found, the spherical triangle

can be solved when the hour angle is found and vide para. 63, the
error of the watch can be calculated.

The following steps in observing are recommended : —

Adjust theodolite, sight star, focus and regulate the lighting, call
“ready,” intersect star, call second of intersection, read vertical arc
verniers (object end first), change face, etc.

In time observations there is no point in centering an instrument
as a fairly large error in the assumed longitude or a small error in the
assumed latitude will not give an appreciable error in the time result.

w . lt' the sentence “ & thousand and one” is repeated th.c exact beat of one second of time will occur on the word
one.’
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The latitude and longitude are found on the standard maps of the locality
usually to a scale of one inch = one mile, and of course there is no point
in clamping or otherwise using the horizontal plate of the instrument.
When the sun is the object observed the best method is to take

the time when a limb touches the horizontal wire and without altering
the vertical angle to take the time when the opposite limb leaves the wire.
The mean of the two times and the one vertical angle will give on
one face the apparent altitude and time of the orossing of the sun’s
centre. Another way is to take only one limb and allow for the correction
for semi-diameter. In any case on account of collimation error obser-
vations should be on both faces.

Example 1.—Qbservations for Time with T. and S. 6-inch theodolite
No. 1170. Latitude 18° 30’ 23". Longitude 73° 53 06 E. Dated
17-5-1907 Chronometer keeping standard time for longitude 82° 30/ E.

Vertical angles,
Object e e
Face E o]rc‘iv. Time, Menn of time.
A. B. Mean General Mean,
AT N Y M hlm| o sl hfm| e
R. | Procyon, W. o | 24] 48] 40] 48| 40] 24! 48] 40 8 69 32|]
L. » .. | 24| 00| 40] 00| 40} 24} 00| 40 J 9| 02| 53 L
23| 39 03 9] 04] 16
L, » .« | 28| 09f 40] 09| 20} 23{ 09] 30 9| 06| 07
R " wo | 22| 87) 00] 37| 40] 22| 37| 207 9| 08| 31 J
L. | « Ophiuchu E. ... | 24| 31] 40] 32| 20} 24| 32| 0O 10} 00} 27
R. ], " . | 25 25| 40] 26] 00} 25| 25| 60 10| 04] 01
>25! 41| 8Y) rlO 05| 17
R. |, . . | 25| 65| 40] 55| 50] 25| 65| 45 10/ 06} 08;
L, . ... | 26| 53| 0of 53 00| 26| 53| 0o 10( 10| 80|}

Ezample 2.—Observations for Time with T. and 8. 6-inch theodolite
taken at Roorkee on October 30th 1923. Latitude 29° 52° 00", Longitude
77°53' E. Chronometer keeping standard time or 18'-24-5 secs. fast of L.M.T.

L. | a Ophiuecht W. ... | 48 20| 20] 21] 20] 48] 20} 50]) 6| 26 1
R. ” e [317] 47| 40} 46) 50] 42| 12| 45 6| 31 32|
41| 55/ 11 6| 82| 52
R. N ... |138] 35| 50f 37| 10] 41/ 23| & 6| 85 )8;
L. » . | 40| 43| 20] 44| 00] 40| 43] 40} ] of 38 27
L. | « Andromedx E ... | 49| 00| 40| 62| 20 49| 01| 30| 6| 42 07]
L. " . | 49| 30[ 20! 30, 40] 49| 30| 80 6| 4¢ 23
49| 54/ 80 6| 46 16
R. , ... [129] 48| 30} 48] 80f 50| 11| 80) 6| 47; &
R " .. [129] 05| 50] osl 10] 50| 54 BOI' 6 zsol 55| J |
mppp— E—
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CoyrurarioX oF TIME.

Ezample 1. Ezample 2.
———
Station Poona, Poona. Raorkee. Roorkee,
Date Ast. w & o 1 5 orf] 8o o). 28 8o 10, 38
o T. [ Q -_I— " o ’ L4 [} T "
Lougitude 78| 53l o6l 78! 58 oo 771 58l E | 771 58] E
Object E. or W. Procyon (W) |a Ophiuchi (E).|a Ophiuchi (W) fa Andromeds (E)
Mean obsd. Z.D. 66| 20| 57|-64| 18] 21| 48 oef 49| 40| o5 30
Refraction — Parallax + 2 13]4- 2 00} .« 1 03] ... | .. 49
Cottected ZD. =p | 66| 28] 10] 61 30 21| 48| 05| 54| 40 o6 19
N.PB.D. =2 | 84 s3] 20| 77| 22 23| 77| 23] s 1] 19 40
Calatitude =0 7 29 1l 11 29 37] 60 08 60| 08 00
Som =2 [ 822 o5l 07218 13 28l 18| 86| 4 1e|| 33 b0
Half . =s || 12 sdos| 86| 1z 92| 48| g2 22| 46| 9
e=p | 4 a8 24 42 18| 51| 44 42 28| 40 40| 40
a=p | 26| 40| 14| 29 18| 7] 15| 25| 32| 19/ 2 19
s—"o | s0| 42| 57| 9| o8| 83| 83 40| 22| 20| 38 69
Log cosec 8 o[ 00| 4610] o] 018| 4955 o oou| s21| o oos| ee37
Yy e 6=D) of 151 sssil Of 172| e7ss| 0| 132 741al O 1S5 8628
) 1| os2| 107 1) 688) eors| 9| 424 8a%0 9| 522 5368
wow (=0 1) sos| 4s7s] 1| 769| 7766] 9| 732| 2654 | 647| 38486
Sum = Log tan’ § ¢ 1l aso| o178] 1] 68| 2as7] 19 310 sseg| 19| 361| 4119
, tan ¢ 1) ;0| woer| 7| 819 ea20] 9| 665 1034 9| 630) 7059
(arc) } ¢ 33| 27| oool 33| 25| 4¢s| 24| 19 33 | 28 o8 09
(time) } ¢ 91 18| 480 2| 18| 481 1| 87| 1829] 1| 82 826
L. m. s ) hy m sl b] m. sl A -_;n_ 8,
(h. @) or *¢ in time ? or| 86 |- 4| 27| 269+ 8| 14| s64|- 3| o5 o052
*'sRA, or @sEq of T. 84 25'4' 171 30 38'3'-1-17 31| 22:5]4 0| 04] 278
Losal S.T. of obsn. | 12| 02|, o14) 18l 03] 12| 20| 45| &89 20| 59 226
s'.rS.T.atLocal M.N. |- 3| 3% 199 3| 85| 199 14 30| 15| 14| 0| 166
68 )s. Iterval from ,, | 8| 26| 48| o 27| c2o| 6| 15| 433 6| 20/ or0
= Retardation - | o1f 23— | o1 830 1| or4 1| 036
Trée M. T. of obsn, 8| 25| 188 o 26| 199 6 14| 4re] | 28| o8
Cht. Time gl o] 16| 10/ o6 170] 6| 32| o3| 6| 46| 15
Cht. Etror + | 88| srsl+ | 88| o7 ai 18 101' 18| 116
o \

‘Ezample 2.—Altitude of the sun’s uppe;- and lower limbs observed.

5-1-14 AM.

Lonf. 77°58' Thermometer, 70° F. ; Barometer, 28:85 inchres. Civil date

The observation was conducted as follows :—As the sun was rising
the time was noted when the upper limb of the sun ¢rossed the horizontal

r——

#1140 7 whem star s 2% of Moridian and Apperent Time s 1#h ~ ¢ if sun is Bast of Meriian.

Wi
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wire of a transit instrument, and again noted when the lower limb
crossed. The altitude was then read :—This, therefore, was the altitude
of the sun’s centre at the mean of the two observed times. The altitudes
here given are a mean between two observations; and the tima, the
mean of four observations. The working out of this example is left as
an exercise.

tsun’s ob: i
1st set sun’s observed altxtude} = 34028 47°5", time 11h. 15m. 5134,

of centre
2nd ,, ,, ” ” = 35° 26" 150", ,, 1Lh. 29m, 23'5s,
Declination of sun for date and hour ... wee A29%52'

watch or clock was keeping standard time for Longitude 82° 30’ E.,
therefore 18m. 24-5s. must be subtracfed from the above times to find
the true watch error.

tin time represents the true angle east of noon of the apparent
time or sun time was 12 hours minus 1 hr. 14 mins. 29'4 secs. A.M. =
10 brs. 45 mins. 30:6s. A.M. on the 5th January, which, in astronomical
time, is 22 hrs, 45 mins. 30'6 secs. on the 4th January at the locality at
which the observation was made, or roughly 224 hrs. — 5} hrs. (difference
in longitude E. of Greenwich = 17} hours at Greenwich on the 4th
January. The equation of time on the 4th January at Greenwich is
4 mins. 51'3 secs. to be added ; variation per hour 1'145 secs. increasing ;.
hence the result 5 mins. 11'7 secs. which must be added to apparent
time to obtain mean time.

For observations to celestial objects it is important to remember
the following :—

(1). Readings are read on both faces of the instrument to correct
instrumental errors.

(2). Two separate observations to correct mistakes

(3). An east and a west star to correct personal error of inter-
section on the wire. /

(4). Stars of equal azimuth are selected to correct or counteract
any error in the assumed latitude stipposing the correet
latitude is not known. - )

(5). Stars of equal altitudes to correct for refraction.

71, Lagitude*.—When Polaris is at its upper transit and its altitude
is corrected for refraction then by subtracting its N.P.D. Trom the resulte
ing altitude the latitude of the place is found, and similarly adding its
N.P.D. to the corrected altitude of its lawer transit the latitude of the place
is found, and hence we also obtain the rule that the latitude of a place

* Local attraction may oause the Astronomical latitude to differ from the Geedetic by several sacotds o
to the attraction of mass on the pendulun or plumbob. This difference caunot be eliminated by any process
ebar obeervations whatsoever, .
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is the mean of the corrected altitudes of a circumpolar star observed
at its upper and Jower culminations or transits.

To observe to Polaris ex-meridian and then compute the results there
are two methods—one from formula and the other from the tables given
in the Nautical Almanac. They will both be treated of here.

By formula—

It has been given elsewhere that cos p = cos 0 cos : + sinzsinocos P......2:
wherein P is the hour angle or ¢ and if & = altitude, ¢ latitude and p’ =
NPD = 2 we havesin i = singpcos p’ + c\o% sin p’ €08 t. vevieninn2 (@) ;
t the hour angle and % the altitude are derived by observation and ¢ is
the required latitude. Now the N.P.D. or p being small (at present less
than 1° 10") we may develop ¢ in a series of asceﬁding powers of p and
then employ as many terms as we need to attain any given degree of
precision. The altitude cannot differ from the latitude by more than
p’; if then we put ¢ = A — «; = will be a small correction of the same
order of magnitude as p, and we have by Taylor’s and Maclaurin’s
theorems—

Sin ¢ = sin(h = v) =sinh = zcosh = § 2?sinh + m3cosh + &e.

Cos ¢ = cos (h = @) =cosh + zsinh = §m2coslz - 4 28sin h + &o,

Sinp' =p = $p? 4 &c,and cos p' =1 = 4 p? + &e.

These values substituted in equation 2 (a) give us=—

Sinh={[sink = zcos h = —‘;—z-sin h4 &c.][1 = L;— + &c.] +
[cosh + zsinh — -a;—z o8 ) wm 3(:- sinh + &c.) [p'——’-’% + &o.] cost

=sinh = xzcosh — %'— sin b = f;isin h + p’ cos & cos t
+ xp' sin hcos t + &c., orsinh =sin h ~ x cos h + p’ cos ¢
cosh — § (@ —2zp cost + p?) sinh + &e.,
then = cosh= p costcos h — } (a2 - 22p’ cos t + p?)sin k + &cuvverinins
and = p’ cos t —~ % (a? =~ 2zp’ cost + p”?)tanh + &cyeeirernnennn(a),
for the first approximation we take # = p cos ¢ and substituting this in
equation (a) neglecting the third powers of p" and @ we obtain a second

approximation thus— *
T = p’ cos t — % (p'2 0082 t - 2p’2 (2052 t + p’2) tan k + IRy
= p' cost -~ é‘ ('- p'2 0052 t + P'z) tan h.ununuo Ve 000000 ssess eI

= p‘ cost + 4 p?(cos®t — 1) tan & = p'cost + 4 p? (~ sin?¢) tank
= p’ cost — } p'?sin’ ¢ tan A,
and there is no need to go further with the expressmn to find latitude
to within 1" and since the angle must be in circular measure,
2= p cost=—%p?sinl sin’t tan k
or¢=h=—poost+}p?sinl sin’ttan 4
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If we take the first part of the equation without the small correction

we have # = p’ cos ¢t or cost = —E— and e ,F"9~ 21,
\

‘d d‘ i U= = _’L - d \ N
vide diagram sin (.‘)O t) > = NFD . o Nesian
and to find the altitude of the pole in x>
quadrants 1 and 4 the formula will be Pola /

h — zand in quadrants 2 and 8 = & + 2. 2 3

. . as F4
From this the latitude is found plus the 4
small correction § p? sin 1 sin3 ¢ tan A. —

As before explained ¢ is the hour angle in arc, so it is first necessary

Fig. 22

Fietp Book.

to find what the A.a. in time is before the
computation can be proceeded with and to
find the h.a. in time we must first find
the local sidereal time of observation and
subtract from it the R.A. (see diagram for
rough approximation). -

If tin arc isin the 2nd or 3rd quadrant
then ps cos ¢ will have the opposite sign
but } p'? sin 1" sin? ¢ tan % is always
additive.

Latitude from Polaris.
Bar. 28'5. Therm. 76,° dated 17-5-1907.

Vertical anales
Face. e - — | Tme Mean ot
A B Mean, General Mean.
° / « ’ o ° ., " 0] ’ "l. ’m‘; 2. h. ml| s,
A i
R Polaris 17} 22| 20| 21 50! 17| 22 05]' 9| 18 2911
|
L | (a Ursz Minoris) 17| 25| 40| 25| 50| 17| 25| 45 | 9| 21} 51
$17| 28 39 b9l 22| 34
L 17| 25| 2¢| 25| a0 17| 25| 25 I |9 2 35'
R 17| 21| 20l 21{ 20| 17| 21| 20| J ‘ 9| 29| 21})
R | y Centauri 23| og| 40| 03| 00| 28| 09| Ko | 9| 33| 51N
L 23 06| 20| 07| 00| 23| 06| 40 1|9l 87191
113 28] 07| vo| 06| 40| 23| 06| 50 ! 912 g_n{l
23| 03| 00| 02| 10| 23| 02| 50 fol 9
R 23] 01] 40| 02| 00| 28| 01| 50| { 28| 92| 59| of 48 09‘59 16| 00
L 23] 02| 20| 08} 20| 23| 03 00 9| 50 54|
L 23! 01] 00| 01} 20| 28! m1f 10 9| 58 &4
R 22| 57| 50| 57| 10| 22| 57 30|J 9l560J

" Oompare example L—Computation for Time—which observations were taken before and after the above
to obtain watch or clock error,
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Computation for latitude by the foregoing formula.

ko m, 8
Mean of watch times = 92284
Chronometer error (sec example I.,page = — 0 38 58

94) (for LM.T. not Stand : Time), —_—

True local mean time of observation = 8 43 86
Acceleration = 1,26
—— > See Fug. 22
Sidereal Interval from L.M.N. = 8 45 02
Sidereal time at L.M.N. = 3 35 1949
#Sidereal time of observation = 12 20 219
(that is the time since Aries was on the
meridian). ————
Latitude = 4 — p' cos ¢.
<+ 4 p'% sin 17 sin? ¢ tan A,
he m. s
Sidereal time of observation = 12 20 219*
star's R.A, = 1 24 5798

hour anglein time (see diagram Fig. 22) = 10 55 2392
.+ hour angle in arc = 163° 50’ 59" (2nd quadrant)
and p/ = N.P.D. = 1° 11/ 85-28" for Polaris on 17-5-1907
= 429528 secs. ~

.~ log p’ = 3:6329864 log p’? = 7:2657
log cos t = 19825134 log sin?t = 2-8886
—_— log tan & = 1:4947 (17° 20’ 51-86n).
3:6154998 log } sin 17 = 6:3845 (log sin 17=log 2).
= 4125-71" 0-0835
= 1908 4571+ 108"

o latitade = 17° 207 51:86* 4 1° 08’ 4571+ 4 108"
= 18° 29/ 38:65.”
Latitude by an altitude of a star ohserved in any position can be
found very simply if a Time observation has been taken. The calculations
are based on the formula as hefore but N. P. D. is substituted for & and

we get
Sin & = sin ¢ sin 34 cos ¢ cos ¢ cos ¢.

Where ¢ is the only unknown quantity.

» giderenl time of observation = 8, Int. from L M.N. + 8T at L.M.N,
S B, & . g = B.T, of observation .*, k. a = B.T. of observation—R.A. (pars. 63).
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By introducing two auxiliaries d and D determined by the equations.

dsin D = 38in 3 civvivieniiniiinniniiase (@)
d cos D = cos & ¢os t.......... TN 1|
and by substituting the value of d from (a) the equation becomes
cos (¢ — D) = sin A sin D cosec v,

also ((f,—)) = tan D = tan ¢ sec ¢.

This will give two values for latitude but in computing Example 2
Form K a value of latitude 29”52/ has been accepted as near enough
and the deduced value from the formula above will show which one of the
two is obvious. .

From example 2 Form K we obtain the following :—

a Ophwuchi. | a Andromede.
declination = ¢ = 120 37' 10" ] 280 40’ 20"
!

corrected altitude = A = 41° 54' 06" 190 54' 41"
t (arc) = 45° 39 06 16016 18’

log tan ¢ = 9-3500208 | 97378714

log cos t = 9-8199617 | 9:8396288

log tan D = 9:5300591 ! 9-8982426
S D = 18943"16" 330 20" 54"

log sin h = 9:8246817 9-8835831

log sin D = 95064536 97927004

log cosec ¢ = 0°6605994 0-3189414

log cos (9 — D) = 9:9917347 9 9952249
o—D = 11°08' 34" 8 28’ 57"
g == 29° 51507 29° 52’ 03"

72. By circum-meridian altitude —For various reasons, the
mean of several observations on a star, when they are taken closely follow-
ing each other, and at about equa! intervals of time, is more to be depended
upon than any one of the individual observations. As only one obser-
vation can be taken when the star is crossing the meridian and vertical
collimation supervenes it is more convenient to take a series of observa-
tions when the star or heavenly body is near the meridian, and reduce
each observation to the meridian. This method is susceptible of very
great accuracy, and has the advantage of being able to be performed
either by a theodolite or a sextent ; and, hesides, the exact position of
the meridian is not required to be known, consequently the observations
necessary to lay down the meridian can be dispensed with.*

* For this observation, the error ot the clock wust be accurately kpown, so as to allow of the mean time of apparent
noon belug determined,
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The formula for the reduction to the meridian is = (ip secs.)
in?
= 2:;: l},t cos (approx. lat.) sin N.P.D. cosec (approx.) Z.D., where t is
the hour angle, i.e., the dislance of the body from the meridian. The
. Y i 2 . .
fraction A:‘i:: l’,t is calculated in Table V., for all values of ¢t up to 20
minutes of time, and as tbis may be on either side of the meridian, so
the observer may make his observations any time within 40 minutes
of time, instead of being confined to one observation at a precise moment.
This method is of great use when the observations have to be made
with a sextant—iu which case the observations need only be made upon
the sun’s lower limb—and the hour angle ¢ will be obtained by applying
the error of the clock to the observation, and deducting this from the mean
time of apparent noon. In the following example an alt-azimuth_igstru-
ment has been used, and the angle ¢ is formed as shown in the foot-note.
Egzample.—Observations made at Malikpur on sun’s lower and W.
limbs, November 21st, 1866. Barometer, 293 inches; Thermometer, 85°.

