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THr Roorkee Treatise was originally compiled by Lieat.-Col. J. G.
Medley, R.E., in 1866 and issued in two volumes.

The Treatise grew out of the various College Manuals, dealing for
the most part with subjects which reguired special treatment to suit the
climate and methods used in India, and has heen constantly revised and
re-written. It is found advisable now to publish the Treatise in separate
Sections, so that each Section can he written or revised and brought up
to date whenever opportunity occurs, to keep pace with modern methods
and discoveries.

The Treatise now contains the following Sections :—
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PREFACE.

In revising this Manual the author has studied the needs of the Civil
Engineer in India. He has omitted all reference to archaic and obsolete
instruments, descriptions of which will be found in earlier editions,
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CHAPTER 1.
DRAWING, SCALES, ETC.
MAaNAGEMENT OF PAPERS, INSTRUMENTS, ETC., USED IN PrLAIN DRAWING.

1. However woll a survey may have been done in the field, it will
never appear to its fullest advantage on paper, if great care and attention
to minutis are not bestowed on its delineation. All surveys are essentially
composed of details, and the greater the accuracy of the detail, the more
valuable the survey. Moreover, as all methods of surveying are based
upon geometrical principles, geometrical drawing must play an important
part in representing those details. A few hints, therefore, on the
management of the instruments, eto., in most common use, will not be out
of place here.

2. Drawing Paper.—The paper, of good quality but not too highly
glazed, should present as smooth a surface as possible. Anything that
tends to destroy the surface, such as erasures, excessive rabbing with
india-rubber, wasbing, etc., should be avoided as much as possible. 1f
india-rubber is necessary, ;t should be used sparingly, and ‘pressed very
lightly on the paper. Breacf should be used instead of india-rubber when
poseible.

For survey work, or any work requiring accuracy, the paper should
never be wetfed, but damped only when stretched or mounted on a drawing
board, preferably on the underside on account of the distortion that takes
place when the stretched paper is cut off. Unequal expansion or contrac-
tion should above all things be guarded against.

If the paper is buckled and requires flattening, the following method
should be employed : -ﬂﬂount the paper as described in the following
paragraph., When nearly dry, cut it off the. board, and place the sheets flat
in a drawer, where they must be allowed to remain for three weeks at least,
till they are thoroughly seasoned.

During the time occupied in plotting an extensive survey, the paper
which receives the work is affected by the changes which take place in
the hygrometrical state of the air and the parts laid down from the same
scale, at different times, will not exaotly correspond, unless this scale has
been first laid down upon the paper itself and all the dimensions have been

taken from the scale so laid down,
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For plotting an extensive survey, and accurately filling in the minutia
a diagonal scale may advantageously be laid down upon the paper upon
which the drawing is to be made. The construction of scales will be treat-
ed of further on.

Drawing Paper, properly so oalled, 18 made to certain standard sizes,
as follows:—

Demy e .. .. 20 inches by 154 inches.
Medium ... w228, 17,
Royal ... . 28 19F
Super-Royal e 27F ., 19,
Imperial ... o w30 y 22,
Elephant ... e oo 28 " 23
Columbier ... we 35 “ 23
Atlas . 34 w 26
Double Elephant oo e 40 " 21,
Antiquarian e e 53 . 31 ’
Emperor ... .. 68 g 48

Of these, Double Elephant and Imperial are the most generally useful
sizes. Whatman’s cold pressed paper is the quality most usually employed
for finished drawings. For ordinary sketching or working drawings,
cartridge paper may be used. It bears the use of india-rubber well,
receives ink on the original undamped surface freely, shows a good line,
but it does not take colours or tints very well. Cartridge paper can be
obtained in any length up to 200 yards and in width 53 or 60 inches, and
consequently is useful in certain cases. For delicate small scale line-
drawing, the thick hlue paper imperial size, such as is made for ledgers,
etc., answers exceedingly well.

Tracing Paper is a preparation of tissue paper, rendered trans-
parent and qualified to receive ink lines and tinting without spreading.
‘When placed over a drawing already executed, the drawing is distinctly
visible through the paper and may be copied or ¢raced directly in Indian
ink : thus an accurate copy may be made with great expedition. Tracings
tiay be rolled and stowed away very conveniently ; but, if likely to be
frequently used, they should be mounted on cloth, or on paper and cloth,
with paste. Tracing paper becomes brittle with age and will not stand
folding and if required as a record a good strong quality should be used in
preference to the ordinary thin commercial variety,
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Tracing paper may be prepared from double-crown tissue paper by
lightly and evenly sponging over one surface with a mixture of one part of
raw linseed-oil or nut oil, and five parts of turpentine. Five gills of turpen-
tine, and one of oil, will go over from 14 to 2 quires of twenty-four sheets.

Tracing cloth is a similar preparation of linen, and has the advantage of
toughness and durability. '

In colouring drawings on tracing paper or tracing cloth, the colour
must be laid on the reverse side of the paper to that on which the lines
are drawn,

The colour laid on should be much darker than the tint required in
the drawing.

3. Mounting Drawing paper on Drawing boards.—The
edges of the paper should be first cut straight, and as near as possible at
right angles with each other ; also the sheet should be so much larger than
the intended drawing and its margin, as to admit of being afterwards
cut from ‘the board and‘yet at the same time one half inch smaller than
the board on which it is to be mounted.

The paper must be first thoroughly and equally damped with a sponge
and clean water, on the opposite side from that on which the drawing is
to be made. When the paper absorbs the water, which inay be seen by
the wetted side becoming dim, as its surface is viewed slantwise against the

Jight, it is to be laid on the drawing board with the wetted side- down-
watds, and placed so that its edges may be nearly parallel with those of
the board having first well wetted strips of stiff foolscap or ordigary.
cartndge&aper about 3} inches wide. These strips should now be slightly
dried on a piece of blotting paper and one side pasted with strong paste.
Each strip will be applied with an overlap of } inch on the drawing paper
and the remaining portion passed along the edge of the board and fastened:
underneath and the process continued all around, necessary lengths being
torn off. This id how a planetable is usually mounied and it is a more
convenient way than pasting the edge of the actual drawing paper on to
the board, for a penknife passed underneath the pasted strips brings the
drawing away without the unsightly gashes in the wood work of the board,
made by a knife cutting through the drawing paper.

~The mounted paper should be allowed to dry gradually, and the
process should not be hastened by putting it before a fire or in the strong
sunshine, otherwise the unpasted portion, which dries more quickly than
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the pasted portion, is very apt to tear itself away from the pasted border.
A small quantity of alum is a very good thing to mix with the paste, for
it not only enhances the adhesive properties of the paste, but the drawing
paper, when dry, is not so stiff as if paste only is used.

Mounting Drawing paper on Canvas or Linen.—If however the plane-
table seotion is to remain on the board for some time and receive a certain
amount of rough usage and is also to be kept as a permanent record
such as the originals of the Survey of India the following procedure is re-
commended. First secure a pisce of muslin or rough calico, wet and
stretch it well. Its size should be about 3} inches larger than the plane-
table. Place the cloth on the planetable and smear the surface of the
cloth thmte removing all lumps and continue as in previous paragraph
by placing the damped drawing paper on to the pasted cloth and finishing
by the pasted strips of paper using paste freely along the edges both for
the strips and cloth. Only a certain amount of paste passes through the
oloth to the table so it is easily rolled off with a ruler.

4. The Pencil, either an H, or an HH, should have a moderately fino
point and when being used should be gently pressed upon the paper, and
slightly inclined in the direction in which the line is being drawn, care

being taken to keep it, throughout the operation, in the same position with
referencad to the ruler.

The worker in the field will find that a 6 H will be none too hard
in the hot weather after a few days’ work, certainly a 2 H would be too
soft. A pencil point protractor is a cheap and useful article to have. The
lead can be best kept sharp on a small smooth file, or better still on a
piece of glass paper stuck to the legs of the planetable stand.

6. Indian Ink.—If a stick of ik is used, it should be carefully
rubbed up with water, a drop or two to start with, gradually increasing
the quantity ; it should be free from grit and above all, not too thick,
One or two trials by drawing two or three lines on 3 piece of waste paper
will show if more rubbing is required. Great care should be taken to see
that it is worked up sufficiently to ensure a thoroughly black line. Ink
should be made fresh daily. Indian ink when stale gives brown lines and
is not water proof. Liquid Indian ink, of excellent quality, however, can

now be obtained and isin many ways more convenient to usq than stick
Indian ink.
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6. Instruments.—A case of instruments generally contains ;—
(a) Compasses with movable | (¢) Drawing Pens.

parts—(1) Plain Point; | (f) Plain Dividers.

(2) Pencil Point; (8) | (g) Parallel Ruler.

Ink Point ; (4) Lengthen | (&) Pricker.

ing Bar. (t) Protractor.
(5) Ink Bow Compass. (7) Marquois’ Scales.
(¢) Pencil Bow Compass, (k) Sector.

(d) A set of Spring Bows—(1) | (1) Proportional Compass.
Dividers ; (2) Pen® ; (8) | (m) Curves.
Pencil.*

Cheap cases do not contain all these instruments, while some draftsmen
use many other varieties. (ther useful instruments are :—

(1) Set squares. |  (2) T-Square.
(3) A Beam Compass.

(a) Compasses should be held at the top between the forefinger and
thumb, with one or more fingers under the hing to increase or diminish
the distance between the points gradually and withont & jerk ; in all cases
the steel point should be guided by the finger of the other hand to the
centre of the circle to be drawn, or to the line or scale to be measured.
When several concentric circles are to be drawn, great care is requisite
to avoid enlarging the centre hole. Persons unaccustomed to the use of
compasses are very apt to turn them over and over in the same direction
when spacing off a number of equal distances on the divisions of a scale.
This necessitates a constant change of the hold by means of the finger and
thumb, which often causes the point of compass to be forced into the
paper, or to be jerked off the fixed point altogether. To obviate this, the
points of the dividors should be worked alternately above and below the
line-along which the divisions are being set off, Qy this means the mani-

pulation will be much more delicate,..andthere-will be ng liability of the
corupasses shifting.

%) u’fﬁéwD?‘aWing or Line Pen.—In using a pen, dip it into the ink
and wipe the outside of the points clean with a rag. The pen is now
ready for use, Hold the pen lightly against the ruler, taking care that jt

is_vertical s the points have been ground by the maker so as to give the

* The pump bow ink and pencil for making circles is far superior to the type sold in
instrument boxes,
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best lines w sed vertically; be very careful to make both nibs touch the
paper, to preserve an even pressure and the same position of the pen with
regard to the paper and ruler throughout with a slow but equal motion
along the ruler. The pen should not be tested by ruling on the hand
which is greasy but on a sheet of stiff paper. By attending to these points,
the pen will mark throughout the whole langth of the line, an equal thickness
of line being secured, and rugged edges avoided. If after working some
time it is found that the ink does not run freely from the pen, it may be
amended by passing a small slip of paper (not blotting) between the nibs.
Above all things the paper must be kept clean : it should not be touched
by ihe hands more than possible, as the hand makes the paper greasy ; and
when once the paper has acquired this defect, clean sharp lines are
fmpossible. In inking in over pencil lines, work from the top of the paper
towards the bottom ; this will prevent any risk of smearing. The pen
should be carefully cleaned and dried before being laid aside.

A drawing pen should have its nib ends exactly uniform in length and
width and the points should be as thin as it is possible to set them. A
hone is all that is needed to set the points of the nibs.

(o) Parallel Rulers.—These are of two kinds :—

(1) The plain parallel ruler.—This should be tested to ses that the
distances between the pivots on the rulers and the lengths of the bars are
exactly equal in each case.

(2) Tne rolling parallel rule :—This should be heavy enough to
ensure stability. It can be tested by running it in one direction and
ruling two parallel lines and then reversing the run and noting the error,
if any, between the lines drawn at the end of each run. For accurate
work it is best to avoid all parallel rulers and to use Marquois’ scales.

(d) Protractor.—The most general use of the protractor is for setting
off upon paper any given angle. A variety of scales are, however, drawn
on both sides of the instrument which are extremely convenient.

The following i3 a detailed description of the method of using the
protractor —_

The' protractor is generally a vectangular piece of ivory or boxwood
6 inches long by 1§ inches to 3 inches broad. Round three of its edges the
angles are marked (the lines radiating from a point in the centre of the
fourth side) and should be numbered in two rows, the outside from 0° to
180°, and the inside from 180° to 360", The method of using it to set-off

any required angle is easily seen by an example
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Suppose we-wish to draw from the point C in the line CA another line
making an angle of 40° with CA [Fig. 1, Plate 1.] Place at C the centre
mark on the lower edge of the protractor, and keeping it there, move the
protractor round till the line numhered 40° on the radiated edge, coincides
with CA. Draw the line CD along the edge ; DCA is' the required
angle, which has thus been simply transferred from the scale to the paper.
When the line CA is not long enough to admit of the above construction,
it will be necessary to place the lower edge of the protractor on that
line, with the centre on C [ Fig. 2. Plate 1.], then to make a mark against
the upper edge at the line indicating the required angle, and removing the
protractor, draw a line through the two points.

Protractors are usually of two patterns—The draftsman’s pattern and
the military pattern. The draftsman’s pattern contains a variety of scales
on both sides—they are simple scales. Those marked 30, 35, 40, 45, 50,
60, being the same as those on the Marquois’ scale described further on
(page 8). These numbers simply representing the number of parts into
which the inch is divided, i.e., on the 30 scale, thirtieths of an inch can be
taken off ; on the 40 scale, fortieths of an inch, and so on. The use of
these scales is found when we have to employ for a drawing a scale such
that one of these divisions represents a convenient unit of measurement,
such as 1 foot, 1 yard, 10 feet, 10 yards, etc., etec.

The scales marked in 3, £, etc. etu .y 8TO also simple proportional scales.
The numbers %, 3, etc., refer to ohe length of one division, which is divided
into 12 parts. That marked In. being one inch long, that marked
of an_inc inch _long, . and so on. These scales are useful for measurements
mvolvmg feet and inches i Mecount of the duodecimal minor divisions.
They are not genorally so convenient, however as the other scales just
described. The diagonal scale is an ordinary one. The inch being divided
into 10 parts 1,100th of an inch being obtained by means of the diagonal
lines ; where the % inch is divided into 10 parts, we can, of course obtain
1/200th of an inch. The principle of this and the method of constructio;z
will be explained further on.

The scale marked Cho., is a scale of chords, and deserves attention. It
is constructed in this manner :—Take a quadrant AOB, Fig. 3, divide the
arc into arcs of 10° and number these [0, 20, 30, up to 90, from B to A,
Join AB, and with B as centre and radii from B to these various divisions
describe arcs cutting AB, in the points 10, 20, 30, ete. These various radii
are the chords of the different arcs ; consequently AB is called a scale of
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chords. Each scale will vary with the length of the radius ; but Buclid, IV
15, proves that the side of a hexagon is equal Iy, 3.

to the radius of the circumscribing circle ; or
in other words, the radius of the circle =the A

chord of 60°. v\\

To use the scale.—With centre C [Fig. 4, \\ \
Plate 1], and radius equal to the distance \\( -7
from zero to 60° on the scale [ Fig. 1, Plate 1], "’"%\:"
describe an arc HK, cutting CA in H aod with IR L
centre H, and radius equal to the distance from ,/'—:’;':’, -

zero to 40° or other given angle, describe an +°
arc intersecting HK in K join CK ; KCH is the required angle.

This method of protracting angles is much to be preferred to simply
laying them off by the protractor, as it is mere accurate, and the greater
the radias the greater the accuracy.

The military pattern protractor generally differs from the above in
having none of the above scales marked except the dingonal scale. As it
is usually used for surveying purposes, in place of the scales described
above, scales of one, two, four, six and eight inches to the mile are given,
together with a normal scale of horizontal equivalents. The protractor can
also be used as a clinometer, by boring a small bole near the edge of the
protractor and suspending a small weight by a thread.

(¢) Marquois’ Scales.—The box of Marguois’ Srales contains two
rectangular rulers and a right-angle triangle, of which the hypotenuse or
longest side is three times the length of the shortest. Fuch ruler is
a foot long, and has parallel to each of its edges, two seales, one placed
close to the edge, and the other immediately within this, the outer being
termed the artificial and the inner the natural scale. The d:visions upon
the outer scales are three times the length of those upon the inner scale,
80 as to bear the same proportion to each other that the Jonger side of the
triangle bears to the shorter. Each inner, or natural scale, is in fact, a
simply divided scale of equal parts having the primary divisions numbered
from the left hand throughout the whole extent of the rule. In the arti-
ficial scales the zero point is placed in the middle of the edge of the rule
and the primary divisions are numbered both ways, from the centre point
outwards. Each division on this scale is three times the length of a
ocorresponding division on the natural scale. The triangle has a sbort line
drawn perpendicular to the hypotenuse, near the middle of it, to serve
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«s an index or pointer ; and the longer of the two sides has a bevelled
edge.

The rectangular rulers bave numbers 25, 30, 35, 40, 45, 50, 55, 60
marked on each scale: these numbers simp y show how many divisions
the inch is divided into on the natural scale ; the artificial divisions being
three times the natural division. We are enabled by the method shown
below to draw parallel lines from gyth to gyth of an inch part, or any
multiples of these fractions. Instrament makers usually number the
rulers and triangle and these should be examined to see that they cor-
respond and belong to one set.

To draw a line parallel to a given line at a given distance from it—(1)
Having applied the given distance to one of the natural scales, which
is found to measure it most conveniently, place the triangle with its sloped
edge coincident with the given line, or rather at such a small distance
from it, that the pen or pencil passes directly over it when drawn along
this edge. (2) Set the ruler closely against the hypotenuse making the
zefo point of the corresponding artificial scale coincide with the index
upon the triangle. (3) Move the triangle along the ruler, to the left or
right, according as the required line is to be above or below the given
line, until the index coincides with the division or sub-division corres-
ponding to the number of divisions or sub-divisions of the natural scale,
which measures the given distance, and the line drawn along the sloped
edge in its new position will be the line required.

The proof of this is as follows :—If ABC, Fig. 5 represent the triangle
in its new position, and the dotted Fig. b.
lines represent its original posi

tion, by .similar triangles ABO, Q—::f ——————————— —? c
AAD, !
AD,: AAm BC:BA=1:3and \ .:
therefore AD contains as many Bl
divisions of the natural as AA B

contains of the artificial scale.

(/) Sector.—The sector is a ruler 12 inches long and about half an
inch broad jointed in the centre so as to allow of its being folded together,
in the direction of its depth. A sector either of wood or ivory is generally
supplied with ordinary instrument boxes. A more detailed description
of its construction is therefore necessary,
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The most important scales and the ones which are really of most
service in geometrical construction are the line of Jines, the line of chords
and the line of polygons.

Line of Lines.—The principle of the use of the line of lines is a
follows :—Let the lines AB, AC represent a pair of sectoral lines,and BC,
DE any transverse distances taken on this pair of lines ; then, from the
construction of the instrument AB = AC and AD = AE, so that

AB: AC=AD: AE Lig. 6.
and the triangles ABC, ADE have the angle at A
common, and the sides about the equal angle
proportional (Euc. VI, 6); they are, thercfore
similar.

and AB: BC= AD: DE.

From the above the use of the line of lines is
self-evident. For example : —

To divide a line 3'11 inches long into 7 equal
parts. Take the length of the line into the compasses, and having set one
point in the division which is numbered 7, open the instrument till the
other point of the compasses meets the 7th division on the other limb, then
the distance between the two points marked 1, will obviously be the }th
part of the line as required, or equal to ‘44 of an inch nearly ; but it
must be observed, that owing to the inevitable imperfection and wear
of all instruments, this distance must be stepped along the line to ascertain
whether it may not require a small correction.

Ezample 1.—To determine 3ths of a line 3 inches long; take that
length in the compasses and open the sector until it coincides with the
primary divisions 7,7, when the distance between 2 and 2, is that required.

Ezample 2,—To find fzrds of a line 4'09 inches long [ Fig. 7, Plate 1.]

Since there are only ten primary divisions, recourse must be had to
the secondary divisions, to solve this problem. In order to bring the
construction some distance from the centre, which will insure the accuracy
of the result, multiply the numerator and denominator of the fraction by
some number which will make the denominator when so multiplied near,
but not greater than 100 : in this case 4 is a convenient multiplier ; then

%3-.-: %;i having taken oft 4 09 inches in the compasses, make that length

a transverse distance at the secondary division 92, then the transverse
distance at 88 will give the part required.
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« Note~A lateral distance is a distance measured from the centre along
any sectoral line, A transverse distance is a distance measured from a
point in one line of a pair of sectoral lines to the corresponding point in
the other line.

(g9) Line of Chords—This scale is similar to the one marked Cho.
on the protractor, and is used for the same purpose ; but the double scales
of chords on the sector are generally more useful than the \single scale on
the protractor ; for on the sector, the radius with which the arc is to be
descrihed may be of any length between the transverse distance of 60
and 60 when the legs are closed, and that of the transverse of 60 and 60
when the legs are opened as far as the instrument will admit of ; but with
the scale on the protractor, the arc described must always be of the same
radius.

To lay down an angle which shall contain a given number of deg-
rees :—1. When the angle is less than 60° ; say 46°.

Make the transverse distance of 60 and 60 equal to the length of the
radius of the circle, and with that opening describe the arc BC [Fig. 8,
Plate 1]. Take the transverse distance of the given degrees 46° and lay
this distance on the arc from the point B to C. Join AC, AB; the angle
CAB is the one required.

2. When the angle contains more than 60° ; say 148°

Describe the arc BCD, making the radius equal to the transverse
distance of 60 and 60, as before. Take the transverse distance of § or 1,
etc., of the given number of degrees, and lay this distance on tbe arc twice
or thrice, as from B to a, a to b and b to D. Join BA, AD; BAD is the
angle required.

3. When the required angle ccntains less than 5°, suppose 34°, it will
be better to proceed thus :—With the given radius, and from the centre
A, describe the arc DG ; and from same point D lay off the chord of 60,
thus giving the point G such that the angle DAG = 60°. From the same
point D lay off in the same direction the chord of 561° (= 60° — 3}°),
thus giving the point E such that the angle DEA = 564°. Then the angle
GARE is the angle required.

(k) Line of Polygons.— The line of polygons is chiefly useful for the
ready division of the circumference of a circle into any number of equal
parts from 4 to 12; it forms, therefore, a ready means of inscribing
regular polygons in a circle, To do this, set off the radius of the given
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circle (which is always equal to the side of the inscribed hexagon) as the
transverse distance of 6 and 6 upon the line of polygons, Then tHe
transverse distance of 4 and 4 will be the side of the inscribed square ;
that of & and 3 the inscribed pentagon, that of 7 and 7 the inscribed
heptagon and so on.

It is required to form a polygon upon a given right line, set off the
extent of the given line as a transverse distance between the points upon
the line of polygons, answering to the number of sides of which the
polygon is to consist ; as for a pentagon between 5 and 5, or an octagon
between 8 and 8, then the transverse distance of 6 and 6 will be the
radius of the circle which is to be descrihed so as to contain the given
line ; if now we set off the length of this line round the circumference of
the circle we shall obtain a regular polygon of the required number of sides.

(i) Proportional Compasses—These, though of great service in many
problems which occur in plan drawing,are not supplied with the ordinary
instrument boxes. A description of the method of using them is, however,
considered necessary.

They consist of two equal and similarly-formed parts or limbs AE and

Fig. 9. BD (see Fig. 9), opening upon a centre C and forming
#  adouble pair of compasses whose points are A, B, E, D.
When shut up, the two limbs appear as one, and a small
stud fixed in one fits into a notch made in the other, and
retains the instrument in its closed position. The adjustment
of the instrument must be made when both limbs coincide ;
as it is only in this position that the centre piece C can
be moved up and down. The chief use of the proportional
compasses i3 to reduce a drawing in any given proportion.
To do this the centre C is shifted up or down as required
thereby shortening one set of legs and lengthening the
other. Thedistance to be reduced is measured off with one
set of legs, and the distance shown by the other pair will
be the corresponding length, reduced or increased from the
original length in a ratio depending upon the position of
the centre C. As in the sector, various other geometrical
constructions can be performed by means of the different
scales given on either side of the limbs ; it will-be sufficient,
bowever, to describe the method of adjusting the instru-
B ment for laying off distances on a plan, the scale of which
5 to bear a certain proportion to that of a given plan,
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On the face of each limb there are four scts of divisions, one deno-
minated * Lines,” a second * Circles,” a third “ Planes,” and the fourth
“Solids.” It is with the first of these, vis., the Live of Lines, that we
bave to do.

When the zero of the centre on the dove-tsiled sliding piece is set
to the division marked 1 on the line of lines, snd clamped by turning
the mill-headed screw C, any opening of the compasses will give equal
distances at both extremities. When the zero is in a similar manner set
to 2 on the line of lines, the proportions between the openings of the points
A, B, the corresponding openings of the points D, B, will be as 2
to 1, in other words, any distance set off by D, E, will be half the
distance measured by A, B, Similarly if the zero be set to 8, the distance
set off will be to the distances measured as 1 to 3, and so on for the other
divisions which extend up to 10.

(j) Curves.~For curves which ave not circular, but variously elliptic
or otherwise, “ French ™ curves made of thin wood, of variable curvaturs,
are very serviceable. The two examples (Figs. 10 and 11) have been
found from experience to weet almost all the requirements of ordinary
drawing practice. Whatever be the nature of the curve, some portion
of one of these ¢ French” curves will be found to coincide with its com-
mencement, and other portions can be used to complete the curve.

Fig. 10.

=7

L A ¢ French ” Curve—One-fourth full size.
(k) Set-Squares.— A few set-squares of Fig. 11,
vaiious sizes are useful. They consist of trian-
gular pieces of wood, celluloid or valeanile.
One angle is invariably a right angle, and the
other angles may be 45, 30 and 60 degrees. Set-
equares are used in conjunction with a straight
edge for drawing lines at right angles to each
other, or for drawing parallel lines, “French * Onrve—~One-fourth full sigs.
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(!) T-Square.—The T-Square (Fig. 12) is a blade or “straight edge”
a, usually of mahogany, fitted at one end with a stock b, applied trans-
versely at right angles. The stock being so formed as to fit and slide
against one edge of the board, the blade reaches over the surface, and
presents an edge of its own at right angles to that of the board, by which
parallel straight lines may be drawn upon the paper. To suit a 41 inch
board, the blade shou!d measure 40 inches long clear of the stock, or one

Fig. 12.

Y

@ |

I

1 q ]
== | !
®
- Details of 1-9quare
inch shorter than the board, to remove risk of injury by overhanging at the

end ; it should be 2} inches broad by % of an inch thick, as this section

makes it sufficiently stiff laterally and vertically. If thinner, the blade is
too slight and too easily damaged by falls and other accidents, and is liable
to warp: if thicker, it is too heavy and cumbersome ; if broader, it is
heavier without%bing stitfer. The tip of the blade may be secured from
splitting by binding it with a thin strip inserted in a saw-cut as shown.
The stock should be 14 inches long, to give sufficient bearing on the edge
of the board, 2 inches broad, and § inch thick, in two equal thicknesses
glued together. With a blade and stock of these sizes, a well-proportioned
T-square may be made, and the stock will be heavy enough to act as a
balance to the blade, and to relieve the operation of handling the square.
The blade should be sunk flush into the upper balf of the stock on the
inside and very exactly fitted. It should be inserted full breadth, as shown
in the figure ; notching and dove-tailing is a mistake, as it weakens the blade
and adds nothing to the security. The lower half of the stock should be
only 1] inches broad, to leave a } inch check or lap, by which the upper half
rests firmly on the board, and secures the blade lying flatly on the paper.
One-half of the stock ¢ (Fig. 13) is in some cases made loose, to turn
upon & brass pin to any angle with the blade a and to be clenched by a
screwed nut and washer, The turning stock is useful for d rawing parallel
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lines obliquely to the edges of the board. In most cases, however, the
sector, and the other appendages above described, answer the purpose, and
do so more conveniently. A square of this sort should be rather as an
addition to the fixed sguare, and used only when the level edge is required,
as it is not so handy as the other.

The edges of the blade should be very slightly rounded, as the pen will

Fig. 13. thereby work the more freely. It is a mistake to chamfer
the edges—that is, to plane them down to a very thin
edge, as is sometimes done, with the object of insuring
the correct position of the lines ; for the edge is easily
damaged, and the pen is liable to catch or ride upon the
edge, and to leave ink upon it.

A small hole should be made in the blade near the end
by which the square may be hung up out of the way when
not in use.

No varnish of any description should be applied to the T-square, or
indeed to any of the wood instruments employed in drawing. The best
and brightest varnish will soil the paper. The natural surface of the wood,
cleaned and polished occasionally with a dry cloth, is the best and cleanest
for working with. The wood should be non-oily and well seasoned.

(m)'Beam Compasses.—Beam compasses aro used for setting off
acourately distances which are beyond the stretch of an ordinary compass.

They consist of two beam heads moving on a graduated bar of wood or

..%%

i T@

electram. (Fig. 14). Each beam head has a clamp to hold a pointer or
pencil. One of these heads is fixed at one end of the bar, and is provided
with a vernier screw for making fine adjustments, while the other is free to
move up and down'on the bar and can be clamped in any position,

&

o
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If a scale is given on the bar, it should never be used for accurate
work, bat distances should be taken direct from a scale drawn on the paper
on which the plan has been plotted. Beam compasses are used to test the
rectangular margins of a sheet, and the perpendicularity of the central
meridian line of a survey to a parallel of latitude, by the usual method of
ohecking a right angle, viz., measuring 3 and 4 (or their multiples) on the
perpendiculars and testing the hypotenuse with the distance 5 or its multiple.
— 7. Printing.—It cannot be too strongly insisted upon that a finished
drawing cannot be produced without first class printing. Too much care
cannot be given to this matter, as a good style of printing is essential to
the production of a really good engineering or topographical drawing, more
sspecially the latter, as the names of towns and villages are all over the place.

This perfection cannot be attained without a great deal of practice,
care and perseverance. 1t must, however, be pointed out that this per-
fection should only be expected from, and sought after, by draftsmen and
the subordinate ranks.

Eangineers and superior officers should seldom waste tbeir time in
sndeavouring to print up a drawing with fine headings and copper-plate
printing. They should content themselves with producing neat and legible
words and leave the finished work to their less highly educated inferiors.

The following paragraphs, however, will be devoted to showing how any
intellicent man, with care and perseverance, can become a first-rate printer.

(a) As a rule Block Printing is decidedly the best for all kinds of
headings, being neat and legible. For main headings fancy letters may
occasionally be used, but it may be laid down as an axiom that the plainer
the lettering on a drawing the better.

Block printing may be either upright or sloping. The proportion of
breadth to height varies considerably in different alphabets, and may range
from the ¢ square ” form in which the breadth is equal to the height, down
to the “elongated,” in which the breadth is reduced to anything down to
one-third of the height.

The first thing to do is to decide the height of the letters it is proposed
to use tor a heading. This must entirely depend on the size of the draw-
ing and should be strictly in proportion. Having decided the height, it is
next necessary to decide the proportion of breadth to height.

The most symmetrical in appearance and the easiest to execute is an
alphabet in which the breadth of the larger number of the letters is four-
fifths of the height. Divide the height selected into five spaces (Plate II).
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Then most of the letters are four of these spaces broad. The exceptions
are—I =1,J = 3, F, L, = 34, M, T, W, = 5. The spaces between the
letters may be 2 or 14, and between the words 5 or 6 according to taste.

Then to put in a heading, after selecting size, write it roughly thus—

A N|D|S|E|C|T]|I| O|N
4 8§| l l l ' l l i l [4spaces-53&
2 y = 34

Total m 874

Take 87% spaces and place centrally. Then rule the boundary lines
of each letter and after, if necessary, the single space lines within each
letter. This gives as little ruling as possible and also gives spaces correct.
If single space lines are ruled all along, one letter of the 3} breadth throws
out all those after it.

If a more upright narrower style is required, instead of taking spaces
kth the height, take them }th or }th.

It should be borne in mind that the terminations of all letters should
be always flat, never pointed or rounded.

One of the difficulties of the beginner is to know what is bad and what
is good printing, it will, therefore, be useful to point out a few of the
mistakes to avoid, and points to be noted in the formation of certain
letters. Refer for each letter to Plate 1I.

In the letter A, the cross stroke should be abour one-third of the way
from the bottom of the letter.

In the letter B, the upper portion should be about one-tenth smaller
and not quite so broad as the lower portion.

In the letter C, take care that you place the lower termination exactly
below the upper one.

In the letter E, the upper horizontal stroke should be slightly shorter
than the lower one, but be careful to avoid exaggeration.

In the letter G, avoid all fancy forms.

In the letter K, the upper diagonal meets the perpendicular stroke
two-thirds of the way down. The lower diagonal joins the upper one in
such a position that if it were produced it would meet the perpendicular
stroke one-third of the distance from the top.

The letter M requires to be treated with a certain amount of discre-
tion ; if the strokes used are broad the letter should be five spaces broad
to avoid looking heavy ; if the strokes used are thin the letter should be
only four spaces broad.
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In the letter R the lower termination of the tail should be flattened.
The letter S is a very difficult letter to form ; the upper half should
be less broad than the lower, and a horizontul line dividing the upper
and lower curves should be nearer the top than the bottom. If the two
curves are made the same, the letter will look top-heavy as may be seen
in the Plate.

The upper stroke of the letter Z should be somewhat shorter than the
lower stroke. \

(b) Italic Printing (Plate II1), is well adapted for the information
to be entered on ordinary plates and surveys. To execute this, the
beginner should rule three lines parallel to cach other to regulate the
heights of the small letters and capitals. The distance apart of these
lines will depend on the size of the printing desired, but lines three and
four-sixtieths apart will be found convenient to start on. Parallel lines
should then be ruled at intervals of about half an inch to define the slope
of the printing.

The beginner should pencil each letter in with the greatest care
befere inking in, avoiding the use of india-rubber. When he has gained
sufficient proficiency through practice, the pencil may be dispensed with.
Students should remember that it is impossible to print after taking any
violent exercise as the hand is not sufficiently steady.

In Plate 1V, is given an example of another style of printing, which
is fairly easy to acquire and which may be occasionally useful.

Plate IV A, is now the accepted rapid style in which drawings may be
finished. Field notes and figuring in this style is recommended as it lends
itself to any class of nibs and especially medium pointed fountain pens.
The style is easily learnt and variations of it will be recognized in most
recent plan drawings and survey maps.*

8. General Rules applicable to all Geometrical Draw-
ing.—(1). Instruments, especially ruling pens, should be kept scrupulously
clean, Clean drawings cannot be executed~ without cleun hands. Keep
a piece of paper under the hand when working. Wooden and ebonite
rulers can be cleaned by rubbing them with bread. Always rub them on
a piece of paper before commencing work.

(2). Never draw asingle line that is not absolutely necessary. Always
work with a sharp point to your pencil. Do not cut it at the lettered end.

* Mesirs. Reoves and Sons, London, a¢ the makers of Manuscript Nibs specially suited for
printing.
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Pencil work should be done as lightly as possible. If the lmes are heavy
they are difficult to rub out and soil the rulers.

(8). Iflines are drawn wrong, mark them lightly with one or two
dashes ; but as a rule omit all corrections of pencil work with rubber tiil
the plan is inked in and then at one operation rub out all the pencil lines.
Every use of the rubber raises the paper surfage into a voughness in which
dust catches and gets ingrained.

(4). No attempt should be made to produce a finished pencil drawing,
the outline only should be drawn in pencil and no shading o1 shadow lines
" as the lead rubs off and dirties the paper.

(5). When about to draw a right line between two points, placs the
ruler as nearly as possible in the same position with reference to both
and then sze whether the line will pass exactly through both points, before
drawing it on the paper with either pen or pencil. Alse in drawing an
arc fhrongh several points, try it with plain dividers, lo see if the
centre is exact before drawing the line.

(6). All lines should be drawn sufficientiy long at first, to avoid the
necessity for subsequently producing them ; a long line should never be
obtained by producing a short one, anless some distant point in the pro-
longation has been first found by other means. .

(7). Whenever it is practicable lines shouid be drawn from a given
point and not to it; and if there-are several points, in one of which two
or more lines meet, the lines should be drawn from that one to the others ;
thus, radii of a circle should be drawn from the centre to points in the
circumference. )

(8). The larger the scale on which any problem, or part of one, is
constructed, the less liable is the result to error. Hence all angles should
be set off, and points determined by means of the largest circles which
circumstances will allow to be described.

(9). In determining a point by the interseotion of circuler arcy or
straight lines, the radii should meet at that point at an angle of not more
than 30°.

, (10).  When ope arc or straight line intersects another, as above, the
second arc or line need not be drawn, but the point of intersection only
should be marked, so as to avoid unnecessary lines.

(11). Avoid setting off equal lengths on a given straight line by
continual repetition of one such length, but mark off on the line a con-
venient multiple of the given length, and sub-divide it, 7., work from
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the whole to part, not from part to the whole ; this is a great principle
in surveying as well as plan drawing, and is especially to be observed in

the construction of scales.

(12). In laying off a length along a line with a scale, it is always well
to check, either by reading off the distance along another part of the same
scale, or by applying the scale so that it shall read backwards. This is a
simple check and a very useful one, as in plotting a survey it may bften
prevent considerable unnecessary labour.

(13). Every drawing should have one or more long lines put in first
across the paper and at right angles to these ; all new lines should be laid
off from these guide lines, not from short lines of some part of the plan.
The right angle guide lines should be laid with the compasses in the
ordinary geometric way, not with the protractor. If a T-square and
large set square is used, this should be more accurate than any other way
if carefully managed.