Observed altitudes Times. Hour angles * vf:'ﬁc ﬂi‘,’f“

° ! " k. m. 8. ! m, 8. 8.
89| 59| oof| 1| ool 40 | B 5| o037 53
89 59 20 01 935 E. 3| 502 299
39 59 40 03 | 07 E. i 2| 867 13-4
8| 59| 40 04| 1 E.| 1| 327 46
40 00 00 05| 13 E. 0 317 06
89| 59| 40 06| 06 | w, 0| 223 08
89| 59| 20 06| 54 { W.i 1| 103 27
89 | 59| 20 07 57 | W.. 2138 97
59 59| 00 08| 48 | W, 8| 043 186
88| 58| 40 09| 48 | W. 4| 043 82'5
= ; Mean of observed Sun 162:6
391 %9} 20 { altitudes. Mean 16:26

h. m. 8.

01 925 Corrections for refrac- | 11 45 58'66 Mean time of appt. noon

- { tions and parullax, 01 09 07 } Mean time ot semi-dia-
4+ 16 14:05 Sewi-diumeter. {meter passing meridian,

— 41 2400 clock error, slow.

40 14 81'55 True alt. of sun’s centre, Trm:ﬁ- clock time of transit,

+ 17'36 Correction to meiidian, | 29 52 00:00 approx. latitude,

40 14 4831 Meridian altitude,

Cos approx. lat. = 19381126

99 Zenith distance. Cos decl. = 19732267

e ihae Denltl gistance Cosec. zenith dist. = 01172680
— Log 1626 = 1-2111206
29 51 2529 Lat, of Malikpur. Loq 17 86 secs. — 1'2397228T

*These hour angles arc obtained by upplying the error of the clock, and also the mean time of the semi-
diameter of the Sun passilng the menidian, to the observed times i(—the several difterences between those corrected
times and the mean time of apparent noon are the hour sngles.

+ Whep & star is observed, 00028715 must be added toegmg logarithu: ou accouut of the chropometer keeplug
woen solsr time aud not aidereal time,
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Ezample.—Star y Centauri observed on 17-3-1907 (compare the
latitude observation on Polaris).

h. m. s

R.A. of star = 12 36 25 from

S.T. at L.M.N, = 3 85 20 N.A,
Sid. Int. between transit and L.M.N. = 9 01 05
retardation 129
Mean time interval between transit and LM.N, = 8 59 36
Wateh or clock error + 38 58
Watch time of transit = 9 38 84

Difference of time from 9 h. 38 m. 34s.  Table (¥) values (22201

s 1

m. e.\'f:
4 43 44
122 . 4
2 17 e e e 10
6 83 84
9 35 oo v 180
12 20 299
15 20 . 461
17 81 . . 602
8)1614
2105 = m.
Since there were 8 observations taken then m the mean = 210-5,
Mean observed Z.D. = 66 57 10
Refraction + 2 04

Approx. Z.D. (1) 66 59 14  on meridian.

N.P.D = 188 27 114 (90 + dsince staris
. e 1n the south or has
Approximate colatitude = 71 27 574 a declination S).
.. approx. latitude 18 32 026
log cosec approx. Z.D, 0:0360150
log sin N.P.D. © 18216655
log cos approx, latitude ~ 1'9768701
log m. 2 3282521

- C————

21578027 = 2° 28 g+t

® These values are obtained from the record of observations on pacj at and represent differences between
the true watch time of transit and time of observation that is 9A, 38m $4s.—0h. 33m. 8ls. = 4. 433, etc.

t The approx. ZD is too large .', N.P.D. = approx. ZD = colat, is too small .", 90 — colat ; i§ too large =
(approx) latitude too large henoe the correction is always minus
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2 23:8” represents the quantity (less than the approx. latitude) which is
required to reduce the approx. to the correct latitude.

18° 32" 02:6" — 2" 238"

= 18 29’ 388"
and this value should be balunced against onc on Polaris (2nd result) ;
therefore the mean latitude is 18° 29" 38:72",

73. Longitude.—Longitude is the difference between the meri-
dians of two places measured in arc on the equator.

As the apparent daily motion of the stars is uniform, and in circles
parallel to the equator, the time elapsed between the transit of a star
on the meridizns of two places 15 evidently proportional to the are
between them, i.e., to their difference of longitude. Hence, time way be

i

.~ latitude

taken as measure of longitade : and astronomically speaking, usually is
so employed. As there is no fixed point on the equator from which to
measure longitude, many nations choose the meridian of their own
observatory as a zero point.

If then we know the local time of any place, and also the local
time of the place we are at, the ditference between these would evidently
givethe difference of longitude of the places in time.

1st Method.—Tne simplest way to determine this would be to send
a chronometer, set to the local time of the first place, to the second,
and then determine its error compared with the local time of the place
by any ot the previous methods. For small distances this is very
accurate, and at sea is used throughout a whole voyage; but, as the
rate of a chronometer, when travelling, ditfers from its rate when at
rest, any error 1n the chronometer’s rate will affect the deduced longitude.
As one cannot, moreover, always send chronometers about from place
to place, it is useful to know other methods.

2nd Method.—It is evident from the above that it a signal, such
as the flashing of a light, of a rocket, etc., or some peculiar occurrence
in the heavens which would present absolutely, the same conditions of
observation at the same moment to all parts of the world, could be
observed at several places, and the local time noted, the differences
between the observed timmes would evidently be their ditference in longi-
tade. _The eclipses of Jupiter’s satellites are almost the only available
celestial phenomena fulfilling these conditions ; they are tabulated in the
« Nautical Almanac,” and furnish a very accurate method of determining
the longitude ; as however a telescope ot much greater power than any
that the engineer is likely to possess is required, so that the immersions
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emersions, transits. or shadows of the satellites may be distinetly noted,
this method cannot always be emploved in practice.

3rd Method.—The moon’s motion in right ascension is so rapid
(being 360° in ahout a month), that the interval between its transit
over the meridians of two places, differs considerably from that of a star
over the same places ; this difference is the change of right ascension
of the moon in that interval, and if that interval be not great (i.e, if
the difference of longitude he small), it is proportional to it. As the
change of tho monn’s right ascension is not uniform, this is not quite
trae when tha 'ongitude is great as in India, and the calculation on
that account hecomoes more troublesome. The correction to be applied
is, however, small, and being troublesome, may be neglected, unless
great accuracy be required.

The right ascension of the bright limb of the moon is given for
both apper and lower transits over the meridian of Greenwich for every
day of the month; also its change in right ascension for one heur of
longitude ; * also the right ascension of four tolerably bright stars of
nearly the same declination, which transit at about the same time at
Greenwich ; they, therefore, culminate at nearly the same altitude and
time with the moon, and the corrections for refraction and instrumental
errors are nearly the same for each ; these stars are called moon culmi-
nating stars.

It is evident from the above, that if a transit of the moon’s bright
limb be observed, and also that of one of the above stars, and the
difference of the times compared with the similar difference given for
Greenwich, the difference of these differences will be the change of
the moon’s right ascension due to the longitude of the place, cleared
of chronometer error ; whence the longitude can be deduced as above.

Note.—If the chronowmeter error and rate be very accurately known, it is
not necessary to observe the transit of the star also, but always advisable to do so,

In finding the time when the moon’s transit may be expected to take place,
the right ascension given in the Nautical Almanac must be corrected (when
the longitude is so great as it is in India) to allow for the change of right
ascension due to the longitude of the place, or else the transit will probably be
ost. Itis sufficient to know the longitude approximately for this purpose.

* This is the change in mght uscension of the bright limb and is therelore cleared of the effect of chauwe
of semi-diamater.
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Egample.—~To determine the longitude of Roorkee by observations
on the transits of the moon’s bright limb, and a Scorpii (Antares) on

June 18th, 1864. — AL
Transit of a Scorpii. Transit of moon's bright limb.
Observed times. Observed times.
H, M. 8. H M. 8,
10 17 215 10 36 23
42 485
62+5 64
825 845
102 104
10 17 8105  Sums. 10 36 319
10 18 021 { Times of transit over | .
———— mean wire. 10 87 038
| 10 18 021
.. Difference at Roorkee in } 19 0147
mean solar equivalents L
c.
Conversion into aidl. 5 19 8?(1)3———“
equivalents. ( o070 T

19 (482 bright limb and star at Roorkee,

H, M, 8,

R.A. of moon LU, at transit at . .
Greenwich on 18th June, 1864, % 16 53 3816
R.A. of a Scorpii ... 18 21 08:46

{h‘idl. interval do, do,

 —— {Sidl. intepval between transits of moon’s

82 2970 .
at Greenwich.
19 04:82 Do., do, at Roorkee,

Change in R.A. of bright limb of
mooﬁ, due to long otg Roorkee 18 2488
But var. of moon’s R.A. in 1 hour of longitude at upper transit secs,
at Greenwich, 18th June, 1864 ... e = 4+ 15671
Do, do,, do., do, do, 12 hours previous = 152'71
t E—
Ohange of vanation in 12 hours ... e =4 800
. Change of variation in 52 10® approximate longitude, East == 4
.. Varistion of R.A, of moon’s bright limb in 1 hour at Roorkee = 154'42
Do, do.,, do, Greenwic’b; = 165°71
Do., do., in 1 hour half way between w = <4+ 15,06
but total ehange = 13 24882

M. 8,

ALongitude of Roorkes = 181 6:3:? = ?%% (hours) = 5b 11= 2¢s, East, nearly.
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4th Method.—The distance of the moon’s bright limb from several
hright stars and planets is given for every third hour, for every day
in the month on which the moon is visible, in the ¢ Nautical Almanac.”

If a similar distance be observed at any other place, a comparison
of the two will enable us to determine the longitude of the place, by
a calculation similar in principle to the above.

The advantage of this method is that a sextant, an artificial horizon
and a chronometer, alone are required.

It can, theretore, be used at sea, where it is, in general, the only
available method, independent of the chronometer showing Greenwich
mean time. It is not, however, a satisfactory mode of dealing with
longitude, so no calculations by this method are shown here.

” *» * » > *

A few interesting facts concerning the solar system.

g = = sf ] & | g, | B3
= n - ,:.,.. ¢=a ' e E 42 e
Doz Sl Es| 3o 22|y
Name E g z - s ;‘i B us
P ; ES| 3= 1 5y | B
g = % S= 3 | 3= & o
8 £ = L E = S =0
A g S| & 177 (5%
1 i
o4 1 __ 10,3
Mereury 3,080, 1-24 765,71 36 88 05,330 386
Venus v | 7,700 092 — b o 2201 77,0000 1,010
" . 1 9. A !
Earth wo | 7908 100 —mmo— | 028 3653 65,533 1,040
- 1 v N
: N L 687 | 58,0 9
Mars 4,230 032 RGO . 142 87 ,090 628
. 50 to :
Minor Planets ... e - 500
Jupiter e | 86,500 022 ~— o 183| 4,832 | 28,744 27,985
Saturn we | 70,0000 012 __ml%_- 900{ 10,759 | 21,221 21,538
Uranus . | 81,500 0~18_?4.é‘9_9... 1,800/ 30,687 | 1%,963| 10,921
Neptune e | 84,800 017 ‘is“;‘sa"‘ 2,800( 60,181 | 11,958 ?
Sun ... | 865,000 023 ... we | 40,407
1
MOOI! e 2,163 0.63 —‘-“WT e e 2'273 10

If the sun were a ball nine feet across, our earth would, in propor-
tion be the size of a one-inch ball and at a distance of 323 yards from the
sun, The moon would be a speck the size of a small pea, thirty inches:
from the earth. Neaver to the sun than the earth would be two similar
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specks, th)a planets Morcury and Venus, at a distance of a hundred and
twenty-live and two hundred and fifty yards respectively. Beyond the
earth would come the planets Mars, Jupiter, Saturn, Uranus and Neptune
at distances of 500, 1680, 3000, 600C, 9500 yards respectively. (The
* Outline of History ”” by H. G. Wells).

One “puarsec™ or the parallax of one sec is equal to the distance away
when the diamcter of the earth’s orbit subtends an angle of one second
= 326 light years.

To have some conception of the magnitude of the cosmos and taking
a “parsec” as an unit the diameter of the cluster of Hercules = 308
parsecs that of Magellan’s cloud 840 parsecs or 110,000 light years.

As an illustration of the parsec it is accepted that a hair subtends
one second at a distance of 20 metres or 61 feet.

New measurements just perfected by Dr. Francis Pease at the
Carnegie Observatory at Mount Wilson California give the following
for Antaves (« Scorpii). The diametor of this star is given as 400,000,000
miles or four and a half times the mean distance which separates the
earth from the sun. The star Mira in Cetus takes second place instead
of Betelgeuso (e Orionis) the diameter of which is given as 250,000,000
miles or about 25%: greater than Betelgeuse. The light from Mira takes
160 years to reach the earth and is 26 million times greater than that
.of our own’sun. These comparisons however are small cowpared to the
nebuia in Andromedw which is said to be distant at not less than 950,000
light years. In other words the light reaching us is that which left
Andromeda nearly a million years ago.

For farther usetul information see * Whittaker’s Almanac " any year.

74. Sun-dials.—As it falls to the lot of many engineers in lndia
either to have to set up a sun-dial or to get one repaired, it may not be
out of place here to see how they arc comstructed. They are two
kinds iu common use, the horizontal and the vertical ; but dials can be
adapted to 4 wall having any slope, in which case, however the calculations
are not so simple.

A sun-dial is a surface, geverally a plane, on which a system of
lines is drawn in such a manner, that the coincidence of the shadow
of a straight rod or edge with any of them, points out the hour of the
day in apparent time. The straight rod or cdge is called the stile or

mon of the dial, and the system of lines, Zour lines; and when the
stilo is the edge of a plate, the latter is called a plafe stele.  The plane
of the plate i}ile is generally placed perpendicular.l‘y?o the plane of the
dial, and ifs interggction with the plane of the dial ¥ called the sub-stile,
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If a pole were set up in continuation of the earth’s axis, its shadow
would apparently move all round it in the course of a day’s revolution
of the earth, and mark the time on any graduated ecircle round its
foot.* The stile of a sun-dial \is always placed parallel to the earth’s
axis, and though owing to its distance from the pole, it descrihes a
circle round the axis, gﬁs shadow practically does the same as if it
were actually at the pole. "If the dial plate were perpendicular to the
15° from each other all round, but in any case whatever be the inclination
of the dial plate, hour lines are simplyv the inter ¢ ctions with the surface
of the dial of planes passing through the stile, which, with the plane
of the meridian, are inclined to one another at an angle of 15° in
succession. The sun is alwayvs raised above his true place by refraction ;
and the effect of this would be sensible when he is low down, but it
is lost in the general indistinctness of the shadow when he is high.

When the plane of a dial is horizontal, it is called a Aorizontal
dial ; when it is vertical it is callad a wertical or an erect dial; and
when the dial is both vertical and perpendicular to the meridian, it is
called a prime vertical dial. Dials may bhe constructed by means of a
terrestrial glohe, by dialling scales, or hy steren_gmgllwqiection; but
the most accurate way embraces the priuciples of spherical trigonometry.

5. To construct a Iorizantal Dial. Tat SNT ha the plane of the
dial extended to cut the celestial g. 23,
sphere, P the pole, SPN the S
plane of the meridian, and CPT
the plane of an hour circle.

hat is, that at that parti-
cular time the sun is in the plane i
CPT, (higher or lower on the arc
T, P according to the time of J
year), and thorefore casting T S
as the shadow of the stile, CP,
and marking off the arc NT J" )7‘}
round this circumference of the
dial from the noon position of the shadow at CN. CPis the stile,
and CN the direction of the sub-stile. PN is the latitude, T\CT is the
hour line corresponding to the meridian, which gives the hours of the

stile, the hour lines required would ‘just be at even distances of

S
(]

t s, VA

* This time wi'l be the time a4 given by the true Sun snd not that of the mean <uu <o that Sun-dlal time
must always be corrected + Equation of tune and again for longitude west or east of the standard meridian to
obtain standard time of the place (ge¢ para. 64).
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same name in the forenoon and afternoon, as for instance, five o’clock
in the afternoon and morning ; also SN is the hour line of twelve,

Let I = PN, the latitude of the place,
h = angle TPN, the hour angle in degrees,
and ¢ = NT, the distance in degrees of the hour lines from N ;
then in the triangle PNT, having the right angles
at N — Fzg. 24, P
sin l = cot & x tan ¢ (see Napier’s rules of '
circular parts, para. 61).
s tan ¢t = sin [ tan h,

or log tan t = log sin ! + log tan . — 10, 4
For any given latitude = /, the above equation
will give the values of t, when & = 15°, 30°, 45°, etc.
&

Fxample.—~Suppose a horizontal dial is required 7
for Roorkee,- latitude 29° 52'.

Angular distances of the hour lines from noon will be— .

For 1r.M.or 11 aM.  tant =sin 29° 52’ x tan 15°,

7° 36° =tan 7° 36,
For 2 p.M. or 10 A.M, tan ¢ = sin 29° 52’ x tan 30°,
16° 2 = tan 16° 2,
For 3 r.m. or 9 AM. tan ¢ = sin 29° 52/ x tan 45°,
26° 28 = tan 26° 28,
and so on.

On a brass disc of convenient diameter, mark off a diameter to
represent the north and south line, and on each side of it mark off
the hour lines at the estimated angles, i.e., 7° 36”, 16° 2/, 26° 28', and
so on. To this disc affix the gnomon, also of brass, the slant side of
which must make an angle of 2J° 52' with the plane of the disc. Now,
by means of a spirit level, carefully level in all directions some place,
not liable to be shaken, so as to receive the metal disc. Then, having
found the meridian by one of the methods described, carefully make
the N. and 8. line of the disc coincide with it, and then finally secure

the disc to its stand.
It should be noted that in the above the gigmon is supposed to

be a line, so that its shadow is cast by the centre of the sun, but if
as is usually the case, the gnomon is a plate, then the shadow of its
edge is cast by the highest point of the sun, and therefore the shadow is
about one minute too slow before noon, and the same too fast after noon.
To read the sundial add or subtract this correction also add or subtract
correction for equation of Time and finally correct difference of Local and

Siandard Mean time,
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A sun-dial ean be projected graphically by the following method
) Fig. 25.

e T e e

D>

[

tan ¢ = gin [ tan A is the ordinary method of projection on XY . and D(
but if I = latitude and the angle ABC is projected as cot=! sin X as for
instance for latitude 29°, 527 ; then natural sine 29° 52 = :4979833 =
cot 63° 32.. Draw DC at right angles to XY and let the angle ABC =
63° 32.. Bisect AB in E and draw EO at right angles to AB and equal
to EB or EA ; with O as centre and OE as radius draw an arc FEG.
Divide arc FEG into 6 parts, join O to each part and produce to meet
AB in KK'ete. dJoin C to each K K etc., and these will be the hour lines
required. Subdivide each sixth division of the arc FEG and proceed as
above for smaller divisions of the hour,

76, To construct a Prime Uertical Nial.—Let TNZ be the plane of
Fig. 26 the dial produced to cut the celestial sphere,
V) 2 U P the pole of an opposite name from the
latitude, PZN the plane of the meridian,
and CPT the plane of an hour circle, and
CP the direction of the stile. Then PN
is the co-latitude, and TCT, the hour line
corresponding to that meridian, which gives
the hours of the same name T in the
forenoon, and at T' in the afternocon. Let
= the latitude, £ = the hour angle in
degroes, ¢ = the co-latitude PN. Then we
have in the spherical triangle PNT.
Josl =1tant x cot A, or log. tan ¢
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= log cos  + log tan 2 — 10,/ where ¢ is the angular distance of the
hf)ur lines in succession from the hour line of noon (see para. 61).