9. Instructions for the preparation of finished Topogra-
phical Drawings.—Drawing Paper.—The drawing paper should be
carefully examined to see which is the right side and that no mouldy spots
exist. If any such spots are detected, the paper should be rejected, as it is
impossible to paint- over the discoloured spots. The paper is right side
towards the draftsman when held up to the light and the name of the
maker reads correctly.

Scales.—Before commencing any large drawing, the scale on
which it is to be made should be carefully constructed at the foot of the
paper. All measurements should be taken from this scale. No discre-
pancy will then exist, when the paper is removed from the board, between
the measurements on the drawing and the corresponding ones on the scale.
Such discrepancy is often very considerable when separate pieces of paper
are -employed for the scale and drawing; paper is very sensitive to
atmospheric conditions, and often shrinks considerably after removal from
the board. For purposes of computing areas the paper should be ruled
up (in cobalt) into one inch squares.

The drawing.—The drawing should now be put in with fine pencil
lines, which, when complete, may be inked in with a fine drawing pen and
the best Indian ink. No thick ink lines are on any account to be drawn
till all the colours have been laid on. Care should be taken not to
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overshoot the corners where two lines intersect and the lines should be
kept as fine as possible.

Circles and arcs of circles should be inked in before straight lines,
In drawing circles, care must be taken not to allow the point of the
compass to penetrate the paper, the holes thus formed are liablo to become
filled up with colour and cause an unsightly blemish. Tho fine outlines
of the drawing having been inked in, the paper should be thoroughly
cleaned with dry clean bread and india-rubber, bat the latter should be
used as sparingly as possible.

Flat washes.—In laying on a flat wash the drawing board is
slways to be inclined so as to let the colour float downwards, the brusk
being only needed to give direction. 1f the paper is horizontal, the wash,
remaining stagnant on one spot, deposits some of the solid colouring
matleron the paper as a kind of precipitate, thus giving rise to unsightly
blotches and cut shudes. It is quite unnecessary to wet the paper before
laying on a flat wash if the following directions are observed :—

Sufficient colour should be mixed to last for the whole of the wash
required, any sediment should then be allowed to settle, and the clea
solution poured off into another saucer, A wash should never be commenced
without having a piece of blotting paper handy. A large brush should be
used and the colour kept running across the paper, working it gradually
down the slope;-and no portion of the “working” edge of the colour
should be allowed to dry up even for a second till the whole wash is
completed. The brush if used full of colour and the colour carried down,
stroke by stroke, will easure a fine even wash. The brush should be
replenished with colour as soon as half its contents are used up except
towards the end of the drawing whea only that quantity sufficient to cover
the remaining surface is retained in the brush. Red lines should not be
washed over, or the colour will run. When & flat wash is uneven, or
contains a cut shade (probably from allowing that portion to dry), or
it is required to take outlines, or washes of colour, which are mistakes
in the drawing, use a small soft sponge dipped in water, but not too
full, apply the sponge boldly but lightly, and have a piece of blotting
paper at hand with which to blot off the moisture. Where the colour
to be erased is near other colours which the sponge might also touch,
an aperture should be cut in a pieece of paper of the exact dimensions
of the extent to be washed, the paper is then held firmly down upon
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the drawing, so that only the required portion of it is visible, and
the sponge can then be applied without risk of soiling the adjacent parts
of the drawing. The sponge should never be used, either for, or near
to, thick ink linas ; the ink is sure to- run. Ink lines on tracing cloth
can be taken out by means of a moist brush and some blotting paper.
The spot operated upon, will, however lose its glaze, and any ink line
drawn over it afterwards will be liable to run. When as is often the
case, a Liot or small blemish in a flat wash of colour has to be erased and
fresh colour to be afterwards applied, it is important to keep the texture
of the paper as intact as possible, the india-rubber should, therefore, be
passed very lightly over the previously slightly moistened spot, and this
operation should be repeated till a perfectly clean surface is obtained.
The colour is thea to be stippled in by separate strokes, not washed in ;
as in this latter case, the rough surface of the paper produced by rubbing
would teke the colour unevenly, and cause an unsighbily blotch,

Choice of tints,—The main point to bear in mind is to preserve
harmony in the drawing. Bright colours go with strong lines and bold
printing ; whiie light ahades, fine lines and uncbstrusive printing go together.

10. Conventional Signs.—It is obvious that some convention or
method is desirable to obtain a uniform representation of each material or
ohject by a colour or sign. The conventional colours and signs given
below includo those adopted by departments in India (subject to correc-
tions). Only the most important conventions are given, bhut there are
many others which are used in special hranches, such as Irrigation and
Military Survevs, the details of which can be oltained from the various
conventional charts.  If any special signs or abbreviations are used, a
table showing their meaning should be attached to the plan drawing.

List o GESERAL CorLourR CONVENTIONS IN USE.

Hills .o Brown (Burnt Umber).
Sand hills Ditto.
Natural drainage o DBlack.
Tanks or jhils ... ... Cobalt blue, if perennial, other-
wise black.
Natural ravines and dry nalas .. Black.
Rivers and streams .. Cobalt blue, if perennial, other-
Brick 1 wise black.
. . rick houses «e  Vermilion,
Village sites ilMud houses «.. Brown also vermilion.
Roads, metall ' ..« YVermilion.
_ Rouds, anmetalled e «.. Vermilion (Broken lines).
Railways .. P .« Black.

‘CM&J‘ ver y [ L4 . Bluc.
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11. Construction of Scales.—When anything which has to be
represented on paper is so large that it would be inconvenient to make a full-
sized drawing of it, the drawing, or map, is made to another scale, that
is, each line in the plan, using this word as a general term is made, with a
fixed and known proportion to the line it represents.

Suppose, for example, that in a drawing of a house 4 line one inch long
represents in plan a wall 100 feet long. Then, if the drawing is “drawn
to scale,” every other detail of the house will be represented by lines drawn
in the same proportion. This proportion is called the scale of the drawing,
and in this case tke drawing is said to be drawn to a scale of 100 feet to
an inch. Further, it is evident that the actual length of each piece of the
building is 1,200 times the length of the line which represents it in the
drawing ; or every line in the drawing is l—2|?)'0th part of the corresponding
line in the object. This fraction which represents the proportion of the
drawing to the object, is called the * Represenlative Fraction,” and this
fraction should be entered in a conspicuous place on every plan. The
student must clearly understand what is meant by the representative frac-
tion, to find which he must reduce the number of units represented by
1 inch in plan to inches. This will be the denominator of the fraction.

The numerator will invariably be 1.
For example—Find the represcntative fraction of scale of one furlong

to an inch.
The denominator is then 12 x 3 x 220 = 7,920, and the represen-

tative fraction is ?_9156.

In addition to the representative fraction, some means must be given
by which any distance on the plan may be measured off, and the real
length of the object represented may be ascertained.

Scales may be divided into—(1) Plain Scales. (2) Comparative
Scales. (3) Uiagonal Scales. (4) Vernier Scales.

Before proceeding to consider the construction of scales it will be
necessary to show how a given line can be divided into any desired number
of parts, as this construction is frequently required in the construction of
scales.

To divide a given line AB into five equal parts (Plate VI., Fig. 1).

From the point A in the given line AB, draw a line AC making any'
gonvenient angle with the line AB, This angle should not be too acute,
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Along AC mark off five equal divisions 1, 2, 3, 4, 5. Join 5B. Through
1, 2, 3, 4, draw lines parallel to 5B, cutting AB in I, Ps, P; P.
These points will divide the line AB into five equal parts. Care should be
taken to arrange the length of the divisions taken along AC in such a
manner that the line 5B may be nearly at right angles to AB. If the
angle at which the linc 5B meets AB is too acute, it will be difficult to
fix the points of intersection P, Ps, Ps, Py, exactly.

12. Plain Scales.—In all scales it is evident that if they fulfil the
functions explained above, the unit of length of the scale must bear the
proportion shown by the representative fraction to a real unit, and any
length on the scale the same to the real length.

We will now give a few example embodying 1\'.he chief points to be
kept in mind in the construction of scales.

Example 1. To construct a scale of 100 feet to an inch to read to 10 feet
(Plate VI, Fig 2).

Scales are usually made about 6 inches long. For this case 6 inches
will be found convenient as it represents 600 feet.

Praw a line 6 inches long and divide it into six equal parts.

The left hand division is always used to show the smallest unit
required, in this case 10 feet. Divide this division into 10 equal parts,
These will each represent 10 feet. Ink in two lines fur the scale g-t)th of an
inch apart, the bottom one being darker than the.top one. Draw perpen-
dicular lines é%ths of an inch high to show the primary divisions, and %,th of

an inch high to show the secondary sub-divisions. The right hand point of
the left hand division is invariably marked 0 ; the secondary sub-divisions
starting from that point are marked from right te left, and the primary
divisions from left to right. Print in the title of the scale and the repre-
sentative fraction, and the unit (feet) which the primary and secondary
divisions represent. On the right hand side of Fig. 2 are shown convenient
distances at which the various lines for construction and printing may
be drawn,

Example 2. The representative fraction of a plan is é()’ construct a scale
to read to feet. (Plate VI, Fig. 3).

Here 60 inches, or 5 feet, represent one inch, and 6 inches on
the scale will represent 30 feet. Lay down 6 inches and divide it into
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three parts and the left hand sub-division into 10 parts. Finish as in
example 1.

Example 3. To construct a scale of 13 yards to an inch to read to yards
(Plate VI, Fig. 4.

lHere do not follow the too common error of laying down inches and
dividing the left hand inch into 13, and numbering the others 13, 26, 39,
etc., so that nothing can be conveniently measured on it, but proceed thus.
Here 13 yards equal 1 inch, therefore 6 inches represent 78 yards. The
nearest next numbered scale to this will be 70 yards, i.e., 10 units to left,
and 60 to right, of zero. No, as 78:70::6:539. Lay down 5389

inches and divide into 7 parts, and the left hand part into 10. Repre-
sontative fraction, 3 ;; Xz = ié's'

For the method of laying off a distance of 539 inches, see Diagonal
Scales, Example 13.

Example 4.—To construct a scale of 2 miles to the inch, showing miles
and furlongs. (Plate VI, Fig. 5).

Here 6 inches = 12 miles but 1 mile to left and 11 miles to right
would not-look well. So, as 12:11::6:55 inches. Lay down 55

inches, and divide into 11 spaces, and divide the right hand space into

. . 1 1
10. Representative fraction, 555572 = w750

Example 5.—To draw a scale of 6 inches to a mile to read to yards. (No
Agures are given for Examples 5, 6, 7 and 8).

Tt will be most convenient to draw primary divisions to show 1,500
yards and secondary sub-divisions to show 100 yards. Six inches repre-
sent 1760. So 17-6:16:: 60 : 545,

Lay down 5-45 inches and divide as usual. Representative fraction,

(] 1
760 x 12 x 8 — 10660°

Bxample 6. —To construct a scale of 8 inches to the mile, in paces of 30
inches.

Here 8 inches = 5,280 feet, or 52—2—,%9 = 2,112 paces. Then say 1,600
paces is the length chosen. As 2112:1600 :: 8 : 2, ete.

Bxample- 7. —To construct a scalo of ﬁh showing chains of 100 feet.
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Here 1 foot = 20,000 feet, and 6 inches = 10,600 feet, or 100 chains.
Then 110 chains will be the length of the scale. So,as 100 : 110::6 : ete.

Example 8 —The representative fractions of two plans of a Russian fort

are 8%6 and f:?léb’ Construct a scale of French toises for the former, and one of
Russian archines for the other. The toise = 2 13142 yards, the archine =
7777 yards.

In the first, 1 toise or 213 yards = 800 toises Reduced to inches,
76:73 inches on plan equals 80V toises, or 7'67 inches = &0 toisex. Thus
60 will be nearest suitable length for <cale, and 80 : 60 :: 7 67 : cte., ete.
The other is just similar,

Example 9 ~In a rapid reconnaissance, when tims will not admit of distacces
being measured by a chain or perambulator, they can be roughly measured by
time. Ifthe rate ofa horseis known, when trotting or at a gallop, etc , a scale can
be made by which distances are at once taken off from simple observations on the
time which has elapsed. (Plate V1., Fig 6.)

1 . .
<16566) is required, adapted to
the paces of a horse which trots ut the rate of 240 yards a minute.

Suppose a scale of 6 inches to a mile

Then in 9 minutes a horse will trot 2,160 yards. Make a scale of 6
inches to a mile to show 2,160 yards. The length of this line will be
10560 : 2160 x 36 :: 1 : 7°36.

Lay off a line 736 inches long and divide it into Y equal parts. Each
parl will represent the distance over which the borse travels in a minute,
or 240 yards, RNub-divide the left hand division into 6, which will then
read to 10 sceonds.

13. Comparative Scales.—When the given scale of a plan reads
in a certain ineasure, and 1t be desired lo construct a scale for the plan
reading in some other measure, this new scale is called a comparative
scale.

Thus if the scale of the plan of a Freuch building reads in decimetres
and it is desired to take measurements off the plan in feet, a comparative
scale must be constructed.  The main point to bear in mind is that the
representative fractions of the two scales must be the same.

Example 10.—The scale of an Indian planis drawn in Haths. Itis found
by measuring the scale that one inch represents 6 75 Hathe. It is required to
draw a comparative scale of feet.
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(Hath = 18 inches.) (Plate VI , Fig. 1)
The representative fraction is (1"13‘]'71'8 o a

Take a length of scale to show 60 feet, then
1215 : 720 ::1: 592,
Lay down a line 5 92 inches long and divide it into 6 purts, and the
left hand division into 10 parts. These now represent feet.

Example 11.—Ths scale of a map of France is in French leagues (1 French
league = 426284 Bnglish yards). Itisfound by measuring the scale that 3-75
inches represent 25 leagues. Construct the corresponding scale of English
miles. (Plate VI, Fig. 8.)
w0 s

1760

Consequently, 60'5 miles are represented by 375 inches, so the scale
may show 110 without being very long  So, 605 : 110 :: 375 : 6-81.

Divide then a line 6 81 inches long into 11 equal parts, to show tenths
of miles ; sub-divide the first primary division into 10 equal parts, to
show miles.

Here 25 leagues = x 25 = 60 5 miles.

Example 12.—A map is drawn to a scale of 2 miles to an inch ( i 2'(5750)

Construct a comparative scale of Ruasian versts (No figure is given.)
1 Russian verst = 1166 6 English yards.
As the two scales must have the same representative fraction, this
. . . .
question is at once reduced to that of making a scale of Fz75, to show

versts. But it can also be found directly as follows :—
1760 % 2
As one inch rppresents 2 English miles, and 2 Englmh miles = 1366)(6

Russian versts, therefore one inch will ropresent m), = 3:02 versis.
The scale will he best 21 versts long.

1760 . .
Ticge versts : 21 versts : : 1 inch : 2 inches.

21 X1 X 11666 .
S = —'_17_6(_)_;(—2 — = 6'96 mches.

Set off a line 6:96 inches long, and divide it into 21 parts, each part
will represent a verst. Divide left hand space into quarters.

In Plate VII., Fig 1, ic shown another sort of comparative scale which
is sometimes useful in enlarging or reducing a plan.

If the same distance on two plans on different scales be represented by
AB and AC, then all lines parallel to BC will cut off lengths from A in
the proportion of AB: AC. Thercfore, taking any measurement on one
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plan in the compasses, and applying it from A along its line, say AB, the
length of the same measurement on the other plan will be found by
moving the right leg of the compasses down the cross line AC to C,

14. Diagonal Scales.—It will be seen from the preceding ex-
amples that some method of representing a decimal notation is often
required. Further, on a plain scale it is only possible to read in two
dimensions, such as yards and feet, inches and tenths of an inch, ete. It
may be desired to read in three dimensions, such as yards, feet and inches,
tenths of inches and hundredths of inches, For this purpose a diagonal
scale is used.

Example 13. To draw a diagonal scale of inches, to read to one
bundredth of an ingh. (Plate VII,, Fig, 2.)

Draw a line 6 inches long and divide it into 6 parts. Divide the left
hand sub-division into 10 plrts, and at the extreme left raise a per-
pendicular. On this perpendicular lay off 10 equidistant points, and
through them draw 10 lines parallel to the scale line. Divide the top
line in the left hand sub-division into 10 parts. Draw lines straight up
through the divisions right of zero, but to the left of zero, draw.diagonal
lines to one division to the left on the top line, and number as shown in
the figure.

Then it is evident that each division we move along the bottom line
from 0 to 10 we get \l;, 7, etc., further from zero, but if we move along
one of the diagonal lines, say from zero to the first division to the left on
the top line, then every time a fresh line is crossed, we have moved }5th
of an inch further from zero.

The cross marks on the figure show 3-69 and 5:32 inches respectively
reading from the top.

The main point to remember in drawing a diagonal scale is, that the
left hand sub-division must be divided into the number of units of the
.second dimension required, and the number of parallel lines drawn above
the scale line must be the same as the number of units there are of the
third dimension in a unit of the second dimension.

For example, if it was required to draw a diagonal scale of yards,
feot and inches, the primary divisions would be yards, the left hand
division would be divided into 3 for feet, and the number of parallel lines
required would be 12.

Latitude and Longitude.—Diagonal scales are invariably used for
plotting data on geographical maps and since geographical maps are
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divided up into graticules of some integral part of degrees, a scale of
degrees, minutes and seconds will be required. Take for example a
standard map of India on the scale of 1 inch to a mile which is 15" in
longitude and 15" in latitude ; the scales suitable for plotting would be
of 5 each. To make the scales, take off one-third of the length in latitude
and in longitude, divide each into fifths and pumber from the left hand
side 1, 0, 1, 2,3, 4. The space 1 to 0 divide into sixths and with 10

divisions laterally each diagonal part will be E—-——;s or ¢y of a minute =

1 second. It must be noted that except at the equator the scales for
longitude and latitude will be of different lengths.

16. Vernier Scales.—Vernier scales are sometimes used instead
of diagonal scales. The principle on which they are constructed is as
follows :—If we have any length of scale representing n units of measure-
ments and divide it into n equal parts, each will represent one unit. If
now we take a line equalto (» 4 1) of these units, and divide it also into n

parts, each minor division will be equal to 1{—1 units, and the difference

between one minor division of the last and one minor division of the first

will be "—'{——l —2 =L of the original unit. And similarly, the differ-

n n

ence between two divisions of the one and two of the other will be -:‘ of

a unit—between 3 of one and 3 of the other -,3{-, and so on,

Example 14 —To construct a scale of r}; to show feet and tenths. (Plate
VIL, Fig. 3).

Let the scale be drawn in the ordinary way, but sub-divided through-
out its entire length ; each sub-division shows one foot ; set off to the left
on the upper line, a distance equal to 11 sub-divisions commencing from
the zero of the scale; divide this into 10 equal parts as in the figure.
Since 11 sub-divisions of the plain scale have been divided into 10 equal
parts on the vernier scale, each division on the vernier will represent
%%-a 1'1 of the sub-divisions on the plain scale, and as these show feet,
each division on the vernier will show 1'1 foot ; consequently the several
distances from the zero of the scale to the successive divisions on the
vernier will show 1'1, 2:2, 3-8, 4'4, 55, 66, 7°7, 8'8, 99 and 11 feet. The
scale is used thus,
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Tiet it be required to take off 26:7 foct. Now the seventh division on
the vernier will give us a reading of 7'7 on the scale. Subtract 7°7 from
26'7, the remainder is 19 ; place one point of the compasses on the 19th
sub-division on the upper line of the plain scale, and the other on the 7th
division of the vernier ; this distance represents 267 feet.

Vernier scales, when applied to instruments, arg constructed so that
the vernier can be made to slide on the main scale. In this case it is
more convenient if the vernier and scale read the same way, and for this
purpose it is necessary to take the n—1 units to divide n. The difference

n -1

P o 1 .
is just the same ; it is 1 — - ;=== o of a unit.

Example 15.—It is required to measure the rise and fall of the mercury
in & barometer to the 100th of an inch. (Plate VII., Fig. 4).

The main scale is divided into inches and tenths of inches. For the
vernier take 9 sub-divisions and divide this distance into 10 parts.

When the top of the mercury falls between any two of the divisions
on the main scale, it is only necessary to slide the zero of the vernier to
fit with the top of the column, and read the number of the division that
coincides with one of the plain scale. Here the reading is 28:97 inches.
The difference between top of mercury, or zero of vernier, and 289, is that

between 7 divisions on the fixed and 7 on the vernier scale, or —1%0- If the

student will just mark off the divisions of the vernier on a separate slip of
paper, and slide this about to fit any different height of mercury, the
process will be immediately clear.

Example 16.—Construot a moveable vernier to read minutes to a survey~
fng instrument, of which the arc is graduated to degrees and half degrees.

(Plate VII, Fig. 5).
Hero the smallest division on the graduated arc is 30 minutes. Take

a length of 29 divisions, and divide it into 30 for the vernier. In reading
read to nearest haif degree, and add the number of minutes shown by the
vernier. In this case it is 2° 30" + 117, or 20° 41",

168. Exampies-—1. Construct a scale of 1747 to read to 20 feet.

2. Construct a scale of 85 feet tc an inch to read to single feet.

8. Construct a scale of metres z}5 (1 metre = 10936 yards).

4. Finding that the distance between two points on a Swedish map
{s 7 inches and the real distance on the ground 5,000 alners. Construct a
soale of feet (1 alner = 6493 yards).

5. Construct a scale 22 yards to an inch, on which single yards can
be measured,
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8. Construct a scale of 6 inches to a mile, showing chaina (100 feet).

7. The distance between Roorkee and Saharanpur is 23 miles, and
measures on & map 1367 inches. Draw the scale of the map showing
miles and furlongs.

8. Construct a seale of 55345 to show versts (1 verst =1166:68 yards).

9. On a plan 3-1 inches represent 47 feet. Construct a scale.

10. The plan of a building is square of 3} inch side, the length of
the diagonal represents 100 feet. Construct a scale to read to inches.

11. Draw a scale of miles and furlougs, in which 1} furlongs equal §
of an inch.

12. Construct a diagonal scale of 9 inches to a mile to read to furlongs.

18. Construct a scale of 5 miles to an inch and a comparative scule
of Russian versts (1 verst = 116668 yards).

14. Draw a diagonal scale to read to the thousandth of a foot.

15. A Prussian fathom contains 6 Rhenish feet, each equal to 1:0297
English feet. Construct a scale of fathoms 3}; showing feet diagonally.

16. An Englishman, wishing to examine a Spanish plan, finds only
a scale of Spanish, palms, 20 to an inch; supply him with a corres-
ponding scale of English feet, taking the palm as ‘634 of an English
foot. Show 50 feet.

17. Draw scales of ;4,5 to represent English feet, French metres
and Greek cubits. 1 metre = 3:27 feet, 1 cubit = ‘45 metre.

18. Construct a scale of 6 inches to a mile, to measure furlongs and
diagonal spaces of 60 feet.

19. A map is 36 inches long and 30 inches broad, it represents un
area of 25 acres ; draw the scale of the map to show poles, yards and
(diagonally) feet ; 4,840 square yards = 1 acre.

20. Required a scale of Russian archines for a plan on which the
breadth of a river, really 50 sachines in width, is represented by 12
English inches, 3 archines = 1 sachine = 2:3332 English yards.

21. Construct a scale of 8 inches to 1 mile to read to 20 paces and
by a vernier to 5 paces. 1 pace = 30 inches.

22. The distance between two points. 1 Austrian mile apart, is
represented on a map by 2:66 English inches. Construct a diagonal scale
of English miles. I Austrian mile = 3:3312 English miles.

23. Construct a scale of 15355 to take off intervals of time adapted
to the trot of a pony, which goes over 180 yards per minute at a fast trot.
Show 10 minutes.
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24, A horse passes over about 280 yards per minute at a gallop,
Construct a scale of gyiyy adapted to time. Show 10 minutes.

25. On a plan 1,200 yards are represented by 15 inches. Draw a
comparative scale of French metres (1 metre == 1:0936 yards).

28. The representative fraction of scale on a Russian map is y7yys
Draw a comparative scale of French metres (1 metre == 89-37 inches).

27. A distance on a French map which is'known to be 8 miles mea-
sdres 18 inches. Taking a pace to be 32 inches, construct a scale of
paces for the map.

28. Construct a vernier scale of y}5 to show feet and inches.

29. Construct a scale of gy} to show poles and yards, and by a
vernier to read feet.

80. Construct a diagonal scale of #; to show metres, deeimettea and
centimetres (1 metre = 3:28 feet).

1. A scale of 4 inches to the mile is attached to a map. On this
I find the distance between two points to be 1 mile 5 furlongs. f
measure the same distance on the ground and find it to be 1 mile 8
furlongs. Knowing the survey to be correct, construct a correct seale to
the map to read to miles and furlongs.

32. Construct a scale of chords and by means of it set off from a
line an angle of 75°.

83. One degree on a scale is represonted by % of an inch. Construct
o scale showing degrees and quarter degrees, with a moveable vernier to
read minutes.

34. You are given a survey of a portion of country drawn to a scale
of 16 inches to a mile. The paper it is on measures 32 inches long by 26
inches broad. Find the area of the country, and the area of paper
required to copy the survey to a scale of 12 inches to a mile.

What are the representative fractions of the two scales ?

35. A map is 40 inches long and 27 inches broad ; it represents
an area of 50 square miles. Draw the scale of the map to show miles,
furlongs and diagonal chains.



CHAPTER II
SURVEYING ‘WITH THE CHAIN AND COMPASS.

17. Chain Surveying.—It will simplify the following detailed ex-
planations of the various methods of survey if the student will tura to
Plate IX, example of a chain survey, and imagine it to represent the real
country. Then he will understand that if any straight line, such as g, b,
¢, d, be measured on the ground with a chain, and the distances of the
various buildings, etc., etc., measured from it, as we come opposite each,
and these measurements recorded in some convenient way in a book or on
a rough sketch, then the exact facsimile of the country, with all the objeots
on it near that line, can be drawn to any scale we choose, and a plan
prepared such as the example given. To get in any extent of ground,
we have only to measure other straight lines like those shown on the plan,
passing near all the objects of which we wish to record the positions, and
we musi also have some means of laying down these other lines, say,
al and dl for example, in correct position with reference to the first line.
Thus the survey consists simply in measuring first, straight nes all over
the country and recerding the measurements of the distances pf the various
objects from them; and secondly, the positions of the lines with respect to
each other. For the first we merely require the measuring chain, for
the second we may have an instrument which measures the angles, as
dal and adl, or we may do it by only using the chain and measuring
gl and dl, and then constructing the trianglé on base ad. 'We can now

proceed to describe the various instruments and the methods of using
them.

18. The Ranging Rod.—The first item is usually the ranging
rod (Vern. Jhandi), flag or bannerol as it is called in England. These
should be made of straight light bamboo shod with iron at the bottom and
provided with a conspicuously coloured flag, usually triangular, of about one
foot sides. These rods are most convenient when made 10 feet long,
coloured alternately black and white for each fook; they can then be used
also as offset rods. When not in use these rods should be hung vertically
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from nails driven into a wall, to preserve their straight lines, as it is not
possible to range straight lines with crooked rods. These rods are used to
mark out straight lines; when the line is short one may be placed at each
end, but if the line is long, intermediate ones are required, To place these
the surveyor stands exactly behind the flag at one end with his nose close to
the bamboo, so that he cannot see the bamhoo at all, and looks straight at
the flag at the other end ; an assistant takes up an intermediate position
holding a flag straight up and moves to his right or left as directed by the
surveyor, by means of signs and not by shouting, till the flag exactly covers
the one at the other end, when by a downward motion of both hands the
surveyor notifies the assistant to fix the flag firmly in the ground. It
often happens that straight iines have to be run in some convenient
direction without a flag at the far end, but the process is very similar,
two flags being fixed in the line, the assistant takes his flag beycnd them,
and is signalled into position by the surveyor at the first flag. The first
flag can then be taken up and placed again in line with the two remaining
ones further on.

19. The measuring chain is a lineal measure, constructed to suit
convenience, of any arbitrary length, and divided into links, each link
usually being the ;}5th of the whole length. For general use a chain of
100 feet, divided into 100 links of one foot each, is the most convenient ;
for work in the hills one 50 feet long may be used with advantage ;
but when the sole object is to obtain the acreage Gunter’s chain is specially
adapted, for its length being 66 feet, or four perches, one square chain
will represent 16 square perches, i.e., the one-tenth of an acre. A
Gunter’s chain is also equal to 20 British metres of 396 inches.
Gunter’s chain divided by 11 is equal to 6 feet equals 1 fathom.
Gunter’s chain divided by 12 is equal to 66 inches = double the
Indian “gaz” = 56" which is the standard railway gaage for India.
Again as Gunter’s chain is the integral portion of a mile 10 square chains
equal an acre and an inch of water on an.acre weighs 100 British (Metric)
tons nearly. Lastly a circle with a diameter of 7 yards has a circum-
ference of one Gunter’s chain assuming = = %2. A standard bigha is 3ths
of an acre. A bigba also is an area 55 yards square = 20 “ gaz > square.

The measuring chain is usually made of strong iron or steel wire, with
a handle at each end, by which it is dragged along the ground. In the
100 feet chain each link is made up by a straight piece of wire about 10
inches long, and by one or more rings, which can be removed or more
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inserted at pleasure ; these rings also form the connection between the
links. To guide the eye in counting the number of links, brass marks
are fastened at the end of every tenth link, and distinguished from each
other by notches, varying in number according to their position with respect
to either extremity of the chain; so that the surveyor can, by simple
inspection, readily read any required length. Steel chains are much to
be preferred, as they are much stronger and lighter.

Accompanying the chain are 10 arrows, each about 15 inches long
and made of iron wire ; they are used in succession to mark the chain-length
in measuring a line.

The chain is liable to many errors—first, in itself ; second, in the
method of using it ; and third, in the uncertainty of pitching the arrows.
Every possible precaution must therefore be used.

If the chain be stretched too right, the .rings will give, the arrows
incline, and the measured line will be shorter than it really is ; on the
other hand, if it be not drawn sufficiently tight, the measures obtained will
be too long.

If the chain is a new one, it should invariably be measured daily until
it has stretched to its utmost ; if an old one, which a surveyor will find by
experience to be always preferable, once in every three or four days may be
sufficient. A careful and correct surveyor will, however, check it daily.

Chains have been known to stretch as much as three inches in a day’s
work ; this though trifling, in one chain, is of material consequence in a
day’s work of 200 or 300 chains ; amounting, as such an error would to
ahout half a chain in the whole distance measured.

To check the length of a chain, the ordinary levelling staff (see
Chapter VI.) will for general purposes, be sufficiently accurate; two
should be used in the following manner : —Stretch the chain moderately
tight on & level piece of ground, fixing two stout wooden pegs at each end
of the chain ; one peg should be firmly driven and marked on the top with
a fine tack or a hole made by the point of an arrow, then lay down the
two rods from this ead, and keeping the second stationary, take up the
first, place it beyond the second, then keeping that stationary, take up
the second and placed it beyoud the third, until the end of the chain be
reached, when the second peg may be driven and marked in the same
manner at 100 feet or whatever length the chain is required to be. The
chain should now be stretched between these two pegs, and its length
oorrected, if necessary, by adding or removing rings. A good steel tape,
kept for ohecking purposes, will he found more satisfactory,
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20. How to use the chain.—In using the chain two men are
required, one called the “ forward man” who drags the chain forward, the
other called the *chainman.” The movements of the forward man are
directed by the chainman ; it devolves upon him to keep the forward man
in the true line, to see that the chain is properly stretched, no links in it,
etc. Before a line can be measured, its direction must first be clearly laid
down by means of flags. A flag is placed upright at each end of the line,
and if the line is very long, intermediate flags must be placed so that the
chained line may not deviate from the linc reguired. This is called
“ranging”’ the line. In measuring the line the chainman stands at the
starting flag and places his end of the chain in contact with it, while the
forward man to whom all the 10 arrows have been given, proceeds with the
other end of the chain in the desired direction until it becomes nearly
extended. The forward man then squats on the ground, and the chainman
directs him to one side or other till the arrow he holds upright in his right
hand in contact with the outside of the chain handle is in line with the far
flag. A great deal of time is saved if the forward mun is instructed to
also align the chainman with the back flag ; very often the forward flag is
lost to view and then this is essential. The chain is now lifted partially
from the ground, and the chainman seeing that it is in the right direction,
gives the motion down to the forward man. The forward man then, keep<
ing a firm pull on the chain, presses the arrow with his left hand firmly
into the ground. They then proceed to the next chain-length, and so on.

The surveyor if not the chainman, should keep a continual watch over
the chainman, and to do this his position must be just in rear of the chain.
He must insist that the chainman brings his end of the chain up to the
arrow in the ground, and that the forward man after getting in line and
stretching the chain, puts his arrow firmly into the ground at the proper
point. Strictly speaking a chain should be the thickness of one arrow
less than its nominal length, otherwise the thickness of an arrow is gained
in every measurement, which, when the distance measured is great, would
amount to something considerable. If the ground is too hard to admit of
the arrow being driven in, a cross should be scratched upon the ground,
and the arrow laid down pointing to the intersection. In starting for
& new length the forward man should give the chain a throw to one side
go as to clear it from the arrow as it is dragged along.

After the forward man has fixed his last, the tenth arrow, he
proceeds anotber chain’s length ; now, however, he has no more arrows



SURVEYING WITH THE CHAIN AND COMPASS, 37

so immediately on getting into line and stretching the chain, he must
put his foot on his end, or otherwise securely hold it, when the chainman
brings up the arrows, fixes one into position at the end of the chain and gives
the balance of 9 arrows to the forward man to continue the measuring.
The great objection tu this arrangement is that during the exchange there
is nothing in the ground marking the distance measured, and to remedy
this some surveyors use eleven arrows, never taking into account the
one arrow which is always in the ground at one or other end of the chain.
But the eleventh arrow will creep into the tally unless the surveyor
is constantly on the look-out ; and consequently, attention to the arrows iz
added to the list of things to be kept 11 mind, whereas in the former case
it is purely mechanical.  Again thg mere act of changing calls the attention
of the surveyor to the fact thut another length of ten chains has been
measured, and he notes 1t accordingly.

21. Surveying by the chain only.—This method of surveying
is very slow but accurate, and is chiefly used for plans required on a large
scale, such as maps of estates, ete., whose boundaries have to be carefully
delineated. It'is not suitable in a country where many obstacles impede
the view or render horizontal measurement difficult, The plant required
is very inexpensive,~a chain, an off-set rod* and a few flag-poles being all
that is necessary.

In making a survey with the chain only, we are confined to one,
and the simplest geometrical figure, viz., the triangle ; for of all plane
geometrical figures, it is the only omef of which the form cannot be
altered, if the sides remain constant. The eurface to be measured is
therefore to be divided into a series of triangles; and in this division
it must be borne in mind that the triangles are to be as large, with
reference to the whole surfice to be measured, as is consistent with
the nature of the ground ; for, by such an arrangement, we are acting
on the important principle in all surveying operations, that it is well
always to work from whole to part, and rarely from part to whole.

The sides of these triangles are first measured, and as a necessary
check on this part of the work, & straight line'is in addition measured from
one of the verticds to a point in or near the middle of the opposite
side. This fourth line is called a tie line, and is an efficient means
of detecting errors, if any have been committed in the measurement of the

<

* A tape is preferable for taking off-sets,
TEuclid, ;1
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sides of the triangle. This fourth measurement is made in accordance
with a maxim which ought invariably to be acted upon in all survey
operations, viz.,, that where accuracy is aimed at, the dimensions of the
main lines, and the positions of the most important objects, should be
ascertained or tested by at least two processes independent one of the other.
Within the larger triangles, as many tie-lines and smaller triangles are
to be measured as may be necessary to determine the position of all the
objects embraced in the survey. The dircctions of the lines forming the
sides of these secondary triangles are so selected or disposed that they shall
pass close by as many objects as possible, so. that the off-sets to be
measured from them may be as short and as few in number as practicable,

22. Hand sketch.—The disposition and general combination of
these triangles demanding care and judgment, it is customary, previous
to commencing any measurement, to walk over the ground for the purpose
of obtaining a general knowledge of the surface, and of the relative
positions of the most conspicuous objects. The acquisition of this know=
ledge, depending on the coup ' wil, is much assisted by an eye-sketch drawn
with rapidity, and showing some of the principal roads, streams, temples, etc.

This hand-sketch is not drawn to any scale, and its object is attained
if it simply bear a general resemblance to a plan of the ground, as it will
thereby assist the memory in the distribution of the surface into triangles.
It should invariably contain a North point, showing the direction of the
meridian.

The hand-sketch, or rough diagram, is usually made in a Field-book,
i.., a book in which every minute step of the operations gone through is
to be entered accurately in ink at the time. The atter operations of
plotting the survey from the Field-book are made very much simpler, if
the positions of the measured lines and the stations be also shown in the
rough sketch. Field books must be properly indexed with cross references
when necessary. The index to appear in the first page of the book.

The sides of the larger triangles must pass as close as possible to the
external boundaries to be surveyed ; the triangles should, moreover, be
made to approach, as mearly as practicable to the equilateral form,
avoiding with care very acute or very obtuse angles, because the further
the form of the triangle is removed from the equilateral, the greater
will be the alteration in the form of the figure and its area, should an

error have been committed in the measurement of any one of the sides,
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The triangles having thus been disposed to the greatest advantage,
marks or pegs are placed in the ground at each vertex of the triangles ;
the general form or position is then noted on the hand-sketch previously
made, and distinctive letters or numbers are written on the diagram at
each point of intersection ; this arrangement admits of easy reference in
the Field-book, or on the ground, to any triangle or part of a triangle.