Ezample—To construct a vertical dial for a place in latitude 31°
30 Angular distances of the hour lines from noon will be—

For 1 p.M. or 11 A.M. tan ¢ = cos 31° 30’ + tan 15°,

12° 52 = tan 12° 52/ nearly,
For 2 p.M. or 10 AM.  tan ¢ == cos 31° 30’ + tan 80°,
26° 12 = tan 26° 12/,
For 3 p.M, or 9 AN, tan ¢ = cos 31° 30’ + tan 45°,
40° 27’ = tan 40° 27,
and so on.

The angle formed by the gnomon with the vertical face of the
dial will of course he 58" 30’ (= co-latitude).

In a horizontal and vertical dial, the elevation of the stile is
respectively equal to the latitude and co-latitude of the place; for in
figure 24 showing a horizontal dial, PCN is the Ilatitude; and in
figure 25 showing a vertical dial, PCN is the co-latitude. NE'd

The inclination of the plane of an oblique dial/w/fﬂwizon
or plane of a horizontal dial is called its inclination ; and its inclination
to the prime vertical is called its declination.

e~

77. Hence, if a Jorizontal dial, constructed for a given place, is
carried to any other place on the sume meridian, and placed in a plane
parallel to the horizon of the former place, that is, parallel to its first posi-
tion—it will be an inclinigg di:l for the latter place ; and its inclination
at this place will be equal to the difference of latitudes of the two places.
Also the elevation of the stile of an inclining dial at any place is equal
to the sum or difference of the latitude and inclimation. Hence, to
construct an inclining dial at a given place, find the latitude of the
plane to whose horizon the plane of the inclined dial is parallel and
construct it as a horizontal dial for this place, and it will be the
required dial; the latitude of this latter place will be the sum or
difference of the latitude of the given place and the inclination.

In this manner a dial constructed for one place may be used at
andther place. For instance, suppose a horizomtal dial made for Delhi
(lat. 28° 36’) is to be set up in Lahore (lat 31°-34’) so as to show Lahore
time. .The difference in latitade is 2° 55 The stand, to receive the
dial, will not be horizontal, but will be inclined upwards towards the north
st g3 spgle of 2° 55’ with herizon. It will then show Lahore time.
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At the equator, the stile and sub-stile of a horizontal dial coincide ;
the stile then has to be placed above the plane of the dial, and parallel
to the meridian. The hour lines are now all parallel with north and
south line, and distant from it by the tangeut of the corresponding
hour circle’s inclination to the meridian, the height of the stile being
the radius. ‘

Let S = the height of the stile above the dial of the stile; %, the
hour angle in degrees ; and ¢, the perpendicular distance of the corres-
ponding hour line from that of noon ; then—¢ = S tan /.

The stile of a prime vertical dial would evidently be perpendicular

to its plane, and the hour lines would make angles of 15° with each
other in succession.



CHAPTER 1V.
ENGINEERING SURVEYS.

78. The surveying operations described in the foregoing chapters
may be considered to have as their general object the completion of a map
of the country surveyed, more or less accurate according to the time and
labour bestowed and the means employed.

Engineering Project.—When however, a survey is directed to
the special object ot preparing an Engineering Project, the preparation
of the map must be regarded as subsidiary to the main design,—and the
nature of the process employed must be regulated primarily towards the
collection of data, which will be necessary in drawing out the project in
proper detail. T _

~ The ordinary projects which are likely to occupy the attention of
engineers in India are those for roads, railways and canals. Projects
for drainage and water supply may also be occasionally required and
even harbour works and light-houses ; but these last refer to a special
branch of surveying, called Marine Surveying, which will not be discussed
in this Manual.

In the projects mentioned above, the necessary surveying operation
must depend a good deal on what maps already exist of the country
affected. Many parts of India have now been so accurately surveyed
and mapped, that it may be quite sufficient to trace off the acquired area
of country, to an erlarged scale, if necessary. If the enlarged map does
not give the necessary details, such details may be readily interpolated
by the theadolite, or prismatic compass, or even in the act of running the
necessary lines of levels if stadia is used in conjuction with a planetable,
But as very fow parts of the country have yet been covered, even meagrely,
with a net-work of levels, it will in almost every case, be necessary to run
such as are required.

1f, however, no map exists, or none from which leading points may be
transferred to an enlarged map with suflicient accuracy, it will be neces-
sary to direct the preliminary surveys to the construction of such a map.

79. Preliminary surveys.—The surveyor who is called upon to
prepare a map of a given tract of country within a certain time, may often
be at a loss to know the best method of starting the survey ; whether to fix
a series of points trigonometrically by a net-work of triangles, or olse to
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work by means of a number of closed traverses, and plot according to
Gale’s method. If the country is at all hilly, the first method is perhaps
the best, aud in the end the most expeditious, as then the errors are not
oumulative, but are adjusted between station and station. Bunt if the
country is level, running traverses without first fixing any points will be
found the most expeditions, and in the plains of India sufficiently accurate
for all practical purposes. If a trigonometrical survey were resorted
to, greater dependence could be placed upon the accuracy of the result,
but that amount of accuracy is only obtained by much greater expense
of time and labour, owing to the necessity of building high stations from
which to observe. In traversing, the errors due to chaining are certainly
cumulative throughout the entire circuit, but when the country is moder-
ately level, these errors can with care be reduced to a minimum, and
are easily allowed for in the calculations. The details of the survey in
either case must be filled in as already explained in Chapter VI, Part 1.

The least area of country which must be thus surveyed will be
determined by considering what is the least area that will be affected by
the project under consideration. Thus in the ease of an irrigation canal
running on the watershed of the country, the boundaries of the survey
will clearly be defined by the two main water-courses on the right and
left of the watershed line by the highest point on the river from which
the wanal is to he fed and the lowest point into which it is proposed to
stail it. In the case of a railway or road between any two places A and
.ﬁ, the boundaries will be determined by the greatest possible lines of
divergence from the straight line AB, i.e., by the most circuitous route to
the right and left of that line which it is possible the road might, with any
advantage, be made ; and so on for other cases.

As to the general detaile which will be required—in the case of a rail-
way or road the following may be enumerated :—The position and
comparative size of all towns or villages affected thereby—(if the number
of the population can be ascertained it may be written down in the map)
—the exact course of any stream which will require bridging between the
two extreme points where the bridge would probably have to be made—
the oultivated, culturable, or forest land that would be traversed by the
Jine~~the position of brigk-fields, stone quarries, forests or uther materials
that anight be used in the construction of the line—the position and size
of any swamps that might require to be crossed or perhaps drained.

Levels.~—The map thus far having been completed, the lines of levels
that will bé required must next be run, and plotted on the map, the reduted
Jovels boiug writtea in at every bench.mark and point of any importance,
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or where there are none such, every 5th station or so, so as not to
oveterowd the plan with figures. ’

Protractor,—A half sheet of “writing imperial” paper, 15°x22°,
having a circular protractor of 6 inches radius lithographed in the centre
of it, is found to be a very convenient size to protract preliminary lines of
levels. The circular protractor is divided by large division into degrees,
still larger marks show every 5th degree, and by smaller into 4 degrees,
but these marks are not numbered. The surveyor, knowing exactly from
his previous field-work how his lines of levels run, draws his own north
and south lines through that diameter of the protractor.which he considers
will make his work take somewhat of a diagonal direction across the paper,
and then numbers the scale right round for his own convenience. In this
way one of these sheets will hold a week’s work of some 24 or 25 miles of
line levelling, ‘and all the necessary side detail, if drawn to a scale of 1
mile to 1 inch. A specimen sheet with the protractor attached, and the
protraction of some levels is here given, Plate (XI) but some of the
detail has had to be omitted owing to the reduction of scale.

A plan and section of a circuit of levels is here given (Plate XII)
to show the.amount of information which should be given, and the student
should make a careful inspection of it, for few surveyors’ plans and sections
contain the whole of the information they should contain.

80. Road.—In the case of aroad in open level country, it will be
enough to level down the line decided on, or along the trial line previous
to the actual one being fixed—the streams to be crossed must also be
levelled along and the necessary cross sections taken so as to enable the
proper calculations to be made with regard to the waterway, and the
reduced levels of flood lines must everywhere be carefully ascertained,
to enable the proper height of embankment to be determined. Cross
levels will also be required, at points where the line turns and where a
curve will be necessary,—also at points where a temporary divergence
from the straight may be advisable in order to save work—as for instanca,
in crossing through a morass or over a hill.

Hill Roads.—To select the trace for a road in a hill region requires
much more care and attention. Before anything is definitely decided upon,
the several possible lines between the extreme points must be considered,
and particular attention should be paid to the mean obligatory points on
each line. A cardinal principle to be remembered, also, is that the ascent
or descent should be as uniform as possible, the gradients in the opposite
direction being reduced to a minimum.* Again, an obstacle—such as a
steep cliff, chasm, etc., which at first sight may appear impassable except

® This can he modified to a certain extent ag in modern practice for cart traction it hes been thought a few
pleces of level enses the strain and gives a rest to the animals,
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at inordinate cost, may in reality prove quitelotherwise, for in order to avoid
it the numerous minor difficulties encountered may in the end prove more
expensive. For obvious reasons also deep cuttings into the hill-side should
be avoided as much as possible, but when the slope of the hill-side is consi-
derable, the trace of the road should be so selected that the whole ot the
width of proposed road should be cut out of the solid hill-side.

In commencing a survey for a hill road,* the rough obligatory points
are usually assumed on the several ridges to be passed, and as the length of
the trace in the intermediate valleys is most decoptive and generally much
greater than estimated, the relative position of our assumed obligatory
point from the next should always be calculated by using a gradient steeper
than that required to be worked to. For instance, supposing a road is to
be laid out on a gradient of 1 in 20, a position on one ridge is known, and
it is required to estimate whero the trace may cut the next ridge. The
intermediate distance is so difficult to approximate to, and so generally
under-estimated, that the point on the next ridge is easier found by apply-
ing a steeper gradient—say 1 in 17 or 1 in 18—to the estimated length of
intermediate road than by adding approximately to the cstimate. Again,
it must be remembered that when the trace of the road is settled, the
resulting gradient on the completed road will work out steeper than that
ussd in laying out the trace. The original trace must, therefore, be
somewhat easier than that finally required; and though it is ditficult to
say what allowance should be made, as it varies with nature of the ground,
it may be assumed in a general way that a

slope of 1 in 32 works down to a slope of 1 in 30
y 1,22, , 1, 20
b1l 1 » 16 b » 1 ” 15
Zig-zags in mountain roads should be avoided as much as possible, as they
frequently involve incessant repairs; if used they should not be run through
rotten ground, or across drainage, but they are less objectionable if they
can be arranged so that the drainage of each length can be thrown off at
the turning points clear of the road below. The Ghat tracer, Abney
level and De Lisle reflecting level are all used in tracing out hill
roads and are sufficiently accurate for cart and coolie traflic routes.

8l. Railway.—A survey for a railway is very similar to that for a
road, but it is more elaborate, in that greater attention must be given te
the gradients, and the several lengths of straight must be connected
together by regular curves.

A revised and complete set of *‘Rules to be observed for the preparation
of Railway Project” to be submjtted for the sanction of the Grovernmeni

® The author assumes here those so called hill roads before they-were converted in some plaoes, to pass motoy
tyatlic of all devcriptiont,
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of India was issued in 1893, corrected up to 1918 and contains vety
Hetatled instructions.

One or more trial lines are generally run before the uctual direction of
a line of railway is decided upon, and the amount of accuracy bestowed
npon the surveys of such trial lines is only sufficient to obtain a fair
approximation to accuracy, and to give a reliable compatison between the
tival lines. * In the preliminary surveys therefore it is not usual to run in
regular curves except in difficult country, nor to take more levels than
are sufficient to admit of an approximate estimate of the earth work being
made. Therefore to make a survey for a trial line of railway, all that
is mecessary is lo run a traverse with a theodolite from one obligatory
point to the next and then run a line of levels over the same line.

Owing to facilities for vision, the engineer in running the trial line is
apt to put the turning points on the several ridges crossed, but this should
be studiously avoided if possible, as if the line is selected for the permanent
line, it will have to be re-run, or else the cuttings through the hills will
all be on the curve.

It is usual for the surveyor whe runs the traverse to put in pegs or
marks every 300 or 500 feet along the line of traverse in open country
and every 100 feet in broken or hilly ground, in order that the leveller
who follows may not require to do any chaining. These pegs are usually
humbered consecutively, the surveyor continuing the length of the chainage
‘throughout from the beginning, rather than commencing a fresh chainage
at each new departure from the previous straight line. It is obvious in
this trial suryey that the levels are taken along the tangents rather than
along the curves, and also that the line of railway is represented as
slightly longer than it would be if really located, but the results are quite
socurate enough for the purposes of the trial survey. Also in a trial
survey the amount of detail to be shown may be reduced to a minimum.
Of course more detail of the line is required in difficult country and
threugh towns and villages, but no great accuracy is aimed at as the
results desired are in the first instance only comparative. Ina trial
survey, therefore, all the detail required is to show where obstacles occur
near the traversed line, and also the course of rivers and streams for a
few hundred yards on each side of the line. -

When, however, the course of the railway is decided upon, the work
tequired from the surveyor who has to locate the line is much more
delicate. Sufficient detail of the country on either side of the selected line
bas to be shown, in order that possible minor deviativne may be made if it
is found that the estimates work out uneatisfactorily and demand a further
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investigation. In locating a line it is therefore usual to lay out the
several lengths of straight acourately, and to determine the most contventent
curves by which to connect them ; the line is then traversed over in thé
ordinary way, and the curves put in as the work proceeds. The chainage
is usually continued thronghout from the commencement, and pegs put in
the centre line at every 100 feet, for the convenience of the leveller who
has to follow the man with the theodolite. 'The detail of the neighbouring
country may be also put in by the man who runs the traverse, but it is
better to leave all that to an assistant who follows with a plane-table, on
which the course of the line with the positions of the 100 feet pegs is
accurately marked. ’

The smallest party required to locate a line of railway with convenient
despatch is one Bxecutive Engineer and two assistauts. The responsible
officer ranges out the line, conducts the traverse, and puts in the curves;
one assistant follows with the level, makes an accurate section of the lihe
and also takes all necessary cross sections; and the other assistant, with
the aid of a plane-table and other instruments*, when required, makes a
survey of the required belt of country, surveys a sufficient léngth of the -
course of all streams crossed, and does the needful check levels. With a
large staff the above work can be sub-divided and greater progress made,
and assistance is also at band to run alternative lines through difficult parts,
and to make more detailed investigations as river crossings, ete. If it can
be arranged, it is advisable that one party be told oft to locate a line of
raitway up to, say in India, 150 or 200 miles in length ; and the work
shouid be so regulated that the several officers engaged, work comparative-
ly close to each other. Check levels should be constantly run, and no
great advencement should be made by the traverser ahead of the levelling
operations umtil the levels are accurately checked, If a man has of
necessity to check his own levels, he should do it in the opposite direction,
and only touch on the original line at bench-marks and other obligatory
points, but it should be so arranged that the check levels are run inde.
pendently of the leveller.

As the location of a line of railway usually follows quickly on the trial
surveys, it is only necessary to make such preliminary marks as will
enable any of the trial lines te be easily found. This can be done by
blazing trees, naking marks on buildings, etc., by which the line passes
close, and by making « semi-permanent mark where the several tangents

* The cross section work and alvo the detail is easily put m by au asststant working the

level taking stadia readings aud shooting in staff positions from his plae-table placed ag glose
as pussible tu bus level,
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meet ; and if careful sketches and notes of thesec marks are also entered
in the field-books, no difficulty should be experienced in picking up a line
again. With a located line the marks must be much more permanent,
and it is usual to show by a permanent mark in the actual line each
successive mile-post and the ends of every curve. It is also of great
assistance if the intersection point of the tangents is also permanently
marked. The centre line is also shown by a continuous cut along the
surface of the ground about 6 or 9 inches in depth, a mark generally
sufficiently accurate in the plains of India to lay off the dimensions of the
ground required for the railway.

82. Canal.—The kind of survey required for a canal will depend
very much on the naturc of the country and the magnitude of the wotk
required to be constructed. In an undulating or hilly country the
approximate direction of the irrigation channel is apparent at once, and
the positions of the minor distributing channels in all cases vary with
local requirements ; but a project for a large irrigation canal in the plains
of India requires a very extended survey.

For such a project, besides the details required for an accurate repre-
sentation of the country to be traversed, it is necessary to cover the map
with a network of levels ; and this is generally done by running a series
of roughly parallel lines of levels at distances of about a mile apart, and
as nearly as can be estimated at right angles to the general watershed
of the country traversed. If these lines of levels are connected at their
extremities by other lines of levels the work will be continuous, and
each part serve as a check to the reminder. The best line for the
canal will probably at once be evident from the contours deduced from
this network of levels, and a fairly approximate estimate may be made
without further fieldwork. But if any sand -hills, ridges, or large
shallow depressions occur, and which bave not been sufficiently marked
by the general lines of levels run, it will be necessary to run such
f_’i;rthéi' lines of levels, as will carefully represent the ground at these
parts, if needed.

The line of the canal selected will generally run along the highest
ndge or backbone of the country, and its alignment should be mnade as
straight as possible. With any appreciable current the outer side of a
curved channel will require to be revetted, and so add considerably to
the initial expense, unless the curve can be made extremely easy.

83. Canal Surveys.—The following instructions,based generally
on those issued by Colonel Crofton, R.E., when Chief Engineer of Irrigation
in the Punjab, for the conduct of canal surveys, will give what further
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information is required. They are applicable to all kinds of engineering
surveys.

Trial lovelling and surveying.—In addition to the levels of the
country surface, a rough survey or reconnaissance is required, which should
give information on the following points, viz :—Approximate sites of
villages or towns, lines of. drainage, roads, railways, old water-courses
canals, channels (main or rajbahas), edges of high or ¢ bangar” land
remarkable buildings, wells, nature of soils, crops, trees, eto., position of
stone or kankar quarries, etc. The places between which roads run and
their bearings (if regularly lined out), should be noted ; if on embankment
the level of the top surface should be taken. The bearings of regularly
lined-out canal channels or irrigation cuts, and the level of their beds
at points of crossing with cross sections at right angles to the direction
of each, showing level of full supply are required.

84. Water level.~The level of the lowest point in the beds of streams
where crossed ; with sections at right angles to their courses showing
level of highest known flood, and date of its occurrence, if ascertainable ;
the level of surface of water in rivers (noting date of observation); depth
of water on lowest point of bed (if obtainable), and level of ordinary and
highest known flood ; levels of floors of tanks and lowest points of large
swamps should be observed and connected with the line of levels. The
site of such sections taken off the line should invariably be connected with
tue traverse.

The waterway of all bridges or cylverts met with on or near the line
of levels should be measured ; and the levels of their floors or plinths of
abutments, or the bed under the arches if there be no flooring, with
highest flood mark, carefully noted.

Wherever a well is met with or used as a bench-mark, the level of
the surface of the water should be noted : the depth below the bench-
mark can be measured with sufficient accuracy by the chain. If water
is being drawn from the well, the surface will in general be abnormally
low, in which case the heighj; at which it usually stands when not in use
should if possible he ascertdined. The quality of the water, whether
sweet or brackish, should also be noted. Tbese observations of the
surface level of the springs should vever be omitted, when opportunity
offers ; it is a point of considerable importance.

The colour and description of the soils, whether sandy, clayey, etc.,

the presence of the white or brown efflorescence, known as ‘“reh ™ or
“kuller ” should be noted.
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85. Drainage lines.—A ocomplete delineation of the drainage
lines of the country being ome of the primary objeots of the survey, too
graat oare cannot be taken in ascertaining their positions. They may be
divided (éxoluding the large rivers) into two classes; the first easily
recognizable by their size ; well defined channels running in vallays at
some depth below the general level of the country adjoining. Into these
and the rivers, innumerable channels of the second class discharge
thomselves ; the exaot positions of which are not always to be detected
by the level alone. They usually rise in jhils (swamps) lying close to
the watershed, and their courses are marked by a series of jhils connected
by intermediate low lands; a black, clayey soil, “ reh,” rank grass, and
arops requiring frequent irrigation, such as sugarcane, cotton, etc,,
generally mark the places where water has lain or over which it flows
in considerable quantity. No land of this desoription should be passed
over without enquiry as to whether it is flooded during rain, and from
what direotion the water comes, and whither it runs off. “ Reh" if
contained in the soil, always rises to the surface where water has lain for
any time and appears in greatest quantity during the cold season.

Large towns or villages will almost invariably be found situated close
to lines of drainage, or to low ground where water collects after rain. In
thate parts of the country which are subject to extensive inundations,
villages, especially suiall ones, will always be found to be situated on land
out of the reach of the ordinary inundations ; no reliance, however, can be
placed on their position as regards extraordinary floods.

Band bills, or very sandy soil, generally mark a watershed on the
“banger ” or high land. ~

Where a nala or drainage lines is crossed, and the level of the lowest
point of ‘the bed is observed, great care should 'be taken to aspertain
whether this point is on the general level of the bed ; if otherwise, the
difference above or belew should be measnred and noted.

Where drainages ate met with, enquiries should be wade as to their
courses both above and below the line of levels, names of willages near
which they pass, etc.; by thus observing them in each suoccessive line of
crass section, a very complete plan of the drainage of the comntry is
obiainable, as well as cotinected series of levels alomg the bedls of ke
ontfall,

* Sjmilar information to that detsited above should be obtaimed with all
levelliag or survoying for distritrrtacios, draitiage ‘peojécts; or way ether
work connected with irrigation.
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In levelling for the longitudinal section of & river, the line should
follow generally the main water channel, the stations being invariably on
the bank or dry ground near the edge of the stream. The level of tbe
surface of the water at intervals (noting date) of ordinary floods and
highest known floods ; the position of top and foot of rapids (if any), and
level of surface of water at each point to be noted. The depth of water to
be measured in the deepest part of the channel where the surface level has
been observed. (Cross-sections at right angles to the direction of the river
should be taken at intervals and connected with the series of levels show-
ing the bed. surface of watet, level of ordinary and highest known flood.
The survey should show all minor channels and affluents (if any), and as
nearly as possible the extent of land under water in high floods. The nature
of the bed, whether houlders, sand, clay, etc., should be carefully noted.

86. Bench marks should be established at intervals of about 3
miles in general, and one close to the crossing of every large stream or
line of drainage, but at a place not likely to be washed away ; also at the
ends of each cross section or line of “levels. Existing buildings to be
preferred for the purpose.

All canal, road, railway, Great Trigonometrical Survey, or other
bench-marks met with en route, should be connected with the line of levels.

87. Admissible error in levelling.—The error or difference
in any circuit of levels ought not to exceed one foot per hundred miles
linear.* Small errors arising from incorrect reading of the staff, not
holding it vertical, high wind and such like, are inseparable from all
levelling operations, but these will not be found to accumulate if the work
be carefully done. A tendency, however, has long been observed, though
as yet unaccounted for, to a small cumaulative error in the direction of the
levels ; but this is not found to affest practical operations materially,
Where great accuracy is required such as in the proof leyels of a caval
channel it is advisable to level twice over the same stations with the same
mstrumenl. the second series of levels bemg carried in the reverse direction
to the first; the mean reduced level of each station will be as nearly
accurate as it is possible to obtain it.

A prismatic compass attached to the level will be found very useful in
filling in details off the line of the series of levels. 1f the variation of the
needle is not identical with that of the map employed, the bearings should be
reduced to the meridian of the latter.t Mogt of the side measurements,

* Errar in feot = Constant 4/ distauce in miles where C == U'L (vids para. 102 Part I).

t Moderp lgvels have slotted screw holes to enable the compags being cleared of Magnetic
deviation.
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where great accuracy i3 not required, may be mads by pacing. Two
and-a-half or three feet paces will be found most convenient as admitting
of easy reduction to feet. Stadia measurements are now more generally
employed and are of cqurse acousate.

" 88. Scale.—The scale generally for protraction of levels should
he 1 mile to 1 inch. For the section, the horizontal scale same as for the
srotraction ; the vertical, about 100 times the horizontal. A larger or
imaller scale may be necessary for special purposes ; they should, how-
sver, be always measures or aliquot parts of the one-mile-to-the-inch scale
wnd for working plans 400/, 2007, 100’ or 50/ to the inch.

On every protraction of levels, besides the heading, the following must
aever be omitted :—Date of the survey, name of the surveyor, scale and
meridian line ; the numbers attached to the several stations on the section
j0 be identical with those on the protraction.

All details noted in the field-book should be transferred to the protrac- -
tion or sections ; a sketch and a short description of each bench-mark to
be entered on the back or margin of the sheet in which its position is
shown. The information is thus more accessible than if old field-books
have to be searched for it.

If a map is to be compiled from levels or surveys taken with more
than one instrument, it will be found best to protract the work done with
each instrument, on separate sheets, to be subsequently transferred on to
the map or have the compasses corrected as suggested in footnote.

" 89. Running the traverse.—After the position of the line, which
‘may generally be assumed as the watershed, has been approximately deter-
mined by means of the cross sections, or otherwise an accurate traverse
with the theodolite should be taken over it, including a surwey of the
ground for about half a mile in geueral, or further, if deemed necessary, on
‘each side, which should give information on the following points, viz :—
'Feat}lres of the country, if irregular ; streams, lines of drainage and
swamps wherever met with ; sand hills or ridges, towns and villages ;
wells ; buildings, whether of masonry or mud ; roads, whether regularly
lined out or merely cart tracks—if the former, the bearings should be
gaken places between which they run (whether trac{s or made roads),
and whether they are lines of traffic or merely village communications,
should be carefully ascbrtained (this is useful afterwards in determmmg
‘the  sites "of brulges) : village boundaries, ete.; such minutie as the
boundaries of fields are unnecessary ; those of gardens may be wuseful ;
in fact, everything which is likely to be of nassistance in determmmg the
precise line, or that which it would be advisable to avoid if posslble. A
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survey of this nature, carefully taken, will generally admit of choosing
a line which will not injure property or disturb existing rights in the
least possible degree.

The accuracy of the traverse is the point to be chiefly looked to ; the
distance between the stations on it should be as long as possible, less than
a mile, as the probabilities of accuracy in observation are greater in the
case of long than short sights, and the plotting is easier as well as more
likely to be accarate. The sights to the station poles should be taken as
in ordinary traverse surveying by the inward angle method which
ig 2n angular check in itself. To check the distances between stations
fix on a well-defined point some distance to one side, say, a mile, and
observe to it trom every station from which it is visible. If the distances
have been measured and plotted correctly, according to angles observed
the lines will all meet in one point on the map.

The above paragraphs regarding traversing should not be adhered to
by the surveyor who can fix a true meridian and whose work may be
required many years hence. No reliance can be placed on magunetic
variations which differ year by year and which are different also in every,
instrument. The best way to locate a line for present or future use is
by a true meridian with inward angles and checks by observations for
meridian at every 5 miles or so with the correction for convergency
applied (see paras. 131 and 132 Part 1),

90. Stations.—The stations may be marked on the ground by
large pegs, about 3 feet long, driven well in. [t their future identitication
is an object, and there is a chance of the pegs being destroyed or removed,
a ghurrak or earthen vessel filled with charcoal, buried at some depth
below the surface of the ground, will give the means of finding their sites
again with sufficient accuracy for all practical purposes. The surest way,
however, is to note their distance and bearings from any easily recognized
and permanent objects, which are not likely to be disturbed, it such should
be found sufficiently near for the purpose. It will be found most con-
venient to fix all stations on mounds or rising ground.

It will be found convenient also to have two descriptions of poles
(jhandis) for setting up at stations to which observations are to be taken
one for use in windy weather, mounted with a flag ; the other when the air is
calm, with a small “moon” (made by covering a wooden hoop with
calico), about 14 feet diameter; as a flag when not flying free is scarcely
more distinguishable at a distance than the bare pole. On the Revenue
Survey, poles painted in foot lengths, white and black alternately, are
employed, which makes them visible at a far greater distance than the
common ungoloured bamboos,



12 CHAPTER 1Iv.

The anjles on this side surveys iay be taken with a good compass,
prismatic, or of any other description available; the actual bearings, as
shewn by the instrument employed, teing entered in the field-book, 7.e., no
correction being made in the field for the variation of compass (if any).
Villages should be traversed round, so as to determine their outer limits,
but 1o interior survey is required. These should be connected with points
on the main line of traverse; the correctness of the junction line may be
tested by observing from several points on it to some objects in or near
the village (such as a large tree, house, etc.,) which has been well connected
with the boundary survey of the village.

As the choice of a good line and the actual lining out on the ground
very much depends on the accuracy of the map, this should be placed
beyond a doubt, if possible, before the line is chosen and marked on it.
The time occupied in taking check observations and measurements in the
field will be well repaid by the facilities afforded to the subsequent work
by a really accurate plan of the country.

The position of the actual watershed near the line of traverse should be
caréfully ascertained and noted on the map.

To the above may be added a list of the maps and drawings generally
required in an engineering project.

91. Road.—(1). General map of country.—The plan sufficiently
broad to show the greatest amount of likely deviation. The scale of the
plan will of course vary with the length of the road, but, as a rule, should
not be less thad 1 mile to 1 inch. (Standard map Survey of India).

The road should be Iaid down on this plan, which should show the
lines and cross lines actually levelled, and as many reduced levels as
cohvehient without crowding the plan. The positions of the bench-marks
must be shown and pumbered, and a sketch of the bench-marks showing,
whire the staffrested should be added in the margin.

(2) A longitudinal section along proposed road.—This should show
the natural surface of the ground, and that of the proposed road, and also
in columns just below these surface lines, the depth of cutting or height
of embankment. If the ground is level, the horizontal scale may be similar
to that of the general plan and the reduced levels entered at every 1,000
feet. The vertical scale should be at least 10 times the horizontal scale
(eee para 88).

If the ground is atall undulating, the horizontal scale should be
adopted so as to show reduced levels at every 100 or 200 feet. The
sections shonld also show the villages it passes through, the kind of culti-
vation, and the bearings of the different parts of the road written over
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their respective portions, so that, in case the plan is mislaid, the section
may in a manner supply its place. The height of water in wells, and
highest flood lines of all water-courses, should be carefully entered. The
stations should be numbered so as to correspond with those on the plan,
and the horizontal distances should be marked.-

(3) The principal cross sections—The same remarks apply.

(4) Hulf secticn of road when in embankment, showing the positions
and widths of the matalled and unmetalled parts, the side slopes, drains,
fencing (if necessary), ete.

Half section of road when in cutting, and complote <ection when
partly in cutting and partly in embankment; both ot these showing similar
details.

(3) Bridye site plan.—If a river has to be bridged, a plan to a large
scale of the course of the river for a considerable distance on both sides
of the bridge site must be made so as to show why that site has been
chosen in preference to any other.

(6) That part of the longitudinil section showing the passage of a
river and the low land on either side, must be again drawn to a much
larger scale, so as to show all the reduced levels. Any steep ascent or
descent should also be shown on a large scale.

(7) Plans and sections of all bridges and culverts necessary; and these
again must be accompanied by drawings of detail to a much lurger scale.

(8) Plan, section and elevation of an inspection bungalow and store-
house for tools, etc.

92. Canal.—The plans for a canal project will be similar to those
for road with a few additions.

The survey should be of scale not less than 400 feet to an inch.

In the longitudinal section, the line showing the surface of the water
will be shown, as well as the line of the bed of the canal.

Besides the above-nentioned drawings, there will be required plans
and sections of the lock channels, the lock gates, main and minor distri-
buting channels, dams, falls, inlets for surface drainage, escapes for the
passage of flood waters, aqueducts, bridges, etc.

It would be impossible to give the full details of the operations requir-
ed for the preparation of projects for canals and railways in a general
Manual on Surveying, without unduly increasing the scope and expense
of the work. Directions for the guidance of surveyors engaged on such
highly technical work, will be found in the publications specially devoted -
to these subjects,
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93. Railway*.—The drawings for a railway project are similar to
those for a road. Besides, however, there will be required detail draw-
ings, to a large scale, of the permanent way and of the rolling stock.
Plans and sections, etc. of the stations, sheds, engine hause and water
tanks will also have to be provided.

ScaLs.—The following scales will be found very convenient for all
maps and plans, and are generally used in the Public Works Department : —

For general maps—

Two or four miles to the inch.
For maps accompanied by sections—
According to the amount of detail required.
Map one inch to a mile—lndex plan and section.
100 feet to the inch vertical.
Detail plans and sections—
400 feet to the inch horizontal.
4 ,, , , vertical.

For all plans of buildings, the scale will be either Jq, r¥s, 3¥0.

94. Useful Hints.—The following hints may be found useful :—

1. When series of levels are taken over a tract of country, the plan
and section of such levels should correspond exactly. If the scale is
not too small, the measured distances between stations should be shown in
both ; the numbers of the stations, as shown in the field-book being given
at every 5th station ou the plan and section, with the reduced levels
written on the plan in red ink. The situations of bench-marks should be
shown accurately on the plan, and the reduced levels written clearly
showing to what exact spot the numbers refer. Wherever the scale
admits of it, the information given on the plan should be so full and
complete, that the sections can at any time be drawn out from it alone ;
and, if the azimuths of the different lines be written on the section, the
plan may conversely be laid down from the sections alone. These can be
bad from the Traverse form.

2. Where a line of levels crosses a water-course, the reduced level
of the bed of such water-course should be shown—that of the water-
surface (the date of observation being given)—of highest and ordinary
flood mark, if discernible—and that of the top of the bank ; and all these
reduced levels should be shown on the plan.

3. In levelling, the staff, unless when placed on a bench-mark, or a
pucka road, must always be held on a wooden peg, about 3 or 4 inches
long, driven in flush with the surface of the ground ; without this no
confidence can be placed on the accuracy of the work. Local depressions
and elevations should be avoided for peg positions.

#50¢ rules for the Freparati~ of Railway Projects jesued by order of the Sovernment of Indis,



ENGINRRRING SURVEYS. 197

4. The level, if not absolutely impossible, should invariably be
set up equidistant from either staff; errors of adjustment being thus
completely obviated. If otherwise, it is to be borne in mind that when
the line of collimation and the large bubble are in adjustment with each
other, although not so with reference to the axis of the instrument, a
correct result is obtainable by bringing the bubble horizontal at each
sight or to contact position as in the India Pattern Level.

5. The ordinary distances from the level to either staff to be in even
hundreds or half hundreds of feet, not aliquot parts of miles,

6. All observations for level without exception must be connected
with some point of which the reduced level (from the common datum)
has been previously, or will be, ascertained. Sections of rivers, nalas,
etc., to be thus connected.

7. In lne levelling, it will be found the simplest mode and least
liable to errors to record collateral observations separately from the line
series in the field-book. Such observations should be taken and recorded
with reference to stations on the line.

8. Measuring chains (100 feet) should be kept of the exact length
even for ordinary surveying or levelling. Their length when new
should be verified daily at commencement and close of work against a
steel tape or a standard chain kept solely for this purpose every new
chain stretching considerably at first With a chain of good material
some time in use this elongation is scarcely perceptible.

10. Bench-marks.—lovariably on masonry buildings, or other
permanent structures. In the choice of their positions, security from
injury and facility of identification are the points to be chiefly looked to.
The sills of niches in, or plinths of masonry buildings are very suitable.
In a well, the small niche (or namah) usually left for a siab engraved
with the owner’s or builder’s name, if the sill be flat and even, is a very
safe place. Where it is necessary to build a pillar for the purpose, some
retired nook or waste land should be chosen as the site : the pillar, ol
masonry in lime cement, may be of this form—

Fiq. 27.

SECT(ON
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A wooden peg about 3 feet in length heing inserted in the centre of
the masonry the top flush with its npper surface, on which the levelling
staff is to be held. To secure the pillar from injury, a mud wall may be
built round it, or a mud pillar over it, or both. To protect the waoden
peg from injury by dry rot or white-ants, it should be soaked for four
days in a solution of 1 1b. of sulphate of copper (aila tutiya) to 4 gallons
of water, and should be coated with tar.

11.  As bench-marks are intended for future reference, they are per-
fectly useless unless such a description of them be given as will serve to
identify them indubitably. 1ln addition to a sketch, the position with
reference to well defined and easily seen ohjects in the neighbourhood,
and to the north point, the name of the village in whose lands it is
situated ; if a tomb, the name of the person buried there; if a well,
names of owners and local appellation (if any), if a boundary mark
(none but those at ths intersections of more than two village boundaries
should be taken), the names of the villages whose lands meet there ;
should all be noted in the field-book. The cornice of a building is a
very safe place to have a Bench Mark and it can be given a value by
helding the staff upside down. This method of holding a staff upside
down on both sides of a wall is the hest way to continue levelling across
suchan obstacle. The Surveyor of course choosing a good horizontal
course or slab on the top where his line crossas. In the first case the
fore staff is additive and in the second subtractive to obtain the H. I. of
instrument in the further position.

12. Al observations and information connected with either survey
or levels should be entered in the field-book at the time of noting in ink
in the field. Nothiag should be trusted to memory.

13. The date of the survey, as well as the number and maker’s
name of the instrument in use, should never be omitted.

14. The north and south line should be drawn through the centre of
a plan and be as long as possible. The magnetic meridian should not
‘only be marked on the plan, but the amount of variation (and date of
observation) also should appear on the face of the plan. .

15. Field-book should be checked and reduced levels inked in at
the conclusion of each day’s work—the survey should invariably be
plotted from the original field-book. If a fair copy is made it should
be as a duplicate only in case of accident to the original, but any sur-
veyor making a fair copy to be plotted from it on the pretence that
the original is too dirty to be sent in, should meet with no mercy.

16. Field-books should he properly indexed and work should bave
as many cross references as are necessary, and be recorded in ink,
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17. Al erasures and corrections in field books must be made in ink
and verified by initialling and date.

95. Demarcation.—Although hardly partaking of the nature
of a regular survey operation, the system described below, of recording
in a graphic manner the relative contour of the surface of the ground
and other details, is well worthy of the attention of surveyors engaged in
irrigation or drainage works in cultivated tracts of the plains of India.

The system is only applicable to cultivated tracts, as it is a graphic
systematic record of the knowledge of the cultivators of the ground,
modified and possibly corrected now and then by the experience of the
surveyor or observer. The object with which demarcation observations
are started in any tract is to prepare on a large scale, a map or chart
showing the following :—

(i) The exact lines along which drainage flows off the fields, and
eventually finds its way to the rivers on either side.

(ii) The exact positions of the watersheds dividing these drainages.

(iii) The areas and distribution of the main qualities of soils,

(iv) The areas and positions of the ¢ commmand” of wells or other
sources of irrigation which it is desired to preserve or pre-
vent interference with.

(v) The actual position of level pegs, or other survey marks, and
of the land occupied by works about to be constructed.

It will be evident to all concerned in such operations that if the
above-mentioned minute information can be cheaply and accurately acquired
the calculations of discharge off catchment areas, discharge required
to irrigate certain lands, or to pass down distributaries and canals, will
be rendered simple and precise, and that it will be possible to carry out
the alignments of channels with more accuracy and certainty than is
likely to be the case with the most detailed contour survey founded on
lines of spirit levelling.