23. The method of finding direction of meridian by the

sun’'s shadow is as follows.—Drive a stake having a pointed top, into
the ground. Plumb it carefully so that it be quite vertical ; mark where

the sun’s shadow is thrown, and with ahout that length as radius, describe
upon the ground, with the stake as their common centrs, two or three
circles with slightly different radii, Watch the shadow of the top-point
of the stake, and note where it touches the circumference of the larger
circie, before noon and also after ncon. Do this with the other circles ;
connect these points upon the circumference with tho centre, and bisect
the angles ; these should have a common bisection. Should this not be
the case, the mean may be safely taken provided the difference between
them is not great. This bisector is the true North and South line : if
now a compass be set up on the line and the bearing of a line read, that
reading will be the variation of the compass at that point.

24 Station points.——The points of intersection of all straight
lices, as well as the vertices of triangles, are always points measured to or
Jrom ; they are called station points, and the lines connecting them, station
lines, thereby distingui-hing them from the simple off-set lines.

Whenever the station points occur along the various chain lines, a
mark must he left in the ground at each station for future reference. In
an extensive survey, the mark must be more or less permanent. In grass
land a small peg driven into the ground at the station point, and
surrounded or pointed at by some simple geometrical figure cut in the
grass is sufficiently permanent; bul in arable lands, there is no other
way than driving in a good stout pag, and even that is liable to removal
or to be ploughed up.

Stations are expressed in many different ways, eithier by letters or by
the numerals, or by the numbers which represent the length of the line
just measured. This last method, although often adopted by surveyors,
is very confusing to the beginner; he should learn Ly lettering Lis
stations, or if he thinks that he will have more stations than there are

letters, let him use the numerals.
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The position of each station should be fixed by, at least, two indepen-
dent measorements to permanent objects. A mnail driven flush into the
trunk of a tree gives a good point to measure from.

25 Off-gets are short perpendiculars, measured from a station line

to the angles of a crooked or zigzag line near which the straight line runs,
or to all objects which it is desired to represent on the plan.

Fig. 13 Jhus, in the figure, let ACDB

(Fig. 13) be a crooked fence

300 20 bounding one side of a field.
R R R T Chain along the straight line

AB, which runs from one end
of the fence to the other, and when oppositq each corner, note the distance
from the beginning, or the point A, and also measure and note the
perpendicular distance of each corner C and D from the line,

The field notes corresponding to the above figure would be written as in
Fig. 14. The measurements along the chained line are written in the
centre column, each one counting from the beginning of the line, and the
off-sets are written beside them, on the right or left as the case may be,
opposite the distance at which they are taken. A sketch of the crooked
line is also added in the field-book.

Short off-sets are best measured by means of a rod, called an off-set

- Fig. 14. rod, which is usually 10 feet in length but for longer off-sets
—2 _ the 100’ tape is recommended. When the objects are

/ 300 situated near the chain line it is easy to find from where

D /| 20 the off-set springs, but when the off-set is of some length,
say 80 or 100 feet long it is not so easy to judge where the

l right angle would be. In such cases the eye is very much
assisted by laying the off-set rod across the chain, as

cgo oo nearly at right angled as can be judged ; if its prolongation
\ does not pass through the object, it must be shifted along
@ the chain until it does. A sccond trial will always be

ﬁfﬁciont to find the exact place. An ins<irument used for
laying out righ® angles and called an optical square is sometimes used.
With a tape the point at which the distance from the object to the chain is

the least gives the correct chainage for the off-set.
Off-sets must be taken sufficiently often to ensure the accurate

plotting of the work on paper, but a little consideration will often obviate
mnch unnecessary work and reduce to a minimum the number of off-sets
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whose measurement is actually required. For instance, in running a
chain line along or near a made road it is quite unnecessary to read
off-sets to both sides of the road and also to the hedges and ditches which
may bound the road ; it is quite sufficient to read an off-set to the side
or centre of the road, and only occasionally measure the width of the
road with the corresponding distances to its bounding hedges and ditches,
unless marked changes in the widths occur. ~Again, the number of
off-sets is largely dependent on the scale to which the survey is to be
plotted ; if, therefore, the scale of the plan is too small to admit of roads
or drains, etc., being shown except by the conventional signs in use,
it is useless to take off-sets except to the centre of the road or drain.

Off-sets longer than 100 to 150 feet should never be admitted in &
chain survey having any pretensions to accuracy. The lines to be chained
must be so adapted that no such long off-set will bé necessary, or, if the
main lines cannot be changed, smaller triangles must be built on them,
and so prevent the necessity of long off-sets.

If the position of a solitary object is required, and it is too far to
admit of an off-set to be taken to it, its position can be accurately
determined thus :—Suppose P_(Fig. 15) is some isolated object, and it

Fig. 15, is opposite some point 600 in the chain
1 . line, and about 2 chains distant. When the
A 100 [ arrow denoting 500 has been fixed, measure

4 the distance from the arrow to the
& object P, and enter it as shown in the
s diagram. Then continue chaining the

original line until the 700 arrow is
fixed. then again measure the distance

500 from the arrow at 700 to P, and entef
it in a similar manner, The point P’can
now be accurately placed on paper with
reference to the chaintd line. Care should
P taken that P should form the apex of a triangle as nearly equilateral as
the eye can judge.

26. The Field Book should be of a convenient size for the pocket
having each page ruled with a central column, which is about five-eighths
to one inch breadth, The entries are always made commencing at the
bottom of the page, the surveyor walking along the line looking at the front
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flag, as then the page becomes a small, though distorted, representation
of the reality. Were the entries made from the top dowawards, the
Field-book would then represent the reverse of the reality.

In keeping the Field-book, it should ever be remembered that the
central column is virtually but one line representing the chain, the space
within the column being merely required for the several distances on the
chain, whence the off-sets are taken ; and also, that all off-sets read either
way outwards from the centre column, in the same way as they have
mensured outwards from the chain ; if the station line, therefore, should be
crossed on the ground by a road or any boundary meeting it obliquely, its
representation in the Field-book must not be made to pass obliquely across
the middle column, but must arrive at one side of the column and leave it
at the other, at points precisely opposite, as it would do were the middle
column merely the thickness of a line: inattention in this particular,
causes much confusion in the relative position of off-sets.

The entries must be made in ink and corrections must be made in ink
initialled and dated. The pages should alto be numbered for facility of
reference, headed with the name of the lines of which the page containg
the survey, and each day’s work dated. Names, numbers, figures, ete., can
be neatly entered in the style shown in Plate 1Va.

In a Field-book it is a saving of lahour to call each combination of
two pages, as it lies open, one page.

The Field-book should contain no erasurcs of any kind. Should it be
necessary to correct an entry, it must be done by drawing the pen through
the original entry, and writing the correction ahove it.

Writing down the chainage, 7.c., the distance measured, in the central
column of the Field-book, i= at first a little puzzling. The surveyor
should always enquire from the chainman the number of arrows he has
in bis hand to find out the distance, he should neverask the forward-man
unless it be to satisfy himself that none of the arrows have been dropped.
Suppose that an off-set 25 feet long, falls on the 50 mark of the first
chain measured, then in the central column 50 is written, and to the
right or left, as the case may be, the off-set 25 is placed. Let another
off-set fall at 47 links on the chain, the chainman holding 6 arrows in his
hand, the chainage will then read 647 ; after the first change of arrows say
that the line crosses a ditch at 79, the “ chainman ” holding 3 arrows the
chainage then will be 1379 ; if this had occurred after the 5th change, the
chainagewvould have becn 5379, and so on ; hence the necessity of entering
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the chainage each time a change of arrows occurs, as it denctes that 1000
links or 10 chains have been measured ; if this is neglected, a length of 10
chains is very apt to be left out, and particularly so when few off-sets are
taken. 'When chaining very long lines, it is advisable to enter each 1000
feet in brackets, thus—(1), (2), (3), and make the off-set entries in
hundreds and feet only.

The usual error beginners make is to write too small figures and close
together, plenty of room should be taken. When off-sets are to be taken
to a complicated object, say the building at top of example of Field-book,
it should be sketched in first, and the distances written in afterwards,
opposite its points : there is no object in having the distance entries at
even distances on the paper. This is done in all but the first page of the
example to save space in printing. The first page is the real specimen.
Another point to which the attention of beginners is directed is that they
should carefully consider by what off-sets the position of a house or any
feature of ground can be most accurately deterinined. For example, in the
cuse of the large pucca house at the top of page I of the example, the
off-sets 129 and 93 from points 320 and 4G4 of the chain iine are much
more important than the off-sets 93 and 118 from points 404 and 412,
The important off-sets of any particular featare can only be determined
by. careful consideration and practice.

Figures denoting dimensions of details of plans of buildings should be
used as sparingly as possible, and should invariably be included between
arrow heads as in draughtman’s work, to prevent their being confused with
figures denoting off-sets, which latter should alwuays be written close against
the points to which they refer, and not midway between the point and
the chain line.

No Field-book is complete unless it contains at the beginning of the
work aun index showing on what pages the detziled survey of any particular
line may be found.

27. 8cale of plan.—Before commencing actual measurements in
the field the scale of the plan, or in other words, the degree of accuracy,
should be considered. One-hundredth of an 1inch is about the smallest length
that can be shown on paper, so if the scale is to be 100 feet to an inch or
larger, the chainage and off-set must be read accurately to the nearest foot ;
whereas if the scale was to be 500 feet to an inoh, no distance under 5 feet
in length would be perceptible on the plan. These considerations detere
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mine the number of off-sets required, for the larger the scale, the greater
the detail that can be shown.

It cannot be too strongly impressed on the surveyor that the work
which he is called upon to perform depends for its accuracy in a very great
measure on the neatness, order and system bestowed on all the steps
whether of delineation or measurement : proper attention in keeping the
Field-book saves much time in plotting, and guards against the errors
unavoidably arising from reference to a confused Field-book ; moreover, care
bestowed ip the first essays, will amply reward the surveyor, by giving
accuracy of eye, freedom and steadiness of hand ; qualties indispensable to
his succegs.

28. Specimen of Field-book and Plan.—A specimen is here
given of a Field-book, Plate VILL, and the plan made from it, as an example
of a chain survey, Plate IX. The ground was walked over first of 24, and
a rough sketch was made showing nearly the position of the river, its two
bridges, the village, jhil, church, etc. This gave a good idea as to the
disposition of the necessary lines which would have to be measured.

The line a, d, g, was first measured, and off-sets taken to everything
which was required to be shown on the.plan ; b, ¢, d, ¢, and f were inter-
mediate stations Jeft on the line from which to run cross or tie-lines, or else
from which to fix on other triangles. Then the lines d/ and l¢ were measur-
ed, and % ang & in the former and i in the latter were left as intermediate
stations ; then the cross lines ch, bk, mt, were chained to enable off-sets to
be taken to the objects in the middle of the triangle, and also to serve as
check lines when plotting the survey.

The cross lines may be left until the sides of all the principal triangles
are measured, and then each triangle may be filled in afterwards, but the
points in the main line from which it 1s intended to run them must be
marked at the time of measuring the sides of the principal triangles, or a
great deal of unnecessary measurement will be entailed. Thus are all the
sides of triangles measured im succession, and their dimensions with the
additional assistance of the off-sets, give the means of ascertaining all the
boundaries, external, and internal positions of houses, etc., and of finding
the ‘area of the whole and of every part, by direct computation from the
Field-book. }

29. Plotting the Survey.—The method of plotting a chain survey
is so self-evident that a few words of explanation will suffice. 1In the above
example, lay down on paper a line equal {9 ad, taken from any scale of
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equal parts from the same scale take the length al with a pair of compasses,
and with this as a radius and a as a centre, describe an arc ; now, taking
ld as a radius and d as a centre, describe an Fig. 11,

aro, cutting the first, their. intersection will

give station /4 In the same way lay down [ ‘P 9 o T M
the triangles Ina and adv. Now commence E 3
with ad, and mark off- the distances given = 3
in the centre column of the Field-book, at . 3
the same time setting off the off-sets; for, =
this purpose a small cardboard or paper ",,,-
scale, of the shape shown in Fig. 17, will be "'3_:
found very useful ; by means of the middle F ,
scale either of the short arms can be placed lc 3
at the required distance from the station and E o 3
the off-sets marked from them. In the :*q.‘f
E 3 3

same way proceed with the sides al, and
then fill in the triangle by means of the
cross lines ¢4 and k. Proceed with the other triangles in a similar manner
until the whole is completed.

When using engineer’s scales and off-sets the scales should be so placed
parallel to the main line and even pinned down with two drawing pius
placed over its extremities so that the centre line of the off-set will slide
correctly along the main line. This is the most effective way of using the
engineer’s plotting scales.

30. Chain Survey Practice.—It is useful practice to take any
plan, and treat it as real ground ; lay down and measure lines on it, and
off-sets from them to the objects shown, and make out a complete Field-
book from it. Then putting away the plan, plot the Field-book on a fresh
sheet of paper, and compare the result with the original. The student
can note omissions in the Field-book and learn the routine very easily
in this way, and will start on the actual survey with more confidence.
He should also learn where great care is necessary, as in chaining main
lines, and where approximations can be safely made as in taking off-sets
to unimportant buildings or to features of ground the outlines of which
are not clearly defined. Always bear in mind that the Field-book
should be made out in such a way as to allow of its being plotted by some
different person who had mever been over the ground surveyed. To this
end the hand-sketch Foferred to on page 42 and the index referred to on
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page 47 should never be omittad, and cross-references should b made
wherever possible, i.e., should any house or feature of ground or station
occurring in a page of a Field-book have occurred previously in a former
Page, cross references to the two pages should be made. It is only by a
constant regard to clearnesy and conciseness that the isolated field obser-
vations of the surveyor can be knit into an accurate whole.

31. Bearings and Angles.—Before proceeding to describe the
methods of Surveying with ‘angular instraments” it is as well to under-
staud at first the difference between dearings and angles. Euclid’s defini-
tio.n of an angle is, “the inclination of two lines to one another ;” the
prismatic compass, however, does not show this inclination, but only shows
how the line from the object to the observer is inclined, or bears to the
magnetic meridian. Thercfore, to find the angle subtended at the obser-
ver's eye between two chjects with the prismatic compass or Surveyor’s
compass, it is necessary first to find the bearings of the two objects, t.e.,
the angles they make with the mnagnetic meridian, and take the difference
between these two readings, to got the angle. The Theodolite reads these
angles directly.

Horizontal anglex between the geo-
graphical meridian and lines from ob-
served objects to the chserver are known
as azimuths, or sometimes ‘true hear-
ings.” Azimuthsare inclinations from
true Nor‘h (or South) and are therefore
to do with the earth’s centre. Bearings
are inclinations to some certain adopted
meridian as in traversing and thus are
todo with the earth’s surface. Inclina-
tions from magnetic North should
invariably be called nagnetic bearings
and not simply bearings.

32 Prismatic Compass.—The
Prismatic Compass consists of a cir-
cular brass box in the centre of which
is a motal point. On this metal point
is balanced a magnetic needle which
carries a circular disec of aluminium.
This circular disc is divided into 360
degroes the degfees being further sub-
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divided into half degreces. The magnetic needle is fixed on the line (°,
180° At the centre of the needle is let in a little agate cap which fits on
the metal point in the box and thus leaves the needle carrying the circular
graduated rim free to revolve, so that when at rest the 0°~180° line of the
graduated rim will always point to magnetic north. Oa the circular box
at one end is mounted a prism which enables the figures on the graduated
rim to be read. Diametrically apposite to the prism is fixed the sight
vane and by means of the slit on the top of the prism and the horse-hair
in the vane the instrument is aligned on any object. The prism and sight
vane are both hinged so as to fold down for putting away in the case;
the latter folds flat over the glass coveriug the top of the box and at the
same time actuates a stop which lifts the magnetic needle off its seating
and so minimises wear of the metal point, as upon the fineness of this
point much of the swing and accuracy of the instrument depends. Be-
low the hinged joint of the sight vane is a stud actuated by a spring,
which on being pressed impinges against the graduated rim aud so brings
the needle to rest.

It will be noticed when examining the graduated rim that the zero
division is placed at the South end of the needle and that the 90° and 270°
divisions are placed on the West and Kast sides of the needle respectively.
The reason for this is that the prismatic arrangement for reading is placed
on the opposite side of the compass to the object to which a reading is
being taken, hence with a reading to an objeot which is due East, the
prism will be on the West side of the needle and it is st that point sub-
tending a bearing of 90°.

A prismatic compass can be adjusted to read a certain inclination to
north by shifting the magnetised bar underneath the ring, but in modern
instruments some special arrangement is provided for altering the readings
g0 as to allow for the local variation of the compass. By the aid of the
Prismatic Compass horizontal angles can be measured to within about one
quarter of a degree. It is particularly useful in filling in the details of a
survey, for sketching along a road or river, and is, in conjunction with
the abney .level, an invaluable instrument for reconnaissance. The compass
is often held in the hand when the bearing of any object is taken, but
much greater accuracy can be obtained by placing it on a stand.

The divisions in some instruments are numbered from 0° to 180°
south counting -eastward, and thence to 180° north counting westward
others are numbered 5°, 15°, eto., round the circle to 360°, 80° representing
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east, 180° south, 270° west and 360° north. These latter are by far the

best as the least liable to error in recording the results in a Field-book
and are more generally understood by Indians.

This instrument must be set up as nearly horizontal as possible in
order that the card may play freely; also it must not be used near iron,
or by a surveyor wearing steel rimmed spectacles.

The meridian line given by any magnetic needle differs from the
“true” or “ geographical” meridian by an amount which is known as the
magnetio variation. The compass variation will generally be found to
differ slightly in different compasses, although nearly alike for compasses
used in the same district. The slight difference is due to the zero line
of the compass ring not coinciding exactly with the axis of the magnetic
needle. In order that the work of several survey parties may be
successfully combined, however, it is necessary that the * variation” of
each compass be known and allowance made for it in plotting bearings.

Variation is said to be east or west according as the magnetio meridian
lies to the east or the west of the geographical meridian, and methods of
finding its amount are given in Part 11 of this Manual.

83. The.Surveying Compass.—The surveying compass con-
sists of a compass-box, magnetic needle, and two plain sights perpendicular
to the meridian line in the box, one of whioh has a longitudinal slit
throngh which the surveyor aligas the horse hair onto the object of which
the bearing is required ; it is used for the same purpose as the prismatic
compass, for filling in the interior detail of a survey by weans of

bearings, but is so inferior to that instruinent that surveyors now never
use if,

There is one peculiarity connected with this instrument and, indeed,
with all compasses in which the magnetic needle swings freely over a
fixed card, that the east and west points of the horizon appear to have
changed places. In the prismatic compass the graduated arc is
attached to the necedle, and consequently is always stationary; the
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Fig. 19.

bearing of any object therefore
is the same angle as that through
which the sights have moved from
the meridian. In the surveying
compass, the card and sights are
fixed and so move together, the
bearing of any object then is the
same angle as that through which
the card has moved. For instance,
say an object bears 90° east; that is
at once read off by the prismatic
compass, but in the surveying com-
pass the north point of the card is
now pointing towards the object,
and the west point of the card is
‘how under the north point of the
needle.

The reason for changing the posi-
tion of the words now is obvious;
for were they not changed, the ob-
server would read the bearing as 90°
West (seeing the word west under
the needle), thus reading a bearing
diametrically opposed to the reality.

34. Method of Surveying with the Prismatic or Survey-
ing Compass —This only differs from that described for chain surveying
in that the bearings of the straight lines from which off-sets to the
various objects are taken can now be measured, and therefore these can be
plotted from the north line, and there is no necessity for cutting up the
survey into_triangles as before. Also bearings can be taken from two or
three points to distant objects, as the block of buildings in the example,
which 1s fized by the intersection of bearings from A, B and F, and thus
the necessity of running a line near enough to it to take off-sets is
avoided.

Let the annexed plan (Fig. 20) represent a survey of roads to be per-
formed by the prismatic or surveying compass. All preliminaries of mak-
ing a hand sketch and selecting stations for a chain survey having been
completed set up the compass at A, and send a man with a flag-staff to B.
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Now take the bearing of B, and proceed to chain from A to B, taking
offsets to the sides of the road and any remarkable objects, precisely as in
a chain survey. Having arrived at B, the compass must be again set up,
and a flag-staff having been set to C, its bearing must be obtained ; then
the line BC is to be measured, and so on. Bearings must also be taken
to any conspicuous objects that are out of reach of an off-set, such as the
corner of the house in the figure ; readings from two points are sufficient
to fix it but a third should be taken as a check.

Surveying with the compass is more convenient where the ground to
be surveyed is a large open tract with a few isolated important features,
or where long straight lines and convenient ties or triangles cannot be
made on account of obstractions, but it is more liable to error, as the
compass is often sluggish and the needle does not swing exactly to the true
north, and, therefore, care should be taken to check the work by measured

Fig. 20,

cross.ties as much as possible to avoid having to do the detail work ovlir
again.

‘When surveying a large area, the main framework of lines, as sketch,
Plate IX., should be entrusted to the most experienced or accurate worker
of the party, inferior men can then fill in the details between the points
s0 fixed, and this main framework should be plotied to avoid possible
waste of labour.
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Where the area to be surveyed is covered with close detail, whioh it
is required to plot to a large scale, as in the case of a ocnntonment or town,
a combination of both chain and compass survey is generally the most
suitable rapid method by which it can be carried out. The ground should
first be gone over with a view to choosing the positions on the main cirouit
as in compass survey and a hand-sketch made as described in para. 23.
It should then be noted on the hand-sketch what tie-lines, run between
points on the main circuit, will sub-divide the area most conveniently.
These secondary stations on the main circuit are known as tie-line stations,
and it will probably be necessary to run minor tie-lines between points on
these main tie-lines until the whole of the detail is brought within reach of
the off-set rod. This form of survey differs from the ordinary Chain
Survey described in para. 21 only in the fact of it not being absolutely
necessary to work in triangles, but it should be borne in mind in this as in
all other survey work that the triangle is the only safe figure to work with,
as it is the only one whose sides do not admit of distortion when their
lengths are known, and whenever possible the work should be carried out
in triangles. It will be found to save confusion if the stations of the main
cirouit be denoted by Roman capital letters, the primary tie-line stations
by italic letters, and the minor tie-stations by numerals.

85. The Field-Book is kept as in the chain survey, the only
addition being the bearings. The bearing to the next forward station is
called the ‘forward bearing ;” this should be written in the centre column
immediately above station No. 1. 1t is only necessary to take bearings
from every other station—for instance, we might go to B, (Fig. 20) and
from there observe the bearings of both BA and BC, then to D, and
observe DC and DE ; but it is advisable to take readings at every station,
for'it prevents confusion in the field-book, and also the trouble of adding
or subtracting 180° from every second reading, which in $he other
case would be necessary before the work could be plotted. To ensare
accuracy and to check the vagaries of an indifferent compass, or to detect
errors in reading, it is always well to read both the forward and
back bearings at each station. The previous “forward™ and the new
‘“back” bearing should differ by 180° ; if the divergence is slight, ie., up
to onme-quarter degree, the mean should be used, but if great, the work

cannot be depended upon, as the compass must be out of order, of else one of
the bearings must have been read incorreotly.
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38. To plot the Survey (Fig. 21). —Having fixed on a con-
venient spot on the paper for the starting point A (i.e., so that the
survey may be contained in the paper, and as nearly in the middle as
possible), draw a line through it to represent the magnetic meridian, place
the protractor te the right of this line, the edge coinciding with it, and
the centre at the point A ; now, with a pencil mark the required angle,
and draw a line through this point and A, this will represent the
first bearing; on this line, produced if necessary, set off from any scale
of equal parts, the length of AB, and through B draw the line NBS
parallel to NAS to represent another meridian, and placing the protractor
as before, lay off the angle NBC; set off BU the required length ; and
proceed with each angle in the same way until the end of the line
FA should coincide with the starting point A, If an angle greater
than 180° is required to be set off, the protructor must be placed to the
left of the meridian, ns at D and the second row of figures used. In
projecting the circuit, in order to get good results, the longest setiing
by the protractor on the given meridian is advisable, Having completed

Fig. 21,
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the circuit and coriected it if necessary (see paragraph 38) the off-sets
can then be plotted in the same manner as in the chain survey.

37. Use of circular protractor.—Another method of plotting
a survey of this kind is with the large circular card protractors generally
used, the better plan is to plot a number of bearings from the same point,
and rule the actual lines required parallel to the lines so dotted of. Thus,
in example, all the bearings might be laid down from the first position of
the protractor at A by dots at say b, ¢, d, etc., and BC, CD’, DE, etc.,
raled parallel to Aec, Ad, Ae, etc. This plan avoids the possible error in
replacing the protractor each time. The protractor, it will be noticed,
when placed correctly on the plan, is really the same as the graduated
circle of the compass. and the lines marked off are the various position of

the sights of the compass.

The circular card protractor can also be used as follows to plot the
bearings of a traverse. The plain centre portion should be cut out to
within half an inch all rannd of the degree divisions, then place the
protractor on a meridian as betore described with the point from which
the bearing is to be drawn lying inside the cut out portion. Now place
a brass parallel ruler on the protractor, with one edge on the fore and
the other end on the back hearing of the line, and run it up to the point
from which it is desired to plot the bearing—the method will be found
very expeditions and accurate when plotting a traverse of short lines

with varying bearings.

Should it be required, for the sake of uniformity, to plot the survey
with the true morth running up and down the paper instead of the
magnetic meridian, a line representing the true meridian ix first marked
on the paper, the protractor is then laid over this line so that the gradu-
ation representing the variation is along this line.  The zero of graduation
having been thus moved round through the amount of the “variation,”
all bearings plotied with regard to it will have been laid off with their

correct azimuths from the geograph:cal meridian.

38 Correction of closing error.—In plotting a chain survey
by means of protractors 1t i» impossible to get the angles perfectly accurate.

Not only this but with a prismatic compass absolute accuracy is unattain-
able and in plotting work of th1s nature we shall as a rule find a closing,



b4 OHAPTER II.

error, i.e.,, the cirouit as shown on the plan will not close. To adjusi the
error, all round the survey the following method is used :—

Fig. 98

v ! h‘ Q'
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Suppose a traverse A B C D E A has to be plotted (Fig. 22) and on
completing the circuit we find that the last line EA falls as shown by EA’
in the above figure thus not closing the traverse. To close the traverse
join AA’ and through each angle of the plot draw lines, parallel to AA’.
Now draw a line aa’ equal or proportional to the length of the circuit and
divide it up into lengths equal to or proportional to the sides as shown
above. Through a draw a p perpendicular to ea’ and ap equal to or
proportional to the closing error AA’. Join a’p and from the points b,e,
de, erect perpendiculars to meet the line a’p. Now from B along the
line drawn parallel to AA’ set off BB’ equal to 35’. From the other
points carrying out the same construction making CC = cc’ etc., join AB,
BC, C D', D’E’ and E'A thus closing the figure. This is omly permissible
when the closing error is less than 1 in 300 otherwise the detail when plotted
will be distorted.

Note.—If instead of making aa’ = to the perimeter we made it } or }
the perimeter then ap would be made } or } of AA’. Hence b, ¢, ete.,
would be } or } of the real correction required.

An alternative method by which the sides of the polygon are corrected
to meet the case of closing it and leaving the angles or bearings unaltered
is here given.
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Let n circuit start at A and go to B C D E and have A’A as the error.
Join these two points and produce the line to meet one side ofuthe polygon
Fig. 23.

A
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at X. Join BX and XE and through a the middle poinfpf AA’ draw
lines ab, be, ae, ed parallel respectively to AB, BC, AE and ED,
a b c d e will be the corrected polygon.

39. Filling in detail.—The prismatic compass is very useful
for what is called filling in a survey. The plotting of this kind of work is
usually done in the field, each angle being laid down as soon as taken, and
each distance and off-set as soon as measured, so that no field-book is re-
quired. A piece of paper with the work already done, such as the above
circuit of road plotted on it, is placed in a sketching case, and faint
parallel lines are ruled aver it in a direction at right angles to the
meridian, at unequal distances apart, varying from a quarter to balf an
inch ; then, when a bearing is taken, the protractor is placed at right
angles to these lines, and the angle at once marked off.

40. Finding one’s place in a Survey.— The following method
of finding one’s place in a survey with the prismatic compass will be found
useful. Referring to Fig. 20, suppose it is desirable-to star the filling
in from a point G near the tank, and not from any of the former stations
the first thing is to find the position of the point G on the plan; to do
this, it is only necessary to stand on the spot, and from there take the
bearings of any two convenient stations, in this case D and E ; and to
protract the angles thus obtained from D and E—their intersection will
be the point required. For instance, the bearings of D and E from G
are found to be 100" and 205° respectively. Placing a protractor at D
and E, plot these bearings, and their intersection gives the point G ; of
courso they must be ruled backwards from D and E, or 180° may be
added or subtracted as need be. 1t will be as well to take a bearing to
a third station as a check. Observe that the nearer the two bearings

intersect at a right angle, the more accurately will the station be determined.



CHAPTER III.
INSTRUMENTS, THEIR USE AND ADJUSTMENTS.

41. The splrlt level or level bubble consists of a glass tube
the inside of which is ground to an arc of a circle* and it should be

so mounted tbat the axis of the bubble is parallel to the line of sight.
The Y-level is fitted with two screws to control this adjustment. The
radius of the arc of this circle is large or small according to the degree
of sensitiveness of the bubble. The grinding of the tube must be even,
so that the travel of the bubble will be uniform. The tube is very nearly
filled with ether and it is then sealed and the air which remains becomes
a bubble and a'lwa)s moves . towards the highest point of the are. The
length of the air space should be about 2 inches at a temperature of 86°F.
The siz» of the bubble varies with the temperature, the bubble contracting
under heat and in the middle of the day is sometimes half the length it
was in the morning. Some tubes are fitted with air chambers so that the
size of the bubble can be regulated.

The more sensitive a bubble is tho more accuraté the work, but this
holds good only within certain limits since the pitch of screws, quality of
lenses in the telescope, graduation of verniers, all rule the limit of
sonsitiveness of the bubble. A sluggish bubble for reasons given above
may also be useless.

The bubble tube is generally graduated and marked in tenths of an
inch from the centre outwards and the sensitiveness of the bubble is
known by its angular value for one division of arc of the bubble. Levels
should have bubbles with a sensitiveness of 20 to 12 secs. according to
size, and theodolites with'a graduation and verniers reading to 20 secs.,
of about 10 secs. for upper plate and 20 to 25 secs. for lower plate levels.

The axis of the bubble tube is the ling tangent to the bubble arc at
its middle point and when the bubble is in the * centre of its run”

"as it is termed this tangent line is a horizontal line or the axis of the
bubble tube is horizontal.

42. The telescope and its component parts. The telescope
may be considered to consist of thrée essentials apart from the casing or tube,

*Modern practice is to machine grind the longitudinal tube truly circular at any cross
#ection and the bubble can be rocked through some degrees of arc without disturbing its position.
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(1) the object lens with its focussing tube and screw, (2) the eyepiece
consisting of single or double lenses and (3) the diaphragm or reticule.

(a) The object lens is a double lens since .« single lens would
not bring rays to a focus and the image would be fringed with
colours, that is, a single lens makes rays planatic and chromatic and
so that the rays will be aplanatic and achromatic two lenses are used and
they are of the double convex and plano-concave type, the outer one
being double convex of crown glass and the inner one being plano-concave
of tlint glass. The refractive indices of these two kinds of glass
supplement each other and the rays are brought to a focus and are
colourless.

(h) The eyepiece, when a simple one, has two lenses and the image
as seen will be a magnified and an inverted one. The erecting eyepiece
or one used to reinvert the image consists of four lenses and if these
are named in order from the eye they are as follows:—eye, field,
amplifying and image, The erecting eyepiece although it enables the
observer to see the image right way up, so to speak causes a loss of
Jight which does not Whe doubtful advantage of reinverting
the image.

(c) The diaphragm or reticule consists of cross wires, as they
are usuaily called, made of silk or cobweb stretched across a ring
but in latter day instruments the wires are engraved on glass. This
ring can be moved horizontally or vertically by means of the diaphragm_
capstan headed screws and the entire ring of the diaphragm can be removed
and replaced after cleaning. In the most modern type of instruments
there is no method of adjusting the diaphragm and its position is fixed
by the makers.

43. Functions of the components.—The function of the
object glass is to focus the object on to the diaphragm and that of the eye-
piece is to magnity the image as projected on the diaphragm. The focus
of one affects the focus of the other and if the plane of the image does not
coincide with the plane of the cross-wires, an apparent movement which
is called parallax is said to exist. Some modern theodolites and levels
are fitted with an extra lens hetween the object glass and eyepiece which
is used for focussing when the object lens is a fixture. This is known as
internal focussing and its chief merit is that the telescope is sealed with
little or no error in the focussing slide and the stadia constant is negligible
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except for a distance of less than 15 feet where under ordinary circum-
stances a measuring tape would be used.

If the component part of lenses of the object glass or eyepiece do
not coincide at their axes and if the grinding and polishing is not of the
best workmanship there is then a loss in definition. The amount of
light passing through the lenses to the eye compared with the amount
of light passing from the object to the eye is what is called the lumination
of a telescope. The larger the object glass the greater the pencil of rays
passing through, but the edges of lenses cannot easily be ground to perfec-
tion and as there is really only an effective diameter in the lenses of the
cheaper class of instruments, stops are used in the telescope tube to cut off
rays from the edges. Under the best arrangements there is a loss of at
least 15 per cent. of light.

44. The power. of magnification of a lens.—The magnify-
ing power of transits a%s about 20 diameters and those telescopes made
specially for stadia work between 20 and 35 diamcters.  To find out the
magnification of a telescope focus it on some distant object and at the same
time see that the lines on the diaphragm are distinct. Hold a sheet of
white paper in front of the object glass and look into the eyepiece from
a distance of a foot to six inches and a white disc of light will be seen.
This disc is the image of the object glass formed by the eyepiece and is
known as the Ramsden disc. Measure the diameter of this disc minutely
and divide the clear diameter of the object glass by this amount. The
result will be the magnifying power of the telescope.

45. The angle of the field of view —~The size of the field of
view is the whole circular area which can be seen through the telesaope.
To determme the field of view set up the instiument at about twenty-five
feet from a strip of white paper. Focus on to the paper and get some one
to stand by and make two lines on the paper to show where the extremities
of the horizontal diameter of the field of view come on the paper. The
person at the telescope will direct the one at the strip as to where the
marks should be.made. Now by means of a theodvlite-measure the angle
subtended by the two marks at the point at which the telescope was set
up. This angle represents the field of view.

48, Description of the Transit Theodolite —-The theodo-
lite.is the most important instrument used by the surveyor and measures
both horizontal and vertical angles.
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The transit theodolite may be considered to consist of four main parts
as follows :—

(1) The lower frame with socket head and three® footscrews F F F
(see fig. 24) ‘also C, lower plate clamp and T, lower plate
tangent or slow motion screw.

(2) The lower plate or limbs with primary circle with its outer
spindle which fits into’ the socket of lower frame,-

(8) The middle part or upper plate with standards and verniers
with spindle fitting into the lower plate. C, clamp for upper
plate, T, tangent or slow motion screw for upper plate, B 8
bubble tubes (or levels) with adjusting nuts.

(4) The upper works consisting of telescope with fittings, such as
the primary scale of the vertical arc, focussing arrangeinents
for lenses, diaphragm etc., also a plate to which is attached
verniers. B. N. bubble (vertical arc bubble or level) and
stud or antagonistic screws V, (in fig. 24 the antagonistic
screw arrangement is a single screw working against a buffer
spring). To this arm is fixed the vertical arc clamp screw
C; and slow motion screw Ty.

Note.— The vertical arc bubble is, in diagram. fixed to the plate carry-
ing the verniers, but in some theodolites it is fixed on the telescope and
yet others have two bubbles, one on the telescope and one on the vertical
are. :
Consider now the movements of the different plates on the axes or
spindles. Let C, and C; be clamped and C, unclamped, then parts 2,
3 and 4 as one pisce can be revolved horizontally on the outer spindle
working in the socket. '

Let C, and C; be clamped and C, unclamped then parts 8 and 4 as one
piece ean be revolved horizontally on .the inner spindle workmg in the
outer spindle.

Let C; and C, be clamped and C; unclamped then the telescope only
can rotate in its-own vertical axis.

Finally clamp C, C; and C; and turn screw, V and it will be noticed
that none of:the verniers will register any difference of reading and yet

e

® The three footscrew pattern mstrument is considered in t‘hm beok asatas the only.,pattorn
used in India and has one or two decided advantages over the four screw pattern n thap it 1e
more easily handled (one hand on occasions bemg safficient) and beu\use there is little or no
strain on the axes.
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the upper level B. N, and the line of sight through the telescope will be
affegted and this movement is un important one to notice when the vertical
I@gﬂimntion adjustment is taken into consideration.

47 Permanent Adjustments.—For horizonta] and vertical
collimation also for horizontality of diaphragm and parallelism of the
vertical axis of a transit theodolite.

It is advisable in all theodolites where possible to keep the diaphragm
or reticule in the optical axis of the telescope so that the line of sight shall
pass through the centre of the lenses that is that the bubble on the vertical
arc should be adjusted and made parallel to the line of sight and that the
diaphragm should remain as placed by the maker. Some theodolites are
fitted with two adjusting screws only for the diaphragm, those for the
adjustment of horizontal collimation error, so that in such patterns ihe
vertical collimation must be done on the upper level.