The procedure is simple enough. Two copies are made of the village
map of each village contained within the area to be demarcated : both
copies are on cloth, one on a separate.isheet and the other on a large
sheet, joined up at the boundaries with copies of the maps of all villages
within the tract. It may ke mentioned that when large tracts of country
are dealt with in order to keep the large sheets of convenient size, it will
be necessary to trace the maps according to minor doabs,

These maps are generally printed on a scale of 16 inches to the mile
or thereabouts, and show the field boundaries and numbers, village sites,
roads and tanks, and other important features. After heing copied on
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cloth these features should be suitably colored up on both copies, and
then from the written village record the various qualities of soil can also
be colored up, as the numbers of the fields given in the village map and
records are the same there is no difficulty in doing this; indeed all through,
the map should be looked on asa graphic index to the records. After
soils, the irrigation of wells and other sources can be shown on the map from
the viliage season or other records, the results of one or a series of years
being taken according to the degree of accuracy aimed at. Regarding
the record of possible irrigation from, or command of wells and other
sources of supply, it may be noted that very few sources except good
wells and canals can be considered permanent, and that the record on the
map of a canal project of any existing irrigation but that from good wells,
is hardly necessary. To obtain the proper command of a well the results
of three years’ working at least should be plotted, and a thick boundary
line should be drawn round this area, including any dry fields surrounded
by irrigated fields.

It will save time to plot all the above information on the separate
mnaps, as a large number of men can then be employed extracting and
plotting figures, it only takes a short time to traco the areas once plotted
on to the large sheet.

The small sheets are now ready for out-door work. The surveyor,
therefore, provided with the village map, should visit a village, and having
enlisted as his guides a few respectable cultivators, should enquire the
direction of flow of rain water of the fields he is standing on; noting the
reply, be should walk on uutil he finds a point from which the water
divides or flows in opposite directions— this is clearly a point on a
watershed, and should be marked on the map with a pencil thus, X. In
the same manner the points on drainages can be determined and marked
with arrows, = viz., the points where the rain water from two or more
fields meet, and flow off together. When a few points on watersheds or
Irainages are once fixed it is easy enough to walk along and mark the
lines, being careful to follow the information given by the cultivators in
preference to judging by the eye. By the time most of the village area
has been traversed the map will be ready to have the junctions of water-
sheds and drainages filled in, and this should be done with great care
and after due local enquiry,
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96. To lay out the direction of road on « hill-dide #t
Fig. 28,

any given slope.

Seale—8 inches to 1 miile.
Let the figure represent the contoured plan of a hill-side along which

it is required to lay out the direction of a road, rising from the point’A to

tha level 150 at a uniform gradient of 1 in 8. As the interval between the
contours is 25 feet, the plan of the road between any two ¢ontours will be
the base of a right-angled triangle abe, in which ab = 25 X 8 = 200 feet.
Laying of this distance on the same scale as the map (& inches to 1 mile)
between the successive contours at BCD, etc., the required direotion is
determined. Should a zigzag not be objectionable, the road may be made
to follow the course BGHKL.

It sometjmes happens that the course of the road betweeh two contours
close together is not quite clear. In this case an intermedinte eontowr
must be interpolated, as 137} in the figure, and the KK’ = 100 feet }aid
off between 125 and 1374, and a further length K’L of 100 feet beiween
1374 and 150,

Asan exercise the student is recommended to the following example :—

Draw four concentric circles, -inch apart : diametet of the smallest
circle *75 inch. Assuming these circles to be the contours (50 feet
interval) of a conical hill, draw the track of a road aseending from the
lowest contour to the summit, st a slope of 1 in 30. Seale—6 inches
to 1 mile.

97. To find the boundary of excavation or filling on a
oontoured plan.—In a problem of this nature, see fig, 29, it is neces-
sary to assume that A and B are more or less ruling points or that A and
B by trial have been found to give a better gradient, and avoid expensive
bridging, protection of permanent way, etc.

To £k the boutidary of excavation it is necessary therefore first to lay
dovwn ony the stirvey the road aligument with the adopted width of road-bed
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and to show thereon the probable gradient. Next at right angles to the
ahgnmént the plan of the contours representing the slope of embanking o¥
eutting—in this case 1} to 1, The points on the map where these contours
interspet the contours of the surveyed map furnish the cutting edge of
excavation and the filling edge required. Quantities can be worked out
from the above with sufficient accuracy for a preliminary estimate.

98. "Setting out gradient.—To set out a gradient it is easier to
usé, a* tReodolite and hqvmg:set it up fix on a rod the height of the axis of
the lelesggpe, then interseot this height above ground using the following
rule. For gradients not steeper than 1 in 10 the angle representing that

gradient will be found by_the formula 914—?9 minutes where n is the grade.

Thus for a gradient of Tin 60 the vertical angle would be = 573
minutes,

99. Underground or mine surveying for the, following ob-
vious reasons demands from the surveyor the most accurate work. The
correct location above ground of the claim underground so that minerals,
sometimes very valuable, may not be extracted in property belonging to
another claim; the correct location underground so that ventilating
shafts, drainage problems, transportation, etc., can be efficiently dealt with ;
the avoidance of old workings which when pierced might lead to serious
accidents. Then again underground surveying means very often work-
ing in cramped situations, with station marks on the roof of the tunnel
from which are suspended lamps or candles, when vertical readings are
as important as horizontal ones, where chain or tape measures in dark-
ness are made over slippery inclines, where work is scarcely ever
closed with a check and where rapid work is essential. In fact mine
survaying may be considered to be in a class of itself necessitating the
use of theodolites fitted with auxiliary telescopes and special designs
of compasses called dials, etc., and reference should be made to books
specially written on the subject.

The chief difficulty in underground surveying is the transference
of meridians from the surface to the ghaft, and there are two cases
involved. Case I. when the entrance to a mine is by a sloping tunnel
or shallow_shaft, and Case II. when the surface meridian has to be
transferred down a vertical shaft.

Case L. presents no difficulty except in the instance of a tannel when
borings are being made at each end, and in order that they shall meet



CONTOUR PROBLEM IN ROAD AND
RAILWAY CONSTRUCTION

Scafe of Fest.
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The above figure shows the plan of a Railway track
through a hill with side slopes 1} to 1. Gradient of line
1in 30. The portion shown red is the plan of the cut-
ting required, and the portion in blue that of the
Embankment

Note,~When road has been cut through hill the contour lines passing
through foad In plan will disappear and follow the blue lines

along the side siopes

Photo. Zinco. August, 1926.—No.42¢
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oFlig. 31 is a sketeh of a piece of triamgulation oarried ot to

determine accurately the directions DA and €3 and also the hotizontaf
distance between A and B, The height of ' B with respect to A must be
accurately determined by levelling to obtain the required gradient,:and
when the gradient has been settled om, the distance along the emrve ig
next obtained, and co-ordinates to poinits on the curve at certain distinces
can be worked out. The positions of Ventilating shafts on the hill side
can be fixed by angular mensurements frem any of the triangulated
statioms and involve problems where angles, etc., are deduced fromr the
coordinates of stations and those of positions on the alignment where the
shaft is required.



CHAPTER V.,
HYDRO-ELECTRIC POWER SURVEYS.*

100. Introduction.—.—Elec,tricity'f derived from water-power or
white fuel as it is some times called but more generally known as
hydro-electric is a branch of engineering which embraces Civil, Mecha-
nical and Electrical,

The civil emgineer, one might say, stops at the power house or
generating station where the mechanical aud electrical engineer steps
in takes eontrol of the maehinery such as turbines, Pelton wheels, dynamos
transformers and the wiring.afdhe transmission line. The civil engmeer
thus delivers water full of potential energy which the electrical and mecha-
nical adapts and puts to different uses in the form of pewer.

We are concerned mainly with the civil -engineer’s part of the
project or scheme but it is as well to consider first the commercial aspect
of the undertaking.

At present the greater percentage of electrical power is derived
through engines driven by steam or gas and it may be accepted as a
truism, otber things being equal, that steam or gas have an advantage
over water gravity power when the plant for the latter is not fully
loaded or when the load factor is bad, while on a good load factor water
power has an immense advantage specially if coal is dear af the locality
where power is required. Thase who wish to go further into this matter
are referred to pages 22 to 25 of the Preliminary Report on Water
Power Resourses of India. (Government of India) 1919.

101. Water Power Schemes.—The requirement is, for the
engineer to devise some scheme by which water can be led from one
level to anather lower level so that in volume and head sufficient potential
energy is generated on a turbine to make it a profitable undertaking ;
thus the first essential is water and for a good load factor the supply
should be constant, next a head, the higher, the better, though it will
be shown later that they are interdependent.

T4 Bince this was written a8 lecture notes for students without going deeply mto@q
the Trienni eport Hydro Mlectric Survey of India by J. W. Meares, C.LE,
S M.IC. been published and reference should be made to this excellent publica:

“ Electrioal Engineering Fractice " by the same author,
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Water Sources and Supply,—Water derived from a perennial
river snow or spring fed must be considered the best source of supply.
Water may be collected in a lake or tank and be guided into a channel
by means of weirs and regulators and whore the supply is insufficient,
for say 3 to 4 dry months of the year, a combination of river and
storage reservoir is then resorted to.

As regards the head there may exist a natural fall in situ or by a
slight diversion a channel be made to serve the purpose, as at Niagara,
Cauvery, etc., and possibly in the ncar future at Girsoppa.

If nature does not iz one sudden drop supply the requisite head the
engineer has then to consider how he can divert the water through open
or closed channels along or through a hillside or spur till he obtains the
head he requires. If he is able to divert the water across a watershed
he often obtains a greater fall. The Tata schemes in the Bombay
Presidency are notable examples of this principle and water which would
ordinarily flow into the Bay of Bengal falls down the Western Ghats into
the Arabian Sea. Take for instance the proposed Koina Valley project.
Water which flows now into the Krishna river will in the near future be
diverted through a tunnel into the Konkhan. '

The now famous Periar Lake is a fine example to study but this is,
at present, only used for irrigating land on tho East coast and has not
been harnessed for power. This so called diversion of water from one
watershed to another generally entails tunnelling, usually a costly item,
and yet on very large schemes will often be the cheapest method.
It must however be borne in mind that there are vested rights in water.
“ Peter cannot be robbed to pay Paul” without causing friction and
the probable abandonment of an otherwise splendid project.

Thus a little thought will show that an ideal scheme is one with a
large perennial supply or constant supply with a high head and the
worst scheme where Jarge expensive works have to be carried out and
maintained to impound water and then divert it a considerable distance
to a low head. The location of the scheme with reference to the market
it is to cater for, and the distance from such, is also a commercial pro-
position, as the further away the location, the greater the cost in trans-
mission. The power loss in transmission is a factor of the greatest
importance. Finally the use of the tail escape water for irrigation may
be an additional source of income.

Q. x ¥.—A navigable river with a large discharge and a gentle
slope of bed is of no use in such cases as the fall will be .practically nil
sud though the product of discharge and head divided by some constant
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glves the power generated yet the advantages of 5 cusecs falling a 1,000
feet is evident as against 1,000 cusecs falling 5 foet. The more profitable
schemes are likely to be therefore those of small discharge and high bead.
50 to 200 cusecs falling 400 to 2,000 feet may be classed as the best,

though medium discharges of say 200 to 500 cusecs falling 100 to 400 feet
are also good. “ Large discharges falling from 5 to 50 feet are expensive
in construction and are therefore poor if anything hetter is available.
Any site is worth considering where the product of the minimum
discharge in cusecs multiplied by the height of the fall in feet is not less
than 1,600'. Anything smaller than this is too small for industrial pur-
poses though it may be suitable for a town lighting supply.”

* 102. Preliminary Reconnaissance. Instruments Required.—
1 Aneroid barometer. 2 Watch with a seconds hand. 3 Tape measure
or 10’ rod. 4 An Abney’s-Level. :

The engineer will be required to give the followmg :—approximate
minimum discharge, head available, position of site on river and referende
number of map, accessibility of site, that is, nearest road, railway or
steamer ghat; general remarks as to height of maximum flood, whether
storage appears possible ; nature of country, geological formation, any
difficulties ; market for power, materials for construction, upkeep of
works and any other notes he may consider worthy of mention.

For a discharge as a preliminary, mark off 100’ on a straight
bit of river of which you have a rough cross section and according

to Barlow using floats (bottles half filled with water are very efficient)
velocity X wetted sectional area

3 or
a river 40’ wide 1}’ deep, average, with a surface velocity of 2' a second
= 60 cusecs. 10 or 12 floats may be sent down the stream in different
positions of its width and timed along the 100 feet length. Here tke
seconds watch is necessary and better still a stop watch. The Aneroid
barometer will give (after correction) heights above mean sea level
though no great accuracy can be obtained ; it is rather the difference in
heights between two places which is best determined. The Abney level
that will give a good idea of the O contour level along site or possibly
the height the impounded water will reach, if a dam is necessary.

A light pattern plane table with ordinary sight rule and magnetic
compass if carried would be a most useful adjunct in the hands of a man
who can use it with any counfidence, as with it, a great deal more infor-
mation could be plotted on the spot and a very fair alignment marked
on the map, supplemented by a connecting chain of heights obtained
by the Abney corrected for curvature and refraction. Natural scale of
tangents might be carried in a note book.

and taking surface velocity you obtain Q =
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103. Study of Maps.—In the study of maps the following hints
will be found useful remembering that the larger the scale the more exact
the information also the more recent the survey of the map the more
reliable the detail drawn such as roads, paths, limits of cultivation,
forests, and grass lands. It must always be borne in mind, especially
in hilly tracts, that villages are often evacuated or moved a short distance
away and a map is some times condemned as inaccurate because it does
not appear true. A map must be judged by its permanent features.

The presence of villages, patches of cultivation, is a good gnide
as to whether the locality is thinly or densely populated. If the map
is on a scale of 17 =1 mile, or even one on a smaller scale, no great
reliance should be placed on individual contours which are eye contours
only. They are a good guide but nothing more. Here and there a few
heights are taken on these maps and interpolation is resorted to. How-
ever in studying such a map it will be seen that contours open out in
places. This indicates a spur or & plateau or a fairly level piece of
ground and where the contours are close it indicates a steep piece of
ground almost a cliff or bluff. Where contours at intervals leave a
stream bed and ultimately merge into a hillside it shows that the stream
is of gentle slope but on the other hand if contours are bunched tngether
at the stream it means that there are cascades if not waterfalls existing.
When a stream has a tortuous course or meanders it shows that its bed
slope is small and such localities are not usually of any use for water
power schemes except as sites for impounded water and here again they
will be found useless if the stream runs in a deep gorge as then the dam

would have to be a high one to obtain a sufficient water spread.

If on the other hand a site is found where a perennial stream
approaches a river and then suddenly veers away and after a tortuous course
enters the river close by (see Fig. 32) then a dam and a tunnel may provea
possible location for a power Fig. 32.
scheme. Such positions should
always be examined as they are
the next best to those in which
the water is diverted from one
watershed to another. Another
case which occurs is when a
stream makes a hairpin_bend
that is, returns on itself almost
butata muchlowerlevel. There
is such an example on the Jumna
river where it is possible to tun-
nel across the gap and obtain
Ahe requisite fall.

Scale 1 == 1 mile. Contours 100’ jnterval.
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The map will be helpful to mark off the catchment area and local
authorities should be able to supply information as to exteni and duration
of rainfall but unless rain gauges have been systematically recorded no
great reliance can be placed on the extent of run off but the highest limit of
floods, and an investigation of these forms part of the reconnaissance work.

In the latest Survey of India maps contours are shown in brown streams
in black except where they are perennial, that is never known to run
dry, when they are shown in blue ; villages, roads of every description,
bridges and all masonry structures in red ; railways, boundaries and
symbols in black ; wooded areas in green; and cultivation in yellow.
For the scale 1” = 1 mile these official maps may be taken to be very
accurate and sufficient for all purposes of reconnaissance.

104. The following memory notes will be found useful.

1000 mill ; c. f. = 30 cusecs a year continuous discharge allowing
for absorption and evaporation.

1 square mile of water 1 foot deep will give % cusecs discharge for 12
months or a rough rule of 1 cusec for 12 months.

1 inch of rain = 100 British Metric tons or 3,640 c. f., per acre .".
64,000 tons to the square mile or weighs 100 British Metric tons
to an acre. (One acre = 10 x 1 Gunter’s chains).

Flow of 10 cusecs perennial = 11'2' depth with a surface of 1
square mile.

1 cusec flowing for 12 hours = 1 acre foot of water.

1 kilowatt = § h, p. = 737 feet lbs, per second.

1 bigha = § acre.

Current at 0'1 anna a unit (de. 1 kw: hour) costs Rs. 55 per
Kw. year.

Load factor is the ratio of the average supply of power to the
normal maximum of the generator.

Cusecs X head .
——— = electrical horse power.

11 ; See Electrical Engineer-
Cusecs x head X head kilowatts. ing Practice by J. W.
15 M 346
o < houd eares, para. 346,
usecs o= kilowatts as delivered.

105. Rainfall and Run off.—In India (excluding all snow fed
rivers), streams, rivers, and tanks derive their water mostly from the S. W,
monseon concentrated between the months of June and October though
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some parts of the Peninsular obtain rain during December and January
such as Madras and the S. E. coast and a few falls mnay occur under the
influence of the S. E. monsoon all over India and in Northern India a few
falls of rain in winter from the direction of Persia. This latter rainfall
does not give much run off as it occurs after a spell or break of dry
weather. It is however not a negligible quantity and at times it has
often more than compensated for evaporation which has taken place in
the interim. The engineer will at any rate expect his maximum floods to
occur during the regular monsoon period and he must allow for this
discharge in his dam or weir or whatever arrangements he has made for
escaping the overflow. No hard and fast rules can be laid down for
quantity of Run-off. Each locality requires its own formula and should
be examined on its own merits. Soil forests, lie or land, prevailing
winds, duration of monsoon, average rainfall, etc. must be considered and
should be examined on the spot and local knowledge gained as to
maximum known height of floods on rivers or streams.

Sir Alexander Binnie lays down for the Central Provinces 40°|, of
average rainfall after deducting 20 to 25°|, to allow for 3 successive dry
years. This has been found to be a fairly liberal estimate and one which
would be classed as high for say Bundelkand. For the Mirzapur water
supply scheme 25°l, of average rainfall was agreed upon.

The engineer can not leave anything to chance and therefore must
work on a minimum run-off as well as a maximum discharge for his escape,
Example—take the average rainfall of 60 over a certain area of the Central
Provinces of 20 sq. miles. If we reduce this by 25|, we obtain 45" and
400}, of this is 18" or 14/ of water. If all this were impounded it gives us
30 sq. mile feet as a result and since § cusecs discharge is equal to 1 sq.
mile foot of water we obtiin a minimum discharge of 26} cusecs. Now it
is not possible to impound all this water, a good deal may come down in a
sudden rush aud be lost in discharge through the escape, further a tank
is never drained dry so that 26} cusec may ultimately be reduced to 15.
Again 30 sq. mile feet of water means a tank with a surface area of 1
sq. mile and 30" average depth and so it must be decided whether the dam
can be raised to a height of at least 50' to 60’ to impound this, When
the engineer does so he must next consider the cost of such a dam and
thus it will be seen that one item leads to another ending in not so much
as to whether there will be sufficient water but whether in the end it is a
sound commercial proposition and so on. .

108. P{_p%/l;[ne.—-The next item to consider is the pipe line ot
channel to the forebay or balancing tank, and it is an axiom in hydros
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electric schemes to lose as little head as possible. An examination of the

formula °3“-°22—:,5—'3°—M—1 will show that 10’ of head lost between the dam site

and forebay means a great deal of power lost and lost irretrievably. The
forebay or tank reservoir is constructed to gather silt and by a system of
strainers to catch all matter likely to damage the turbines or Pelton wheels.

107. Pressure Pipes.—Modern practice is to give each turbine
a separate pipo. If the maximum capacity of discharge is divided by 3
there will be three units but an extra unit is always put in to allow for a
breakdown so that in the above, 4 pipes would be taken to the power
house. This system always enables one to regulate the load capacity.
There is also one other limit to be considered or imposed for the pipe line.
The thickness of metal cannot be much over 1} for rivetted pipes or
even for welded pipes, in fact 13" is fairly high. Knowing the head you
can calculate the maximum diameter that you can go to, and this gives
you the maximum quantity of water that any one pipe will deliver. This
again determines your size of turbine and from the capacity and speed of
each unit you can readily get quotations for generators, switch gear,
transformers, etc, -

In pipe lines a speed of 6 to 10’ a sec can be allowed in the pipe
but this must be checked against friction loss resulting. Another factor
is water hammer action, to counteract which a water tower is necessary
or a surge chamber. It the length of the pipe line is more than 5
times the head, water hammer is inevitable. The pipe line has to be
bracketted to the rock face and the actual length of the pipe down the
soarp is an important detail and not an easy matter for survey. The
manufacturer must know, besides the true length and the angle for all
bends and the number and positions of expansion joints required.

Pipes will of course have to take larger stresses as they approach the
bottom and the latest practice is to lessen the diametre and give a greater
thickness of metal.

In the Andhra valley scheme the pipes are 42" at the top then 36"
and then 32" at the bottom.

108. Tail Race.—When the water has passed through the turbine
it bas still a certain amount of velocity and so that it will not surge
at the back of the turbine it must be carried away quickly and then
allowed to enter a channel doing as little damage as possible in its journey.
If there are several tail races then there should be differences of level to
prevent backing up or afflux. These chaunels are usually of masonry or
concrete and are sometimes built under the transformer building to
econotilise space,
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109. Transmission Line.—Here tho surveyor will be called to
select the shortcst and cheapest alignment and to calculate for and
construct the pillars or grids for the line. Very often the alignment will
be over hilly country and the use of the bar-subtense will prove almost
invaluable for measuring distances across gorges. (Compare device
on the India_Pattern Level and the use of the graduations on the
micrometer wheel). o

Thus in this brief outline it is seen that the subject embraces almost
every class and type of civil engineering, viz :—buildings, such as power
house, transformer station, dams, weirs, canals, channels, acqueducts,
suspension bridges and aqueducts to carry water across a valley, sluices
reservoirs, forebays, tail escape, towers, etc. The student is recom-
mended the following :—Buckley, Binnie and Strange for water supply
and run-off, Wegmann and Strange for dams and Mears for Electrical

Engineering generally.

We may now consider more fully certain questions of run off,
capacity of tanks, evaporation and absorption. The methods of detail
survey, can then be left to the engineer who should discriminate
between the necessity of triangulation or traversing, with the plane table
as a detail filler according to the accuracy needed.

110. Barlow’s Percentages are as follows :—
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fall on barren bare rocky hill sides in

about 3 months and where the run off to fill
the tank is expected to be 50 /, of total.

the intensity of 27
in an hour or over

Compare the Arthur Hill scheme where 230"

of rain

111, The following is a grapixic method of finding the capacity of
a tank,
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Ezample:—Find the volume of water in a reservoir when the
water stands at a level of 45' above datum ; the bottom of the reservoir
being 22,

Fig. 33.
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First draw elevation and plan of dam and then take surface areas of
each contour by planimeter.

Let area of 45 contour == 5:083 sq. inches and if linear scale is 80' = 1"
then area = 5:083 x 80 x 80 = 32,500 sq. ft.

and areas of 40 contour = 21,530
3 , =10,560

30 , = 3,780
2% , = 517
22 = 0

The length of the irregular solid = 45 — 22 = 23 therefore on a hor:
scale of 1" = 10/, 23' = A B vertical scale so that 1" = 16,000 sq. ft ;

and thus 1 sq. in. on the paper represents 10 x 16,000 = 160,000
cubic feet.

Now area of paper = 1'638 sq. in. therefore vol. = 16,9000& 1633 =
261,600 %bic feet = 1,634,000 galls.

This example is to be found in the “D. U. Reries Vol, 1, Mathematics for Engineeys ™
page §83.
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tions, Form E, between latitudes 23° and 80°,

TABLES AND APPENDIOES.

TABLE I

Values to be used fer Curvature and Refraction in Height Computa.

0' Log feet. | 0/ Log feet. 1 Log feet, 1/ Log feet,
n " n L

0 0°000 s1 3860 ) 4147 31 4328
1 2:369 32 874 1 154 32 382
2 670 33 887 2 161 33 387
s ‘846 84 -900 3 ‘168 34 -842
4 971 35 913 4 ‘175 35 ‘846
S F 3:067 38 ‘925 5 ‘181 36 351
6 147 37 937 6 188 37 855
7 214 38 ‘948 7 1956 38 -860
8 272 39 -960 8 +201 39 -364
2 -323 40 3971 9 4207 40 4369
10 3:369 41 -981 10 2] 4 41 -378
11 410 42 992 1 220 | - 42 377
12 '448 43 4°002 12 296 43 *381
13 482 44 012 18 232 44 -386
14 515 45 022 14 238 45 | -390
15 545 46 -031 15 ‘244 46 | -394
16 573 | 47 041 16 *249 47 -398
17 *599 48 -050 17 255 a8 | 402
18 624 49 059 18 261 49 *406
19 647 50 -067 19 -266 50 ‘410
20 3670 51 076 20 4272 51 | 4414
21 691 | 52 085 | 21 277 | 52 | ‘418
22 711 53 093 22 -282 53 422
23 730 54 ‘101 23 ‘288 54 . 425
24 749 55 ‘109 24 298 55 429
25 766 56 117 25 -a98 56 433
26 788 57 124 26 -308 57 487
27" ‘800 58 182 27 -308 58 -440
28 816 59 ‘139 28 ‘313 59 444
29 -831 60 ‘147 29 -318 60 -448
30 8846 61 154 30 4-323 61 451

Ezample.— Let log base = 4:1945328 and the observed vertical angle
In the table the nearest number is 4195 = + 1’7"
and therefore the corrected angle will be = 0° 17" 19" + 1’ 7' =

can be - 0° 17" 19",

- 0°1e’ 12,



TABLE II,

Correction for Curvature and Refraction.

Showing the difference of the Apparent and True Level in feet, and
Decimal parts of Feet, for distances in Feet, Chains and Miles,

CORRECTION IN FEET. -5 OORRECTION IN FEET. CORRECTION IN FEET.
=] ——
; | el

Bloelaleg & e elegla| g | 2 ¢

8 8 g | 88| ¢# 3 § a8 g % 4

Sl 5|85 ¢ 5| 8|5 5 :

A IR It T A B 2 6

Al & & &3 A &) & |£3) 4| & £ | &3

100 | ‘00024 | 00004 | 00020| 1'0 [:00010 | 00001 | 00000 1| -0417| -oobo| ‘0387
150 | *00054 |'00008 |.00046| 1'5 [-00024 } 00003 [:00021 % ‘1668 |  .0238 *1430
200 | '00096 '00018 | 00083 2'0 | 00042 | 00006 |-00036 2| 37521 .0536| .3216
250 | ‘00149 |'00021 | 00128 25 | 00065 $00009 |-00036 1 6680 .0953 §717
300 | ‘00215 ['00031 |-00184| 3'0 |-00004 }.00013 |-00081 ] 1) | 15008| .2144| 12864
330 | "00293 |'00042 | 00251 | 3'5 |-00128] 00018 |-00110 2 2 6680 3811| 22869
400 | 00383 '00055 |-00328| 40 | 00167 }00024 00143 2} | 41688| .so55! 3.5733
450 | 00484 '00060 |-00415| 4'5 |:00211 f00030 00181} 3 | 6o0o30| Bs61| %.1469
500 | 00508 | 00085 | 00513| 50 | 00261|00037|00224] 3} | 81708, 11673 70035
§50 | 00724 |'00103 | 00621 55 |:00315[-00045| 002708 4 | 106720| 15246, 01474
600 | -00861 ‘00123 00738 60 | 0037500054 | 003211 4} | 13548 19208 115773
650 | 101010 '00144 |'00866] 6:5 ] 00440 |-00063|.00377] 5 | 166750 | 2 13821| 14.2029
700 | *01172| 00167 [01005| 7'0 | 00§11 |00073 | 00438] 5% | 201769 | 2.8824| 17.2948
750 | ‘01345 '00192 |'o1153] 7 5 |-005386 | 00084 | 00502 6 | 240120) 34303| 205817
800 | -01531 ['00219 | 013121  8'0 |,00667 }-00095 |-00572] 64 | 281800| 4.0258| 24.1351
850 | .01728 |'00247 | 01481 | 85 |.00753 00108 |00645) 7 | 326830 4.6690| 280143
900 | .01038 100277 01661 90 | 00844 |00121 .00723} 7} | 37'5190| §.3509| 33.1501
050 | .02159| 00308 |'01851 | 95 0004000134 00806] 8 | 426880| 6.0997| 56-5884
1000 | .02392 | 00333 | 02059 | 100 |.01043}00149| 008093 8} | 481910| 68844| 41.3066

1050 | .02638 | 00377 |'02261 | 0.5 | 01:49]00164 | 00985} 9 | 540270 77181| 463089
1100 | .02895 | 00414 | 02481 ] 110 | 0126100180 | 01081 60’1971 | 85096| 51-5075
1150 | 03164 ;00452 {02712 115 | 01378|00197 | 0118¢ 667000 | §'5286| s71714
1200 | ©3445|00492 | 02953| 120 | 0150100214 | 01287 80’7070 | 11 8208 691774
1250 | .03738 |:00534 | 03204 | 12'5 |.01628 00333 |-01395 96 04 13 7211 | 823269
1300 | -04043 00578 | 03465 130 [,01761 {00252 |-01509] 13 [112'7230 | 16'1033| 96 6197
1350 | 04361 | 00623 | 037381 13's | 01899 | 00272} 01628] 14 [130.7320| 18:6760 | 112 0560
1400 | 104689 [ 00670 [ 04019 | 140 1.02043| 00292 01751} 15 (1500750 21.4393 | 128 6357
1450 | -05030 | 00719 ' 04311 | 14’5 [-02191 | 0031301878 16 |170'7520| 24.3931 | 146 3589
1500 | +05383 [-00769 04614] 150 |-02345]00345|.02010] 17 [192 7630 27:5376 | 165-2254°
1550 | +05748 |-00821 104927 | 15’5 | 02504 [00358 102746 18 |2161086 | 30 8727 | 1852350
1600 | 06125 | 00875}.05250| 160 | 0266800381 | 02287) 19 |246 7870 34.3981 | 206-2889
1650 | 06514 [-00031 |.05583 | 165 | 02837 0040502432 20 |2668000| 38 1143|228 6857
1700 | ‘06914 |'00988 | 05926 | 1770 | 03012] 00430 | 02582

1730 | ‘07327 |-01047 |.06280] 17’5 |-03192}.00456 |.02736
1800 | -07752 |-01107 {.06645 | 180 |'03377]00482 | 02895
1850 | -08188 |.01170| 07018 | 18’5 |-03567 |.00509 |.03058
1900 | '08637 |'01234 |.07403 ] 19’0 |.03762] 00537 |-03225
1950 | ‘09098 |.01300 |.07798 | 19’5 |-03963 |-00566 |.03397
2000 | 109570 |.01367 |.08203 ] 20’0 |-04169 }-00596 |-03573
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TABLE III.*—Astronomical Refractions.t

L=}

5 | g3 8 | 3 ¢ |2 | g% 4 | g £

S| 88| & | 28 & |&g|ge,| v | B €

- 82 g = " o, 2 é £Q = fé = T.. g 13
g §§ 8 8 5 in & §§ & 8 & g 5

: g : ¥ % :

g g P & B 4 13 §2§ 5 & g
© _.l L) ‘l_ " n o 7 _-l y - L) L L4
0 0 oo | 40017 000 | o000 | 46 1 03| 40035 204 | 0121
1 1’0 ‘017 ‘03 002 |47 1 24 03 12 ‘128
2 2' ‘017 07 | 004 |48 1 47 03 19 129
F 31 ‘017 11 006 | 49 1 70 039 | 27 134
: a1 017 | 14 | 008 |50 1 94 04t | '35 | 139

51 o017 17 010 1 51 1119 -042 44 144
8 61 ‘017 ‘21 o12 | 62 1145 ‘044 53 149
7 72 ‘017 24 or4 |68 1172 047 62 154
8 832 ‘017 28 016 | B4 1201 049 ‘72 160
9 92 ‘017 a1 018 | b5 12371 051 82 166

10 103 017 '35 | o021 | 1262 ©0os4| 292 | 0172
11 0118 oo17 | 038 | o023 |57 1208 ‘057 | 303 179
12 124 ‘018 ‘42 025 |58 1330 060 13 186
18 13's ‘018 ‘46 027 |09 1367 ‘064 28 108
14 148 *018 ‘49 029 | 60 1 406 668 41 +201
15 15'6 018 53 ‘o3t gy 1448 072 55 210
16 16° ‘018 57 033 | 62 1492 076 *70 218
7 17 ‘018 *60 036 | 63 1 539 ‘081 86 +228
18 189 ‘019 -64 038 | 64 1 580 088 | 403 *238
19 201 ‘019 68 040 | 65 2 44 095 22 *249
20 a2 019 72 042 166 2102 o101 | 441 1260
21 0 22°4 0019 076 | o045 | 67 2165 309 63 27
22 23'6 ‘019 -80 047 | 68 2 233 ‘118 86 *289
28 24'7 ‘020 -84 049 | 69 2307 ‘129 | §11 301
24 26'0 ‘020 -88 052 70 2 388 ‘142 *a8 318
26 27'2 ‘020 92 084 |71 2477 ‘185 68 338
26 28'4 ‘021 96 o037 |, . .
AR A A LK FE AR
28 3ro ‘022 08 062 39 3 ) *3

. . 73 of 3 83 190 .38 37

29 323 '023 | 09 | -0fs I | B3
80 337 023 | 14 | 067 g ol 3 20 215 Bo | -4o1
31 0 350 0023 | 119 | ¢070 30| 3371 227 | 702 -414
33 36'4 ‘023 23 073
33 378 ‘024 .28 076 §16 o 3 341! 0237 | 726 | 0-4e8
34 39°} ‘02§ 33 079 10, 3365 *245 34 433
36 408 "025 -38 082 20 3 392 2853 | 42 | 438

. . " 257 | oS1 | 443

36 423 026 43 | 085 30 34t : : :

87 439| oz7| 49 | o088 4] 3442 gl G0 | e
38 i o008 | 4 001 s0| 3 4 9 | 434
89 g'z '028 -60 094
40 439 o081 66 | 098 g ol 3496| 25| 98 | aso
41 0 506 0029 172 0'101 10} 3523 280 ‘87 465
42 524 ‘031 78 ‘10§ 20 3 552 287 ‘97 470
43 54'3 ‘032 -84 *109 30 3581 | . «205| 807 476
44 56'2 ‘033 Q1 112 40, 4 10 *300 ‘17 ‘482
45 582 '034 ‘97 116 50 4 41 ‘310 27 488

NoTEes.~1. Refraction is additive to Apparent Zenjth Distance and subtractéve from Apparent Altitude,
3. Corgetion for barometer Js "“l’zl“'{‘gt‘; t’:"’" Mean Refraction if barometer reads i‘-— than 30 fnches
8, Correction for temperature is 'mbf;;:: : ‘%%”— " temperature isi;_aLer than 50° Fahr

“A uxﬂh‘rg Table XXII., Survey of India.
1 58" cot elevation or altitude gives a cloee result suitable for India,
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g 858 | & | 4 s s |3 | & | s g
El g.5 Q. F geh N ER
g8 | ¢°%3 P w5 - 25 | §°2% = PE| ~
ga | Apn< & <8 5 £n ga= & S5 5
g~ | §&% o ad e g3 - o u‘@ el
& g g a o = 5§78 A a i
< A5a A A < As8 R A
°o 7 _—1 ” - " "y -:—,‘ o / - P - L4 " ”
7 o 4 72| 41315 8 40 0494 | 84 30 9 70| 4 13095 1871 1-203
10 4 104 +320 -S1 520 40| 9 21:3 *460 19 2§ 235
20 4 136 330 62 -532 so| 9 362 ‘535 76 268
30 4 170 +340 ‘74 540
40| 4 204 345 85 547 185 of 9 520 1620 20 31 1 302
50, 4 239 *355 97 *554 10 10 g *70 ‘9 34
78 o 4275 '365 909 52 20| 10 2 79 21°5 ‘44
100 4312 -375 *22 *570 301 19 44 B9 22 48
20 43s0| 385 35 | -578 40 1 4 99 e
sl 4389 | 305| 48 | 586 o 14 2n| 23 57
40| 4 429 -405 -62 ‘504
so| 4 470 413 | 76 | bog | 8¢ p o ‘s'g 20 24; 2;’
79 o 4 512 0430 990 0612 100 12 9 36 251 68
10| 4 556 440 | 1003 621 15 12 2t 43 *70
20 § o0 450 20 630 20/ 12 33 50 260 73
30 5 46 465 36 640 251 12 46 ‘58 4 76
9 5 93 480 *52 650
50[ 5 142 *495 68 ‘660 | 86 30, 12 50 2-66 269 187
. 35| 13 12 ‘75 27'5 90
80 ‘g g ;g; »505 | 10-85 670 w0 13 26 84 280 04
. .520 | 1103 681 .
20 296 . . 45/ 13 41 92 S 97
529 540 21 692
. g0l 13 56 302 290 20t
39 5351 *560 *39 704 14 11 1 . o
| 5408 575 | 62 716 55 3 5 4
39 5466 *590 82 728 81 ¢ 1427 23 30t .08
8l o 5§ 526 0610 | 1202 0740 sl 14 43 33 7 ‘12
100 5588 635 24 753 10 15 O -48 312 ‘2§
200 6 53 655 46 767 15| 1518 58 -8 29
3ol 6 119 675 68 781 20 15 36 71 325 34
40, 6188 700 | 02 795 25| 1555 83 331 39
50 €259 725 | 1316 810
87 30| 16 14 396 338 2:44
82 ol 0333 75 13 41 826 ;
10 6410 -783 67 842 35 :g 3 4::2 34:% ,49
2l 6489 80| 94 | 88 40 1055 4 20 | 35 54
ol 6 - 8 2 6 45| 17 17 44 304 *59
3 572 40 | 14:23 97 ol 17 40 60 372 76
4| 7 57| 80| 36 | o4 S s : &0 82
50| 7 146 910 | 86 | w913 55 79| 3
83 o 7239 0945 | 1518 | 0932 |88 o 18 28 499 9 88
10 7335 98 | -5t 998 s 1853 519 | 398 95
20, 7 435 1025 83 1 020 10{ 19 20 ‘40 407 302
30| 7 540 670 | 1621 043 15| 19 47 ‘63 417 09
40| 8 49 ‘110 -58 067 20/ 20 16 86 | 427 28
so| 8162 160 97 092 25/ 20 46 611 437 36
8¢ of 8281 p21g | 1738 | 1118 |88 30 21 17 638 | 448 348
100 8 403 +265 80 ‘14§ 35| a1 50 67 46-4 54
20 8534| 325 | 1824 | 173 40| 22 24 98 | 478 | 70

NUTEs~1, Refraction 18 gddjtive to Apparent Zemth Distance aud sublractive from Apparent Altitude,

3. Oorrection for baroweter 1

3. Correction for temperature ix -

subtyactive 1o

additive to
sublractive from

addittee to

»

temnperature 18

@ Auxihiary Table XXIT, Survey of India. )
158 gob elevation or nltitude gives a olose result suitable for Indin

legs
Mean Refraction 1f barometer reads inore than 80 inches,

lagher o n 50° Fabry

lower
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TABLE IV.—Sun’s Parallax in Altitude.

TABLES AND APPENDICES.

Altitude. Parallax. Altitude. Parallax.
" o "

0 8 60 30 745
2 8:59 32 729
4 858 34 718
6 8:55 36 6-96
-8 8:52 38 678
10 8:47 40 6°59
12 8.41 42 6:39
14 834 44 619
16 8-27 46 597
18 818 48 575
20 8-08 50 553
22 7-97 52 529
24 7-86 54 5:05
26 773 56 4-81
28 7:59 58 406

Altitude,

Parallax.