[The anthor considers that an adjustable diaphragm is unnecessary and should
be a fixture once and for all in the optical axis of the instrument. Only vertical
collimation exists ag that is a correction between the horizontal wire and the horizon
and can be done on the vertical arc bubble. A horizontal angle is the difference
of readings between two objects and whether taken both on the right or left face
will give the same result. If the same result is not forthcoming the error is due
to the horizontality of the trannion axis which can be remedied by its own adjust-
ing screws P, P.  To take one reading on the left face and the next reading on
the right face of course is never intended in the theodolite.]

48. Levelment of plates and lower bubble.—(a) Place the
lower level or bubble over two footscrews and with these two footscrews
bring the bubble to the centre: turn the telescope through 90° when the
bubble will he at right angles to its first position and bring it to its
centre with the third footscrew only. Rcpeat this temporary adjustment
till the bubble remains in the centre in these two positions only. W-th the
bubble axis at right angles to two footscrews (in the second position as
above) bring the bubble to its centre by the third footscrew only, turn it
end for end, that is, revolve the instrument through 180° and any diver-
gence will be donble the real error in horizontality, correct half by the
third footscrew and half by the capstan headed screw attached to the bubble,
Repeat and correct over these two positions till the error has bheen dis-
persed. Next place it over the other two footscrews and correct if neces-
sary by these two footscrews only. The level should be now in perfect

adjustment.
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The reason for adjusting by one footscrew only is that the motfon is
an even one whereas with two footscrews the motion of the hands in turne
ing may be unequa! thus lowering one end more than the other. .

() Since the lavel on the vertical arc is more sensitive, usually ground
to 10 secs. to the lower level of 20 secs, it may possibly happen that the
small error unnoticed in the lower level is appreciuble in” the upper and
therefore to put the instrument into perfect level adjustment it is preferable
to adjust from the greater to the less or from the more sensitive level to
the less sensitive one. Therefore after temporary adjustment («) given
above, place the upper level over one footscrew that 15, the telescape will
be found to be pointing in a line over one footscrew and with the antagon-
istic screw or screws V bring the bubble to the centre of its run. Turn
the telescope horizontally through 180° when the bubble will oceupy an
end for end position over the same footscrew. Any divergence is twice
the errorand half is corrected by the antagonistic screw and half by the foot-
screw. Repeat in these two positions till corrected. Next place the hubble
parallel to the other two footscrews and anv divergence correct Ly the<e
two footscrews only since any bubble error has been already corrected. The
bubble should now remain in the centre of iis run in any position of the
upper plate. The reader will realise that if the lower plate levels are not
now correct that the error exists in the axis of the bubbles and not in the
axis of the instrument; any divergence correct by the capstan headed
screws attached to the bubbles.

The above has been given at some length since it is often not under-
stood, why, in triangulation and ordinary star observations for time and
azimuth the upper level refuses to keep a medial position, and an instrument
undergoing a test for vertical collimation adjustment, and with which many
observations for vertical angles are to be made as in some classes of work
must be put through the adjustment for bubble axes vide (¢c).* An in-
strument used for traversing need only be put through adjustmént (8) and
ordinarily through (a) as a small error in borizontality will make no
appreciable differenae in horizontal angles. Finally, in connection with the
above the reader will see later that observations on two faces elimi:zate
collimation error and that any divergence of the vertical arc bubble on
each face can be recorded and allowed for (see appendix Part IT). ’

* It will be seen hereafter that in casé of an axial error in & footscrew this adjustment
should not be rectitied during observationa} wors.
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In the plate at sorew V there is a second screw just visible and this
lock-screw is intended to facilitate the operation of the levelment of the
vertical arc at each set up as it regulates the distance of the threads on the
antagonistic screw from the bush spring, so that when the lower plates are

levelled, the vertical arc bubble should return to its medial position when
the spring is released.

49. Horizontal collimation.—In a previous para. it has been
asserted that there is aotually no horizontal collimation error since hori-
zontal readings on one face are taken from one object to another and
provided the graduated arc is free from error or nearly so there is no
need to change face. But the instrument may have a trununion axis error
due to the telescope axis not being at right angles to the axis of the instru-
ment so that when high and low objects are taken an appreciable difference
is discovered. The adjustment is given in a future paragraph under paral-
lelism of vertical axis but for those who wish to test or require the diaphragm
lines to be accurately set in the centre of the field of view and optical axis the
following should be carried out :—Clamp the lower plate by C, and with
the upper plate intersect some defined object such as a rod or finial by
clamping C; and using the slow motion screw Ty. Let the instrument be
on face left that is, with the vertical arc to the left as the observer is look-
ing through the telescope. Read the horizontal verniers and let the mean
be 120° 16°.  Unclamp C, rotate telescope vertically and point it again
at the object when the instrument will be on face right. Clamp C, and
intersect object by T, and let the mean reading be 300° 20°. There is thas
a horizontal collimation error of 4' which must be dispersed. Set the
verniers to the mean reading that is to 300° 18’ on face right and the wires
will no longer be on the object ; bring the wires on to the object by the
screws attached to the diaphragm by ]oosoqing one first before tighten-
ing the other. Change face again and check result. It is not possible to
have no collimation error since the graduation of the plates if unequal
will upset it and there is also no need for absolute dispersal of error if
observations are made on both faces; in fact many surveyors prefer a
small collimation error as it prevents them being biased in their readings.

50. Vertical collimation—With a level staff (a) when the bubble
is fixed on the telescope () when it is attached to the vertical aro.

() In the case of the bubble being attached to the telescope set the
verniers to 0° 0' and examine bubble which should be in
the centre if the first adjustment has been properly dome.
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With the instrument on face l¢ft (the bubble will be on top
of the telescope) read to a staff and let the reading be 4:56.
Change face when the bubble level will be underneath the
telescope and it must be taken for granted that when the
verniers are set to 0° 0’ that the bubble will be in the centre.
Again read the staff and let the reading be 4:60. Change face
again, that is, bring the instrument back to face left, set the
verniers to 0° when the bubble is again in the centre and
either move the diaphragm so that the horizontal wire reads
the mean wviz.,, 458 or with the stud screws V make the
wire read 4'58 and since the stud qr antagonistic screws
bave been touched the bubble will no longer be in the
centre, therefore, bring it back with its own bubble nuts
B. N. The latter method is preferable since by altering
the diaphragm once for horizontal and then again for vertical
collimation there is a possibility of one vitiating the other.

(5) When the bubble is attached to the vernier arc the same proce-
dure is carried out with this advantage that en the right face
the bubble being on the vertical arc it does not become
inverted and can he checked for medial position.

51. Another method for Vertical collimation.—By ob-
serving two natural objects, with both types of instruments. Seloct any
defined distant object about 5° above the horizon and on face l¢ft intersect
the object and let its mean vertical reading he 8° 52'. Next change face
and on face right reintersect object and let its mean vertical reading be
8° 50’ checking the bubble on both faces.

There is thus a vertical collimation error of 2" and the mean reading
will be 8° 51’.  Return the instrument to face left and set the verniers to
the mean reading 8° 51" and as the object will not be now on the horizontal
wire manipulate the diaphragm till the wire intersects or by means of the
antagonistic screws intersect the object and when the bubble level is
attached to the vertical arc correct it by means of its adjusting screws
BN and when the bubble is attached to the telescope make the verniers
first read 0° 0’ and then correct it.

52. Horizontality of diaphragm.—This adjustment should
really be made before collimation is taken in hand and though it is not
often necessary yet it should be checked. Owing to the diaphragm sorews
working in slightly larger boles or slots for the purpose of roteting the
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diaphragm in its own axis a very small quantity, it is possible by loosening
the 4 screws that the diaphragm leaves its true position with respect to
the horizontal and vertical wire, that is, it takes on a slight “slew.” When
the diaphragm has been entirely removed for rewiring of course it is most
necessary that the following test is made. First perform the adjustment
for levelment and turn the telescope to some mark on a wall or tree or
even a level staff and clamp the vertical arc and with either horizontal
slow motion screw rotate the instrumnent from one extrewme field of view
to the other ; if the horizontal wire does not cut the mark throughout its
entire travel then it requires adjusting and this is done by slightly tap-
ping up or down one of the horizontal diaphragm screws after loosening
them. The student should notice that without this test he must confine
bimself eatirely, in intersecting objects, to the intersection of the
cross wires.

653. Parallelism of the vertical axis.—This adjustient is not
always possible with the smaller class of instruments as the necesséry
screws are not fitted (see PP in plate). The adjustinent is made on the
standards for the transverse axis of the telescope so that the telescope
will transit on a perfectly plumb line. Direct the telescope, after the
adjustment for plate levels has been made, to a point on a clearly defined
object at a considerable elevation, and by means of either tangent screw
T: or Ty bring the intersection of the diaphragm wires exactly to bear on
that point ; then depress the telescope without touching either tangent
screws to a point as far below the first as possible and note exactly the
spot at the intersection of the cross-wires. Turn the instrumient 180°
transit the telescope, that is, change fuce and again intersect the Ligher
point and depress telescope and if the cross-wires intersect the lower
point the transit axis is horizontal ; but if the lower point is not intersected
by the cross-wires, correct half the apparent error, that is quarter of the
total divergence, by the capstan screw P and quarter of the error by
slow motion screw and direct the telescope again to the higher point
and note the new position when depressing the telescope. If there
is still an error when the instrument is again turned 180° the above
operation must be repeated. In the more refined instruments a striding
level is fitted in the box to test the horizontality of the transverse axis.

It is taken for granted that in the adjustment for collimation, etc.,
or whenever an object is intersected that the temporary adjustments for
focus and parallax lmve been made. Here a word might be said concerning
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modern manufacture. Verniers on the lower plate are set at an angle
of 22}° with a glass cover plate. The verniers are adjustable by means
of slotted screws and if dirt happens to get between the vernier and circle
it works through without doing any harm. Diaphragm lines can be
rujed to an accuracy of yziys and the thickness of the line is less than
half this. The total graduation error in a weH-made standard theodolite
is about 5 secs. and the thickness of the lines on the vernier or plate is
about 0°0015 in. thick. Such lines are easily read by means of readers
with & power of 7. Great improverhents have been made in the quality
and grinding of lenses, setting of footscrews in the trivet head and in
the stand of the instrument.

654. The Method of observing with the Theodolite.—~The
surveyor having satisfied himself that the theodolite is in adjustment can
now begin his observations. The adjustments just described are not
necessary every time the instrument is set up but only now and then
when the surveyor may have reason to think the instrument has been
shaken by some means. Itis well, however, before beginning a day’s
work, to see if the adjustment of the levels is correct or not, as it is soon
looked to, and will often save a great deal of vexatious repetition.

66. Temporary adjustments to level the Instrument.—
This operation is necessary every time the instrument is moved to a fresh
position, and is performed in the following manner :—The instrument being
placed more or less over the siation mark it is approximately levelled up by
means of the legs of the stand. It is next carefully centred over the mark
b& means of the plumbob and then the true levelment must be completed by
the footscrews, { FF see plate) :—that is that the temporary adjustment for
lovelment must be made by placing the lower level over two footscrews
bringing the bubble to the centre by turning the two footscrews evenly
either both inwards ox both outwards. The left baud is usually the master
hand with footscrews, and the direction in which the bubble will travel will
be the direction of turn given by the left hand. Next bring the bubble
over the third footsorew and repeat till perfect. If the permanent adjust-
ment previously explained in para. 48 has been properly done then two, or at
most three repeats, should be sufficient for all purposes of traversing when
the vertical arc is rarely used but if the instrument is being used for
triangulation then the upper level being the more sensitive should be
adjusted first when the lower level will agree if the permanent adjust-
ments have been properly made. Some old and worn instruments often
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retuse to remuin level in every position of the telescope and time should
not be wasted in trying to make such instruments do so and yet for certain
classes of work they will give excellent results.

668. Focussing and removing Parallax.—To intersect any
object, first obtain a clear image of it by the focus screw at the side of the
telescope. Then move out the eyepiece until the cross wires can be seen
distinctly. To do this, hold the socket of the eyepiece firmly with one
hand, and move the eyepiece with a gentle screwing motion with the other.
Do not pull the whole instrument by the eyepiece by using one hand
only, as it is often stiff. Then by means of the focussing screw move the
object-glass (slightly) until the object is clearly seen, and on moving the
eye about, the image of the objects will cease to move off the intersection
of the wires or to have no fluttering and undefined appearance. The ex-
planation of this is as follows :—a picture of the field of view is formed
in the telescope, and until it coincides with the plane of the wires this
motion will take place ; just as looking out of a window, the position of
the bars with respect to the landscape changes according as we change
our position ; but if the landscape was painted on the glass (i.e. was in the
same plane as the bars) this would not be the case. By moving the
object-glass in and out, or as it is called “ focussing,” the image is brought
on to the plane of the cross-wires and if the wires become slightly indistinct
or move over the object the eyepiece must be readjusted and so on, that
is parallax must be dispersed so that mo movement of the wires on the
object is visible. The dispersal of parallax is most important.

57. To observe an angle.—By means of the clamp C; and its
tangent screw (see Fig. 24) set the vernier, marked A on upper plate, to
360° on lower plate, then turn the lower limb round, and with the lower
clamp C; and tangent-screw. Ty fix the cross-wires in the telescope on
any object. Then loosen the upper clamp C, and turn the upper limb
round, fixing the cross wires by the same clamp and tangent-screw on any
other object ; the angle subtended can be then read off on the ins-
trument.

It is not necessary to set the plates together at zero, but clamp the
lower horizontal limb firmly in any position, and direct the telescope to
one of the objects to be observed by turning the upper plate, moving it
till the cross-wires and object coincide ; then clamp the upper limb and
by its tangent-screw make the intersection of the wires nicely bisect the
object ; now read off the two verniers, the degrees, minutes and seconds
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of vernier A, and the minutes and seconds only of vernier B, and take the
mean of the readings, thus :—

A = 142° 3¢’ 30"

B = 142° 87" 00"

Mean = 142° 36" 45"

Next release the upper plate, and move it round until the telescope
is directed to the second object (whose angular distance from the first is
required), and clamping it make the cross-wires bisect this object, as was
done by the first, again read the iwo verniers, and the difference
between their mean and the mean of the first readings, will be the angle
required.

It is contended by some surveyors that it is best to work with the
zero line of the lower plate pointing North and South, so that all readings
to any objects are their magnetic bearings. Thus the two plates being
olamped together at zero as in first method, the lower plate is set to coin-
cide with the magnetic compass and clamped. The method of observing
after this is as in the second method. The only difference being that
instead of “any position” the lower plate is set to the Magnetic Meridian.

68. To repeat an angle.—Having taken an angle between two
objects leave the upper plate clamped to the lower, and release the clamp
of the latter ; now turn the lower plate, i.e. both together round towards
the first object, till the cross-wires are in contact with it ; then clamp
the lower plate and make the bisection with the lower tangent-screw.
Leaving it thus, release the upper plate, and turn the telescope towards
the second object, and again bisect it by the clamp and slow motion of
the upper plate.

This will complete one repetition, and if read off, the difference
hetween this and the first reading will be double the real angle. It is
however best to repeat an angle four or five times; then the difference
between the first and last readings (which is all that it is necessary
to note), plus 380° for each full revolution divided by the number of
repetitions, will be the angle required.

59. How to change face.—The face of a theodolite is the vertical
arc, and, according as the vertical arc is on “the left or right of the
ohserver when he is looking through the telescope, so the instrument is
said to have ]eft or right face. In changing face, the diaphragm is

inverted or turned through 180° and the horizontal arc is also turned half
round or through 180°,
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When the theodolite is a * transit ~ and its telescope can be complete-
ly revolved in the vertical plane, changing face is to so revolve it end for
end or through 180° and then to turn the horizontal arc through 180°. It
will now have changed face and will be pointing as before.

(Caution in setting up a theodolite—always note that A horizontal are
vernier, is or should be, the vernier directly veneath the vertical are.)

With the double arc Everest the process is a little more complicated,
because the telescope cannot be completely revolved in the vertical plane.
It has to be taken out of its Y’s and the following three half turns have to
be made :—

(1) The vertical arc verniers are made to change places.
(2) The pivots or traunuions, which rest in the Y’s are made to
change places.

(8) The diaphragm is inverted and when the telescope is put back
in the Y’s two essential points must be secured, viz.
telescope should point as before, and (2) each trunnion should
sit in the proper Y.

Hence the following modus operan[li t—
(1) Remove the compass and sometimes also the clamping screw of
the vertical are.

(2) Loosen tha stud or antagonistic screw and open the Y’s.

(8) Unclamp the vertical arc if not already unclamped and lift the
telescope out of its Y’s taking care to keep it always
horizontal with its object-glass pointing to the object. This
should be done without jar or shake.

60. The magnetic compass for attachment to a theodolite is of
the rectangular trough pattern. The needle is magnetised and weighted
to overcome the dip and rests on a pivot which works on an agate. The
compass should not be used when the instrument is not level and the
needle should always be thrown off its pivot when not required. In some
Continental instruments means are provided for adjusting the compass so
that it will show true bearings and not magnetic bearings. The magnetic
bearing of an object is taken by simply reading the angle pointed out by
the compass-needle, when the object is bisected : but it may be obtained a
little more accarately by moving the upper plate (the lower one being
clamped) till the needle reads zero, at the same time reading off the
horizontal limb ; then turn the upper plate round to bisect the object and
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read again ; the difference between this reading and the former will be the
bearing required

61. Angles of elevation and depression —In taking angles
of elevation or depression, it is soarcely necessary to add, that the objeet
must be bisected by the horizontal wire, and in preference at or nesr the
intersection of the wires, and that after observing the angle with the
telescope in its natural position it should be repeated with the * face
reversed,” .., with the horizontal axis reversed end for .end .jn its
bearings : the meansgpf the two measures will neutralize the effect of any
error that may exist in the line of collimation provided that the bubblg is
in the centre on both faces.

The altitude and azimuth of a celestial object may likewise be
observed with the theodolite, the former being merely the elevation of
the object taken upon the vertical arc, and the latter its horizontal
angular distance from the meridian.

62. How to level with a theodolite.—Place the instrument
medially between the stations whose difference of level is required.
Perform the temporary adjustments, Tighten the stud screws and
clamp the vertical arc in some convenient positlon not mnecessarily
horizontal. Read the levelling staff placed on the pegs successively
by unclamping the lower plate. The difference of the readings will give
the true difference of level notwithstanding instrumental errors. The
upper level is not used at all. The arm carrying the verniers does not
revolve. Hence if the instrument is in adjustment as regards the virtual
line of sight, the line joining the zeros of the vertical verniers will be
horizontal when the upper bubble is at the centre of its run (see adjust-
ments paras. 50 and 51) but the zero will seldom coincide and as shown
above it is not really necessary that they should.

63. Deflnitions of the terms Right and Left swing and
setting.—A swing is a continuous rotation of the telescope horizontally
beginning and ending with a zero. Several angles may be observed in
the case of a swing. It is clockwise or counter-clockwise, commonly
known as right or left swing.

A setting is the exact division on the limb or arc to which A vernier
is clamped at the commencement of a round of observations. The *“zero”
includes a pair of settings on different- faces, right and left, and may be 0°
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and 180°, 60° and 240°, 90° and 270° etc. If the first zero is 0° and

4 zeros are to be observed on, then the next zero is found as follows :—

260 Thus with two verniers and 4 zeros the next zero
No. of verniers X No. of zeros

will be 45° and the 4 zeros will be 0°, 45°, 90° and 135° ; with 3 verniers
and 8 zeros the next zero will be 15° etc., with 2 verniers and 2 zeros the
zeros will be 0° and 90° and 0° and 90° are sufficiently accurate with
modern theodolites for Engineering purposes.
64. Errors in using a theodolite.—There are many errors and

a surveyor must have a fairly competent knowledge of®heir varieties before
he can get an intelligent grasp of the means employed, as far as is possible
to eliminate them. Errors might be conveniently placed under the
following heads (a) Error of manufacture and errors in the instrument
through non-adjustment and usage : (b) Errors of observation : (¢) Local
errors: (d) Errors of record. Errors therefore are best treated under two
heads, viz , errors.of instrument and the general sources of errors when
using the instrument, and are as follows :—

(1) Diaphragm wires not vertical and horizontal and adjustments

for levelment and collimation.
(2) Shake in the footscrews and stand and settling of the stand
or tripod.

(8) Errors of parallax and of the focussing slide.

(4) Eccentricity of circle.

(5) Errors of graduation and drag on verniers.

(6) Worn threads of slow motion screws.

(7) Bad centering cf instrument.

(8) Bad centering ot object observed to.
(9) Poor focussing. \

(10) Undue pressura in clamping.

(11) Vibration under strong winds and temperature changes, caus-
ing unequal refraction.

(12) Using the wrong tangent screw for horizontal angles.

(13) Placing the hand on the stand when observing.

(14) Using an instrament which has become clogged with oil and
dirt or has been previously damaged.

(15) Swinging the upper plate around by the telescope instead of
by the standards.

(16) Bad intersections of object and incorrect reading and recording
of values,
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(17) Manipulating footscrews for levelment between a set of
horizontal readings,
65. Precautions.—To treat with them in detail, errors under
head :—

(1) Have been explained under adjustments (see transit theodolite
adjustments) but it must be borne in mind that it is loss of
time to try and dispose of collimation errors absolutely.

(2) The stand when set up should have its clamp nuts thoroughly
tightened and the tripod should be well and firmly set into
the ground. There should be no possible shake.

(3) Parallax should be properly dispersed and the focussing slide
should be examined to see, when it is moved in and out, that
an object is stationary on the wire and does not appear to
wobble as it comes into and goes out of focus, from one side
to the other. There may be an error in fitting of the tube
and grinding of the lenses. Such errors of slide and lenses
are best corrected by an instrument maker. The ratchet and
wheel of the focussing arrangement should be treated occa-
sionally with a dressing of beeswax.

(4) Eccentricity of circle.—This is due to the axis of the horizontal
vernier or of the upper plate and the axis of the limbs not
coinciding and the result is that although the zeros of the
verniers may be exactly 180° apart and the graduation
of the instrument perfect, there is a variable difference of
reading over different portions of the plate, The error in
the zeros of the verniggwould give a constant difference and
the mean reading of tile two would disperse the error.

Diagram 1. Fiy, 26, . Biagram 2.
A= 7 00

* s -
The error in eccentricity is usually so small that it can be neglected,
but the diagrams will show how an error is introduced which is variable
and not a constant.
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Diagram I Fig. 34 shows no eccentricity as the centres are coincident.

Diagram 1I Fig 34 shows eccentricity as X is the centre of the liinb
and X the centre of the vernier or upper plate axis. ?

Let the two centres be‘in a line with the 0° and 180" of the limbs.
Then the following conditions will arise :-—

At 0° and 180° there will be no error.

At 90° and 270° there will be 2 maximum error.

Between 0° and 180° the vernier Y’ will read too much.

Between 180° and 360° the vernier Z will read too little.

Error dispersed by using several zeros.

(5) Errors of graduation.—In most modern instruments the errors
of graduation are reduced to a minimum, but what errors
exist can be dispersed by observing on different parts of the
limb for each station or what is technically known as a
different setting of zero. The error of drag or the slight
adhesion or friction of the vernior on the limb which causes
it to be held back is neutralised by observing stations on &
forward and also backward swing (left and right swing).

(8) Worn threads on the slow motion screws specially when such
screws are acting against a spring, cause a slip of the plate
and this may happen between tira intersection of the object
on the wire and the reading so that the reading may be as
much as 10 minutes incorrect.

The screws should be rethreaded or if this is not possible at the time,
the screw must be used on a good portion of the thread and the
intersection should-be again examined after the reading has been recorded.

(T) and (8) Great exactness in centering of instrument is necessary
and specially in mining and tunnelling work where meridians
above ground have to be transferred down a shaft, and a
personal interest in it should be taken -0 as to convey to
other members of the party at work what is expected of
them when they are sent out on independent work to set up
signal flags and helios.

(9) On triangulation poor focussing means that the focus i» not at
infinity, as it should be for more or less distant signals and if
there is any error in the slide and draw tube altering the
focus must bring in the slide error if any exists,
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‘(10) Clamps should be tightened with just sufficienc pressure to
make them hold which is usually very little indeed. Any
undue pressure wght lead to one part of the vernier plate
being strained and to a slight jump when the tension is
relaxed. A delicacy of touch in handling iunstruments is a
sure way of obtaining good results.

(11) Observations taken under adverse atmospheric conditions
should be avoided if possible. A good intersection is
impossible when the air is “ boiling.”  Refraction is greatest
in the early morning and late evening and least between the
hours of 11 a.m. and 3 p.in. and 1 p.m. is the best time to
take vertical angles on triangulation.

(12), 113), (15) and (18) are either mistakes or bad habits.

(14) and (17). The instrument should be first tested for adjustineucs
and if it fails to come up to the standard of accuracy required
for the particular work in band it should be returned for
epairs. The part most liable to iujury is a footscrew and in
a good instrument when the telescope rests over a footscrew
and on that screw heing turnad the line of sight should move
up and down vertically : if it noves also to one side or
“rolls ™ it is in poor order but +tfll will give good results so
long as after the leveiment of the bubbles the tootscrews
remain untouched throughout the observations taken for
horizontal angles. This is impertant to remember.

66. Useful hints on the use of the Theodolite.~-A few hints
on the use of these delicate instruments are here added.

Ist. They must not be handled roughly. la taking them ia and out
of the hox, it should be done with the greatest caie, not knocking them
against the sides of the box or forcing them into their positions within it ;
the boxes are so constructed, that the iostrument fits exactly into its
own place, and unless it settles down of itself, forcing it will throw the
instrument out of adjustment. If not already done, the side< of the box
should be marked to show the proper posttions of the ends of the telescope,
and the lower plate clamping sciew, and perbaps the position of the
verniers as they turn ndependent of either plate. This allows of the
instrument bemng arranged outside the box and putin at once. After
placing the instrument m the box all clamps should be tightened, and
springs, such as those attached to micrometer screws released,
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2nd. In using the instrument it should always be handled by its
substantial parts, not twisted round by the eyepiece, as careless surveyors
constantly do; and before attempting to turn any part, care should be
taken to see that the clamp is loose and it is free to turn. A little atten-
tion to do the proper thing at first makes it a habit and just as easy as the
wrong one.

3rd. Always throw the magunetic needle off its centre by the stop
fixed on one side of the box when the instrument is not in use, as the con-
stant playing of the needle wears the pivot upon which it is balanced, and
on the fineness of this point depends the accuracy of the bearing. This is
equally applicable to the Prismatic Compass.

4th. It may not be superfluous to remind surveyors that although
instruments are adapted for use in the field, the less their various axes,
screws, etc., are worked the longer they are likely to last in an efficient
state. The setting-up and adjustment should, therefore, be effected with
the least possible amount of motion and if the instrument is to be carried
without being replaced in its box the clamps must be tightened to prevent
their axes swinging and taking up unequal wear.

Micrometer screws should require but a touch after the clamps have
been tightened, and the levelling of the instrument should be done as
nearly as may be by moving the legs before using the footscrews.

5th. If any part of an instrument be found to work stiffly, the cause
should be ascertained before proceeding further, and removed. A single
grain of sand getting in between a pivot or axis and its socket will often
jam them firmly together, besides making a spiral score round them, not
easily effaced. Want of oil invariably causes wearing in those parts subject
to constant friction. Good neatsfoot and salad oil are best lubricators,
and in their absence ‘til,” well clarified by simmering over a slow fire, and
straining through fine flanunel (the process to be repeated until the oil is
colourless, or nearly so). Clock oil is obtainable in most bazars and is the
best. It should be applied in the smallest possible quantity, and only to
the parts exposed to friction. None on any account to be applied to the
footscrews, or micrometer screws. Any oozing out at joints or shoulders
should be carefully wiped off. Every part of an instrument exposed to
the air shonld be kept perfectly dry; and before commencing work,
should be carefully freed from dust by a camel hair brush not with a cloth.
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6th, Always keep the instrument as clean as possible, see that there
is a good outer padded cover, and fill the inside of the box and-the top
with loose cotton wool wrapped in paper so that the instrument will
again be protected. Have stout straps fixed on to the boxes to carry them
by and always have them carried by men, not in carts. Wipe all dust off
carefully both on commencing and leaving off work. The instrument will
repay your care, and it keeps you in good temper to have it working
easily. On the care a surveyor takes of his theodolite, depends much of
the accuracy of his work ; if he neglect and be eareless about the former,
he will one day have to lament over the accumulated errors of the latter.

Instruments not in use and not expected to be in use for some consider-
able time should have the lid opening and any cracks in the woodwork of
the box pasted over with slips of paper to prevent dust lodging on the

instrument. Where dust storms are prevalent this is a very nacessary pre-
caution to take.

7th. Object-glasses often become clouded : and if the cloudiness is
not removed by cleaning both faces of the lens the glasses of which it is
composed should be separated, and the inner surfaces carefully cleaned ; if
this be not done, the cloudiness will probably become permanent, and can
only be removed by repolishing by the instrument maker. Soft wash
leather, or ether and a brush carefully freed from grit or dust, will be
found the best material for cleaning either the glasses or finer portions
of the metal work. If the leather or a silk handkerchief be moistened with
spirits of wine or liquor ammonia, the rubbing will be more effectual in
removing cloudiness from glasses. Lenses when taken to pieces must be
carefully replaced as found and the whole glass must be screwed back into
the telescope as left by the maker. Some makers cut marks, one on the
ring holding the glasses and one on the telescope rim, showing when the
position is correct that is when the lens is *“ square.”

8th. The cross wires, wken not of platinum or floss silk, are best
made of cobweb; the finest and cleanest are those found on bushes and
long grass ; they can be attached to the diaphragm with Canada balsam,
common lac dissolved in spirits, or any gum moistened with diluted spirits,
or, in default of any of the above, with a little beeswax. The gum should
be put lightly on the diaphragm, and the thread taken between the points
of a pair of compasses gummed also to make it stick, and opened wider
than the diaphragm. The thread can then be carefully laid on. Thin
glasses with lines scored on them are now made. These are practically



76 CHAPTER "~

indestractible, but if made of inferior glags are liable to become obscured
by a branching sea-weed like fungus, for which the only remedy is to get
a new diaphragm-glass.

9th. The variation of the compass needle from the meridian in every
instrument should be ascertained, either by actual observation according
to any of the usual metheds, or by comparison with some other instrument
of which the variation is known; and recorded with the name of the place
where it was observed on a paper pasted on the inside of the instrument
box or case. Date also to be noted.

10ch. To take an instrument to pieces for cleaning purposes it is

necessary to unscrew all clamps and tangent screws, next to unscrew the
lower axis spindle screw. The plates will generally be found to come
apart in three pieces. For ordinary cleaning there is usually no necessity
to go further, but if the vertical arc axis requires looking to, the small
screws keeping the plates together will have to be taken out and they
must be returned to their correct positions, Some makers dot screws and
holes so this may be done. Any old oil and dirt should be cleaned off
with kerosine and then the clock oil used and wiped off. Too much oil is
as bad as none at all and the slightest smear is sufficient. The graduated
arc and verniers can be washed and cleaned with soap and wash leather
and the engraving filled in by camphor black and oil rubbed in by the
finger passed lightly over the silvered portion and allowed to dry and 24
bours afterwards gently wiped off. The edges of the verniers are sharp
nd soft and are easily burred if carelessly handled. Dust is always a
greater enemy than damp. KExcept when cleaning the graduated limbs
and verniers, when they need it, perhaps after a few years work, they
shonld never be touched by the hand.

67. Choice of an instrument —Since there is something to be
said as to the choice of a theodolite it would be advisable to add that a
standardised instrument is cheapest in every way and the author of this
work has, under the orders of Government, designed such an instrument
embodying every possible improvement in design at 8 minimum cost.

68 India Office Pattern Theodolite.—The following are
some o the features of the latest-designed standard India Pattern Thee-
dolite  (See Figure 26.)

alescope.—Tubes of Duralumin, enlarged end with ray shade, internal
focussing, transitting both eje and object end. Focussing screw in the
trunnion axis of the telescope, Object glass 15 inches clear aperture
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with a focal length of 9'5 inches, eycpieces screw focussing with dark
glasses, Diaphragm mounted on parallel glass engraved with stadia lines
t8o. Can be removed for cleaning but otherwise sits in its mount and is
fixed in the optical axis of the telescops,

Footscrews to be fitted into the tribach at 24 inches distance apart
and each footscrew to have the split screw and taper conme method of
taking up periodical wear.

Horizontal limbs to have a reading eage inclined at 22{° to the axis
and with a diameter of 4§ to 5 inches and- to be fitted with tangent and
slow motion screw with different milling of heads. Both slow motion
screws to be carried on the same bracket 13 preferred.

+ Vernier plate.—The verniers to have a bevelled edge with glass plates
fitted to the openings which can readily be cleaned. Clamp and tangent
screw as above. Scales’to be of silver the “ left " face vernier to be marked
A, the ottrer B. The verniers to have readers of the hinged Ramsden type and
screw focussing. Edge of vernier to be in the centre of the field of reader.

Dividing.—The horizontal limbs to bedivided to 20 minutes and
_ figured every 10 degrees. Verniers td be divided to read to 20 seconds
and to have two extra divisions at either end of vernier scale.

Standards.—The uprights to be A frame pattern and preferably cast in
one piece with the upper plate. Change of pivot possible though adjuste
ment of trunnion axis be a maker’s adjustment.

Vertical Limb to have a silver scale, the circle to be rigidly attached
to the telescope. Vernier arms to be in one casting with scrow focussing
readers. Clamping arm to be on the transit axis remote from the circle
and to have a die clamp and slow motion screw. Dividing as above and
from 0° to 90° each way. Object glass end vernier to be marked C, the

other D. .
Compass.—Trough pattern to fit on the right standard left face.

- Bubbles.—One to be mounted on vernier plate value 40” and the
principal bubble on the bubble stage of the vertical circle value 20" both to
be adjustable. Tubes to be of regular curvature and filled with a mixtare
having a low surface tension suitable for India. All the bubbles and
mounts to be interchangeable.

Stand. — Preferably of oval section ash legs fitting into a tripod head
w)hich can be controlled by a screw acting against a metal sleeve or other
device sc that the tension of the ball and socket jointing can be regulated

to avoid shake, ete. Shoes of stand to be stirrtped,
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Centering head to be in the instrument and not on the stand as it can
then be protected and is less liable to-damage.

Accessories and spare parts to complete the whole such as dark glasses
plump bob (to screw in.cgse), extra diaphragm, bubble, etc. Instrument
to pack in one box and to have a canvas case with webbing straps.

The above is only a short description but it will suffica to show how
the standardised instrument has been thought out and the user will obtain
the very latest devices necessary to ensure good results with the minimum
amount of fatigue.

69. The Solar Attachment (/. 28) is in favour in America
for all public land surveys as a means by which the telescope is set
on the meridian, that is true meridian, in preference to a magnetic
meridian. To thoroughly understand its principles the reader is requested
to study the chapter on Astronomy Part II and when he has done so he
will understand that when the solar attachment is placed on the telescope
and if he were in latitude 45°N, and the telescope depressed so that the
object and vernier reads 45° (colatitude) with the object glass towards
the north that the eye end of the telescope will intersect the celestial
equator and that the axis of the attachment will be parallel to the axis
of the earth at the place (see plate). If the vernier of the attackment
is clamped at 0° then the line of sight passing through the solar lenses
would be parallel to the line of sight of the telescope and if the
attachment is in adjustment when the sun is at one of his equinoctial
points then on the instrument being rotated the sun will be focussed
in the small square of the mirror. Now the sun’s deelimation varies
every few minutes so that an arc to include his full declination N. or S
of 23° 27%' is required and hence the arc and vernier of the attachment.
The sun’s declination and variation per per hour for Greenwich, day by
day, if given in the nautical almanac from which the declination for any
hour at a place B or W of Greenwich is found. As the apparent sun
(true sun) is being observed to, its elevation or altitude on account of
refraction will be greater than its true altitude and thus it is necessary
a few minutes before making the observation for meridian to roughly
obtain his altitude and from the table of refractions and his calculated
declination to correct to apparent altitude. At the foot of the attachmerit
is the hour circle divided to 5 minutes of time and by rotatin'g‘!t‘gg
attachment on its own axis the hour circle can be set to any time'at
which the observation is to be made. For example, let the standard
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time at the place be known, Correct this to logal mean time and this
again to Greenwich time of observation. In the nautical almanac look
up the sun’s apparent declination at Greenwich mean noon for the date
of observation and correct the-declination considering the sun’s variation
as given between the time of Greenwich mean noon and the Greenwich
timé of observation. (The variation per hour is given in a separate
column in the N, A.) Having obtained the declination correct for
refraction set the hour circle to the selected local time and by rotating
the whole instrument the sun’s image is focussed between the engraved
lines on the mirror when the line of sight through the telescope cannot
occupy any other position but on the meridian. If the sun has a 8
declination then the attachment will be reversed or occupy an end to
end position opposite to that given in plate. The upper plate of the
theodolite should be clamped to zero and the lower plate unclamped and
the instrument rotated till the sun is focussed when the lower plate is
clamped and if the upper plate is now unclamped and a reading taken
to an object, the reading will thus represent the bearing or inclinition
of the object from true north. Observations to be reliable should not
be taken within an hour of noon.