1479
1-49
1-20
0-90
060
080
0-00
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TABLE V.*—Values of 2—:%:%? for Computation of Circumpolar Azimuths,

Hour Angles 1n Iime,
om im 2m am 4m ™ o™ m o™ b gm

— e | e e | e e e s e e — -
”

L] " » L] n ” " "
000 1-96 785 | 12.67 | 31.42 | 4909 | 7068 | 9620 | 12565 | 15902
ooo | 203 798| 1787 | 31.68 | 4941 | 71'07 | 9666 | 12617 | 159'61
000 2-10 812 | 1807 | 3194 | 4974 | 7147 | 9712 | 12670 | 160°20
000 216 825 | 1827 | 3220 | 5007 | 7186 | 9758 | 12722 | 160'80
o001 223 839 | 1847 | 32.47 | 5040 | 7226 | 9804 | 11775 | 161 ‘39
X 231 852118607 | 3274 | 5073 | 7266 | 9850 | 12828 | 16198
002 238 866 | 1887 | y3.01 | 51007 | 7306 | 9897 | 12881 | 16258
002 | 245 | 880 1907 | 33.27 | 5140 | 7346 | 9943 | 12934 | 16317
003 252 894 | 1928 | 33.54 | 5174 | 7386 | 99'90 | 12987 | 16377
0°04 260 908 | 1948 | 3381 | 5207 | 7426 |10037 | 13040 | 16437

10 005 267 922 | 1969 | 34.09 | 5241 | 7466 (10074 | 13094 | 16497
1 006 2'75 936 | 1990 | 34.36 | 5275 | 7506 |10131 | 13147 | 16557
12 008 2'83 950 | 2011 | 3464 | 5309 | 7547 [101'78 | 13201 | 160'17
13 0'09 2,91 964 | 2032 | 340t | 5343 | 7588 |102'25 | 13255 | 166'77
14 011 209 979 | 2053 | 3519 | §3'77 | 76'29 {10272 | 13309 | 16737
185 012 307 994 | 2074 | 3540 | 54’11 | 76°69 |103:0 | 13363 | 16797
16 014 315 | 1009 | 2095 | 3574 | 5446 | 77'10 {10367 | 13417 | 168'58
17 016 323 | 1024 [ 21116 | 3602 | 5480 | 7751 |104'15 | 134'71 | 169'19
18 018 3.32 | 1039 | 2138 | 36'30 | 55715 | 7793 |104'61 | 13525 | 169 80
19 0-20 3.40 | 10-54 | 21:60 | 36'58 | 5550 | 78'34 |105'10 | 13580 | 17041

20 0.22 349 | 1069 | 21.82 | 3687 | 5584 | 78'75 | 19558 | 13634 | 171702
21 024 358 | 1084 | 2203 | 3715 | 5019 | 79'16 |106'06 | 13688 | 17163
22 026 3.67 | 1100 | 22.25  37'44 | 5655 | 79'58 | 106'55 | 13743 | 17224
23 | 028 | 3796 | 1115 | 2247 | 3772 | 5690 | 8000 | 10703 | 13798 | 17285
24 031 385 | 11.31 | 2270 | 3801 | 5725 | 8042 |107'51 | 13883 | 17347
25 | 034 ; 394 | 1147 | 2292 | 3830 | 5760 | 8084 |107°.99 | 13908 | 174'08
26 0.37 403 | 1163 | 2314 | 3859 | 57:96 | 81'26 | 10848 | 13963 | 17470
27 040 4.12 11.79 | 2337 | 3888 | 5832 | 8168 | 10897 | 14018 17532
28 043 4.32 | 11'95 | 2360 | 3917 | 808 | 82'10 |109'46 | 14074 | 175'04
29 040 | 432 | 1211 | 2382 | 3940 | 5903 | 82'52 | 10895 | 14129 | 176'56

30 | 049 | 4.42 | 1227 | 2405 | 3976 | s9'40 | 82'95 | 11044 | 14185 | 17718

31 052 4.52 | 1243 | 24.28 | 4005 | 5975 | 8338 |11093 | 142'40 | 17780
32 056 4-62 | 12:60 | 24.51 | 4035 | 0011 | 8381 111 03 | 14296 | 17843
33 059 472 1276 | 2474 | 4005 | 60 47 | 8423 {11192 | 14352 | 179 05
34 063 482 | 12-93 | 24.98 | 4095 | 6084 | 84'66 |11241 | 14408 | 17968
35 067 492 | 1310 | 2521 | 4125 | 6120 | 8509 11290 | 14404 | 15030
36 0'71 5:03 1327 1 25°45 | 4155 | 0157 | 8552 | 11340 | 14520 | 18093
37 075 513 | 1344 | 2508 | 4105 | 6194 | 8595 [11390 | 14576 | 181 56
38 079 524 | 1362 | 2592 | 4215 | 62'31 | 8639 [11440 | 14633 | 18219
39 083 534 | 1379 | 2016 | 4245 | 6208 | 8682 11490 | 14689 | 182:82

L 40 087 545 | 1396 | 2640 | 4276 | 6305 | 8726 | 11540 | 14746 | 18346
41 091 §56 | 1413 | 2664 | 4306 | 6342 | 8770 | 11590 | 14% 03 | 18409
42 096 | 567 | 14:31 | 2688 | 4337 | 6579 | 8514 | 11640 | 14860 | 184 72
43 ror | 578 | 1449 | 2712 | 4368 | 6416 | 88'57 11690 | 19917 | 18535
44 106 590 | 1467 | 2737 | 4399 | 64'54 | 8901 | 11741 | 149 74 | 185y9
45 1'10 601 | 1485 | 2761 | 4430 | 6791 | 8p4s 117'92 | 15031 | 180063
‘46 115 613 | 1503 | 2786 | 4401 | 6529 | 8989 | 11843 | 15088 187°27
47 1'20 | 624 | 1521 | 2810 | 44'92 | 6567 | 90'33 | 118094 | 15145 | 18791
48 1'26 | 630 | 1539 | 2835 | 4524 | 6605 | 9078 |119'45 | 15203 | 18855
49 3t 648 | 1557 | 2800 | 45'55 | 66'43 | 91'23 |11996 | 15261 | 18919

| 50 136 | 660 | 1576 | 2885 | 4587 | 66'81 | 9168 |12047 | 15319 18983
St | 142 | 672 | 1595 | 2010 | 4618 | 6719 | 9212 |12098 | 15377 | 19047
52 148 | 684 | 16.14 | 2036 | 46'50 | 67'58 | 92'57 121749 | 15455 | 19112
53 153 | 696 | 1632 | 2001 | 4652 | 6796 | 9302 |122°01 | 154'93 | 191'76
54 | v59 [ 709 | 1651 | 2086 | 4714 | 6835 | 9347 [122'53 | 15551 | 1924
55 165 721 | 1670 | 3012 | 4746 | 6873 | 93'92 | 12305 | 15009 | 193'06
56 | 171 | 734 | 1689 | 3038 | 4779 | 69712 | 9438 |12357 | 15667 | 19371
5 177 | 746 | 1708 | 30064 | 4811 | 6g's1 | 94'B3 [12409 | 157'35 | 194'36
5 183 [ 760 | 1728 | 3090 | 4843 | 6990 | 9529 |124°01 155'84 195701
59 189 | 773 | 1747 | 3116 | 4876 | 7029 9574 13533 | 15843 | 19560

* Auxliary Table XXII,, Survey of Ludias

IScoouds

©CON MNP =0
=]
=]
1
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TABLE V.*—Values of

TABLES AND APPENDICES.

2 sin®

»nin 17

114

for Computation of Circumpolar Azimuths.

Hour Angles in Time.

g
)
®

v oOMEL =0 ‘

!

"

196 32
196'97
197 63
198 28
198 94
199 60
200 26
200 92
201°59
202 25

202 92
203'58
204 25
204 92
205 59
200 26
206 93
207 60
208'27
208 94
209'62
210°30
21098
211 66
212'34
215 02
21370
21438
215'07
215'75
216044
21712
217 81
21850
219’19
219'88
220 58
221'27
221'97
222'66

223'36
224 06
224 76
325 46
226 16
226 86
227 57
22827
228'98
229'68
230°39
231°'10
23181
23252
23324
233'95
334 67

38
5 33610
s

u-

2"

e e | ¢ e e

237 54
23826
23808
239'70
240'42
241'14
241 87
242 60
243'33
244 06

244'79
245'52
246'25
246 98
24772
248'45
249'19
249 93
25067
251°41
252'15
252 89
253 63
254'37
255 12
15587
256 62
25737
258 12
258 87

259 62
260 37
261 12
261 88
262 64
263°39
264'15
264 91
265 68
266 44

26720

26873
269 49
270 26
27102
27179
272 56
273'34
27411
274 88
27565
270°43
277 20
27798
278 76
279°85
280'33
28112
281°'90

282 68
283°47
284 26
285'94
285'83
28662
287'41
288 20
289’00
289 79
290'58
291 38
29218
292'98
293 78
294'53
295 38
29618
296 99
29779
298 60
299 40
300°21
301°02
301’83
302 64
303'46
30427
305 09
305 90
30672
307 54
308 36
30918
310 00
31082
311'05
312'47
31330
314'12

31495
31578
316 61
317°44
31829
319’10
319'94
32078
321 62
322'45

323 29
324'13
324’97
32581
320 66
327 50
32835
329 19
330'04
33089

L

331 74
332 59
333'44
334'29
335'1§
336°00
336 86
33772
33858
339 44
340 30
341 16
342,02
34288
34375
344'02
345 49
346 36
347°23
348'10

34897
349 84
350 71
351 58
352'46
353 34
35422
355 10
355'98
356 86

357 74
358 62
359 51
360 39
461 28
36217
363 07
363 96
364 85
36575

36664
367 53
368 42
369 31
370 21
37111
37201
372 9!
37382
37472

375 62
376'52
377 43
378 34
37926
38017
381°08
381°99
382

38392

4"
iy S

38474
38565
386'56
387 48
58840
389 32
390 24
39116
392 09
39301

393'94
394 86
39579
396'72
397 65
398'58
399°52
40045
401°38
402'32

403'26
40420
405'14
406 08
407°02
407'96
408 go
40984
410'79
41173
41268
41363
41459
415'54
416 49
417°44
418 40
419'35
420°31
421°27

42223
423’19
424'15
42511
42007
427 04
428 01
42897
42993
430 90

43187
432'84
434 82
43479
435 70
430'73
43771
33869
43907
44065

s

441°63
442°62
44360
444'58
44556
44655
447°54

44853
I 449 51

450 50

451°'50
452°49
453'45
45448
455°47
450'47
45747
458'47
459'47
460'47

46147
46248
46348
464'48
465'49
46650
467's1
468 52
469°53
47054

471°55
472'57
473'58
474°60
47562
476'64
477°65
47867
47970
480°72
481'74
482'77
48379
48482
48585
48688
48791
488'94
48997
491 o1
49205
49403
49412
49515
490'19
49723
498'28
499'32
500'37
501°41

6™

502'46
503'50
504°55
50560
506'65
507'70
508 76
509 81
510 86
51192
51298
514'¢3
51509
516'15
517°21
51827
519'34
§20°40
521'47
522°53
523'60
524'67
525'74
526'81
527'89
52896
53003
531°11
532'18
53326

534'33
535'41
536'50
537's8
53867
539'75
540'83
541°91
543'00
544°09

54518
54027
547°36
548'45
54955
55064
55173
55283
£53'93
55503
55613
55724
55834
559°44
56055
56165
56276
563'87
56498
56608

b A

567'19
568'30
56942
§70°'53
571°65
57276
57388
57500
576'12
57724

578'36
579 48
58060
581'73
58285
58398
58511
58625
587'38
588'50
58964
590'77
591°90
59303
59418
59532
§96°46
597°60
598'74
599'89
601°'02
602'17
603'32
69446
Gos 62
60676
60791
609 06
610 21
611°36

612'52
61368
61484
61600
61715
61832
619'47
62064
621'80
62296

62414
62530
62647
62764
62881
62997
631°15
632'32
63349
63467

18

63584
63703
63820
639'38
640°56
641°74
64292
644°11
645°30
646'49
64766
64886
650'04
651°24
652'42
65365
65482
656'01
657'20
65840
65960
66080
66200
66321

66440
66501

66681
66802
669°22
670'44
671 65
672'85
674 06
675'27
676 49
677°70
678'92
63013
681'35
682'57

68379
68501
68623
68746
688'68

689°gt
691°13
692'36
693°59
694'32
696'0§
69628
6985t
69975
70099
702'31
703'4

704'69
795°9:

7071

® Auxilary Table XXILL, Sucvey of Ladine
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TABLE VI.

For converting INTRRVALS of SIDEREAL Time into Kquivalent INTERVALS
of MEAN SorARr Time.

HOURS. MINUTES. SFOONDS,
b 3 %i wd 3
EE Equivalents in §Q Equivalents in §E Equivalents in ’%E Equi’vglenm g Equlmlonts
NE Moan Time, gg Mean Time. gg Mean Time §§ Mean Timo. %g Mean Time.
= = = 2 ng
ul 7] 7] 7] @
h m 8 m 8 m 8 8 s
1| 0 59 s0't704f If o 59'8363f 31| 30 §4'9214 I| 09973l 31| 309154
3| 1 50 40°3409] 2| 1 59'6723) 32 31 54'7576] 3| 1'9y45l 33 319126
3| 2 59 go'skt3l 8| 2 59°5085| 33132 54'5937| 3| 2'9916| 33| 32'9999
al 3 59 20°6818] 4| 3 59°3447] 34|33 54'4399] 4| 3'9801} 34| 339072
51 4 59 1o'8522] 51 4 59'1809] 35|34 54'3661) 5| 4'9864] 35| 349045
6, 559 10226 6| 5 59'01y0] 36|35 54-1023| 6 5'9836] 30| 35'9017
7| 6 58 seerg3xl 7l 6 58:853af 37136 5579384 7| 6'980g| 37| 36-8990
8 7 58 41°3635] 8| y 58:6894| 38|37 53:7746] 8 79782 38) 378963
9| 8 58 31°5340 9| 8 58'5256] 39|38 536108 o Bgys4l 39| 388935

10, 9 58 ar'jo44] 10 9 58:3617| 40| 39 53'4470| 19| 9°9737| 40| 39'Bgod
11| 1o 58 11°87438] 11{10 581979 41| 40 53°3831| 11| ro'9j00] 41| 40°8881
12| 11 58 2°0453] 13| 11 58'0341] 49841 53°1193] 12| 11°9672] 42| 41'8853

13| 12 57 52°2057) 13(12 57°8703] 43|42 52'9555| 13| 12°9645] 43} 42'8826°
14| 13 57 42°3862 14|13 57:7064| 44|43 52°7917| 14| 13:9618] 44| 43'8799
15| 14 57 32°5560] 15| 14 57°5426| 45|44 $2°6278] 15| 149501] 45| 448772

16) 15 57 22°7270| 16| 15 57°3788] 46| 45 52:4640] 16| 15°9563] 46| 458744
17| 16 57 128975 17116 57°2150] 47|46 §2°30u3] 17| 169530] 47| 468717
18] 17 57 3°0679) 181y 57:c511] 48[ 47 52°1364] 18] 17°9509 48 47:8690

19| 18 56 53'2384] 19|18 56°8873) 49| 48 51°9725] 19| 18:9481] 49| 48'8662
20| 19 56 434088 20| 19 567235| 50|49 51'8087) 201 19:94541 50| 49'8635
21| 20 56 33°5792| 21|20 56°5597| 51[ 50 51°6449f 21| 209427| 51| 50°8608

22| 21 56 23°7497] 22| 21 56°3958] 52| 5t 51°4810) 22| 21°9399] 52| 518580
23| 22 56 13-9201] 23|22 562320] 53| 52 51°3173] 23| 22'9372] 53] 52'8553
24| 23 56 4'0906] 24| 23 56:0682| 54| 53 51-1534f 24| 23'9345| 54| 53'8536

35|24 559044) 55|54 509896) 25| 249318] 551 548499
362§ 557405 56) 55 50'8257] 26| 259290 56{ 558471
17|26 55°5767] 57| 56 50°6619 27| 10°9263] 57 56'8444

28|27 55°4129] 58] 57 50'4981f 28| 27°9236] 58/ 578417
29/ 28 552490] 58 58 50°3343) 29| 28:9208) 591 588389
30} 29 55'0852! 60| 59 50'1704] 30| 29'9181) 6o 59'8362
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TABLES AND APPENDICBE,

TABLE VII,

For converting InTeavaLs of Meax Sorar Time into Equivalent IntERvaLs of
SipErEAL Time,

HOURS. MINUTES. SECONDS,
w o P w ¢ ™
gé Equiiv:lents 55 Equimlents §§ Equi;?lents %E Equirlt]ﬂents %E Equi;:lentl
és Sidereal Time. Eg Sidereal Tima. ég Sidereal Time, g § s.'ﬁ?;‘é?l g § s}ﬂgﬁ?‘
B m 8 m 8 m 8 ] 8
1| 1 o 98565 1| 1 01643 31| 31 50925 1| 10037 31| 31°0849
2| a2 o 197130 2 2 0°3286] 32| 32 52568 2| 2'0055f 32| 32'0870
3| 3 o 29°5694] 3| 3 04928 33 33 s5'4211] 3| 3ooba| 33| 33'0904
4| 4 o 394259 4| 4 0'6571| 34) 34 55853f 4| 4orrof 34| 340931
5| 5 o 49824 5| 5 o'82r4f 35/ 35 57496 5| 5or3yf 35 350958
6| 6 o 591388 6 6 o09857] 36| 36 59139] 6 6'0104] 30| 360486
70 7 v 899531 71 7 1'1499| 37} 37 6'0782) 3| 7o192| 37| 37°1013
81 8 1 188518 8] 8 r1'3142] 38| 38 6'2424] 8] 80219 33| 351040
9| 9 1 387083 9| 9 1°4785| 39| 39 64067] 9| 90240} 39| 39'1068
io| 10 1 33°564%] 10| 10 1'6428] 40| 40 6°5710] 10| 100274 40| 401093
1t | 1t 1 484ara] vr] rv v8ojof 41| 41 6°7353] 11| 11°0301| 41] 411123
12 | 12 1 582777 v2f 13 r9pr3) 42| 43 68995 12| r2°0320] 42 42'1150
13|13 2 81343 13 13 2:1356] 43| 43 7°0638] 13| 33'0356] 43| 43°11%9
14 | 14 2 179907} 14| 14 272008 44| 44 7°2281] 14 14'0383] 44| 44'1205
15| 15 2 278471 150 15 2°4041 45| 45 7°3924] 15| 15'0411f 45 451232
16 | 16 2 37°7036] 16| 16 2'6284] 46| 46 7°5566] 16] 16'0438| 46 a6'1259
17 | 17 2 475600 170 17 2792 47| 47 7'7209) 17| 17°0465| 47| 471357
18 118 3 574165] 18] 18 2:9500] 48| 45 7°8852) 18] 18:0493) 48| 481314
19 | 19 3 72730| 19| 19 31212 49| 49 8'0495) 19| 19°0520] 49 49°134
20 | 20 3 17'1295] 20| 20 3'2855] 50| 50 8'2139] 30| 20'0548] 50 501369
a1 | 2t 3 26°9859] 21| 21 3°4498] 51| 51 83780] 21| 210575 51| 51°1306
22 | 22 3 36'8424] 22| 22 3°6140] 52| 52 8 5423 22 22'0602] 52| 521424
23 | 23 3 46°698¢] 23| 23 3'7783) 53 53 B8:7066) 33| 240630 53| 53’1451
34 | 24 3 56°5554] 24| 24 3°9420) 54| 54 8:8708] 24 24°c657] 54| 54'1479
25| 25 4°1069) 55| 55 9'0351| 25/ 250685 55/ 55'1506
26) 26 42718} 56/ 56 9°1994] 26| 2060712] 56/ 56°1533
27| 27 4'4354) 57| 57 9'3637) 27| 27'0739] 57| 571501
28| 28 4°5097] 58| 58 9'5279] 28| 28'0767 58/ 581588
29| 29 4'7640] 59| 59 96922} 29| 29'0794} 59| 591615
30| 30 4'9282] 60| 60 9'8565] 30| 30'0821] 60| 60'1643
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112. How to find the logarithm of a small angle.
If 0 be the circular measure of a small angle and n the number of
seconds in it then—

— nw — . .
9= oxeoxes =" X ®in 1%

. — ° " o "o ___'Aﬁ___
» log 8 =1logn 4 log sin 1" where log sin 1" = log 180 % 60 X 60
= 66855749,

NOW Sin 9 = 0 — Zo’—s + 900000000000 ;00000000 ¢000000008 000007 000000 I00IIINIIIIIRESIOGIESY

. sin@

=1 % + o = (l - %1-)5 approx., = (cos 9)L = (sec 0)-4

. log sin 6 = log 6 — 4 log sec 8 = log n + log sin 1 — 1 log sec 0.
Ezample.—Find the log of sin 39",

Log sin 89" = 15910646 + 66855749 — 4 (0 0000000) = 4:2766395.

o— L+ 1 -2

Similarly tan § = E%—g = 40,3 =0 (;
l—— 4+ ... ]l = —

L2 L2

.ta.no_ 3 _fi-g__ -3 [l
,.—9—-1-}-3}0 +.........=—.(l 2) =cos § * =sech

.~ log tan @ = log 6 + § log sec 6 = log n + log sin 1” + % log sec 6.
Ezample.—Find the log of tan 39",
Log tan 39" = 1:5910646 + 6:6855749 + § (0 0000000) = 4-2766395.
Values of small angles for degrees and minutes are found in ordinary
log tables but the values of small angles to seconds must be computed as
above since interpolation of such from log tables would be incorrect.