There is an improved pattern which is more accurate since it is fitted
with a telescope and on transfrontier or reconnaissance work with the
meridian fairly accurately found by this attachment an observation from
two known stations would be sufficient to fix the point. Tables for
refractions and declinations for use with the solar attachment are extant
and simplify work considerably.

70. Levels, their designs and adjustments.—Designs in
levels* are now practically confined to three types. The Wye or Y, Dumpy
and the prism or reflecting pattern level.

71. The Wye or Y level (Fig.29) is so called because the telescope
rests in Y supports and its permanent adjustments are as follows :—

See that the instrument is securely screwed home in its stand and
that the triped is quite firm and rigid ; bring the footscrews F F to the
centre of their run and roughly level by means of the legs and press the
legs well in to the ground.

Place the telescope over one footscrew and bring the bubble into the

centre of its run by this footscrew and clamp the instrument by the
clamp C (see Fig. 30).

e Rough levelling instruments, such as clinometets, Abney level, De Lisle clinometer,
Ceylon Ghat sracer, etc., are not included in this category.
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(1) Twist the telescope, after first loosening the clips, to one side
and then the other on its vertical axis. If the bubble moves then it shows
that the axis of the bubble and the axis of the telescope are not in the
same plane. Adjust for lateral motion by the screws fitted for the purpose
on the side of the bubble opposite to bubble nuts B.:

(2) Reverse the telescope in its Ys. and if the bubble does not come
exaotly in the centre of its run adjust half the error by the nuts B. and
half with the footscrew F. .

Repeat the operation till the bubblé remains m the centre, whichever
way the telescopa lays in its Ys..

(3) Revolve the instrument on its axis about 180° and if the bubble is
not in the centre of its run adjust half the error.by means of the Y, nuts
Y. and half with the footscrew : then turn the instrument through 90° so
that the telescope lies over the other two footscrews (ifa 3 footscrew
pattern) and correct any “divergence by these two footscrews and repeat
this operation till the bubble remains correct in whatever position the
instrument is turned on its axis : the clamp screw C. will have been
loosenéd.

(4) Now put in the clips and look through the telescope and see
whether the wires of the diapbragm are truly vertical and horizontal
that is whether the frame which carries the diaphragm glass or the frame
on which wires are fixed has not been twisted. Select any object and
gently rotate the ihstrument on its axis by the slow motion screw T and
if the horizontal wire teaves the object then adjust it horizontally by a
slight twist ia the sleeve through which the diaphragm nuts D. work.

(5) Turn the instrument and clamp it on some well-defined spot, dis-
perse parallax, unclip the Ys. and note the exact spot intersected by the
two wires. Revolve the telescope in the Ys. on its own axis half way
round and if the object has moved laterally or in a horizontal direction
correct half the error by the diaphragm screws D. D. giving lateral
motion and half by the slow motion <crew T. Revolve the telescope a
quarter turn and correct the vertical wire in a similar manner.

Repeat this operation till the point of the intersection of the wires
remains stationary when the telescope is revolved. Adjustment 5 can be
madse first, in fact some levellers-prefer to make this their first adjustment.

The following will make,the above clear. See Figs. 31 and 32.

Adjustment 1 has been explained.
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Adjustment 2 is t> make the axis of the bubble parallel to the line of

sight and axis of collars.
Adjustment 8 for the Y supports, so that the axis of the bubble is

parallel to the lovel bar which. is at right angles to the vertical axis of

the instrument,
Fig. 31

Diagram showing lines paralls/
and 1n adjustment
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Axis of collars
T and !ins of sight
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Fig. 32.

Diagram showing l:nes out of
ayjustment
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Adjuet‘nt 4 for the diaphragm ring so that the wires are vertical
tal.

and horizon .
Adjnstment 5 to make the line of sight pass through the cross wires

and the optical centre of the object glass.
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Again adjusting from the line of sight down to the vertical axis.

Adjustment 4 having been made for verticality of diaphragm adjust-
ment 5 is made so that the line of collimation is coincident with the axis
of revolution of the telescope in its Ys. In other words the line passing
through the optical centre of the object glass and the intersection of the
cross wires is made parallel to the axis of the collars.

Adjustment 2 is to bring the axis of the bubble parallel to the bottom
of the Ys. and in a perfectly made instrument, this means para]lel also to
the axis of the collars and the line of collimation.

Adjustment 3 as before so that finally the line of sight is made at
right angles to the vertical axis of the instrument.
This is known as the direct method of adjusting. (See para. 76).

72. The Dumpy level is g0 called on account of its compact form
(Fig. 38).

The permanent adjustments are as follows :—

(1) To make the axis of the bubble at right angles to the vertical axis
of the instrument. Tt is necessary that this adjustment is made before the
adjustment for the virtual line of sight.

Place the bubble tube [ over two footscrews SS and by means of these
footacrews bring the bubble to the centre of its run. Next place the bubble
tube at right angles to the first position or over the third footscrew (if it
is a three screw instrument) or over the other two screws (if it is a four
screw instrument) and bring the bubble to the centre of its run. Return
to the first position and repeat these two operations till the bubble remain
steady in the centre remembering that the telescope has not been turned
end for end in the operations. This constitutes a temporary adjustment
(see para. 55). The vertical axis of motion will now be nearly vertical and
the bubble axis nearly horizontal.

(2) Now place the bubble tube over any footscrew and bring the bubble
to the centre by that footscrew and then gently reverse the position of the
telescope end for end ; any deviation of the bubble will be twice the real
error of perpendicularity. Correct half the deviation by the nuts at the
end of the bubbhle tube by loosening one and tightening the other and half
by the footscrew and ropeat till perfect. The axis of the bubble has now
been made truly horizontal. Place the bubble next over the other two
footscrews and correct any divergence by these footscrews only. The axis
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of the bubble is now at right angles to the axis of the instrument [compare
para. 47).

(3) To make the line of sight parallel to the axis of the bubble and
hence at right angles to the axis of the instrument. (Known as the peg
adjustment or running a level line in the air).

Set up the instrument exactly midway between two pegs on u fairly
level piece of ground so that one footscrew will be directly in the line of
the telescope when the telescope is pointing in a direction of the pegs.
Bring the bubble to the centre of its run and observe a staff on one peg
and record the reading. Next move the staff to the other peg and record
the reading and tap down the higher of the two pegs till the staff readings
on the two pegs read alike. Phe two pegs will be on the same level since
any instrumental error is cancelled provided the bubble is in the centre
of its run when the observations are made and the instrument is midway
between staves,

(4) Now take the instrument to a position in the same line as the two
pegs either again between tho two pegs or beyond one peg so that the dis-
tances between the pegs and instrument are unequal, the position beyond
one of the pegs is the better one. Bring the bubble to the centre of its run
and if the readings on the staff held on one peg and then on the other are
not alike then the collimation or line of sight is not correct. To adjust the
line either adjust the diaphragm by raising or lowering it so that the read-
ings are alike in proportion to the distances, remembering that if the
reading on the further staff exceeds that on the nearer it should be moved
up and vice versa ; or lower or raise the telescope by the pair of collimating
screws LL* directly under it, till the horizoutal wire gives the same read-
ings on the staves when it will be found that the bubble will have left the
centre of its run when it must be brought to the centre by the adjustment
nuts for the bubble tube (see Fig. 33).

The adjustment by the collimating screws which are just under the
telescope permits of the diaphragm being left just as the maker placed it
and which should be, in preference, in the optical axis of the telescope.

When the telescope is raised or lowered by these screws LL the bubble
naturally will no longer be in the centrs, but as the footscrews are mnot
touched when the bubble is brought back to the centre, it will then remain

* These collimating screws serve the same purpose as the antagoenistic or stud screw in &

theodolite.
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in the centre in all directions. If an instrument is not fitted with colli-
mating screws then the diaphragm must be raised or lowered.

73. There is no necessity to obtain the same height for the two pegs,
for instance let the instrument be placed midway between two pegs S & 8,
such that the distance D between them be 200 feet and the reading on S
= 2'81 and the reading on 8; be 4'66. The difference in height 185 is
the true difference as the errors if any of the instrument are equal and
opposite and therefore cancel.

Now place the instrument 50 feet beyond S so that it will be
250 feet from §,; and 10 the line of § & 8,. Let the readings on

e S~ ggz S; be 4:80 and
38  respactively.
> d

s O ~ Since the new differ-
Add ence is 2:03 it shows
55 g s that the line of sight
L /N %8 N isnot truly level. By
= - b“-;(" It similar {riangles the
(o difference on §; will

———— e —— 38— - —— - —— -
jj 8 be—%’« (d,—d) where

d = the difference of

the Brst readings, viz,, 1°85 and d; = the difference of tfk second readings

viz,, 2:03 .. difference on S, = 138 (203 — 1'85) = 225 and therefore

the line of sight to be level will read 6-83 — 225 = 6:605 on S; and as a
check 4°80 — (- 228

74. Another method—Auother method and probally the better
mothod is to set up the instrument say close up to peg S so that the statf
held on S will nearly touch the eye ond of the teléscope when the object
end points to S;. Level up the instrument and read the’ staff on 8 by
looking through the objcct end of the telescope the true height of the axis
of the telescope or line of sight on S will be the central graduation as
seen. Send the staff to 3, and read it notmrr that the babble has remained
in the centre of its run.

If the iustrument is in adjustment the difference of the staff readings
will be the difference of heights of the two pegs ; if the instrument s out
of adjustment then the difference of the staff readings plus or minus the
error in adjustment will give the true difference in elevation of the two

) = 4'755 as the reading on S.
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pegs. The instrument is next set up close to the peg S; and under the
same conditions as at S the staff is again read. The true line can be
calculated on S from S; as follows:—~
Example—Instr. at 8 ; staff reading of S = 4:36.
Ditto do. S, = 547,
Difference of elevution 1n S& S, = 1:05.
Instr. at S, staff reading on S, = 4-89.
Ditto do. S¢= 3'56.
Difterence of elevation in S & S; = 1:33.

: 338 , : . .
Then 1—%{ 1% = —; — =119 true difference in elevation and as it is

obvious that the peg at S is higher than the peg at 8, 2nd as the instrument
is fixed at station S with the line of sight at 8, of the centire of the ohject
glass reading 4 89, then the truo line of sight at S, on S will be the
reading 4'§9---1'19 = 8:70 instead of 3 56.

Witk the diaphragm screws D) (¥ig. 83) movo the horizontal wire
to read 3-70 on S and the instrument will he correctly adjusted, or raise
or lower one end of the telescope by the pair of screws LL just under the
telescope to the computed new reading. This will throw the bubble out ;
now adjust the bubble by bringing it back into the centre by its own
capstan head screws, the footscrews remaining untouched.

75. A simple method.—~Tho two methods just given suggest a
corbination of both which may be preferred by some surveyors. Oun set-
ting up the level midway between two pegs and having rid the bubble of
any error by the first adjustment (vide para. 73) the stuff is read say on
peg & with a valuc of 568 and it is also read on peg B with a value of 668
that is, the differvnce 13 1°00 or B is one foot lower than A. The instru-
ment is now taken to A and set up near the peg so that tho stafi held on
the peg will just miss the eyepiece of tho telescope which again ebould
rest over one footscrew. The instrament is levelled and bubble corrected
(adjustment 2) etc., and the staff is read at A by looking through the object
glass of the telescope. Let us suppose the reading is 4-86 that is that the
height of the line of sight is 4'86" above A and since B is 1:00’ lower than
A then the line of sight to be correct or horizontal must strike the staff
held on the peg at B at 5:86°; if not correct accordingly by diaphragm
scrows or collimating screws. It appears to the author that of all the
. methods of adjusting the level by the peg wethod this is perhaps the
quickest and best understood aund it is least lisble to error as the foous




86 CHAPTER III.

does not require altering. The adjustment in fact could be tested every
morning at the first set up by obtaining the difference of height of the
first two pegs and then an extra two minutes’ work by setting close up to
the =econd peg. The adjustments by the peg method might he considered
indirect methods.

78. Comparison between the Wye and Dumpy Levels.—
The Wye level is from an optician’s point of view more perfect than the

Dumpy form as the line of sight must pass through the centre of the lenses
or the axis of the telescope and the line of sight are one and the same thing
but this assumes that both the Wye supports have been ground not only
circular but of exactly the same diameter and that the telescope.again
bears evenly in the supports, This might be true when the instrument is
new but may not be so after Jong use.

The Wye level can be adjusted by both the direct method (adjustment
vide para, 71) and the peg adjustment method and Wye levels have been
known to be adjusted by the direct method and yet fail under the peg or
level line in the air method (indirect method) in which case under these
conditions, the latter adjustment should be resorted to, and accepted and
the instrument, worked urder these conditions, will give excellent results.
The Wye level is made up of a good many loose parts and is therefore a
more delicate instrument to handle than the modern Dumpy, which is
compact and is therefore less liable to get out of adjustment and though it
cannot be tested for adjustment by the direct method it is easily adjusted
when such adjustinent is required by the method recommended in para. 79.

77. Cushing’'s Reversible Lievel.—The peculiarity of this in-
strument is that the object-glass-piece and eyepieco are interchangeable,
cach being secured to the end of the telescope tube by a slot and pin arrange-
ment only. The express object of this arrangement as stated in paper
No. 1659, Vol. LIX., of the proceedings of the Institute of Civil Engineers,
is to enable Gravatt’'s Method of Adjustment to be applied with facility ;
in other words, to enable the line of collimation to be brought to coincide
with the virtual line of sight, which, as has been pointed out in the
Appendix, is unnecessary.

The three adjustments are thus described in the paper above referred
to:=

1st. fhe Vertical Collimatiwn,--Set up the mnstrument on 1ts stand, either in or out
of doors, with one footsciew under the telescope and without reference to the level of the
{nstrument. Take out the swall fixing screw at the top ot the uvbject glass cell, and, having
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focussed the cross lines, direct the telescope on any convenient object; and bisect it with the
horizontal line, ascertaining at the same time that there is no parallax in the telescope,
Now carefully torn the eye-end in its socket from right to left, until the holes in the flange
of the eye-end are opposite the heads of the scrows in the socket, and remove it; then replace
it again, but in an inverted position, taking care to turn the eye-end from left to right until
it comes to a stop, when the lines will be in their proper pogition. If the point he still
hisected, the collimation is perfect ; but if not, correct half the distance of its deviation from
the horizontal lines by the footscrew under the telescope, and the other half by the two
acrews that give vertical motion to the diaphragm carrying the disc with the cross lines,
Repeat till perfect

2rd. To make the line of oollimation perpendioular to the wvertical azis —The object
being now hisected, and all parallax eliminated, remove the eye-end and the object glass
cell from their respective sockets, and place them in the opposite ends of the telescope. If
the object is atill bicected. on tnrning the teleacope half round the line of collimatiou is
perpendicular to the vertical axis; but if not, correct half the error by the two large clamping-
nuts at one end of the horizontal limb, and the other half by the footscrew under the
telescope. As soon as it is found that the eye and object-ends can be reversed without
any apparent change of position in the ohiect intersected, the small fixing screw should be
returned and the object cell made secure. It is important, in changing the object glass from
end to end, to keep that part of the cell which has the small screw holes in it always
uppermost. ’

Srd. To sat the bubble tube parallel to the line of collimation.—~Level the instrument
atand approximately bv the legs. and turn the telescope so that it is parallel to two foot
serews, hringing the hubble by their motion to the centre of its run, If it remain so, on
turning the telescope half round, the level i3 correct; but if not, bring the bubble half
way back by the fontewrews over which it stands and the other half by the two opposing
nuts at the eye-end of the bubble-tube. Having perfected this, the levelling must be
completed by turning the telescope a quarter round, ko that one end of the level is over
the third footscrew, by which the bubble mnet be brought to the centie of 1ts run. The
bubble should now remain in the centre dwing a complete revolution, and the small croas

level can then be adjusted.”
Tt is claimed for this arrangement that * the facility of adjustment of

the Y level is preserved,” together with the ¢ greater stability of adjust-
ment of the Dumpy.”

78. Lines common to alllevels.—To summarise, levels may
be said to contain three important lines (a) the axis of the instrument, (b)
the axis of the bubble, (¢) the line of collimation. Adjustment 1 (para.
72) which is a temporary adjustment and which has to be made at every
set up of the instrument sets the axis of the instrument vertical if ad-
justment 2 is subsequently made. When adjustment 2 has been made
then the axis of the bubble is carrect and is at right angles to the axis of
the instrument which is thus truly vertical and the footscrews cannot
be used for any further adjustment of the collimation line and this is
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important to remember. We are thus left with the line of collimation,
which to be horizontal must be made at right angles to the axis of the
instrument and this is done :—(i) by raising or lowering the diaphragm
only (compare adjustment of theodolite for vertical collimation by dia-
phragm para. 86) or (i) by raising or lowering the telescope to which the
bubble is attached by means of the collimating screws and then correcting
bubble by bubble screws only.

79. A description and method of adjusument of the foregoing instrn-
ments have been retained in this edition as it will be some years before
they disappesr entirely off the market and also it will be some years when
they are so worn as to be deemed useless and be discarded. Any one
conversant with the latest India pattern level will acknowledge that all
previous types should be avoided as purchases and be as soon as possible
relegated to a museum as they stand no comparison in ease of working,
manipulation or saving in labour costs, Such a level is now described.

80. India Pattern Level.—(Fig. 35) (1). The main idea gov-
erning the design is that the level reading, distance and magnetic bearing
are read by the observer at his position at the eyepiece of the telescope
and by means of the internal focussing lens and manufactnrer’s fitment of
the diaphragm in the optical axis of the telescope and also that the collimating
line is actuated hy a T piece, one means of adjustment, that of the bubble,
is only required. Thus when the instrument is adjusted, all that is neces-
sary is to bring the bubble (reflected in the prism) to the.centre at the
iustant ot reading. Errors of focus racking are nullified and stadia
distancee require no constant or one so small that it can be neglected.

(2.0 Other minor features ace those of complete standardisation of all
parts, improved wmethod of taking up wear equally on footscrews, taking
op wear in the ball and socket joints of the stand, economy in weight®
with due consideration for wind pressure, superior lenses giving clear
readings up to 750 feet, looking arrangements on all temporary or perma-
nent means of adjustment, slotted means of clearing compass of magnetic
variation (2}, telescope made of duralumin, clamp and slow motion screw
to main axis and a pill hox level /#) for first approximute setting up.
(See figure 35).

(8). The micrometer screw (w) which actuates the T piece is gradu-
ated so that one turn gives u gradient of v4y4, 4 turns 4o or 14 and so

* Woeight of etand 11 Ihe . weight of imnstrument in case complete 13 Iba. Total 24 Ibs.
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on and finally by using a 10-foot subtense bar or the whole length of the
level staff, distances correct to within *5¢j, can be measured on the micro-
meter scale,

(4). The instrument is made in two sizes 9-5" and 11-0” focal length
and is approximately about hulf the size and weight of the older patterns
of the same accuracy. It is packed ina box in one piece and clamped
down by spring cleats. Spare parts are contained in the box including a
duplicate diaphragm. The whole is carried ¢ rucksack fashion in a stout
canvas case with webhing equipment.

(5). The instrument screws on to the stand.

(6). The minimum squad required would be one of two men, viz.,
leveller and staff holder, and the maximum, using one staff ,only for back
and fore, would be three men, that is, one, to carry the instrument from
one station to the next and hold an umbrella for the observer when working.
As no chain is required it will be seen that the instrument will pay for
itself in a short time by its saving on labour hills estimated at Rs. 25 per
mensem.

(7.) Finally errors and mistakes in the actus] process of levelling
will be those of the observer as the instrument is practically self-contained
in every way. Nothing short of a blow sufficient to put the whole instru-
ment out of commission will upset its adjustments.

(8). Tosetupandlevel Having screwed the instrument on the stand
bring the pill box level b approximately to the centre. press home legs by
the foot on the stirrups of the stand. Next bring the pill box level to the
centre by means of the three footscrews.  The instrument need not be rotated
in doing this. Now bring the micrometer screw (m) below the telescope
to O and while doing this it will be seen that the large bubble will be
taking up a central position. When working, the micrometer is usually
at or near its medial position. Turn the telescope on to the staff, focus,
etc., and by means of the micrometer screw bring the bubble into the
prism into its central position by watching it from the eyepiece. Read
staff, say 4'36, and enter in field book, depress one stadia wire to a whole
number, say 300, read the other stadia wire say 5-86, the distance is,
therefore, 100 5:86—3 00) or 286 feet, enter this in the book. Next set
the central wire to 4:36 when the bubble should return to the centre of its
ran (check). Finally read and enter magnetic direction as seen in the
reader (¢c). The ohserver thercfore does not move around his instrument
and the reading is $imultaneous with the position of the bubble. The foot-
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screws are not touched in this levelling operation and are only a means
to an end, that i> quick setting. The line of collimation will be correct
whenever the bubble is in the centre of its run, in any position of the
telescope if the instrument is in adjustment. '

(9.) (a). To adjust the instrument. Placo the instrument midway
between twou pegs about 300 feet apart so that one footscrew points up
and lown the line and two footscrews are at right angles. Level up with
the legs and pill box level () and bring micrometer screw (m) approx :
to O. The telescope pointing up and down the line will be over one
footscrew and with this footscrew bring the long bubble to the centre of
its run and turn telescope end for end or through 180°. If the bubble is
not in the centre, correct half by the one footscrew and half by the micro-
meter screw (m) and repeat in these two positions till perfect though in
the first repeat it would be wise to place the telescope once only at right
amgles and correct any error of perpendicularity by the other two footsgrews.

, -
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(b). Having obtained a central position for the main bubble in™the
end to end directions read a staft on one peg and then on the other either
(¢) tapping one peg to the level of the other or (i) noting the difference of
readings, the bubble remaining on each occasion in the centre as previously
adjusted temporanly. .

(¢). Remove the instrument to a position neur one of the pegs so
that a staff held on the p:g wiil just miss the syepiece of the telescope and
do not touch the micrometer drum in doing so and in setting up have one
footscrew as before poin‘ing up and down theline. Roughly level up with
pill box bubble (5) and next with the one footscrew bring bubble to centre,
turn again telescope at right angles and being bubble to the centre by the
other two footscrews and finally return to the position over one footscrew
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and correct bubble by this tootscrew only. Since the micrometer drum
() has not been touched the bubble should be in the centre in an end
for end position, if not, any small error should be corrected half by the
footscrew and half by the micrometer serew as in () supra.

(d). Place the stuff on the peg near instrument and read the “ Height
of Eye™® by looking through the O. G. end of the telescope. {See Fig. 36.)
Remove the staff to the further peg and (¢), if the two pegs had been
tapped to the same height the insttument should read the same value as
the Height of Eye, if in adjustment, or (ii) give the correct difference as
noted in the operation ) supra  If it does not, with the micrometer
screw (m) make it read the same 1n one case k(i) or the correct difference
in the other 4 1) and it will be found that the bubble has left its central
position.  Slacken the holding nut (8) for bubble adjustment and correct
bubble by its two bubble nuts slackening one and tightening the other
and observe its position when so corrected in the prism. Secure the
adjustment by tightening screw (8).

Since the collimation line has been made horizontal and the tangent
to the bubble paiallel to this line it-follows, that when the bubble is brought
to its centre by the micrometer screw (m) the collimation line will be borizon-
tal or in other words correct 1n any position of the telescope.

(¢). Next loosen holding screw in knurled portion of the micrometer
{m) and revolve the eugraved portion in its sleeve to read O and tighten
screw. For the purposes of simple levelling there is no point in baving
this zero to zero contact on micrometer absolutely correct as it must vary +
and — a little according to the position and exactuess of the setting of the
pill box level ().

(f). Complete the whole adjustment by correcting the pill box level
by its own small adjusting screws or by dotting 1ts position with a spot of
Indian ink.

(9). Lt follows now that if the micrometer drum is approximatey O
and the pill box level is made central by means of legs of stand first and
footscrews next that a small turnof the micrometer screw (m), whilst
actually in the position for observing, is suflicient to bring the bubble into
its central position as seen 1n the prism and this is all the leveller will be
called upon to do.

* FooTNOTE.—This ** Height of Eye " method 18 in the opimon of the autbor the quickest
and turest method ot adjusting any level for hine ot colhmation.
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(10). (a). To use the gradienter on micrometer screw for laying out
gradients proceed as follows. Having levelled up instrument, etc., as for
levelling place the micrometer index to O, and if the bubble has left its
central position bring it back by a suitable foot:crew.”‘ Take the height of
eye st instrument by means of a level staff or have a special target index
rod wade so that the index will slide up and down and be adjustable to the
height of eye or collimation line. Set out the gradient on the micrometer
drum ooe full turn equalling g, 5 full turns & ete., and placo the
rod on pegs tapping the pegs up or down to meet the gradient line passing
through the index or known height of eye on target rod or ordinary staff.
The use of boning rods will be unnecessary.

(). To use the gradienter as a subtense measure:r, that is, for dis-
tances beyond the magmification and range of stadia readings, take a
subtense bar of 10" between targets or use targets on a 10’ level staff.
Read the whole length of the staff as the central wire traverses from one
end to the other or an intercept of 10 feet and on the micrometer drum

. . 10,000
read the revolutions and part revolutions, then D (distance) = ;—L-vh'-. Fixample

let the readings on the drum be 0-00 tc start with and 6°28 to end with

then D or distance = oo = 1592 feet ; if the first reading was + 528

628
and the last — 648 then D or distance = 31%—(%0= 850 feet, etc. This

subtense method of direct reading across a river, ravine or from spur to
spur will be found very useful.

(11). The magnetic compass (C) 13 a separate fitment and can be
kept in the box when not required. The reading index is adjustable up to
6° either way by () so that the bearings can be made to conform to true
north instead of magnetic, saving a deal of office labour.

(12). The bubble can be read by the Zeiss prism attachment, or by
Cooke’s speculum murror (¥ig. 37) which foreshortens the ends and which
is less expensive than the former. Probably for India the latter device 1s
more suitable. Both read directly from the eyepiece. Some users find
that the bubble can be read casily without requiring any prism device m
which case the prism devices can be dispensed with and the cost of
instrument consequently lessened.

80A. The above method of adjustment has been given as for some
customary reason it was usually considered necessary to make the adjuste
ment for perpendicularity of the axis of the bubble tube to the vertical
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axis so that the bubble when reversed or in any other position would show
no divergence from its central position. The necessity for this adjust-
ment a8 an adjustment is a fallacy, hence in adjusting the India Pattern
Level the following procedure, if followed, is all that is required.

(i). Set up the instrument midway with one footscrew on the line
joining two pegs fixed in the ground, set the micrometer to zero and leyel
up the instrument by the footscrews and by means of the one footscrew
on the line joining the pegs bring the bubble carefully to the centre of its
run. Take a reading to a staff held on one of the pegs, reverse direction
of telescope, bring bubble again to centre by the same footscrew and read
to a staff held on the other peg. Tap down the higher of the two pegs
till the reading on both pegs is the same when the bubble is in the centre
of its run. The tops of these pegs will now be on the same level even if
the instrument is out of adjustment.

(it). Remove instrument and set up close to one peg so that a staff
placed on the peg will pass about an inch from the eyepiece when the
instrument 1s directed to the other peg. One footscrew must be in the
line joining the pegs. Level up the in-trument by the footscrews and
take a reading to the <taff on the near peg through the object glass. Now
read to a staff on the further peg and if the reading is not the same as
that on the near peg, make it so by means of the one footscrew under the
telescope. If the bubble is not central make it so by means of the bubble
nuts. Now the line of collimation is horizoatal when the bubble is central
and will be so for any distance away of the staff.

81. Other types of levels.—Variations of the types dealt with
in this book are listed by all makers and the Farm Level (Fig. 38) and
Reconnaissance Level (Fig. 39) are two very useful instrumeits when
used for the purpose for which they are made. The American Binocular
Level and the Zeiss Precise Level are not described in this book as these
are large and delicate instruments used for Geodetic purposes only.

82. The Levelling Staff —Their number is legion, each with 1ts
own peculiarities of graduation but excepting this there are only two kinds,
one, the target rod of America and the other, the self-reading rod or staft,
as it is usually called. The Americans, for many years, claimed an
advantage for the target rod but have recently, owing to improvements

FooTNOTE.—The above level is _shndardmed with & 5" India Pattern Theodolite 1. O.
Specification No. 781 and that of the Tachecometric planetable equipment. Specifications for
the above are by the suthor.
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made in precision instruments, changed their views so that' many of their
foremost engineers prefer the self-reading staff. With the sélf-reading
staff errors are compensating, work is accelerated, the surveyor alone is
responsible for his mistakes or errors and its accuraey is acknowledged
by tbe fact that most of the world’s precise levelling is ;accomplished on the
self-reading type. T.evel rods or staves are from 10 to j 4 feet in length.
The 10 and 12 “foot ™ staves are usually in one piece about 1} inches in
thickness and 2] inches face, the face being countersunk for the graduation.
The 14 “ foot ” rod like thre Sopwith is collapsibie. This eollapsible style of
rod has many disadvantages. It is heavy, swells with. rain so that it is
sometimes difficult to close or extend, and the staff man may ruin a whole
day’s work by not fully extending it to the spring catches, and this may
remain unnoticed and certainly will, if the joint is not more or less in the
field of view ot the telescope. The ~prings also become weak and a slight
jar allows one of the slides to drop. The disadvantages seem therefore to
outweigh any advantagesin length and portability. The Indian or Roorkee
pattern staff is a simple straightforward staff and for this reason is
largcty used. The figures denoting full feet are in red and two rods can
be clamped (clamps are supplied) so that the total length becomes one of
18 feet. However the best staff for the individual is the one he is used to.
The G. T., Sopwith and the revised Roorkee pattern staves are illustrated
in plate X. In the Roorkee pattern the upper edges of the bars or
graduations are even numbers.  3:00 is the top of the red har opposite the
red figure 3. )

883. The Tangent Clinometer.—~See Chapter on Planetatling.
Perhaps one of the most useful instruments to the topographical surveyor
using the ordinary planetable and plain sight rule is the tangent pattern
clinometer. The instrument consists of (see Fig. 40) a sight-vane and a
peep-vane mounted perpendicularly on a bar at the end of which is a
milled head screw which works against the hed plate. The bar is pivotted
at the sight-vane end, and on the bar and parall8l to it, is placed a level
so that the bubble is moved by means of the milled head screw which
raises or depresses the bar and thus elevates or depresses the line of sight
through the pecp-hole and the 0 division on the sight-vane. The height
of the peep-hole is ahout 3} inches above the bar and the length of the
sight-vane is ahout 7 inches. The sight-vane is an inch in breadth and }
of its breadth centrally is cut away so that objects can be viewed either
ugainst the left or right edge of this aperture,
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The distance befween the peep-hole and the centre of the sight-vane is
8 inches and the sight-vane from the centre upwards and downwards is
graduated on the left side in degrees and on the right to natural tangents
to an arc of 8 inches,

The use of the instrument is very simple. It is placed on the table
and usually the right edge of the aperture, that for natural tangents,
is brought on the object ~o that when the oh-erver looks through the peep-
hole the object is seen to be cut at or near a certain division of the scale.
The bubble is now brought to the centre and a reading is taken ; let it be
‘024 ‘0% reading + ‘004 by approximation.* This represents the natural
tungent of the angle which multiplied by the horizontal distance taken off
the plan and when corrected for curvature and refiaction, will give the
difference of height hetween the instrument and the object. Over distances
up to 5 miles a properly-adjusted clinometer will give mean readings to
within 5 feet. The distances in feet between the instrument and object
ohserved is usually taken off a cardboard scale on which the curvature and
refraction correction is also ruled at intervals.

84. To adjust the instrument —With a theodolite or level at
hand to set out a level line it is only necessary to adjust the bubble to the
line of sight but as the instrument 1s generally used on topographical work
with fized stations and heights a simpler method suggests itself. The
instrument is set up on a planetable over a known station mark with the
height value given. To this known height is added the difference of height
between the mamk “in citu” and the height of the peep-hole when the
height of the peep-hole is obtained., From the plottings on the table one
or raore other points are selected with givan heights and as the borizontal
linear distance is known so also is the correction for curvature and re-
fraction.

Since difference of height between A and B = natural tangent of the
angle between A and B x horizontal distance between A and B + curva-
ture and refraction (in this case since the object at B is observed to and the
height of A deduced from B curvature and refraction is minus) thus
the natural tangent of the angle is known. With the milled heal screw
make ‘the instrument read this natural tangent and if the bubble is not
in the centre of its run then correct it by the bubble nuts,

* Foorxore —The College Pattern has the top of the elevating or depresang serew gra-

duated by which the eye spproximation becomes a rending that 1+ the quantity -004 1~ found on
the screw,
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Ezample — Height of station A = 1,440
) " ' B= 1,765
" " ) C = ]7420

and distance A to B = 10,000 feet and A to C = 6.000 feet. Height of eye
= 4 feet and therefore height of instrument at A = 1,444. By calculation
the natural tangent of B = + 032, and of C = — -004.and if the instrumeiit
does not read these values the bubble is incorrect. so elevate or depress the
peep-hole to obtain these values and correct the bubble accordingly.

In using a tangent clinometer it should be lifted by its base, never by
its vanes. The ‘vanes should be perpendicular.and as a test the distance
between the peep-hole and the sight-vane should be 8 inches directly across.
In choosing a tangent clinometer select one in which the bubble is fairly
long and sensitive though not too much so and which has the peep-hole
Just large enough to admit of no parallax. A large peep-hole admits of a
great deal of latitude in observation in that the object cannot properly be
located at a definite reading.

In the example the value ‘032 iz read as 03 line and an approxima-
tion of ‘002 above it. This approximation becomes a simple one with
practice but there exists a device by which the peep-hole is raised by a
micrometer screw which makes such an approximation more accurate.

85. The Abney Clinometer or Level consists of a sighting
tube with one horizontal wire and a piece of reflecting glass placed so that
one edge is along the vertical sight line and so that on looking through,
half the aperture is filled up by the mirror and half is vacant for viewing
the object.

To this tube is fixed a graduated arc and vernier. The vernier is
turned by a milled head screw to which is also attached a bubble. This
bubble is so placed that its reflection is cast down on to the mirror. When
the line of sight is level the bubble will be seen in the centre of the
Iin; of the mirror and the vernier will read 0°. A little thought will
make it evident that, if the line of the sight is inelined and the milled head
screw is turned till the bubble becomes level so that its reflection is seen,
the vernier which is also moved by the milled head screw will give the
angle of elevation or depression and in some instruments also the gradient
and the value to be .used in reducing a chained distance to the horizontal.
This Nittlé instrument which is not more than 4 inches by 2 inches is less
cumbérsome than the ghat tracer, is just as accurate if not more 8o, and has
other uses as well. No engineer should be without an Abney clinometer
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or level whén working on preliminary alignments. To adjust the Abney
level it is probable that a level or theodolite is necessary in order to obtain
a level line and then on sighting with the Abney level if the vertical arc is
sot at 0° and the bubble is not in the centre the bubble screws are to be
used to correct the bubble or an index error noted. Another method will
suggest itself when the heights of two known points are given and the
tangent of the angle is computed as in the next paragraph. The De Lisle
reflecting level is also a quick and accurate method of laying down
preliminary gradients for hill roadg, railways, ete.

88. The Ceylon Ghat Tracer.—This is a useful instrument

for carrying out rough preliminary survey of a hill route of any required
gradient (Fig. 41.)

Fig. 41. ,.
arad
U'o c

It cofists of 2 hollow metal sighting tube AB fitted with agg eyepiece
at one end and cross-wires at the other. The tube pivots round the
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point C, which is held suspeunded from an upright staff. The required
inclination is given to the sighting-tube by means of the weight D, whioh
“is’capable of motion along the rack EF by means of the screw G. H is an
index which moves along a graduated scale of gradients KL marked on
the body of the tube.

Thus, snpposing a gradient of 1 in 43 has to be laid out along a hill
slope. The weight D is moved along until HK reads 48 on the scale.
A man with a sight-vane, which is set at the height of the axis of the
sighting-tube above the foot of the suspending staff, is then sent along

_the hill-sidw to a convenient distance, usually from 50 to 60 vards, until the
‘place is found where the cross-wires intersect on the centre of the sight-
vane. The foot of -the vane is then resting on a point. from which the
slope down to the ohserving point is one of 1 in 43. The assistant drives
a peg in here, to which the surveyor advances and repeats the operation.
In the figure the sight-vane is shown as turned through a right angle.

87. The Aneroid Barometer.—The mechanism of an aneroid
barometer is explained in most books on physics and only the precantions
to be taken in registering readings and the requisite formnlm are here
given.

A good working size of instrument is a 5 inch with a range of 5,000
to 8,000 feet. Aneroids must be carefulfy handled and carried and are
really only true within 2 certain limit when the readings are simultaneous
or are taken at short intervals of time. They are compensated for internal
temperature of instrument but great reliance should not be placed on this
and they should he corapared as often as possible with a standard barome-
ter. On most aneroid barometers the zero of the altitnde scale is at 31
inches of the scale corresponding to the mercury column. Aneroids when
compared with a standard mercury barometer usually have an error which
oan be considered an index error or the screw-at the back of the box can
be turned to regulate the pointing of the needle. Heights to within 10
feet are possible with great care. To ohfain better- fosults a separate
anereid should be. retaqu at the base‘and readings recorded every half
hoyr to compare such thb the aneroid i m use on the journey.