118. Anothersolution for reciprocally observed altitudes.
Fig. 34.
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Given that reciprocal and simultaneous observations at two stations
A and B have been made on both faces of the instrument, and that the
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heights of signals C and D and also the heights of the instrument at
telescope axes E and F above A and B have been recorded, and that EG,
HF, AK and LB are all horizontal lines, and that EG = HF = AK = LB
horizontal distance between A and B at level of A = d.

Lot AC = height of signal C from the ground level = 4,

BD = ” [T 3y 9 o gy = Iy )
AE= , , instrument , » b A =iy
BF= , ” 9 ” y» B =iy

Let observed mean altitude of D at A = 2 DEG = a.
9 ” ” » Cat B= ¢, CFB =4
Then DG = d tan a.
CH =d tan g.
BK = AL = diff. of level A and B.
But BK = BD — DG —GK = BD — DG — AE
=y —dtan a —1,
and AL =CL—AC=CH + HL— AC
= CH + BF — AC
=dtanﬁ + z'b—lz.
Adding 2 BK=2AL=(dtan 8 + @ + &) — (d tan a + 7, + hy).
Thus the difference of level between A and B
=} {(dtan 8 + 7 + hy) ~ (d tan a + 7n + M)}

It is noticed that the quantities which are named after a station,
eg., tan a, 7, , named after A, have the same sign.

Whether A or B is higher can easily be determined by the observer
when he is at either station. Then the quantities belonging to the higher
station are subtracted from the quantities belonging to the lower station :
half the difference is the true difference of level between the two stations.

114. Dip of the horizon.—In figure let 6 be the angle subtended
at the centre of the earth, and since Fig. 35.
AB=AA ¥ =1 = x‘/lf? +2 72
and since also A% is very small compared
with » then

- AB = #/27% very nearly.
AB 27k 7
Also tan 0 = = JT = [3t

r

p—tg 2h_ -
- - 980 X 5280
Now A is the height above M. 8. L.
of the observer in feet and » = radius of
the earth in feet.
.~ log tan 6 = } log 24 ~ § log (1980 x 5280)
and if & = 10 feet then log tan 6 = 714087
S0 = 4" 4b
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115. To determine the value of one division of the level
scale on a theodolite.—Roughly level the instrument and with the
antagonistic screws bring one end of the bubble to a certain division,
say 20, and with the vertical are slow-motion screw intersect some object
and record reading—let the reading be 0° 4" 20.” Again, with the
antagonistic screws bring the same end of the bubble to division 0 so
that the same end of the bubble has now travelled over 20 divisions.
With the vertical arc slow-motion screw reintersect the object and let
the reading be 0° 38 40. Then the difference of the readings
in seconds dxvnded by the number of the divisions travelled over by

the bubble if equal to the value of one division of the bubble er level =
0° 417207 — 0° 38 40" _ 1607 _ o,
20 T2 T O

T'o assign the corrvection for the bubble to vertical angle observations—

Suppose the following to be a record of a field-book and that the
bubble division bas a value of 20" :—

A, B. Level Reading.
Object end. | Eye end,
L 23° 26" 00" 26" 30" 7 5
R 24° 27 00° 28' 00 10 | 0
R 27° 05’ 00" 06’ 00" 7 [ 1
L 25° 00’ 00" 00’ 00" 12 0

The mean angle is equal to the mean of the 8 readings plus or
minus the correction for level. Now there are 4 level readings for
object end totalling to 36 and 4 readings for eye end totalling to 9 and

the correction is found as follows :—
0-K
number of readings

x value of 1 division = 27 x 20 =% x 20 = 1'07.5",

If the object end is in excess the correction must be added, and if
the eye end is in excess the correction must be subtracted.

The mean angle is-therefore 24° 59" 19" + 0° 1’ 07'5’
= 25° 00" 26-5".
The above is for a bubble graduated from the centre outwards ; if

the bubble is graduated from one end only the readings of the zero end
are considered negative and the above rule is then applied.

116. Base line reduction to Mean Sea Level.— Long lines
such as base lines and sides of triangulation must be reduced to M,S.L,
to obtain the Geodetic distance.
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Let a base line CD be measured and required to be reduced to hori-
Fig. 36, zontal distance. Let the
heights of C and F be
2,640 and 5,280 feet
respectively above mean
sea level and be repre-
sented by Z; and k.

AB R
Then %5 = ¥,

AB R
and 3 = R+, where

R is the mean radius of
the earth,

The mean of the
polar and equatorial
diameters is usually taken as 7912:03 miles, and therefore the mean
radius = 3956015 or R = 20,899,318 feet ; its log being 7-3201319.

AB 3956

Then 557s = so565

o AB =250
log AB = 42962263 — 3-5973112
= 06989151
s AB = 499937 miles
or *00063 miles less than 5 miles
= 1663’ less than 5 miles measured on a plane half of a mile
above Mean Sea Level.

117. Probable errors.-—The arithmetic mean of a number of ob-
servations is the most probable value of the quantity observed, and the
probable error in such a quantity is that it is an even wager that it is so
much more or so much less of the real value.

The deduction of probable errors is useful as it shows whether the
errors are within the allowable error, and how much or to what extent
a certain set of observations may be depended on.

It must be remembered that constant errors which can be eliminated
must be first eliminated before the method of least squares is applied.
A tape that is known to be too long will give short records of measure-
ments and these measurements must first be corrected before any
“weight” can be assigned to the accuracy of any set of measures.
Any observation which is obviously wrong must be eliminated, and
one of the assumptions is that large errors do not ocour, but what s
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frequent is that a plus and minus error of reading, etc., cancel. In
fact, to summarise and attach any weight to sets of observations the
conditions of each set must more or less be equal.
If » = number of observations.

d = the difference between any one observation and the arithmetic
mean.

E = the probable error of any one observation.

E, = the probable error of the mean of all the observations.

¢ = 0'6745 a constant found by the theory of least squares.
2 = “the sum of.”

Then from the theory of least squares.

Xd?
—06745J"' 1

ELIN
Eo= 0-6745( #(n =1

Ezample.—Abstract of angles takeu from a triangulation field-book.

Angle, d. dd,
o ' " ”»
0 55 12 4+ 7 49
L 5L 59 = 6 36
, 55 06 + 1 1
, 55 03 - 2 4
Mean 70 55 05 90

90 -
Then E = 0~6745JTTT = (0-6645V 30

= 37, .
_% 90
E, = 0-6475J4(4- ) = 06745 /12
= 185",

angle = 70° 55’ 05" + 1-85",

Probable errors give’an idea as to what weight should be given to
different sets of observations, and these weights, it has been found, vary
inversely as the squares of the probable errors.

If, for example, another set of observations had been taken and
B, was found to be 2:57" the weights of the two observations would be

asr— (z—moras.sl
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In traversing from azimuth to azimuth the probable error in any
angle will be equal to the total error divided by the square root of the
number of angles of the traverse. T

Ezample.—1If in 36 stations the angular error in closing was 6
minutes the error per angle is not as is generally supposed .f" or 10

seconds but »\/"‘ = 1 minute.

The reason for this is that errors are compensating and thus a
fictitious closing error is arrived at and not a true one showing the
accumulation of error.

In measuring if the following were the records of measures after
being reduced for constant errors the probable error per whole measure-
ment will be found as follows :—

d. dz.
5167 425 *180625
516 3 025 000625

327300 ‘*17300
5159 375 140525 B = 0 6745\/4 X 3= 6745J
5162 ‘075 005525

=0 6745J *025608 == 108
Mean = 516:275  2d* = *327300

PoN—

or the probable error of the mean is about 7= 4780

118. To lay down a parallel of latitude.—If an azimuth is
observed on a certain latitude and a line laid down with a direction
90° from the true meridian, then this line will at the place, make a great
circle through the point; and a pargllel of latitude, which is a small
circle, will have a direction less than 90° or 90° minus the convergency
correction for the distance of the next point on that latitude.

To illustrate this, imagine a parallel of latitude and at numerous
points along it azimuths are taken. All these azimuths will converge
and meet in a point on the earth’s axis above the pole, and the shape
that these lines will take will be that of a cone with the parallel of
latitude as its base. At the equator these lines would take the shape
of a cylinder intersecting the earth at the equator. Therefore the
convergency angle for the latitude and for a certain distance along the
latitude must be found and subtracted from 90° to obtain the initial
direotion of the parallel of latitude. The measure or distance taken is
~then pegged otit and snother azimuth is taken, and so on.
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A simpler way is as follows :—

Fig. 37. Take the spherical triangle ABC and let A
8 and C, for example, be points on latitude 30° N,
and 1° apart in longitude (1° apart in longitude
is equal to ¢0 nautical miles) and a nautical
d mile is that portion of the arc of a great circle
a subtended by one minute at the centre of the
earth on the surface of the earth at mean sea
level. At the equator it is equal to 60858 feet.*
From B let drop a perpendicular to meet
S ==t  A(C in D. Then the triangle ABD is right-
angled at D and according to Napier’s rule of

circular parts :—
Sin (%— —A) =tan (~;- —d) tan b (see para, 61......)
= cot d tan b
Log cos A = log cot 60° + log cot §°

= 1-7614394
+ 39408584

Log cos A = 87022978
s A= 89° 427 39"
and .. C = 89° 42" 39,
that is, a line AC laid down making an angle 89° 42" 39~ with the true
N. at A will pass through C.
Instead of finding the angle A or C the convergency can be found,
vide para. 131, Part ., Survey Manual, as follows :—
Log convergency in minutes = log constant for feet 4+ log tan
latitude + log departure = 42164 log constant.
47614 loo tan 300,
5:2607 log departure.

log convergency = 1:2385
» convergency = 17/ 19" orungle = 90° — 0° 17/ 19" = 89- 427 41”7
the difference of a second or so is due to the logs being taken to four
places only, but the latter value is quite near enough as no theodolite used
by the ordinary surveyor will read to accuracy in seconds.

Now to compute the point D we take a as the cd-latitude of the

. . d
middle point D and thus cos @ cos b = sin ( -:- <d) cosa= f:;b
5 oa = 59° 59”7 55",

* Vide Auxiliary Tables, Survey of India, 4th Ed,
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=~ latitude of point D = 300 07 57, therefore the point D is 5» N,

of the parallel of latitude 30°.
Now, one minute of arc subtends 60858 feet as shown above

. 5 seconds subtend gﬁ%s feet,

= 507 feet nearly, or 507 feet will be the offset south at a
point 80 nautical miles distant from either A or C = 30 x 527511 feet
(see next problem) = 158,258 feet along the parallel of latitude. The are
ADC is that of a great circle or the shortest line between A& and C
through D ; and in the triangle ABD, sin AD = sin Bsind .- AE = 25'98
minutes ., AD in feet = 60858 x 25:98 = 158,109, The parallel of lati-
tude thus becomes the hypotenuse, the part of the great circle the basé
and the ordinate or offset 507 feet the perpendicular of a triangle. One
or more offsets may be computed in the same manner and the remainder
put in by interpolation of values for similar triangles.

This method should be remembered by those called upon to lay down
townships, canals, colonies, etc.

In the U.S.A. the parallels are usually projected by the secant method
and tables have been made to facilitate such work. T

119. The Nautical mile.—A nautical mile subtends, at the

Fig. 38. equator, an angle of 1 minute at the

centre of the earth or more correctly
is a minute in arc of a great circle.

If the mean radius* of the earth

is 3956:46 miles we obtain the length

of a nautical mile in feet to be

» X 895646 X 5280
180 % 60 = 6,079 feet very

nearly at mean sea level at the equator.

If EUC (see Fig. 36) is a parallel
of latitude and EO =R is the radius
of the earth and EQ’ = r = the radius
of the circle EDC then » = R cos 0

% EO=R cos latitude or cos A= —;—.

Now if NCA and NDB are two great circles, then the difference in longi-

tude (L) of D and C in latitude () is measured by the arc AB on the equator

arc DC arc AB . r Xorc AB
and —— = —5— = circular measure of L. or arc DC = '———l;———— .

® The value of the mean radius is here noeepted but in laying out a parallel of latitude on the surface of the
earth the equatorial radius only must be accepted. The following values are given :—Mean semi-diameter
ot oquator = 0826867 feet and mean somi-polar diameter ss 20854477 feet ,’, mean radins = 22890178 feet.
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and if z=the number of minutes in L then the distance AB==x nautical
miles,

or DC= I:’ nautical miles.
=2z cos \ nautical miles.

Therefore a nautical mile in latitude 30°=5264'7 feet, and thus
when calculating the lower and upper parallels for the graticules of
maps it will be found that the upper parallel will be shorter than the
lower parallel for all maps projected for a graticule north of the equator
and vice versd for south of the equator.

Again, D and C are points situated on the same latitude (\) and
let their difference in longitude (I.) be 40° or 2,400 minutes. If a
ship is travelling at 17 knots (17 nautical miles an hour) due west

or east between D and C, and if D and C were in a latitude of 50° she
2400 X cos 50°

17 hours

would do the journey in
=907 hours.
The chord DC =2 » sin -420— = 2 ¢ sin 20°.

and chord DC=2 R sin % (where ¢ = angle COD)
and since r=R cos A

. @ .
<. sin-=sin 20° cos 50°

8 :
RS —9‘=12° 42
s 6 =1,524 minutes,

and therefore the arc CD of the great circle=1,524 nautical miles,
and thus if the course of the ship had been on the great circle instead

of due east and west she would have done the journey in —]—i:—thours

or 89'7 hours or one hour less.

120. Micrometers,—The superior class of theodolites or what may
be termed precision theodolites are fittted with micrometers instead of
verniers. The primary limb of the theodolite is divided into degrees and
#th of degrees or 10 minutes. The micrometer attachment consists of
a box placed about midway between its lenses. In this box is fitted
a “comb ” as it is called with a V notch which is the index orfreading.
On the right hand side of the box there is a wheel which being revolved
moves a pair of parallel wires across the field of view. One revolution
of the wheel should move the parallel wires from one graduation on-
the primary scale to the next. If the value of one graduation to the
next is 10 minutes then it can be seen that if the wheel is divided into
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10th minutes are obtained, and if again into 6ths that 10 secs. are
obtained and an approximation to one second is possible.

The following will simplify matters as regards how to read the
micrometer : —

First focus the eye-piece so that the graduations and wires are clear
and distinct and bring the wires to the centre of the V notch when the
micrometer wheel if properly set should read O ; if it does not, with
the right hand pull out the spring button of the wheel and turn the
wheel so that_the Q graduation is opposite its own index and release
the button. A few trials will settle this. Open the clamp screw of
the upper plate of the theodolite and with the slow-motion screw bring
0° directly in the centre of the notch. The theodolite is now reading
0°0°0". Now turn the slow-motion screw to read something more than
0°, and say less than 0° 10 minutes, that is, the notch will be moved to the
right of 0°. Turn the micrometer wheel by which the wires are moved
and lev the wires be placed one on each side of the graduation for 0°
or 0° 0’ whichever is the closer. Examine the micrometer wheel and
if the index is opposite some division between 6 and 7 on the wheel
the reading will be something between 0° 6’ and 0° 7. To continue yet
further if the index pointed midway between the 2nd and 38rd division
beyond 6 on the micrometer wheel the reading would be 0° 6’ 25”.
Take another case—the notch is between the 4th and 3th division to
the right of 265° and the micrometer wheel points to 7 36" ; the reading
is therefore 265° 47’ 36”.

What is known as the “run” of the micrometer is whether the
wires travel from one graduation to another in exactly one revolution
of the wheel, and this depends on the focus of the lower lens and it
will be necessary to increase or decrease the distance by means of the
screw and collar for that purpose till by repeated trials the run is
adjusted. This being completed the focus on looking through the eye-
piece will have been altered when it is necessary to adjust by sliding the
whole attachment in its socket up and down.

So that the two micrometers, one on each side, should differ by
180° the comb can be moved laterally by a screw fitted for the purpose
on one side of the box.

The above are what might be termed permanent adjustments and
are not often necessary, but the adjustment given earlier that of making
the O of the micrometer agree with the V notch comb is easily made
and is sometimes necessary ; the permanent adjustment of the comb for
instance will necessitate the adjustment for the zero of micrometer wheel.

The micrometer is much easier to read than the vernier and is less
strain on the eye-sight, and but for its cost. its adoption would be universal,

”»
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Equation of time, 65.
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Equatorial year, 63.
Equinoctial colure, 62.
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Gregoran calendar, 63.
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North Polar Distance, 62, 67.
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Obliquity of ecliptic, 62.
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Pipe line, 106.
Planetable, 87, 88, 39.
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Power generated, 103.
Precession, 62,
Preliminary reconnaissance, 102,
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- dial, 76.
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Q, 102,

Rainfall, 104, 105, 110.
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Refraction, 11, 66. Tables I, IT, III.
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Right Ascension, 62,

Road grading, 96.

Run off, 105, 110.

Satellite station, 13.
Semi-diametre, 66.
Sight rule head, 23
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Sight rule India pattern, 87.
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- year, 63. =
Signals, 5.
Slide rule, 29.
Solar system, 73.
Solstices, 62.
Solution of a fixing, 12.
Spherical excess, 6

trangle, 62.

Stadia, 26.
Stations, 4.
Standard Timeo, 64, 75.
Stile, 74.
Study of maps, 103.
Sun, 66, 67.
Sundials, 74.

Tables I to VII.
Tacheometer, 22.

Tail race, 108.

Tank capacity, 111.
Taylor’s method, 68.
Telemeter, 22

Thnd side, 14.

Time angle, 60. 70.
Time clock, 63
Transmission line, 109.
T'riangles well conditioned 6
Triangulation hmits 8.
Tropical year, 63.

Two point problem, 21

Vertical cireles. 62,
collimation, 25.

Watch time, 63.

Water power schemes, 101,
-- sources, 101.

W hittaker’s almanac, 73.

Year, 63.
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