- Aneroids are more roliable when nsed on yphill Journevs as the
atmogpherlc piﬂnre cfeoreases and the spring relaxes ; on the other hand
when nhe revstse is th@ oase and the tensu)n on the spring increases the
ms&mment urkeg !ome "timé to “setile ‘down. Readings must slways be
“taken “with-the mm‘umeut at egch station either held verfical or-horizon~



INSTRUMENTS, THEIR USE AND ADJUSTMENTS. 99

tal and it should be tapped gently before reading to make sure the chain
‘gear is working properly.

There are several corrections necessary in barometric levoﬁll'ing»guch’ag‘
temperature, changes of instrument and stations, corrections for htltu&é
and decrease of gravity on the vertical, but with the aneroid, and foF the’
ordinary purposes of the engineer, as the aneroid is compensated for
internal temperature of instrument ouly the correction for air temperature:
at different stations will be considered, that is, if ¢ is the temperature of the
instrument at the lowor station where the instrument reads H inches. and
¢ the temperature of the higher station where the instrument read&b
inches then according to one formula we get (i) D the difference in helghﬁ

= 601586 (log H — log k) x (l +t~t—t§£—ﬂo)

(ii) dueto Airy ; D = 62759 (log H — log Ay x (1 + 25212 ) ¢ hay

is the difference in two altitude readingsis corrected for temperature by
l'%"ooo part for cvery degree the sum of the temperatures when the sum
exceeds 100° F.
For rough calculations the following inight be useful : —
(iii) D = 55000 g—% + 3}y D (for each degree of mean temperature)
above 55° F.
(iv) For approximate values only, D = 55000 57 H; h
Example let H = 3000 inches
h = 28-00 inches
t = 90°.
t = 64°
Then by formula (i) we obtain-—
D = 60158'6 (1-47712F— 1-44716 1 + L)
= 601586 x ‘02996 X (1 + )}y
= 1982 * 6 feet.
By formuls tii) D = 62759 x 02996 (1 4 054)
or log D = log 62759 + log ‘02096 + log 1:054-

= 479775 + 247654 + 002284
*. D = 19821 feet, .
By formula (m) D = 55000 x g 4 - D ox 28°
= 18952 + #& X 18957
= 18953 + 884
= 1978'5
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Byrconsidering D = 1978'6 we can bring this result still closer by
substituting the value 19786 in the second part of the equation and
obtain 1895'2 + 88 = 1983 feet and again obtain the limiting value
1984 feet.

The best use the aneroid can be put to is to find a differénce in level
between two stations rather than it be used as an independent height
recorder.

88. The planimeter is a mechanical integrator and is used to
find out the area of any irregular figure. The best known is that of Amsler
¢Fig. 41). It consists of two arms, one the tracing arm A to which' the
recording wheel D with dial G and tracing poiunt is attached and the other
the main arm C which is pivotted to the tracing arm and is also pivotted
to the paper by means of the needle-point pressed into the table on which
the instrument rests.

When the instrument is placed on the paper ready for use there are
thiee points of contact, one the tracing point, two the rim of the recording
wheel and three the needle point. To the central pivot B is attached a
sleeve Into which the tracing arm slides which enables the instrument
with reference to the length of the tracing arm to be set to some particular
index and the distance between the tracing point and this pivot multiplied
by the circumference of the recording wheel is equal to the area circum-
scribed in units to which the bar is set when the needle-point is fixed
without the area to be circumscribed.

. Fig. 43.

The recording wheel . in fig. 42 is c
divided into 10Us of its circumference :
and a vernier gives the 1000ths. By - !
means of a wormed wheel a dial indi- g '
cates the number of revolutions made ,,"' :
by the wheel. If for instance the NP g io
instrument was set to O and the v °© ~ |

tracing point A was taken along the periphery of a figure you might
obtain the following reading 1'967 and this would be obtained as follows :—
1 on the dial, 96 on the recording wheel and 7 on the vernier and the area
of the figure would be 1 x 1967 (1 = distance A B in terms of the unit te
which the bar i3 set).-

Agdin when the pivot C'is within the figure to be circumscribed by
thestracer A (Fig. 48) it will be seen that in certain positions the wheel
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will not register and this is when the angle ADC is a right angle so that-
besides the area as given by the rerording wheel, an area equal to a circle
of which AC is radius, has to be added. This circle is called the zero
circle of the instrument and AC2=AD*+CD?
; BC*=BD*+DC?
AD - ACI=RRB’+ BC*—BD?
or AC*=AB’+BD?+2AB,BD+B(*—BD?
=1+ m?+2In = radius?.

*. area of zero circle= (I*+m?2ln)

The area of the zero circle is computed by the maker, for each instru-
ment and is engraved on the top of the bar over each index or setting and
nearest to the setting for which it is intended.

(a) To take out an area when the pivot C is without the area. First
roughly run the tracer A along the periphery to make sure every point on
it is reached without the instrument being awkwardly placed and then
press in the needle point U and add the small weight at C to steady it.
Start from any point on the periphery and record the reading, let it 2:676.
Move the tracer carefully along the periphery in a clockwise direction and
return to the starting point and let the reading be 4:593. The difference
of reading multiplied by the length of the bar | will equal the area. If
the bar bad been set at index 10 sq. inches then the area in example would
be (4-598—2:676) 10 = 1917 sq. inches.

It the motion of the tracing arm is clockwise then the first reading or
lesser reading is always subtracted from the second or greater reading to
get the difference and it is convenient to remember this. The dial myst be
watched to see when a O is passed in which case the second reading is in
10, Example :—Instrument is turned in a clockwise direction first or
starting reading is 8'930 and closing reading is 0-960. It is evident for
any area to be enclosed 0'960 clearly means 10960 but it might also mean
20°960 that is that the dial registered two 0, and so fdrth. Again if the
dial passes over one O and then has a retrograde motion coming back and
repassing a O then these cancel.

(5) When the area to be circumscribed is large such that the pivot C is
placed within then the same procedure is adopted as before but the area
of the zero” circle or the constant to which the bar is set, is added to the
difference of readings. If this constant or area of zero circle had been
22,196 engraved on the bar just above and next to the index line for 10
8q. inches then in the example given above since this area must be added
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“we get (22196 +4'593—2:676) 10=241"13 sq. inches, that is, an area of
19-17 sq. inches over and above the agea of the zero circle of 22196 sq.
inches =241-13 sq. inches.

(¢) It will be noticed that the sleeve into which the tracing arm slides is
fitted with a clamp and slow motion screw M and their uses are not only to
get the index lines to coincide so much as to adjust the instrument to give
true values for areas of drawings and .surveys on paper which bave
contracted or expended under exposure. Every survey when it is plotted or
projected should bave ruled squares or graticules of certain dimensions.
These squares or graticules become warped perbaps (see ‘paragraph 9) but
according to the original plotting to scale they must coitain a certain area.
Let us consider a survey and take a square & inches by 8 inches equalling
an area of 64 sq. inches. If the planimetre is set to index 10 and the pivot
point © is without the area the difference of reading sbould be 6:400 ; but
if the paper has contracted the instrument might give 6:390. Since the
ares is 64 sq.inches the instrument must be made to read 6:400 and the
rule is to lessen area lengthen bar or nice versa and in tbis case the bar
would be shortened. When the instrument is thus adjusted to the paper
all areas for that paper will be true areas.

89. Copying Plans, Maps, etc,, by hand.—There arc several
methods of doing this when the copy is to be the same size as the original,
such as placiug the plan to be copied with a sheot of paper over it on a
tracing glass, placed in such a position that a strong light may fall on it from
beliind or underneath and then tracing it off. Or by placing a sheet of thin
paper, having its underside blackened (by rubbing finely powdered black
lead or a soft lead pencil over it), on the sheet of paper that is to receive
the copy, the original being placed over both, and the whole made steady
by p’hcmg weights thereon : all the lines of the copy must now be carefully
passed over with a fine tracing point, and with a pressure proportionate
to the thickness of the paper ; the paper beneath will receive corresponding
marks forming an exaet copy, which may afterwards be inked in. All
these systems of copying hurt, in a more or Tess degree, the original
drawing. Tracing cloth is now used in engineers’ offices very largely.
This cloth is rendered sufficiently transparent to admit of very fine detail
work ‘being traced off, and will permit color being applied. It is as well
however, to apply the color on the reverse side of the cloth, as it is
difficult to get it to lay evenly on the cloth. Such unevenness in a flat
shade scarcely shows when seen through the tracing oloth. Tracing
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paper was formerly much used, but has now been entirely superseded
by tracing cloth. In India, tracing paper soon gets dry and brittle, and
will not stand Handling. When the drawing is to be reduced or enlarged,
the pantagraph, eidograph, the method of copying squares, or the lens
must be resorted to.

90 (a) The Pantagraph consists of four rulers, AB, AC, DF and
EF, (Fig. 44), made of stout brass. The two longer rulers, AB and AC,
are connected together at A, and have a motion round it as a centre. The
two shorter rulers are connected in like manner with each other at F,
and with the longer rulers at D and E, and being equal in length to the
portions AD and AE of the longer rulers, form with them an accurate
parallelogram, ADFE in every position of the instrument. Several
ivory castors support the instrument, parallel to the paper, and allow it
to move freely over it in all directions. The arms AB and DF "are
graduated and marked 4, 1 etc.. and have each a sliding index, which can
be fixed at any of the divisions by a milled-headed clamping screw, seen
in the engraving. The sliding indices have each of them a tube, adapted
either to slide on a pin rising from a heavy circular weight, called the
fulerum B or to receive a sliding holder with a pencil or pen, or blunt
tracing peint, as may be required.

When the instrument is correctly set, the tracing point, pencil and
falerum will be in one straight line, as shown by the dotted line in the
figure. The motions of the tracing point, and pencil are then each
compounded of two circular motions, one about the fulerum and the other
about the joints at the ends of the rulers upon which they are respectively
placed. The radii of these motions form sides about equal angles of two
similar triangles, of which the straight line BC, passing through the
tracing point, pencil and fulerum, forms the third side. The distances
passed over by the tracing point and pencil, in consequence of either of
these motions, have then the same ratio ; therefore the distances passed
over, in tonsequence of the combination of the two motions, have
also the same ratio, which is that indicated by the setting of the

instrument.
The diagram represents the pantagraph in the act-of reducing a plan

to_ a scale half the original. For this purpose the sliding indices are
first clamped at the division upon the marks marked % ; the tracing
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point is then fixed in a socket at C, over the original drawing ; the pencil
is next placed in the tube of the sliding index upon the ruler DF, over
the paper to receive the copy, and the fulcrum is fixed to that at
B, upon ths ruler AB. The instrument being now ready for use, if the
tracing point at C be passed delicately and steadily over every line of the
plan, a true copy, but of one-half the scale of the original, will be marked
by the pencil on the paper beneath it. The fine thread represented as
passing from the pencil quite round the instrument to the tracing point at
C, enables the draftsman at the point to raise the pencil from the
paper, whilst he passes the tracer from one part of the original to another
and thus to prevent false lines from being made on the copy. The pencil
holder is surmounted by a cup, into which sand or shot map be put, to
press the pencil more heavily on the paper, when found necessary.

Fig. 44.

If the object were to enlarge the drawing to double its scale, then the
tracer must be placed upon the arm DF, and the pencil at C and if a copy
were required of the same scale as the original, then the sliding indices
still remaining at the same divisions upon DF and AB the fulerum must
take the middle station, and the pencil and tracing point those on the
exterior arms, AB and AC, of the instrument. The instrument should be
tested by means of a lire at C and its §, } lengths, etc., when reduced,
before commencing work on a map.
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91. The Eidograph.—The Eidograph which is represented in
the accompanying engraving, (Fig. 45) is a far superior instrument to the
prntagraph being more exact in its work, and not so limited as regards
ratio of reduction,

The point of support when the instrument is at work is a heavy weight
shown at H, from the underside of which three or four projecting needle
points fix the instrument firmly to the drawing paper. Springing from
this weight is a short standard or fulerum, attached to a sliding-box, K,
in which slides the centre beam, C, and to any part of which it may be
clamped by means of a clamping screw. .

Fig. 45. gy~

0>

At the ends of the central beam are two pulley wheels, JJ, the centre
pins of which revolve in sockets at the ends of the beam. Two steel bands,
I, I, attached to the pulley wheels, give them an exactly simultaneous
motion, and these bands have a screw adjustment, L, by means of which
they may be tightened.

The arms A and B are made to slide through boxes under the pulley
wheels, and may be clamped at any proportion of their lengths in the same
manner and the central beam, C, may be made to slide and clamp in the box K.

The arm B carries a tracing point, G, and the arm A carries a pencil
point, D. The pencil holder may be raised by means of a cranked lever F,
attached to a cord, E, which passes over the centre beam, and thence the
tracing point, G.

The two arms and the beam are divided into 200 equal parts which
are fignred 100 each way from the centre, and may be read to 1000th by
means of the verniers on the sliding boxes.
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There is a loose weight which may be attached when the instrument
has been set, and the object of which is to steady it when there is a great
difference in the proportions to which the instrument is being worked.

It will be observed that the pulley wheels give the easiest possible
motion : these wheels should be of exactly equal diameter, and as they are
tarned in a lathe, this equality may be obtained to the greatest perfection.

To bring the instrament into adjustment let the verniers be set to zero,
which will bring them to the centres of the arms and of the central beam ;
place the arms at right angles to the beam, as near as you may guess, and
make a mark with the tracer and pencil point, and turn the instrument
round so as to bring the pencil point into the mark made by the tracer ; by
doing this you will make the tracer move exactly to the mark previously
made by the pencil, if the instrument is in adjustment ; if otherwise, the
error in difference should be bisected, and the adjusting screws on the band
should be moved until the tracing-point comes exactly into the bisection.

92. Copying by squares.—To explain the method of copying by
squares let the annexed engraving (Fig. 46), represent a plan of an estate,
which it is required to copy upon a reduced scale of one-half. The copy
will therefore be half the length and half the breadth, and consequently
will occupy but one-fourth the space of the original.

Fig. 47.
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Draw the lines FI, FG at right angles to each other ; from the point F
towards I and @, set off any number of equal parts, as Fa, ab, be, ete., on
the line FI, and F4i, ik, I, etc., on the line FG, from the points, in the line
FI, draw lines parallel to the other lines F@, as aa, bb, cc, vtc., and from
the points on FG, draw lines parallel to FI, as ii, kk, U, etc., which being
sufficiently extended towards I and G, the whole of the original drawing
will be covered with a net<work of small but equal squares. Nextdraw
upon the paper intended for the copy, a similar set of squares, but having
each side only one-half the length of the former, as is represented in Fig. 47,
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It will now be evident that if the lines AB, BC, CD, ete., Fig. 45, be
drawn in the corresponding squares in Fig. 46, a correct copy of the
original will be produced, and of balf the original scale. Commencing
then at A, observe where in the original the angle a falls, which is towards
the bottom of the square marked de. In the corresponding squares
therefore, of the copy, and in the same proportion towards the left hand
side of it, place the same point in the copy : from thence tracing where the
curved line AF crosses the bottom line of that square, which crossing is
about two-fifths of the width of the square from the left hand corner
towards the right, and cross ‘it similarly in the copy. Again, as it crosses
the right hand bottom corner in the second square below de, describe it so
in the copy ; find the position of the points similarly where it crosses the
lines ff and gg, above the line ll, by comparing the distances of such
crasgings from the nearest corner of a square in the original, and similarly
marking the required crossings on the corresponding line on the copy.
Lastly, determine the place of the point B, in the third square below g/ on
the top line ; and a line drawn from A in the copy, through these several
points to B, will be a correct reduced copy of the original line. Proceed
in like manner with every other line on the plan, and its various details,
and thus will be obtained the plot or drawing, laid down to a small scale
yet bearing all the proportions in itself exactly as the original,

It may appear almost superfluous to remark that the process of
enlarging drawings, by means of squares, is a similar operation to the
above excepting that the points are to be determined on the smaller
squares of the original, and transferred to the larger squares of the copy.
The process of enlarging, under any circumstances, does not, however,
admit of the same accuracy as reducing. i

It is also-as well to remember, that when a drawing is reduced to half
the scale, the size is diminished to ith, or if the scale is 4rd of the
original, then the size will be $th: and vice versa, if the drawing is
enlarged.

83. Copying by the Lens.—A suitable lens fitted to a camera
used to reduce plans by replacing the ground glass with a sheet of clear
glass covered by fine tracing paper. The drawing or plan to be reduced
should be pinned on a vertical stand in strong sun-light, and when
fooussed to the required scale the lines thrown on the tracing paper can be
followed with a fine pencil. The process is trying to the eyes of the
operator, but is useful when oply one copy of the reduction is required.



CHAPTER IY.
LEVELLING.

94. Levelling.—Some writers object to levelling being considered
a branch of surveying as it is argued that surveying deals solely with the
plan of the earth’s surface, whereas levelling has to.do with the sectional
portion of it. From an engineering point 6f view levelling is of first
importance, and as this book has been written for the engineer rather than
the reconnaissance or military surveyor it has been incorporated as a
branch of surveying.

The object of levelling is to find ; (1) how much one point on the
earth’s surface is higher or lower than another given point ; (2) to fix a
point or points of a certain height above or below or on a level with the
certain given point.

96. Datum —All elevations are referred to some imaginary surface
which is assumed to be of zero level and the mean surface level of the sea
is the most convenient datum to assume. This is not an invariable rule,
as if relative heights are only required of a certain' small detached
area some other conveniently assumed datum may be accepted ; the as-
sumed datum surface in this case should always be lower than any possible
elevation found in the area for convenience. The datum of the English
Ordnance Survey is the mean sea level (M. 8. L.) at Liverpool and of the
Survey of India the M. 8. L. at Karachi.®

96. Bench marks are points of reference whose heights or ele-
vations above the assumed datum are found and known. These points
should be carefully selected and distributed according to the needs of the
country. In a city bench marks would be at closer intetvals than in the
country. Standard bench marks are usually obtained by precise levelling
under the wgis of a Government and such values are found along trunk roads
and railways where the going is easy, the grades flatter and clear sights are
obtainable. Some authorities prefer to have their B. Ms., engraved and
fixed. This system of marking is not always safe in a semi-civilised country
where a brass disc or a stout nail is of some local value and hence the
ultimate destruction of such marks. It is best dnder such circumstances

* It is generally understood to be the M. S, L. at Karachi, but actually the redaction ot
the Indist lavels connect the level net with M, 8. L. at 9 stations, Karachi being one,
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to select an unplastered slab which is also well protected from trafic®
and to carefully describe its position and note its measurements relative
to near and well recognised objects. Bench marks need not necessarily
be at or near ground level, a cornice or other mark can be selected and
measured to by means of the staff held upside down.

97. Theory of levelling.—When a level has been set up and the
line of sight made horizontal, it is required to find how much above a
certain point in the plane of sight this object is.

To obtain the height of the plane of sight and then to transfer. its
value to another point on the earth’s surface, some other instrument
besides the level is necessary. This instrument is known as the levelling
staff (or self-reading rod) and is a piece of well seasoned wood painted
and graduated to decimals of a foot or metre (see para. 82). The reading
to a staff held on the point the reduced level of which is known, is the
backsight, and the reading to a staff on the point, the value of which is
required, is the foresight. Owing to errors in graduation, etc., it is
customary to use one staff only and the use of two staves is not advised
unless they have both been thoroughly tested to give the same readings
at different parts of the staves each to each. The co-efficient of expan-
sion in staves used in precise levelling for different temperatures should be

known and recorded.

98. A level surface is not a horizontal surface but a curved surface
which is at right angles to the plumb line at any point in that surface, so
that a level line is not a straight line but a curved line and would
conform exactly to the earth’s surface were that surface a perfectly
regular one. Compare the surface of a large still lake which is a level
surface and yet not a horizontal one. The line of sight is a borizontal
line and is a tangent to the level surface which passes through the obser-
ver’s eye and hence a correction for curvature would have been necessary
if it were not for the short lengths taken betweert staves when curvature
has no effect (compare reciprocal levelling) and also as the instrument is
invariably placed midway between the staves when the allowance for
curvature and also refraction is cancelled and eliminated.

* The recently published volume on levelling of precision 1ssued by the Survey of India
on page 6¢ points out that bench marks along railways and roads are not altogether
satisfactory owing to the continual vibratjon set up Ly traffic, and although the leveller
might work along the railway or road, bench marks are set up at a distance,
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99. How to Level.—The following explanation will show how
levelling is performed. Suppose we want to know the ups and downs of a
line along which a road or canal is to be run. We should always start from

Fig. 47,
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some permanent point, such as the edge of a well or step of a bpilding,
whose height and position will not vary, and we set up the instrument be-
tween A and B, and make the telescope truly level ; then putting the staves
on A and B, (Fig. 47) say, that when we look at them through the teles-
ocope, the hair cuts them at 3:90 and 4:32 respectively, then we know at
once that point B is 4-32—3:90 or 042 below A. We then remove the
level to between B and C, and find that the two staves placed on these two
points read 490 and 4'72, thus showing that C is 0'18 above B, or in
consequence 0'24 below A, and so on we can move to between C and D,
ete., aud find the levels of any points with reference to A. If also we
know the height of A, or any of the points above the mean sea level at
:Karachi, which is the datum to which all levels should be reduced, we can
reduce the levels of all these points to that. Thus say A is known to be
542'15 above the mean sea level. This is called its reduced level, then
that of B will be 542:15—042, or 541-73. Similarly that of C will be
541-73 4 0-18, or 541-91.

If now a line be drawn to represent the M. 8. L. at Karachi, as a, b, ¢,
and the distance ab, bc, measured at AB, BC, ete., mark off the vertical
offsets aA = 542:15, B = 541°73, etc.,, can be laid off, and the line
A B C D plotted, which will be a correct longitudinal section of the line of
road, ete., required, if the staves have been put up as they should be at
the points where the slopes change.

This is really the whole business. a, b, ¢, d, is the datum line, a per-
manent point such as A, on the well, is called a hench mark, and redueed
level, the other term, has been explained.
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100. Curvature of the earth and refraction.—This has an

Fig. 48. effect on the observations, so
must be considered. In the
figure if the instrument is
supposed set up at I, and
staves at unequal distances
from it, as G and M, then
the heights read off on the
staves will be the unequal
ones GH and NM, which, as
the points G and M are
truly level with I, will give
an error.

This error is, however, modified to a certain extent by the optical
deception arising from the refraction from the air which acts in the
opposite direction.

A Table, No. IL. of the comnbined error is given in the appendix at
the end of Part II, and as tho greatest distance at which the staff can be
read by the best levels is ouly about 530’, it will be observed that the
error 00598 is very small, and may be safely neglected in all but the most

exact and scientific observations.*
The extreme case, moreover. in which the error is ‘00598, a measure

in itself barely readable on the staff, only occurs in the very unusual
condition when one staff has to be read close to the instrument and the
other at 500 feet off. Had one becn at 400 and the other at 500, the
error would only have been the difference of the error at both roadings, t.e.,
*00598—-00883 or ‘00215, and if the distances of the twp staves from the
instrument are even the errors of course cancel. The errors, caused by
the instrument not being in perfect order, are much greater than those
caused by curvature and refraction; but these also are eliminated by
working with the instrament midway between the staves, as it is evident
that even if the telescope points up or down instead of level, provided the
bubble is in the same position for both readings the error is the same, and
we get correct difference of level which is the result sought.

101. The following are the different classes of levelling:—
(1) Precise lovelling for the establishment of bench marks (B. Ms.)

over a large tract of country. Ezamples—Great Trigonometrical levelling
in India, Ordnance levels in the United Kingdom, France, eto., Geodetio
® As a rough rule C = # (Miles)? and Refraction = —‘;— and thus for 20 miles C = ¢ (20)*

L
7 &

o

al

=266'and R = gﬂs‘s ==38’; therefore C — R or the combined result == 228'.
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levelling in the United States ot America. (2) Check levelling to find the
difference of height between two points. This is also known as diferential
levelling. (3) Profile or longitudinal levelling in which the object is to find
the exact slope, trend or the section of the ground from which may be worked
oat the grades of a railway or the fall or slope of a canal. (4) Cross-
section levelling in which the object is to supply a further series of sections
at right angles to the longitudinal levelling so as to determine the general
cross-slope of the ground or the bed of road, railway or canal and for the
estimation of cutting and filling.* (5) Flying levels for approximate
elevations. (6) Reciprocal levelling to obtain the difference of height be-
tween two points which are separated by a natural obstacle like a river
where it is impossible to obtain an intermediate set up of instrument.

102. Precise levelling, etc.—This treatise is designed more for
the engineer than the geodetic surveyor and therefore no attempt will be
made to describe this class of levelling as it is a special branch requiring
special precautions and methods of error distribution. Some of the
features of the correctionst applied are as follows—for deflection ot plumb
line due to the attraction of mass—effect of sun on the spirit bubble—
personal error accumulation in one direction so that sections are levelled
in an inward and outward direction—correction for bubble divisions, etc.
A word might be said concerning the limit of error or the accuracy to aim
at in first class levelling. If error in feet=Constant a/distance in miles
is accepted as a working formula, then for precise levelling C=002 is
considered a fair average constant so that the permissible error in 9 miles
=002 /9 =002 x 3= 06 feet; for 100 miles it would be *2 of a foot, etc.
In ordinary levelling 5 times this amount is permissible or C might be
taken to equal 0-1.} As instrumentis are perfected it is quite poss“l/ble that
this constant will be too lurge.

Check longitudinal and cross-section levelling are fully explained in
the field book and the studeut, engineer or surveyor should have no
difficulty whatsoever in foliowing out the procedure advocated and record-
ing them in a neat and proper manner.

* In rudulating ground two 10 foot staves clamped together making in all 19 feet will
expedite w ork considerasbly.

1 It would be perhaps more correct to say that the system of obeerving has been designe
ed to caucel suspected causes of error, The causation of such error is still under investigation,

1 If a leveller levels back over his line as a check the distance will be half and not the
whole for finding the error as certain errors are compensating.
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103. Levelling Field Books.—Many forms of field books are in
use, and an experienced leveller will generally prefer his own. The two
forms in most general use in these Provinces are—1st, the pattern adopted
by the late Col. Dyas, R. E., first tried on the Sutlej Canal Project and
now adopted generally for tbe Irrigation Department, and 2rd, an im-
provement on the English pattern. A specimen of both is here given,
and also the latest pattern as now used at the Thomason College. It is
to be noted that the numbers of the stations refer to the positions of the
staves and not to those of the instrument.

(a) CANAL PATTERN,
No of BACK. Distance FORE | DIFFERENCE
b(; . ;‘» T from instru- Reduced level of back
station Read- | Bear- | ment to each | Bear. | Read- Rise, Fall station.
ing. { 1ng. station, ing. | iug e fa
1 |456 7° 300 187°1 584 | ... 075|451'42R. L.of G.T. 8.
2 (618 7° 800 1 187°1 554|064 .. |451 28, '
8
(a) . Opposite page for Survey,
Kunderpur, onll \ B. M. on plinth of mile-stone
l‘ ‘824\ @ 8.48,
Station 1} is between t and 2, where the instrument is set up.
(d) Risk AND FALL METHOD.
$ <! 3 w B
5 89 4 s ] . [
§ * |5 ;é ‘:‘ ;3 5 $ 5 %3 Remarks,
o & |8 = | & lm | & | & | =
1| 456 187° 500100 | R. L. of starting point.
53¢ 4 078 | 49922 | Bench mark No 1(G, T.8.).
21 671 421 500 | 172° ) 113 50035
430 800 241 502 76 | Left bank of river.
840 828 410 | 498 66 | Highest flood mark, left bank
11.90 8.50 | 495°16 | Level of water, Jany. Ist, 1868,
8.50 1,006 | _ 8-40 498 56 | Highest flood marks, right bank,
3| 7.08 265 1,064 , 5.85 504 41 | Right bank, cross-section No, 1,
2°50 1,200 4 453 508-94 | Small irrigation channel
342 [ 1,400 | 093 | 50802
18:30 1028
1028
802 Check on arithmetical work.
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Both of these forms are good, thongh the latter is more generally useful.

The following form of levelling book is now frequently used by
English surveyors, and was apparently first introduced by the American
Engineers. The specimen given below comprises the sameo information
as shown in the specimen above :—

Bl Stagt | Helght of goq oq
§ Distance, reading. ngx:t;:- levels, .5’6 Remarks
1 0 4-56] 504-36) 500:00! Reduced level of starting pont,
534 " 1499-22| Bench mark No. 1 (G. T. S.)
2 500 { 421 500-85
671, 507-06
800 430 502 76| Left bank of river.
828 840 49866 Highest flood mark, left bank.
11-90 495:16] Level of water, 1st January, 1868.
1,006 8 50 498 56| Highest flood mark, right bank.
8| 1.064 { 2 65 504-41| Right bank, cross-section No. 1,
’ 703 51144
1,200 2:50| 508:94| Small irrigation channel, |
1,400 3:42 508-02
In this form it will be noticed that a staff readings are entered

in one column ; to get the height of the instrument it is only necessary
to add the “back reading” to the last reduced level, and then the reduced
levels of the several stations are obtained directly by subtracting each
staff readiug from the last entry in column “height of instrument.”

The objection to the American form given is that there is no check of
the arithmetical accuracy of the work, such as that obtained in the older
form by adding up “ back” and “forward” columns, and seeing that the
difference of their sums agrees with the total rise or fall in the page as
shown by the “reduced level.” A specimen page of field hook is given
for the “rise” and “fall” method but the pattern now adopted at the
Roorkee College is given below, filled in to show the workiag, with a copy
of the general directions which are printed with each book :—

NOTES.

1. Commence at the top line of the 2nd page, entering the starting B. M.
with its reduced level opposite it.

2. Always start with the true reduced level, i.e., the height of the B. M,
above mean sea level at Karachi. If you use an assumed datum your levels will be

uselees as a record,
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8. Bench-marks should be carefully sketched and described, not marked g
when read the level should always be midway between the B. M. and the reference
peg. It is advisable, as a general rule, to divert the main line to the B. M. and
then back to the original alignment so as to record the exact position as well ag the
level of the B. M.

4. Intermediates of minor importance in-cross section work msy be read
from the instrument station at uneven distances, and should be recorded with
reference to the reading on a line peg as shown in the example.

5. When pegs are situated on local depressions the circumstances should be
noted, and if necessary intermediates read to show the level of the natural ground
surface. '

6. Always end the day's v;ork on a B.M,, or a large square peg firmly driven
in a situation easily described and fonnd.

7. Never finally record a line of unchecked levels, however short or unimpor-
tant ; note the check on the record. Long lines, where reliable B. Ms. are not
available, can be checked by running two simultaneous lines of levels on the same
pegs, the instrument being twige set up and a double set of staff men employed.

8. Itis good practice to make an arithmetical check on the work of each pag‘e
in the field. All pages should be headed, dated and signed. At the close of each
day’s work the Reduced Levels should be inked in, and the levels and survey
plotted. The recording in the field must be done in ink or indelible pencil,

9. Place the instrument always midway between the staves or at the apex of
an igosceles triangle. 1ntermediates to fix the reduced level of a new permanent
mark should only be resorted to if the instrument is in perfect adjusément,

10. If mistakes are made in the record they should be neatly crossed out and
the correct figures entered above, initialled .and dated. A knife or rubber should
never be used for erasure or one figure corrected into another.

11. Each field-book must be paged, and a complete index of the work with
cross references, where necessary, made out at the commencement of the book.

12. The “ Collimation” or * Height of Instrument” method of levelling is
as lollows:—The back reading is_added to height of B. M. on peg at the place,
which gives the height of the collimation line at the instrunmient. All fore read-
ings are subtracted from this value, as also intermediates, and thus all such read-
ings appear on the same line as the reduced levels for the same.

\

This method is almost universally adopted in England and the Colonies and
for engineering practice has certain advantages over the * rise and fall” method,
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CHAPTER 1V,

Check Levelling from B. M. on T. .J. P. No. 2,

S
’f Distance,
2 (feet).
K|
7]
820
1 280 821
2 268 282
8 250 265
805
4 315 251
5 202 316
6 201

BEaRINGS,

( Degrees). Leapixes. ‘Heigut
- T T Or
Back, | Foe. Back. | Int. | Fore. IxsTuunenr,
260 4+46 884°70
261 80 521 2:27 887-64
260 80 2-97 3-08 887-55
290 81 462 438 88784
60 ] 3‘22~
9911 110] 386 577 88593
' |
02| 0] 628 | [ en 89005
| 22 ! L 702
i
. |
i Check 27:85 | , 2456
t

+ 279
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to T. J. P, No. 4. Dated..ioeereeceesiareacsannennne Page..a......
ng‘:;fd Rexarxs.
880-24 | On top T. J. P. No. 2 villages Bikrampur, Tajupur and Mandlana.
86243
884 58
883:22
884:62 | On top T. J. P. No. 3, villages Tajuper, Sikri and Mandlana,
882:07
880-82
888:03 | On top T. J. P, No. 4, villages Sikri, Bela and Chakdara

S —————

+

279
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Longitudinal Section eontinued.

s Branixas,
:‘: Distance, (Degrees). Ruspivas. Hzionr
2 (feet). IKST::IIRT.
;3 Back. | Fore. | Back. | Int. | Fore,
28 4+ 75 272 4-6¢ 88771
24 + 00 2:2
25 . 46
50 33
75 67
25 + 00 54
25 62
50 52
75 63
26 4 00 ' 47
+ 25 18
+ 50 24
+ 7% 86
27 4+ 00 22
27+ 25 03 837 843 887-56
+ b0 18
- + 7 18
28 4+ 00 32
eto. ote.

Notg.~This section hes bees taken at shorter distances than 100’ for a specisl purpose,
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Reduced
level,

REMARKS,

88803
885'5
883 |
8844
8810
882'8
8815
8825
881 4
8880
885-9
8853
884-1
885-5
88425
886-0
8858
884 38

ete.

On T. J. P. No, 8. (top).

Measured to eyepiece of instrument = 5-2,
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CHAPTER

Cross section taken at Chainage 25 4 50.

—
S Beanivas, Rzaninas,
2 D;s tntncn, (Degrees ;._‘_ o H;l'om
§ (feet)- Back, | Fore.| Back. | Int. | Fore, |INSTRUMENT.
23 + 75 272 468 88771
8 2 351 26
I
11 70
17 43
21 58
83 7¢
86 86
0 52
12 171 47 8
16 64 |
20 97
25 86 |
82 84
40 78
27 + 25 8l 348
x
| !
| |
| o

Note.—This cross section has been taken at close inter :als as a spauaal case
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LEVELLING,

.......

Reduced
level.

REMARKS,

883 08
8851
880-7
883-4
8819
880'5
8841
8825
8830
8818
878-0
8791
879-8
880-4
884428

Measured to eyepiece of instrument = 5 2.
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104. Flying Levels.—These are run for approximate values
only : longer distances intervene between instrument and staff and often
readings only to the first place of decimals are made. Thus the work is
rapid and hence the nomenclature.

106. Reciprocal Levelling.—Sometines a wide river, marsh
or other impediment has to be crossed and a detour is not feasible. The
method of reciprocal levelling must be adopted to obtain correct values
and for the elimination of curvature. -When there is one insirument® and
the accuracy of precise levelling is unnecessary the following is the
method of transferring an elevation across a barrier of the nature ahove
mentioned.

Set up the instrument at X say 30 feet from the staff A and so that
XAB is a straight line ; read the staff at A and at B. Let the reading

Fig. 49. A be 509 and B 6:94 and
on the reduced level of A
1,000 feet. This gives
185 as one difference.
With the instrument at Y
30 feet from B and ABY
in a line let the readings
on B and A be 4'69 and 2:88 respectively. This gives a difference of 1'31.
The mean of the two differences is 1:83, which is the correct difference
of level and thus the reduced level of B is 1000—1-83 == 99817 feet.

The instrument at X and Y may be raised or lowered and re-levelled
to get another set of readings; the more sets of readings the greater the
accuracy of the mean. It must be noted in the above that although
curvature and error in instrument is eliminated rofraction may not be,
and it is for this reason that in precise work two instruments are used
and readings are taken simultaneously and so that the instrumental errors t
are cancelled ; the instruments are also interchanged.

One instrnment$ is set up at X und the other at Y and the rods A and
B will be placed to the front and to oue side of X and Y 80 as to give clear
sights. _ At a given signal X reads B sud Y reads A, then X reads A and

_Breadf¥ and this may be continued and a number of sets taken, Then X
and Y interchange and the same procedure is carried out. The mean
difference by each observer and the mean of these differences is the true
difference of level of the two staves.

* With a single Kern level with five results a mean probable error of < 05 millimetre
was obtained for a river § mile wide.

1 There is no guarantes that there is no instrumental error because instruments are
usually adjusted over a distance of 300 to 400 feet as maximum, so that if the river is
much wider than this it is quite  possible that there still remains a small error.

b bblt 'I;h;e instruments should be preferably of the same power of telescops and value of
ubble tube.
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108. Field work.—The following applies to the older patterns
of Levels. Set up the stand or tripod midway between two staves so
that two of the legs are in a direction at right angles to the line between
the staves, that is with one leg pointing either to the foresight or back-
sight. Take the instrument out of its box very carefully and note before
doing so the position in which it sits in the box, and, if necessary, make
notes along the edges of the box so that it will invariably be replaced
in the correct way. Set the instrument on the stand, screw it on, or
clamp it in the slots of the tribach and examine it and the stand for any
shake and remedy it before commenoing work. With the eye focussing
screw and with a piece of white paper in front of the object lens eliminate
parallax first with the eyepiece obiaining a sharp and clear view of the
wires and then focussing the object glass on to the staff’ and noting that
the wires do not move, that is that the image formed by the object

glass is brought into the same plane as the wires. Adjust till perfect
(#ee para. 56).

(1) Place one hand lightly on the telescope and one hand on the
leg of stand (pressed against the thigh) which points up and down the
line. By means of this leg and a lateral motion to and fro bring the
bubble approximately to the centre of its run the telescope being at right
angles to the line. Now bring the telescope into the line between the
staves and with the leg still held in the hand raise it or lower it so that
the bubble is brought into the centre approximately. Repeat if necessary.
The object of pressing the leg of the stand against the thigh is to avoid
jerks and snaps. These two movements should not take more than 10
seconds to do. The legs are now pressed well home and one or two
turna of tho footscrews should be sufficient to start the bubble moving.

(2) Turn the telescope in a direction at right angles to the line of
sight when it will be over two footscrews. Twist these footscrews both
equally inwards or both outwards and bring the bubble to the centre of
its run. Now turn the telescope at right angles to its present direction
when it will be in a line pointing to either the back or forward flag and
bring the bubble to the centre of its run by the'remaining footscrews
if & four screw instrument, and by the other footscrew if a three screw
instrament. Return to the first position, correct any deviation in the
bubble and again return to the second position, pointing preferably to the
back flag. Iftheinstrument is in adjustment then the bubble will remain in
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the centre of its run in any position of the telescope on its horizontal
axis, though it will be shown later that such a condition 13 unnecessary.

(8). Set up the staffon the back station focussing having already been
done for eliminating parallax, note the reading and enter it, first the whole
number of feet then the decimal part of the foot and without altering the
“stance ” of the feet repeat and check reading, also bubble, keeping the body
and head directly behind the instrument and in an easy and comfortable posi-
tion. This completes the work on the back staff. Usually as only one staff is
used the observer must wait till the statf man reaches the forwatd position,
and during the interval the observer should see that his instrument is not
bandled and that he does not unnecessarily walk around it, which might
lead to the instrument, in unstable ground, settling down on its legs.

(4). When the staff wan has reached his forward position turn the
telescope on him and examine the bubble and bring it to the centre of its
run, if necessary. There will be no need to refocus as the distances are
equal, at any rate refocussing should be avoided as any error in the focus
slide or draw tube will creep into the observations. Read and enter
recheck, etc.

(5). If compass bearings are to be taken the compass needle should not
be unclawmped till the instrument is level as it may lead to unequal wearing
of the pivot. The compass reading is taken after the staff reading in each
case and before the instrument 1s snoved and carried the needle is again
clamped.

(6). The measuring with the chain would take place as ordinarily on
survey work. If stadia wires are read for distances then the distance of the
back being read between the two outer wires the fornard man is moved
closer in or further away to get the distance of the foresight equal to the
back. If the level wire 1s exactly equidistant-between the stadia and wires
then the mean ot the stadia readings should be equal to the readings of the
level wire or the central wire, which is a useful check. If thereis a slight
error this will be a constant, which might be calculated, if required.

From a practical point of view there is no necessity to try and get
the bubble to read exactly in the centre of its run for every position of the
telescope. Provided that the instrument is midway between the staves
and the bubble is in the middie of its run at the instant of observing and
the cross-direction of the bubble is very mearly correct ‘there will be no
error in the difference of level between the two staves, In other words
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the following movements of the telescope over footscrews should be suffi-
cient if the levelling by the legs has been properly done : —

(A) That over two footscrews or at right angles to direction of line.

(B) That over one footscrew or parallel to direction of line pointing

to the back staff.

(C) In an end to end position to read forward staff.

The following is the order in which obsercations should be made and
the other precautions to be taken which might be termed instrument drill,
the instrument being a three footscrew pattern :—

(7) Set up and clamp level on stand.

(6) Focus on to the staft and eliminate parallax.

(¢) Roughly level by one leg of stand and press home legs.

(d) Place telescope in position A (supra) and level by footscrews.

(e) Place telescope in position B (supra) and level by third footscrew,

() Unclamp compass needle.

(9) Read and enter staff reading.

(A) Check staff reading, the entry and the bubble.

(1) Read and enter back bearing.

(7) Signal to staft man to move to forward position.

(k) Start chainmen chaining. )

" (!) Place telescope in end to end position, (supra) correct bubble, if

necessary by third footscrew.

(m) Read and enter forward staff reading.

(») Check staff reading, the entry and bubble.

() Read and enter forward beating.

(p) Clamp compass needle.

(¢) Bring footscrews to the centre of their run and clamp instrue

ment axis,

(r) Ink up record of chaining and offsets, etc.

(f) (k) and (r) it is possible are dispensed with in some levelling such
as check and flying levelling. If stadia readings are being taken they
will come after steps (A) and (n).

107. Stadia and Levelling.—Thefollowing system will be found
to ensure accuracy in results when levelling is combined with stadia read-
ings for distances. As there is no reason why the instrument should not
be in perfect adjustment as to its line of collimation and which line can
be adjusted in a very short time, and for quick work, that is, ascending
and descending slopes where distances cannot be made equal between the
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instrument and staves without sacrificing a great deal of time, it may be
taken for granted that any inequality in the distances between the instru-
ment and staves will produce from this source no error in results.
Therefore having set up the instraument with one footscrew pointing
up or down the line roughly level by the legs, and bring the bubble to its
centre by footscrews (vide para. 106), and the following order may then be
observed :— M

v

(1). Read and enter value of level reading on the staff. ,/ (\,

(2). Depress or elevate telescope by means of the footscrew over
which it is resting so that a stadia wire reads an even foot,
the intercept is thus easily calculated and the distance en-
tered in the book.

(3). Look through the telescope and bring the central wire on to
the reading already entered as the level reading by elevating
or depressing the footscrew as before. The bubble should
return to the centre and is at once a check on the work.

Over flat and fairly even ground a fairly central position for the
instrument can be obtained by pacing.
108. Errors in levelling are due to the following causes :—

(1) Imperfectly eliminated parallax, one of the chief causes.

(2) Unequal distances between instrument and staves.

(3) Unstable ground for both instrument and staff.

(4) Non-verticality of the staff, another of the chief causes.

(5) Bad focussing and changing focus.

(6) Bubble leaving the centre owing to the shifting of the feet or
“stance ” in the interval between the adjustment of bubble
and the actual taking of the reading.

(7) Heat and wind causing the staff image to vibrate, light and
shade variations.

(8) Length of sights being beyond the power of the telescope and
sensitiveness of the bubble.

109. Mistakes in levelling are due to the following causes :—

(1) Recording the wrong feet or decimals, usually feet.

(2) Reading to a staff held upside down.

(8) Reading the forward staff without checking the bubble.

(4) Taking one of the stadia wires as the level wires.

110. Prevention of Errors—1. Parallax should be eliminatod
by placing a piece of white paper in front of the object glass (the slide of
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the objeot glass being home and not extended) and then by moving the
eyepiece in or out obtaining a clear distinct and defined image of the
oross-wires. This temporary adjustment should not alter for the same
observer and hence a sorewing eyepiece is_suggested instead of the plain
cylindrical surface to he pushed in and out and which in time works loose
in the slot and is always thus requiring readjusting.

Now with the object glass focus on the staff and if the graduations of
the staff appear to move up and down when the eye is moved, then parallax
is not eliminated and the image formed by the object glass is not in the
same plane as the wires. Correct again with eyepiece and refocus.®
Imperfectly eliminated parallax will sometimes give an erroneous reading
of several hundredths.

2. So long as the distances between instrument and staves are equal
and of moderate length (not over 300 feet except in flying levels) and the
bubble is brought to the centre of its run for each observation all errors
are cancelled, also error in the focussing slide, if any. As instruments can
be so easily adjusted (see para. 79) and with care kept in order there is no
reason why the medial position should be faithfully adhered to, in fact
when “intermediates” are taken it is sometimes impossible to be midway.

8. The settling dowa of an instrument between the observations
of the back and forward staff means that the backsight is lessened and the
calculated elevation of the foresight will be too high, or in other words if
the instrument had sunk one inch, one inch less would be read on the
foresight and hence the reduced level of the forward staff would be one
inch higher. The settling down of the instrument has therefore a tendency
to cumulative error. This can be aveided by selecting the ground,
pressing home the legs and taking a foresight as soon after the backsight
as possible.

The settling of the stafl between two stations will tend to make the
elevations higher, that is the error is again cumulative because the back-
sight from the next station will give a higher reading and hence the in-
strument will be higher, and so on. This can be avoided by the selection of
good ground for the staff and also by the surveyor himself turning the rod
carefully as he passes by to his next station. Errors, due to settlement of

*The reader should understand that there are two temporary adjustments which must be
made to elimmate parallax, and that although the clear image of the wires may Le obtained
with the eyepiece, yet owing to the focns of the object glass being changed for different
distances parallax will have to be eliminated at every change of focus.
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instrument and staff, are eliminated by levelling back in the opposite
direction. As these errors are both cumulative it must be that the flatter

the gradient obtained in levelling, the more accurate the work.

4. Non-verticality of the staff is the commonest source of error,
especially in India where the staff men are uneducated and have no
interest in the accuracy of the work. If the.staff leans towards the
observer or away from him the readings are greater than if the staff were
upright. If the lean were equal for f;n'esight and backsight the error
would be compensating, but such cannot as a rule be the case. Inlevelling
uphill the foresight would be observed near the base of the staff, hence
the error for verticality would be little or nothing, but the backsight being
lower than the observer the staff would be observed high up and the error
for verticality possiblv great. These errors would be compensating if the
leveller returned down the hill and closed on his starting peg, and though
the closing error might be il, yet the height of the hill would be’'much
higher than it really i<. Errors of non-verticality can be avoided by using
a suspended mason’s plumhob, or by waving the staff and observing the
lowest reading, that is when it is upright. If the waving to and fFo
method is adopted the ground beneath the rod should be hard to prevent a
gradual settlement and the staff man should see that no mud or dirt is
taken up on the base of the staff. Any stereotyped method of holding the
staff between the toes or balls of the feet with the thumbs brought up te
the level of the mouth the staff to touch the nose, ete., will tend to cancel
errors of non-verticality, because provided the ground is flat for the feet at
any station the same angle of lean will always be observed. Another
method is for the staff man to stand on one side of the staff and attend to
its verticality in one direction and for the leveller to correct himn for the
other. The use of the plummet is perhaps the best.

5. Bad facussing leads to indistinet readings and on the forward staff
being observed and the focus corrvected any error in the stide of the draw
tube will produce an error in reading. As the distance between instrument
and staves are equal any imperfect focussing of the back station should
remain for the forward station if there is any suspicion of bad fitting in
the draw tube,

6. It is necessary that the bubble be in the centre of its run at the
instant of reading. The reason for this hus been already explained. To
bring the bubble to the centre of its run and to he sure of its remaining
thus till the observation is read, is best achieved by preventing any shift
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in the weight of the body. This can be arranged for by setting up the level
30 that the bubble tube is about the level of the eye and it can be seen by
leaning to one side without shifting the feet. On large and precise levels
reflectors are fitted to prevent this change of “ stance ”” and the prism levels
render a change unnecessary. The binocular level permits of the bubble
and the staff being read at one and the same instant.

7. When the staff graduations are beginning to lose their distinctness
and the staff becomes wavy owing to heated atmosphere it is advisable to
stop work or to work with shorter intervals between staves. If, ina
high wind, the instrument and staff vibrate, work should be suspended.
Refraction is practically constant between the hours of 11 A.M. and
8 P.M. and is greatest in the early mornings and late evenings. A
decided variation takes place when the instrument and staff are alternately
passing from light to shade and under such circumstances tho observer
should take readings between staves ocither when they are both in the
sunlight or hoth in the shade.

8. Length of sight is controlled mainly by the magnifying power of
the lenses, condition of atmosphere and sensitiveness of the bubble tube,
The staff shonld not be so far away so that the 100th part of a foot is
not clearly distinguishable.

The ordinary engineer’s level is usually fitted with a 20 second bubble,
and when the bubble is not very sensitive it stands to reason the error
in readings over long shots such as 400 to 600 feet is very marked and
that great accuracy is not possible. If a man is quick with his instrument
the question of long shots to cover ground should not be considered. An
average distance of 500 feet between staves will be found to be a good
maximum working interval.

In precise levelling the distance should never exceed 600 feet between
staves. The following information is worthy of notice. With the binocular
level a coast survey observer in regular work has occupied 120 stations
in less than eight hours, the average time per station being 4:6 minutes,
including setting np and dismounting the instrument and then walking
from station to station. With the average length of sights of 200 feet
(400 feet between staves) as much as 200 miles of precise levelling has
been done in a month. Such speed would not be possible except under
perfect weather conditions.

111. Value of bubble tube divisions.—In the previous para-
graph the value of the bubble has been commented upon and as it
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is necessary that this should be sometiines known, the following method
for ascertaining. the value of one division of the bubble tube is given.

If # equals the number of divisions of a bubble through which a
subtended interval 8 in feet has been read on the staff, (d) being the

distance in feet of staff from the instrument, then each division of the

8

bubble equals ( si o) since sin 1 = circular measure of 1°.

Example.—With a Y level on a level staff 200 feet distant it was
found that while the bubble moved over 25 divisions of the bubble tube
the reading on the staff altered from 6:75 to 6:375 or the subtended
interval on the staff was *875 feet.

Find the value of one division of the bubble.
8
@ X d X sin 1"
_ -875
= 25 %200 xsin 1°
~log one division =1'5740-1:3979—2-3010—4 6855+10= 11896

*. one division = 15'5 seconds.

Or again :—to reduce to seconds, radius here being 200 feet.
mr 814159 X 200 _ 314159
180 X 60 x 60 180 X 60 X 60 8240

By formula one division =

Circular measure for 1" x r =

= 001 very nearly.

*. 1 second subtends on the staff 001 feet (very nearly.)
" 875 seconds will subtend -375 at 200 feet but bubble moved through

25 divisions and therefore each division of the bubble is equal to 3—;% = 15",

112. Care of instrument, staves and final cautions.

(1) Note the position in which the instrument lies its box and take
it out gently lifting it by its lower frame work not by the telescope.

(2) Place the instrument on the stand clamp or screw it firmly on
its stand and shield it from the sun as much as possible. Examine
instrument and stand for shake.

(8) Avoid jars in the preliminary levelling by the legs of the stand.

(4) Do not unclamp the prismatic compass needle till the instrument
is levelled and then clamp it before carrying or putting the instrument
away.

(5) Always bring the footscrews to the centre of their run when
work at a station is completed,
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(6) If the instrument has a clamp and slow motion screw, the
instrument should be clamped before is it carried or put away to prevent
unequal swinging of the axis on the pivot and thus unequal wear.

(7) Do not set up instrument on a8 smooth floor or pavement with-
out cautivn as the legs may spread-eagle and let the instrument down.
Be careful how you carry an instrument through an open door or under
trees.

(8) Do not meddle with the lenses or clean them with silk or muslin,
wash leather is best. If the object glass is to be removed then its position
as placed by the maker must be scratched on the edge of its ring so that
it can be returned to its exact position. First class instrument makers
usually etch a line for guidance.

(9) In adjusting the bubble or diaphragm do not tighten one screw
before loosening the opposite one.

(10) Do not force screws. If footscrews jamb they either require
attending to as regards temsion screws. or may work easily in a different
set of slot holes. 1f footscrews are hard to move then they are either
very much out of the centre of their run or the slots in the stand have
been damaged so that the distance between slot holes do not agree with
the distance between the footsorews. Some makers dot the footscrew
and the particular slot of the stand in which that footscrew should
be placed. However the jambing of footscrews is a fruitful cause of
bad levelling, and as it is mostly due to the slots of the stand the * screw
on instrument” is a much better arrangement and this has been advised
under “choice of instrument.” The footscrews should move true axially
that is, if the telescope is placed over one footscrew, the instrument
being more or less level, on the_footscrew being turned the image in
the telescope should move vertically up and down and not sideways as
well. The effect of this error is not noticeable in levelling but is very
marked in angular work with the theodolite.

(11) The instrument should be replaced in its box very carefully and
in a dry condition, the lid of the box being brought quietly down without
jar or forcing and the clamp screw tightened. If the box is to be carried
over a journey then packing should be well wedged in to prevent the in-
strument being shaken. If the instrument is to be put by for any lengthy
period in places where dust accumulates such as iu India, paper should be
pasted over all oracks,
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(12) The staff man should never be permitted to approach too near
the instrument while carrying the staff.

(13) If there is no sunshade to the object glass make a temporary one.
out of paper and a pin. Avoid casting a shadow on it with your hat or
umbrella unless you can make sure that the whole of the ohject glass is
shaded.

(14) Keep still when observing and take up an unstrained attitude
with the hands off the instrument.

(15) Do not tire the staff man by keeping him on the * qui vive”
when it is not absolutely necessary.

(16) Staves should be hung up or laid face to face on the ground.
They should not be leant against walls or trees and should be put away
dry and freed from mud and sand.

(17) Attend to parallax, stability of ground for instrument and staff,
verticality of staff, the bubble in the middle of its run at the instant of
reading the staff, the instrument midway between staves, the reading of
the feet first and the decimals next, remembering that if you * make sure
of the feet the decimals will follow ” aud see to their correct entry in ink.

(18) Erasures are never permitted except in ink when the wrong entry
should be neatly crossed out and the correct one entered above, initialled
and dated. Pencil entry is never allowed in any original record.

The fulfilment of these precautions will produce the best of results
whether the instrument is in adjustment or not. Finally use the instru-
ment so as to obtain good results and not as if you expected it to give
them.

For ordinary check levelling if the chain is used a squad of 5 men is
necessary, without the chain, 3 men. Modern levels fitted with stadia
do not need chainmen.

113. Contouring.—Contouring means tracing on the surface of the
ground horizontal lines with a fixed vertical height between adjacent lines ;
the vertical height will vary with the nature of the country contoured and
the object for which the contour survey is required, and is fixed accord-
ingly. The positions of these horizontal lines are surveyed and protracted
upon a map, in the same way as any other boundary lines.

Contour lines are either traced round isolated features of ground for
designing plans for drainage, buildings or other engineering purposes,
when the correct features and levels of the country are required to he seen
at a glance, or over a whole tract of country, with a view to giving &
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mathematical representation of the surface of the ground in connection
with a national, or other extensive and accurate survey.
Let the following plan (Fig. 50) represent the contoured top of a
Fig. 50. hill, the figure below an elevation, parallel
to the line AB. Then each of the lines in
plan would be seen in elevation as follows :—
abed as ac ; efgh as eg ; knn as kn ; and the
top as p ; the vertical heights between @ and
¢, ¢ and £, being all equal, say, 1, 5, 10, or
more feet apart as circumstances require.
It will be seen that the steeper the hill
is, the nearer the contour lines approach
steep hills, the scale or else the vertical dis-
tance between each line must be made large to give room for the lines to
be clearly drawn on the plan, for it is simply useless to survey lines which
cannot be plotted ; and, on the other hand, in districts which are nearly
level, contours having a great vertical distance between them would be of
little practical utility. When contour lines run for long distances and
close together, it is a great heip, for ready inspection of the plan, to make
every fifth line or so either thicker or of a different color.

In contouring a hilly country, the watershed of the spurs will always
be found to have the most gradual ad even slope. It is the best plan,
therefore, to run a line of levels down each, fixing pegs at the point where
each contour line crosses it, pegs on the same contour being similarly num-
bered : to do this the levels down each spur must have been prpperly
connected, and this is conveniently done by running an auxiliary line of
levels from a point in the line down one spur to some point similarly placed

con the next spur. The reduced levels down each spur having been thus
connected, the contour pegs (say 5 feet apart) down each spur can now be
fixed. The instrument is then put up over each peg in succession, and, its
height having been taken by a levelling staff with a vane affixed a man with
the vane is sent to any point between the two spurs which it is wished to
fix, and he moves the vane staff up or down the hill side till the cross
wires of the level cut it ; this point is then fixed and its bearing read off:
in the same way any required number of other points in that contour is
determined. From the corresponding contour peg on the other ridge,
the bearings of these points are again read with a prismatic compass, and
plotted on the map with reference to the pegs on the ridge by means of
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the cross bearings the position of which pegs must be accurately fixed by
a survey. The positions of the pegs may also be fixed by running traverses
with the theodolite between known points along the line of each contour,
and taking an off-set to each peg in succession ; when the country is
moderately level this is much the most convenient plan to adopt. If
there is no instrument for reading the vertical angles, the horizontal
distance of the line of pegs on the watersheds may be fixed as follows :
Let r = the measured distance between two consecutive pegs on the
watershed, ~ = the difference of level, then a/ %% = the horizontal
distance between these.two pegs; it will be seen that these watershed
pegs should be made to run in as straight lines as possible to facilitate the
survey of them.

The reflecting hand-level, or the contouring glass with a prismatic
compass, is also well adapted for filling in the points between the water-
sheds.

114. Contouring large areas.—The above method is for very
distinotly marked ground and of small area, but for canal irrigation and
drainage works in ordinary country, the slopes are not perceptible to the
eye at all clearly, if at all, yet a perfect contour map may be made with
no difficulty. Lines of levels must be taken running parallel or nearly
so to each other and at any convenient distances apart, the distances
varying with the nature of the country and the object of the survey.
The stadia for reading distances will be found a great time saver.
After plotting the reduced levels on the plan of the field work, contour
lines may then be drawn on the plan by interpolation joining the points
of equal elevation and at any convenient height apart. If the drainage
lines of the country have also been traversed and plotted, a fairly approxi-
mate series of contours may be traced. Should greater accuracy then
be required, these lines may be levelled, the bearings of the lines being
taken from the plan, and any requisite alterations made ; but as a rule in
the plains of India, the plan of a tract of country contoured in the above
manner is sufficiently accurate to determine either the main line of a large
canal, or the direction of any of its distributing channels,

For less accurate work, such as is required in military sketching, in
making a preliminary investigation for a hill road or in running in inter-
mediate contours, either a protractor with a string and weight attached,
or a reflecting hand-level, will suffice. Such instruments are easily used,
and being adapted to the size of one’s pocket are very bandy.
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In connection with contouring that portion of the chapter on engi-
neering surveys which treats of canal surveys should also be read.

116. Boning Rods.—For the purpose of laying down a pipe line
or a given gradient between level pegs boning rods-are used. These are
made of wood, T shaped, and usually 3 are used as follows. Two are
placed on the pegs and the third one at any intermediate point and as they
are made of the same height it stands to reason that if the intermediate
one is sighted to be on a level of the other two it is in the corregt grade
line, This is done by the workman kneeling behind one sighting the
further to get a coincidence of the tops of the T or rods and setting the
other to coincide and so on. ‘



CHAPTER VY.

TRAVERSING AND ITS COMPUTATIONS AND
CITY SURVEYING.

118. Definition.—A Traverse may bedefined as a circuitous route
performed on leaving any place on the earth’s surface, by stages of straight
lines, in different directions, and of various lengths, with a view to arriv-
ing at any other place situated in any direction with reference to the
former, and at any distance therefrom which cannot be reached in the
direction of the shortest line connecting them,

Let AB, BC, CD, (Fig. 51) be the first three lines of a traverse,
and NA the meridian, which
may be either- the true or the Fig. 51.
magnetic meridian, or even some

direction inaking a giving angle N Moo M

with some well defined object R c

observed at the starting point. o

The bearing NAB was first ob- P s/ ¢

served, then AB measured, then . ol \o

the angle * ABC read, then BC A - .

measured, then BCD read, then

CD measured and soon.

By the ordinary method of plotting AB would first have to be protract-
ed, its distance laid- off, and thus the point B is found ; similarly from the
point B, BC is protracted, and its distance laid off, the point Din a
similar manuer is arrived at, and so on.

Now, if any error arises in the protraction of the angles NAB, ABC,
BCD, etc., that error is carried on throughout. To obviate this repetition
of error the method of co-ordinates has been resorted to.

Draw AE at right angles to the meridian NA ; also ths lines N,BM,
N,CQ, N;DT parallel to NA, and CR, FBP, DGS, parallel to AE. Now if
the distances AM and MB are known, by setting off AM along AE and MB
at right angles to AE the paint B is at once found. Similarly with the
points C and D, and so on. But the laying off of the co-ordinates AQ, QC
of the point C is quite independent of those of the point B, as can be thus
shown :—

The bearing of AB == the migle NAB = angle ABM.
* All angular instruments read angles according to the rotation of the banac’;t a clock.
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Now AM = AB sin ABM, and MB = AB cos ABA : consequently
the co-ordinates of B, AM and MB are easily found.

N;BC is the bearing of BC = angle BCF. In a similar manner BF
and FC are found.

From the construction of the figure it will be seen that the co-ordinate
AQ of the point C = AM + MQ = AM + BF, both of which are known
similarly CQ, = CF + FQ = CF + BM ; therefore the co-ordinates of C
are known, and therefore the point C can be laid down on paper perfectly
independently of the point B. Similarly for D: AT = AQ + QT = AQ +
GD, and DT = GQ = CQ — CG ; and so on.

117. Gale’s Traverse System.—Galo’s Traverse System is a
method of protracting by rectangular co-ordinates, and is applicable to
any mode of surveying whatever, such as Route Surveys, Railway Lines,
Navigation Courses, and the like, where every statioa is fixed by the dis-
tances on the meridian and perpendicular. The distances BM, ('Q, DT,
etc., or in other words, their equals AP, AR, AS are known in Gale’s
Traverse System as latitudes, i.e., the distances North or Seuth (in this case
all North) of the point A on the meridian AN ; and the distances AM,
AQ, AT, as departures, or longitudes, i.e., distances from A along AE East
or West of A (in this case all East).

118. Conditions when a Traverse closes.—When a traverse
makes a complete circuit, i.e.,, returns to the starting point, there are three
different conditions that must be fulfilled :—

Ist.—That all the interior angles, together with four right angles,
must be equal to twice as many right angles as the figure bas sides. This
is a little apt to mislead. All the angles must be observed ones and on
returning to the starting point the interior angle between the last and
first line of traverse must be observed.

2nd.—That the “Northings, » or distance travelled North, must be
equal to the ¢ Southings,” or distance returned South.

3rd.—That the * Eastings,” or distance travelled East, must be equal
to the ‘ Westings,”" or distance returned West.

The first condition is proved in Euc. I., 32, Cor. I, and a very little
common-sense will at once perceive the correctness of the second and third
conditions.

119. Method of Computing Bearings when working by
Inward angles.—Let ABCDEFGHIJA (Fig 52) represent a ten-sided
polygon, which has to be surveyed and let NAS be the magunetic meridian
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through A. Set ap the theodolite at A, and observe the angle NAB ; this
angle is a magnetic bearing of AB to the meridian. Then set up the
instrument in succession at B, C, etc.,, and proceeding anti-clockwise
observe all the interior angles ABC, BCD, etc., and finally set the
instrument again at A, and observe the inward angle JAB. In this case,
as it is a ten-sided figure, the sum of the included angles must equal
1440°, i.e,, (180° x 10 -- 360°) = 1440°.

In practice it will be found that this result cannot be exactly attained,
and that the sum of the angles will generally amount to two or three
minutes more or less ; to meet this, a correction of one minute in every
four or five angles, additive or subtractive as the case may need, is
generally necessary to obtain the result required.

The bearings of the various sides are found by means of the following
rule :—

To the bearing of the line preceding that of which the bearing is sought
add the inward angle formed by these two lines, and the sum increased or
diminished by 180° agcording as it may be less than, or in excess of, 180°,
will be the bearing of the next line.

Let the bearing of the line AB in the figure be given.

Fig. 52.

To find the bearing of the line BC.—Produce AB to a, and CB to c.
The two meridians NS and N,S, being parallel, the angle ABS, is equal
to the angle NAB ; if to the angle ABS, the interior angle of polygon
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ABC, or its equivalent in arc is added, the angle formed by the line CB
with the meridian N,;S; or angle S,BC is obtained ; if then the angle
8,BN, or 180° be deducted frown this, thus reversing the direction of the
line, the angle N,BC is left, and this is the bearing of the line BC with
the Meridian N,S,.

To find the bearing of the line CD.—Produce BC to b, and DC to d.

The two meridians N; 8, and N; 8, being parallel, the angles N, BC and
BCS, are equal. If to the angle BCS, is added, the interior angle of the
polygon BCD, the angle formed by the line DC with the meridian N, S,
or angle S;CD results, if then the angle S;CN; or 180° be deducted from
this, thus reversing the direction of the line, the angle NyCD is left, which
is the bearing of the line CD with meridian N,S;.

To find the bearing of the line DE.—Produce CD to e, and ED to /.

The two meridians N;S; and N;S; being parallel, the anglesN; CD and
N;De are equal. If to the angle N;De or arc Nye, the interior angle of the
polygon CDE, or its equivalent in arc ¢f, is added, the angle formed by
the line ED with the meridian N,S; or arc Njef results ; if then the angle
JSDE or 180° be added to this, thus reversing the direction of the line the
angle N;DE is obtained, which is the bearing of the line DE with the
meridian N,;S;.

To find the bearing of the line EF.—Produce DE to g, and EF to A.

The two meridians N3S; and N,S, being parallel, the angles N;DE and
N,Eg are equal. If to the angle N.Eg or arc N AS.g, is added the interior
angle of the polygon DEF, or its equivalent in arc N, the angle formed
by the line FE with the meridian N,S,, or arc N,AS,yN,A results, from
which if the angle AEF or 180° be deducted, thus reversing the direction
of the line, the angle N,EF is left, which is the bearing of the line EF
with the meridian N,S,.

And so on, this rule may be carried through every line of the polygon
as far as the last line JA, when its bearing, added to the interior angle
JAB+or—180° as the case may require, will give the original starting
bearing of the line AB.

If as will occasionally happen the sum of the preceding bearing and
forward angle diminished by 180° amounts to more than 360°, deduct 360°
from the total—the remainder will be the bearing of the line. A moment’s
consideration will show the reason for this, for as the horizon is only
divided into 860° parts, and as 0 and 860 represent the same division, it is
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evident that as soon as the needle swings past the division 360 the small
numbers must begin again. '

119A. Corrections for latitude and departure.—The co-
lumns of latitude and departure will not be found to balance exactly, for
inaccuracies must arise from observations and chaining, in the ﬁeld which
no care could obviate. On the Revenue Survey, the amount of error
allowed is one link in ten chains, additive or subtractive, from the sums
of the Northings and Southings to correct the latitude, and from the sums
of the Eastings and Westings to correct the departure.

This error must be apportioned among each of the distances of the
survey by the following proportions, viz :—

As the sum of all the measured distances is to the whole error, so is
each distance to its correction (see also para. 135) but as this is a some-
what lengthy process it is found sufficient to balance all ordinary traverses
by proportioning the error with reference to the total error in latitude or
in departure—as in example (Traverse Form A) where *2 feot departure
(cols. 9a and 10a) is to be distributed equally to the two greatest departures
plus and minus, instead of going into the second place of decimals which is
beyond the limits of accuracy of the chain measures in the field work.

This must be done independently for the latitudes and also for the
departures and is entered in a column appropriated to each, called the
North and South correction, and the East and West correction ; the
correction, thus determined, must be placed collaterally with the distance to
which it refers, without distingunishing as to North, South, East or West.

Having found the several corrections for each of the latitude and
departures, add them together severally, and see whether their total agrees
with the whole error, and if so, proceed to allot the corrections. If ths
error be an excess of Northings, subtract each correction from its collateral
Northing, or add it to the collateral Southing ; if an excess of Easting
add to the Westing and subtract from the Easting ; the sums of the cor-
rected latitddes and departures will then be found exactly to agree.

120. The Traverse Table.—On the next page is given the
Traverse Table of an actual survey by inward angles (see Form A),

Col. 1 contains the figures representing the stations of the Survey.

Col. 2 contains the inward angles,
Col. 2a contains the corrections to be made in those angles so that the

first condstion, para. 118 may be fulfilled. »
Col. 8 contains the bearings of the several lines deduced, as Qer rule,

para, 118,
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Col. 4 contains the reduced bearings. i.e.. the angle adopted to tables of
logarithmic sines and cosines.

Col. 5 contains the distances as measured in the field.

Col. 6 contains the cardinal direction of each line.

Cols, 7 snd 8 contain the distance on the nieridian between every two
stations, .

Cols. 9 and 10 contain the departure of each station from the meridian of
the preceding one.

Cols. a, a, a, a contain the corrections necessary so that the gecond and
thard conditions, para. 119A, may be fulfilled.

Col. 11 contains the distances on the meridian of each station from the
origin  The letters N. and 8: showing whether the several stations ave “situated
North or South of the origin.

Col. 12 contains the departure of each station from the first in the series,
the letters E and W. showing whether the several stations are East or West of
the origin.

Col. 18 contains the successive ordinates of departures.

Cols. 14 and 15 contain the values for double areas.

Col. 16 column for remarks, In triangulation when stations are set up
as a traverse and heights of station sre known, also in traversing when the traverse
pegs have been levelled to, this column can be also utilised for the record of such
heights,

Columns 1, 2, and 5 are taken from the field book.

Column 2.—The sum of the angles in col. 2 is too much by 40
seca. Since the theodolite issued is supposed to be one graduated to
read 20” then 40 secs. should be subtracted in two sumns of 20”7 each. The
error has been applied in the correction col. 2A to equidistant stations B
and I but it would be really more correct to apply the correction to the
angle between .the two shortest lines or at stations F and E. ~

Column 3.—The bearing of the first line AB thatis A to B was
observed to be 199° 48/ 00”. This value is placed opposite B in col. 3.
The bearings of the other lines are found according to the rule given and
to take a concrete example are as follows :—

Ezample.— Bearing of the line E to F or EF = 75° 51/ 00" + 182°
32/ 00" ~ 180°/ 0’ 0” = 78° 23’ 00”. Bearing of the line H to I or HI
= 82° 50’ 30”7 + 49° 507 00" + 180° 0’ 0" = 312° 40’ 30".

Note the check at station A for closing bearing = 199° 48 +00” which
is a check on the arithmetic and corrections applied.
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Column 4—Since ordinary log tables give values up to 90° only, itis
necessary that the bearings in column 3 are reduced and since by Trigo-
nometry Sin A = Sin (180 — A) also Sin A = — (8Sin 360 — A) and Cos.
A = Cos. (360 — A). Then when the bearing in columa 3 is less than 90°
there is no change ; when the bearing is greater than 90° and less than
180° subtract the bearing from 180° ; when the bearing is greater than 180°
and less than 270°% subtract 180° from the bearing ; when the bearing is
greater than 270° and less than 360° subtract the bearing from 360°. For
examples of the above in the form compare columns 3 and 4 opposite
stations F, G, E and A.

Column 6 shows the cardinal direction, that is, in which quadrant
the direction of the line lies and as the true directions of the lines are found
as bearings in column 3 therefore the cardinal direction is with reference
to the values in column 3 and not with those in column 4. In the form
given the bearing of FG or F to G is 90> 41" 30" therefore the direc-
tion of the line FG lies SE from the point F ; similarly direction A to B
is SW from A etec.

The form has now been filled up as far it can go without the help of log
tables and the surveyor should here determine what accuracy in plotting
is necessary for his work and scale. If the scale will not permit of a plot
being made to the decimal part of a foot then 4 places for logs will be
sufficient, but if as in the case of example in the form plotting is possible
to the decimal point of a foot as in most city surveys than 5 places of logs
for sides and angles will be necessary.

Again if the distances between stations are only correct to the nearest
foot it is evident that any calculation leading to a greater accuracy will
only produce a fictitious closing value.

Columns 7, 8, 9, 10.—These columns give the latitude and departure
of each distance. Referring to Fig. 51 AB is a given distance and ABM
(=NAB) its bearing. Here, BM is the latitude of B, or its distance from
A along the meridian, and AM is the departure of B or its distance from
A along the perpendicular to the meridian.

By Trigonometry AM and BM can at once be found,

for BM (latitude)=AB (distance) x cos ABM (bearing),

and AM (departure)=AB (distance) x sin ABM (bearing), and using
logarithms, log latitude = log distance + log cos bearing — 10, and log
departure = log distance + log sin bearing — 10.
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Thus in the lower compartment of the form the middle line contains the
vhlues of log distances and the log cos bearing and log sin bearing dimi-
nished by 10 written as shown, both values being extracted from the
log book at the same time. The computation for latitude is made upwards
and that of departure downwards, as this takes up less room.

The antilog values of latitude and departure are deduced and placed in
columns 7, 8, 9 or 10 in accordance with their cardinal direction and since
these values are those of B from A (in this case the origin) therefore the
values appear on the line for station B etc., ete.

When there is much traversing to be done this method of computation
would take up too much time and traverse tables should be used. Traverse
tables showing the difterences of latitude and departure to every minute
of the quadrant by Major-General Boileau, R. E., are perbaps the best
known and to use them the procedure is as follows :—

Take the case of the co-ordinates for station B.

Look up in the tables 19° 48’ and since the latitude and departure for
14919 feet are required this quantity in the tables will have to be split up
into 1000:0 + 4000 + 900 4 10 + 9 = 1491'9 and for 1,000, 400, 90,
etc., we obtain the following values.

Latitude. Departure.
940-88 338:73
376-35 18550
84:68 80-49
94 34
-85 30
1403:70 505-36

Columns a a a a.—It will be observed that the total north and south
latitudes is zero or that there is no correction to be applied and that in
departures there is a difference of *4. In a previous paragraph mention
has been made as to how this error should be distributed in proportion to
distances, but in this case since the error is so small we have + ‘2 to be
applied to the eastings and — 2 to the westings, and this is done by
accrediting the greatest departures with -1 foot apiece. The traverse
is now considered to be dalanced.

In balancing a traverse the error in closure includes all compensating errors,
and it would be more correct to distribute errors in measures wade over uneven
ground or under adverse circumstances. Linear measures are generally too long,
and so it is more correct to apply a greater minus than a plus correction ; again
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3 slight change in the bearing of a long line would affect the closure more than one
in a short line, and g0 also the bearing of a line at 45°, 185°,225° and 815° would
affect the latitudes and departures equally and in any other direction unequally.

Column 11.—This column is obtained from columns 7 and 8. The
difference in latitnde hetween stations A and B will be the total sonthing
made by the line AB, consequently 14037 is the latitude of B since
A is the origin. With the same argument since C is 7046 south of B,
then the tota! southing of C from A is 1403-7 4 704:6 = 21083
is and eventually it is found that the total southing of E from A is
3276:0. The point F however is in a direction north and therefore F is
North of E, so that F with reference to A is 3276-0 — 126 4 = $3149+6,and
80 on till the traverse returns to A when by rule the northing must equal
the southing and thus the southing of I = 10595 is equal to the northing
of A = 1059-5.

Column 12 —The values in this column are found in exactly the same
manner as the values in column 11, except that eastings and westings are
dealt with and in the final lines as proof the easting of I = 13082 is
balanced by the westing of A = 13083 — ‘1 correction = 1308-2.

Column 13 is a column for successive ordinates by which the double
ares is obtained. The sumccessive ordinates are found as follows--Add
the departures in pairs algebraically considering East being positive and
Woest being nogative and enter in column 13.  The values in column 12 for
A and B are 0 and W 5054, thus W 5054 is entered in column 13
opposito station B. The successive ordinates of B and C are both westings,
therefore their signs being both minus their result is W 697-2. The suc-
cessive ordinates for C and D are W 191'8 and E 233-7, and siuce the
signs are opposite and the easting or plus direction is the greater than
the fesult is written as E 41'9. In this column the E and W must be
carefully entered as whether the successive ordinate is E or W it becomes
plus or minus and influences the next calculation for colurmns 14 and 15.

Columns 14 and 15 are for double areas and are found as follows.—

The successive ordinate is multiplied by the distance on the meridian
pertaining to thay ordinate. Distances on the meridian are considered as
plus or minus accerding as they are north or south, so the algebraical

product with due consideration of signs of columns 7, 8 and 13 is entered
in column 14 or 15.

Example W 505'4 x 814037 = -5054 x - 1403'7.
= + 709,430 for line B.
And similarly + 419 x — 522:0 = — 21,871 for line D, ete.
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Columns 14 and 15 are totalled and the minus double area is sub-
tracted from the plus double area and the result is the double area of the
enclosed figure in square feet which can be reduced to acres (for proof see
para. 130).

121. Traversing by the bearing method.—The bearing me-
thod of traversing is as follows : —Consider fig. 52 and let the theodolite be
st up at A and with the two plates clamped at zero let the object glass of
the theodolite be brought by the compass into the plane of the magnetic
meridian by means of the lower plate which is now clamped. Next release
the upper plate and read the forward station B on vernier A (that is the
vernier below the vertical are). The readiné will be the magnetic bearing
of the line AB. Since the forward station B had to be intersected by
means of the slow motion screw the upper plate is therefore clamped and
must remain clamped. The instrument is now taken to station B and by
loosening the lower plate the wires are made to intersect the back station
A, by clamping the lower plate and using the lower slow motion screw.
The reading of A vernier should be the same-as it was at station A and it
should he checked to see that no movement or displacement has taken place.
The upper plate is released and the telescope directed to C the forward
station and C is intersected by clamping the upper plate and using the
slow motion screw.

Now the angle NAB=angle ABS, since N, 8, is parallel to N' 8 but
the zero at B is in a direction BS, opposite to BN, or a difference of 180°
and therefore the direction BC is the bearing of C from B plus or minus
180° unless B vernier is read or the instrument is transitted. This differ-
ence of 180° will occur at every even number station and the last bearing
on closing the traverse should agree with the original starting bearing,
except that this allowance of 180° must be made if it happens to be an even
number station. Distances are measured between stations.

122. Traversing by the inward angle method.—The inward
angle method of traversing is as follows:—The direction of proceeding
station by station should be counter-clockwise. Set up the theodolite at
A (see fig. 52) and level it and if the direction A to J or A to B bas not
been calculated by an azimuth observation or given as a bearing from
another traverse line, clamp the two plates to zero and rotate teleséope till
the ohject glass end points to magnetic North by the treugh compass using
the lower plate and slow motion screw. The compass if of the rectangular
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pattern, as is generally the case with modern theodolites, should be taken
off and put away after the horizontal angles to stations have been observed.
Next release the upper plate and read the back station J and then the for-
ward station B the lower plate remaining clamped throughout the whole of
this operation, the readings being read on A vernier or the _vernier placed
under the vertical arc. As B, will have been read by c]ampmg the upper
plate and manipulating the slow motion screw, it stands to reason that the
upper platé now remains clamped. Let the readings to J and B according
to the field book record (see fig. 53) be 220° 15° 20" and 50° 31’ 40°
respectively. The readings are magnetic bearings of J and B and the in-
ward angle at A between J and B is found by subtracting 220° 15" 20
from 50° 81" 40° (+360°) and is 190° 16° 20° for the first round.

The lower plate is now unclamped and the telescope is turned to the
back station J and the flag at J is intersected by clamping the lower plate
and using the slow motion screw. The reading of the vernier should now
be examined and itshould read 50°31' 40", that is, that the forward reading has
been set on to the back flag. Now unclamp the upper plate and intersect
the forward flag and let the reading be 240° 48° 20°. The second round
thus gives an inward angle of 190° 16’ 40 and the mean of the two rounds
will be 190° 16’ 30°. In the revenue work of the Survey of India it is the
custom to also observe and record the outward angle which subtracted
from 360° should agree within certain limits with the mean of the inward
angles. This angle is a further check, but is really taken for the purpose
of simplifying the computations if a traverse has to be set up in a clock-
wise direction.

The distance between A and B is now measured and is found to be
4766 feet. A record of crossings and offsets to near detail is also kept.
The instrument is now taken and carefully centred over the next mark or
station B and levelled. The two plates are clamped, but not to read
anything in particular. Let the reading on A vernier be 120° 41" 40°
The telescope is turned by means of the lower plate towards station A the
back station, and the intersection is made by clamping the lower plate and
using the lower plate tangent or slow motion screw. The upper plate is
released and the telescope pointed to C the forward station and C is inter-
sected by clamping the upper plate and using the upper plate slow motion
screw. Let the reading on vernier A be 29° 51’ 00°. The inward angle
resulting for the first round is therefore 269> 09’ 20". The lower plate is
now unclamped and the telescope turned to the back station A and the
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ower plate is clamped and intersection is made with the lower plate slow
motion screw and thus A is intersected witha reading of 29° 51 00" which
was the reading of the forward station. The vernier reading is examined
to see that no shift bas taken place. The upper plate is now unclamped
and the telescope turned towards C, and C is intersected by clamping the
upper plate and using the upper plate slow motion screw. Let the reading
be 209° 00° 20°. The inward angle of the second round is therefore 269°
09° 20° and the mean inward angle to be accepted for computation and
entry in the traverse form (A) column 2 is 269° 09’ 20", and so on station
by station.

The specimen in fig. 53 is an example of a field book by the inward
angle method. Recording is to be done in ink from bottom of the page
upwards.

122. Discussion on merits of both methods.—-In previous
editions of this book the bearing method has been recommended as it is
said (1) to eliminate graduation errors since readings are made on all
portions of the plate, and this would be true if the inward angle method
confined itself to setting on the back station each time with the
vernier clamped to 0° but it has been shown that this is not only not
necessary, but time is saved if the starting reading, viz. 120° 41/ 40" at
station B (see field book) is as given at the time of clamping the plates ;
(2) it is said to have fewer readings, therefore fewer reading errors. This
again is not so, as the setting of the forward reading on the back flag by
the inward angle method equalises matters. Any extra number of read-
ings made by the inward angle method are means of checking and a verifi-
cation of the angle, and this verification is done by the second round being
taken over a different part of the graduated plate which cannot happen with
the bearing method. (3) With the bearing method, supposing the bearing
of a line JK was read incorrectly and entered and recorded as 278° instead
of 279°. The reader will underetand that this error of 1° will not be carried
forward in the observational work as the plates are clamped at 279° and un-
less the error is detected at the time and the record corrected, the subsequent
bearings will still be correct and the traverse might close quite correctly in
bearings; but when balanced, if the line JK happened to be a fairly long
line, the traverse will disclose a gross error in Northings and Southings,
Eastings and Westings. Where the error has occurred cannot be detected,
and it might probably be too late to rerun the line. Therefore the argument
that by the bearing method any error in reading a bearing effects only the
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line to which the bearing pertains may be considered to be rather against
_than for the retention of this method in preference to the inward angle
method. (4) By the inward angle method although the final error in closing
includes all accumulative errors, yet these errorscan be dispersed through-
out the traverse since the angles at each station have been observed with as
much accuracy as is necessary and without any chance of a istake. It is
also to be remembered that the mistake of 1° might have been caused by
the traverser manipulating the wrong tangent screw, not an unlikely thing
to happen when one’s mind is distracted, as it often is, by chainmen and
flagmen disregarding instructions. (5) Lastly, it is argued that the com-
pass if watched will disclose any mistakes. This takes it for granted that
the compass is of the circular pattern suuk into the upper plate (a relic of
25 years ago and now not made in this manner by first class instrument
makers unless specially ordered) and that local attraction at different
places along the line is constant. (6) To dispense with the difference of
180° at even stations B vernier might be read at station B for direction of
C or the instrument might be transitted and A vernier read. Unfortunate-
ly neither of these are free from error as in the first instance any difference
in the setting of the verniers (in a 2 vernier instrument) produces an error
and in the second instance the collimation error for horizontal angles creeps
in as no instrument is strictly free from collimation error and horizontality
of axis error and in any case repeated examination and testing for such
would be necessary and laborious.

To sum up, any survey system or method which permits of mistakes
creeping into records must be condemned. The hearing method may be
good enough in the hands of a careful and reliable man traversing over a
small area and an independent one at that, but when a surveyor has to
deal with long lines, and has perhaps to depend on a not too highly skilled
agency to belp him, he cannot afford to adopt any system but a self-checking
one, and it has been found, in India at any rate, that the inward angle
system, with at least two angles agreeing, within certain limits, is the best.

123. Measurement of Inward angles.—The following steps
therefore are to be followed in measuring inward angles of a traverse

(see fig. 24).
(1) Level up theodolite after thoroughly centering it over station
dot.
(2) Intersect back flag by clamping C; and using T; (Cs having
been previously clamped).
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(8) Read and record value of reading of A vernier.

(4) Unclamp C; and intersect forward flag by using T,,
(5) Read and record value of reading on A vernier.

(6) Unclamp G, and intersect back flag by using T,.

(7) Examine reading which should be as given under (5).
(8) Unclamp C, and intersect forward flag by using T,.
(9) Read and record value of reading on A vernier.

(10) Subtract (3) from (5) and (5) from (9) and if the angles thus
deduced disagree by more than the graduation of the in-
strument, continue till there is a satisfactory agreement.

Footscrews should not be touched between readings.

124. Concerning chains and chaining and measures
generally.—For ordinary work the Gunter (66/) or the 100’ chain is
used in measuring the distances between stations (see also para. 20). The
Gunter chain is one of 66’ in length, is lighter and handier, but has this
disadvantage over the 100/ chain, in that there are more chain lengths,
and therefore more pitching of arrows and greater liability to accumulative
error. On more or less flat open ground it cannot be therefore as accurate
in measuring distances as the 100” chain.

In traversing two chains should be used, onea Gunter and one a 100”
chain. The Gunuter chain being only as a check on the 100/ chain for the
whole distance and therefore the chainmen, not so expert as measurers,
are those on the 66’ chain. The traverser should follow the 100’ chain
keeping an eye on the alignment of both chains and the correct vertical
pitching of all arrows, The traverser must always have with him in his
camp a steel tape or a tested 1007 chain in order that he may, morning and
evening of a day’s work, check and correct his working chains. The
chains used on work should be well tried old chains, which do not stretch
so readily as new ones. The chain given for testing should never be
used on the work and the steel band should be kept dry and clean and
when put away for a period, should be oiled and wiped.

The mensures of the 100’ foot chain are reduced to the 66’ chain as
follows :—

18:66 = recorded long chain measures.

683 = § ditto.

2049 = Total

+ 205 (Add the first three figures of total moved 2 places to the right), .
90°695 = reduced chain measure in short chains.
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The record of the lengths of the chains at the commencement and end
of the work must be made daily so that the correct chain values for
computation may be reduced. The mean of the short and long chain is
not to be used, but the length of the long chain only. The difference

between the short and long chain measures should not be more than yglyg.

1

When traversing of greater exactitude than g is required as

would be necessary for City Surveys the steel tape standardised to a
certain temperature must be used (see paragraph 140). If a greater
accuracy than 3345 the line must be staked out and the tops of the stakes
or pegs levelled for different sections. Working along streets with a steel
band and spring balance handle for tension pull, the reduction of measures
for temperature changes and slope and with a theodolite graduated to read
20 secs. there should be not much difficulty in obtaining accuracy to yrhss
(see paragraph 135). Beyond this limit the cost of survey would increase
rapidly and it is worth considering whether the increased cost is compen-
sated for by the increased accuracy.

125. Chaining over aneven ground.— Over uneven ground the
changes of slope are best measured with a wooden clinometer, or better
still by an Abney’s level, the readings being made to a disc held at the
other end of the slope at the height of the observer's eye. If anaccuracy
in chaining of rg%ss only is required the chainmen should employ the
method of ‘‘cutting the chain,” that is, holding the chain level by
short lengths and plumbing the measure to the ground surface,, and
if the ground surface is more or less an even slope, the horizontal
measure can be obtained since it is equal to the measured distance
multiplied by the cosine of the angle of slope.

For accurate work over long distances the crinoline chain has been
used. The crinoline cbain is of invar metal and is in 5 sections of 66 feet
or 330 feet in total length. The plains of northern India have been tra-
versed with this chain in preference to an expensive system of triangulation.

1268. How to fold up a Chain.—The chain is gathered up in
the following manner. Hold the 50 foot tablet in the right hand and
drag the chain till it doubles itself and the handles come together. From
the 50 foot tablet end bundle up the chain two links at a time when its
shape will be that of a reelgo" Bour glass. The chain should not be undone
except systematically The two handles are taken in the laft hand and
the cbain is thrown forward with the right hand, and it will be found by
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walking a few yards, holding the handles, that the chain will unravel
itself freely.

127. Errorsin chaining.—The following are the errors in
chaining. (1) Errors in alignment, (2) errors in pitching arrows, (3)
errors due to links being bent or doubled, (4) errors due to the small link
connections being pulled till they gape, (5) errors due to the small link
connections taking up a crosswise instead of a lengthwise position on the
chain, (6) mistakes due to counting the number of chains measured and
failure to notice that an arrow is missing. For full particulars the reader
is referred to paragraph 20.

Tape measures.—Bach of the following errors in a 100 foot tape
(steel) length will give an error of 16(1)60.
(1) Length of tape giving a difference of 4th inch from the standard.
(2) Error in marking or plumibing 4th inch.
(3) Error in reading 4th inch.
(4) Error in sag or the middle of the tape Leing 8 inches lower
than the ends.
(5) Temperature correction for every 16° (approx).
(6) Tape stretched loosely so that the centre is 8 inches out of line.
(7) The end of the tape being 16 inches ont of alignment.
(8) For every 16 lb. pull.
(9) Tape not horizontal or one end 16 inches above or below the
other.
(The reader will notice that the above values are either reciprocals or
multiples of 8 and as such are as nearly correct as will be found necessary.
1 is accumulative + or —and the constant is to be applied to correct it.
5is do. do. do. do. do.
4,6,7,9 are accumulative + and can be avoided and in flat areas need
not be considered.
8 is compensating and 2 and 3 are mistakes.

128. Field books.—The field book (sece example given in fig. 53)
should be a neat and well kept record. It should be also systematic. The
traverser must always remember that he may not himself do the computing
or plotting of his work. The space between the two centre lines is for
theodolite readings to stations and chain records of the line between stations
only. On the right hand side the angles are written, viz., 190° 16’ 20" and
190° 16" 40" and the mean angle is written up in red, viz.,, 190°16' 30, On
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the left hand sidethe vertical angles taken toforward and back stations usually
to the mark on the flags denoting the mean or average beight to which the
instrument is set up are recorded and also any readings taken to conspicu-
ous objects as intersected points. Readings to ‘intersected points are not
to be made except on the last setting of the instrument. If this is made a
rule the computer will understand that the reading 223° 15 ¢ to paln” was
with the theodolite set on the back flag at 50° 31° 40°. This is an im-
portant point to remember. Chain measures corrected for slope should be
entered in red. The vertical angles taken are for the purposes of chain
reduction only. Traverses having height values can be run with a certain
degree of accuracy, but the engineer would find such heights scarcely of
any value for his work and a level should be employed in preference; this
matter is therefore not treated on or dealt with further. The field book
must be written from the bottom of the page upwards. All entries must
be made in ink. A sketch plan and a well kept index is very important.

In connection with traversing and its computation the next few paras.
are important.

129. To find the distance and bearing between any two
points 6n & traverse.—In fig. 54, 1-2-3—4..,10-11-12...18-19 are
traverse stations and on the traverse being computed the following co-
ordinates were found for stations 1, 10 and 18 respectively:—

Feet. Feet. Feet.
N. 10186 N. 43675 N. 34109
BE. 9968 E. 20187 W. 6083

Find the distances and bearings of 1 to 10, 10 to 18 and 18 to 1.

Let the first case be taken that of stations 1 and 10.

Through 10 draw a line 10 K parallel to the initial meridian and
through 1 draw a line at right angles to the initial meridian to meet 10K in K.

Then the triangle 1 K 10 is a right-angled triangle of which the side
10K represents the difference of latitude between 10 and 1 and 1 K, which
represents the departure between 10 and 1 and these are known and:—

10 K = 3348'9 and K 1 = 10219

3348.9
Now tan. angle 10 1 K=

- angle 101 K= 73° 1’ 51"
.. side 10K 33489
Again sine 101 K = (e = 5

< Side 1'10 = 35015 feet
and similarly tbe other values for 10 and 18 can be found.
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Now the angle M 1 K is a right angle or the bearing of K from
station 1 is 90°
and since the angle 10 1 K is equal to 73° 1’ 51" .. the bearing of 1 to
10 = 16° 58’ 9°.

Similarly all the other bearings can be computed.

Now suppose z to be a point intersected from 1. 10 and 18. that is the
angle at station 1 was fouund to be z. 1. 2. 8ince the bearing 1 to 2 is
given in the computations of the traverse and the bearing 1 to 10 has
been found, therefore the angle z. 1. 10. is found and similarly the angle
2. 10. 1 is found and thus in the triangle z. 10. 1 two angles and the
adjacent side 10. 1 are known and therefore the triangle is solved and
similarly the triangle 10. 18. & is solved and hence 10. z becomes a
common side and the co-ordinates of z with respect to the origin can be
computed.

130. Areas.—By successive ordinates or by double departures
(DD).

The figure ABCDE FGHIA (see Fig. 55) represents the plot
of the traverse given in Form (A) (see page 140A). Let the successive
ordinates opposite ABC, etc., equal y, ys, ys, ¥4, etc.

Let us consider the first double area = + 709,430 square feet which
is twice the area ABB’ thus :—

(a) Twice area ABB’ = AB’ x BB’ = AB’ X (y, + ys)
= — 1,408'7 x (= 5054 + 0).
= - 1,403'7 x - 5054
= + 709,430 square feat.
() Twice area BB’C’C = area B'B’C’C" + area BB’z — C" = C,
and since area BB’ z = area C’ # C by similar triangles.
. Twice area BB/C’C = area B°B’C’C’
but area BB’C’C = ’—’:—y’ x B’C’
. Twice area BB’C’C = (y, + ys) x B'C’
= —697'2 x - 704'6.
= + 491,245 square feet.
(¢) Area ODD’ = area GFD + area OD’FG,
and area GFD = CHG@ (by similar triangles),
= area CC’O + area C'HGO.
. Area ODD’ = area CC'O + area C'HGO + area OD'FG,
= area CC'O + aren of rectangle CHD'F,
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ie. area ODD'—area CC'O = area of rectangle CHPpF¥D
= JG x B

Sum of £C’ and D’D with proper sign x #’D'
D'D;CC’ x O'D’ »
.. Twice area = (D'D—-CC') x BP~ ¢

= (ys—ys) x Bb"¢co
(2337 — 191-8) x — 522°0
+ 41'9 x —5220
= — 21,871
ete., etc.

131. Convergency of Meridians.—It is usual in a traverse to
suppose that the meridians of the stations are parallel to that of the starting
station or origin. Provided a station is not far E or W of the origin the
meridians of the stations and of origin are practically parallel, though not
actually so, as all meridians converge towards each other and meet at the
poles. But when the departure (distance E or W of the origin) exceeds,
say, 8 or 10 miles there is an appreciable convergency and a correction is
necessary for converting apparent to true bearings.

The very slightly curved surface of the earth over which the traverse
has been run may be supposed to be flat and tangential to the sphere,
within an area of say, 40 or 30 square miles,

I

Fig. 56. Let the circle of the figure repre-
sent the terrestial sphere, O its
centre and r its radius. Let ABC
represent a parallel of geographical
latitude (M), passing through a station
Bof the traverse. Let the meridian
that passes through the origin of the
traverse cut the parallel in A and let
the meridians of A and B cut the
equator in A" and B’ respectively.
Join OA, OB, OC, and let OH be
parallel to the plane of the circle
ABC. Then CH = A, and AA" =
BB = CH = A,
Draw the tangents to the sphere at ABC. These tangents lie on the
curved surface of a cone whose apex P is such that O”P pusses through

.;
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the centre O of the circle ABC which is the base of the cone. The curved
surface PAB represents the plane of the traverse and it is very nearly flat.

Angle BOB’ = A .. angle BOP = % — M and

BP = r tan BOP=r cot \. Convergency = angle APB
AB d tan \
== ,— whered = arc AB and may be taken

with approximation = departure of B from A.
Let M = No. of minutes in angle of convergency of B’s meridian

.. Circular measure of convergency = M sin 1,
d tan A

.'. M Sin 1, - AL 8000000t - ------ no'o(l)

cosec 1’ cosec 1

= d tan A x K (since - " is constant).

or M = d tan X\ x
’ Loy

S log M = log d +,tan A + log K.

If d is expressed in miles r = 395806 (mean radius of earth),

(____;‘;e:(:;) = log cosec 1/ -- log 3958 06.

=-3'536,2739 —~ 3-597,4824 = 1-9388.

and log K = log

If d is expressed in feet

cosec 1’ cosec 1/
log K= log (m = Iog (:‘3_.‘338—06) - log 5280.

= 19388 - 3-7226 = 4-2162.
In this way it may be shown that log K = 2:2161, 42162, 2:0357 or

19388 according as d is expressed in 100 ft. chains, in feet, in Gunter’s
chains or in miles.

Ezample.—What is the convergency for 1 mile in latitude 30° N or
very nearly the latitude of Roorkee ?

Miles. Feet. 100’ chains. 66" chains,
19388 42162 22161 2:0357 log K.
17614 17614 17614 1:7614 log tan 30°
0-0000 3:7226 1-7226 1:9031 log departure
17002  1-7002 1-7001 1:7002 log convergency.
5 mins. ‘5 mins. ‘5 mins. *5 mins. convergency

that is in latitude 30° N the convergency per mile is equal to-30 secs.
or } minute,.

When the points between which the convergency is required are
in different latitudes, then the mean of the sum of the latitudes must be
substituted for A or N = § (I + ) in the above formula.
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132. The application of convergenoy correction to a
traverse.—Traverses are computed on directions and measurements and
the directions are in terms of an initial direction which is usnally an azimuth
obtained from an astronomical observation, that is, in terms of true North.
It therefore stands to reason that at a station East or West of the initial
meridian, if an azimuth is observed, the directions, as carried forward on
the traverse whigh are bearings, and in terms of the initial meridian, will
not agree with the azimuth taken at a certain station by the amount of the
convergence of the two meridians and therefore the azimuth must be reduced
to a bearing by adding or subtracting the convergency angle in order to

Fig 57 (a).

check the angular work of the traverse. In figure 57 (a) it is supposed
that 1 is the initial or origin point and that a traverse has been carried to
station 44 in an easterly as well as westerly direction and that an azimuth
was observed at these stations to check the angular work. M, 44 and
M, 44 are supposed to be parallel to the initial meridian through station 1
the origin. The azimuthal directions at stations 44 will be N, 44 and N, 44
and the angle Ny 44 M, and angle M, 44 N, will represent convergency.
Now the azimuth of station 45 from station 44 is in one case Ny-44-45
and in the other case N;-44-45 and if C = angle of convergency, then the
bearing of 45 from 44 will be Ny-44-45 + C when the station 44 is West
of the origin and N;-44-45 — C when the station 44 is East of the origin of
survey. Therefore convergency is to be added to the agimuth or
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subtracted from the azimuth of a station in order to obtain the
bearing according as the station is West or East of the origin or initial
meridian. .

In the traverse form at the origin the initial azimoth in column 3 is
entered a< the bearing and opposite station 44 the bearing of 44 to 45

c e . . . . W . .
which is equal to azimuth + C according as station is 5 of origin. The

angles in column 2 are then added down to and  cluding station 44 and
the total in whole degrees minutes and sec. (s should agree with the
difference of the starting and closing bearing if not a correction + or - is
applied and the bearings run down and closed without error. This correc-
tion is the angular error in the traverse and hence azimuths with conver-
gency applied is an angular check.

133. Memoranda.—The following points should be remembered
in traversing with the theodolite :—(a) Much more depends on the accuracy
of the chaining than on the angular work. The chaining to a flag 1,000
feet distant may be + 1 foot in error but an error, in reading (not a
mistake in reading) would scarcely show any displacement of the flag.

(b) The instrument and flags should be properly centred over the
station marks, an error of an inch in displacement of either at a distance
of 100 feet will produce an angular error of about 3 mins. The angular
error increases as the distance decreases and vice versa.

(¢) The permissible error in ordinary traverse chaining may be
taken as 1 in 1,000, but in city surveying with a steel band or tape the
error should not be greater than 1 in 5000.

(d) The chain should be tested against a steel band or an auxiliary
chain before and after work and, if possible, once in the middle of the
day and the correction applied to all measures accordingly and the
corrected value should appear in red ink. Chains stretch, especially new
ones, so that the recorded measurements are less than the real.

(¢) When chaining, the chain should be well shaken as the alignment
is being adjusted. The reason for this has been explained already.

(f) A chain should be examined for correctness in the intermediate
lengths. It might so happen that the chain registers 30 feet or 30 links
quite correctly and be a foot or link out at 15, so that a length of 115
teet or links will be possibly a foot wrong. It is for this reason that
some surveyors use & reliable tape to measure the final measure which
is part of a chain,
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(9) Chainmen should at every chain length exert the same pull and
align themselves automatically between the flags. The last arrow pitched
before the stat_lon is reached, should be left till the final measure is
examined, checked and entered and also the number of arrows with
chainmen. Some chains are fitted with a spring balance and for accurate
work the pull can be regulated to counteract any discrepancy in the
chain or tape.

(%) The centering of the theodolite over each peg cannot be too
carefully done, especially when menials are present as it impresses them
with the accuracy of requirements necessary for good results. A
theodolite fitted with a traversing head saves a good deal of time.

(i) The rods or flags should be observed to as low down as possible
to obviate the error due to non-perpendicularity.

(J) The field record should be in ink and all erasures should be cut
out in ink, initialled and dated. The field book should contain an index
plan and an index to pages so that data sought can be found with little
or no trouble, The field book with its record must be so kept that any
computer is able to understand the entries and is able withoyt further
reference to set up and compute the traverse.

(k) Arrows should be pitcbed vertically and the chain swung aside
so that the chain in its drag will not pull them out of position. Arrows
in long grass should have pieces of cloth run through the loops to catch
the eye. To define the position of arrows on pavewents a chalk line
with a fine pencil line in the middle is the best mark.

(1) On the final part of the chain measurement, it should be a rule that
the chain is dragged past the station and aligned on the back station. The
chain measure will then be given as so many chains and so many links or
feet.

(1f the forward end of the chain reached the mark and the chainman held the
chain against the last arrow it is quite possible, and in fact so often happens, and
it is noted here as a precaution, that he will call say 74 feet instead of 26 feet.
The same mistake may happen with the steel tape by holding the 100 feet at the
station mark and obtaining the tally at the arrow from the chainman.]

(m) Offsets should be taken by means of a crosshead or optical

square and metallic tape. The measuring chains should ngt be used for
offset work.

(n) Measurements must be done * pari passu” with the angular work,
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(0) As levelment does not effect horizontal angles much and a slight
deviation of the bubble, little or nothing, the bubble should never be correct-
ed during observations (see paragraph 65).

The squad required for ordinary traversing with two chains going
will be as follows:—Chsainmen 4, flagmen 2, menials for instruments and
umbrella 2, and possibly an “axeman” or line clearer. Total 8 as a mini-
mum'and 9 as a maximum.

134. City Surveying.—City surveying demands from the engineer
and surveyor a higher order in accuracy than that of farms or property
in an agricultural or depopulated area. The accuracy may be said to
increase in proportion to the value of property, bearing in mind also that,
in well established ports and commercial centres, ground rents and building
sites may yearly increase in value and thus in some cities and also in
certain quarters of some cities the highest class of surveying as regards
accuracy is an absolute necessity. Probably its main object is to avoid
litigation and thus the survey map becomes the supreme court of settlement.

However the aim in accuracy should not be so much great precision
as the reguired precision under the circumnstances, and on this the cost of
the survey should be worked out, the municipality or governing body on
the one hand tabulating a list of detail it requires shown and the surveyor
then selecting the scale or scales on which the city area is to be surveyed.
If the municipality decides the scale, amount of detail, etc., the
surveyor is left with the question of accuracy to which he must work to
satisfy the requirements laid down. Again, the size of the scale will
decide whether the actual plot is to be the legal map from which all
measurements are to be taken, or whether measurements are to be
printed along the lines of a conventional plot. If the scale is a large
one, say 20 feet to the inch, it would be folly to suppose such a map was
intended as a guide map for printed measurements, rather it should be a
map plotted accurately to all measurements and’ from which areas and
detail can be calculated.

In a city survey the framework must first be considered and that
framework will in all probability be a theodolite traverse in preference
to triangulation. Triangnlation would not only be expensive but pos-
sible only from the tops of houses and the poiunts thus fixed would have
to be transferred to the ground level.

135. Precision required.—As theodolite traverses would all be
closed traverses thera necessarily arises the question of the required
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precision and that required precision will have been attained when on the
closing error of a traverse being dispersed no station, according to seale,
will contain a plottable error. On scales of 25 to 50 feet to the inch
values to one-tenth part of a foot may be considered as plottable, or at any
rate values to this accuracy or a slightly greater accuracy should be aimed at
in the computation, in which case measurements, latitudes and departures,
should be taken to the second place of decimals of a foot. Tape measures
of Jengths are therefore required to the part of an inch.

The error of closure should be perhaps within ﬁ where error of

closure B = J (error in latitude)? 4 (error in departure)’
- perimeter.

For example in a 10,000 feet perimeter which is a little less than
two miles if a traverse is found to be ‘6 feet error in latitude end *8

feet ercor in departure we get from the formula E =/JZ 6):030((;3') = to,(l)oo

The accuracy of closure of a traverse of this description to between }
and § of a foot seems reasondble to expect, and when such an error is dis-
persed or distributed through 50 stations of an average distance of 200
feet ap- -+, the plottable error might be considered nil.

1t has been already shown that some errors are accumulative and some
compensating and therefore a few important main lines common to main

. . . 1
traverse circuits may be required to be accurate to 17000

It must be remembered that the areas will be calculated from the
traverses, so the distribution of error in precise work should be carefully
done and as follows:—

total error in lat .
W X length of the Slde,

total error in departure
perimeter

The error per side in latitude =

and the error per side in departure = x length of side.

The slide rule will be found a quick and acourate method for the above,

138. Angular precision.—As regards the angular work it will
be found that a transit theodolite with traversing head (sometimes knéwn
as railway pattern stand) reading to 20 secs. with 3 repeat readings will
suffice, but it is doubtful whether a 6 or 8 inch micrometer reading to 10
seos. and estimation to 2 secs. with ome extra check angle would not be a
more suitable instrument when traffic is liable to vitiate several repeat
readings.
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The angular correction to the traverse should be based on the system
of .closure of angles of a polygon and the excess or defect distributed
equally. If this is admitted then there arises the question of azimuths to
control the angular error, and as both azimuths and the sum of the in-
terior angles of the polygon must rule the angular correction, a judicious
selection of the azimuthal stations must be made, and the angular correc-
tion through several blocks distributed before any balancing can be done.

The probable angular error per station would be the total error divided
by the square root of the number of stations. There being two conditions
to satisfy it must arise that many azimuth stations would tend to confuse
and complicate watters.

137. Origin and method of subdivision.—There is no need
to have more than one origin for ordinary sized cities. True, the co-

ordinates may seem to be unwieldy, running into thousands, but the full
set of figures need only appear once on the tdp of each page and at each
change in the thousands.

The city might be supposed to be divided up into main traverse biocks
wards or any such municipal administrative areas (perhaps it would be most
convenient for compilation to adhere to some municipal rather than survey
units), each block being roughly about } square mile. The common line
between blocks of main traverses should be traversed twice and in opposite
directions and the mean accepted for each block so that the stations along
the common line willagree. No error can, therefore, be distributed unless
it is distributed to each block on the common line. It will thus be seen that
the traverse main. network for the whole should be set up and balanced
before these blocks can be divided up by sub-circuits into smaller areas.

138. Main circuits.—The main traverses should have perma-
nently marked stations, knowr as monuments, the positions of which should
be properly selected and fixed also by accurate measurements to adjacent
permanent marks. The main traverses will be run in the most convenient
way and along lines of least resistance and not with the sole view of aiding
detail vork. The distance between main traverse stations should be as
great as possible, as then compensating errors in tape lengths will permit
of the measure being nearer the truth.

139. Sub-circuits and tie-lines -—Sub-circuits and tie lines
will be run from these main traverses up all streets and possibly alleys
and by-lanes and the stations of these sub-circuits should, considering tne
scale, be so placed that on plotting, at least five or six will appear on the



182 CHAPTER V,

sheet of paper used for detail work. The detail work may be carried out
by tape and offset methods and the work to be plotted direct on the table
as it proceeds, or by telemeter methods with the Tacheometric planetable.
With the former the surveyor must be careful to work from the greater
to the less and not vice versa, that is, in a given blook it would be correct to
divide up the hlock bv supplementary tie lines and to fill up the resulting
small blocks after the tie lines close and are checked. It would be incorrect
to start detail work on the whole block in one corner and continue filling
up the block, as then the error will be accumnlative and an impossible one
to disperse.

140. Check for chain —A standard at mean temperature mea-
suring 100 feet should be set up at the city head-quarters, snch as a town
hall or municipal offices, and all steel tapes and other clnsses of tapes nsed
should he standardised to this measure and in the future in case of disputes
arising as to ownership, etc., this standard should be referred to. Any
point needing settlement should be submitted to the proper authorities to
adjudicate on and the map drawn accordingly.

141. Levels.—City levelling should be levelling of precision and
level values should be given where the city authorities are likely to require
them. The sites selected for bench marks should be of a permanent
character.

142. Details.~Btreet lamps, hydrants, manboles, subways, ete.,
should be accurately shown on the map in conventional colours ; those
below or above ground level should not be confused with those at ground
level.

The demarcation of the drainage system for houses and streets and
the outlots for sullage water should carefully be attended to. The widths
of streets and pavements and up to which limit they are paved or other-
wise should be given. Property belonging to harbour, railway and
other large landowners should be measured along their boundaries, and
where insufficient marks exist or where the boundary is doubtful these facts
should be noted and settled. The corners of all street blocks near monn-
ments should be measured to and recorded in a proper manner, and, if
necessary, the measures should be entered on the map. When the map has
once heen plotted and examined the field books should be considered of no
further value. Fither the plot of the map or the added measures must be
considered sufficient and no satisfaction can be had from field hool.s which
contain offset information and not direct measures or diagonmals. All
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measures printed on the map must be direct measures and not measures
deduced from offsets.

The geographical situation of detail in a city survey is of no practical
use whatever, so that traverse co-ordinates need not necessarily be joined
on to adjacent geodetic data. An index map on a small scale can easily
be compiled as the mapping proceeds and the reduced plan can be made
to fit on to two or throe data common to both.

City survoying is mostly carried on at night or when traffic mcre or
less ceases. The planetable methods, see Tacheometric: surveying, is
eminently adapted for city work as stadia observations can be made and
distances obtained without fear of interference by traffie.

What has been written is applicable to city surveys to be used by the
engineer for construction, improvement, etc. The Ordnance Survey of
Euglaud does not undertako to settle ownership of property and for goneral
use a scale of g} has been found largo enough for all municipal purposes.
Any survey on a scale of 20 feet to the inch bLecomes a working plan. In
India the Government requires railway location work on a scale of 400
feet to an inch, and, if so, town planning and city improvement must sog-
gest a larger scale and possibly 200 or an even numter of feet to the inch
would bs required ; bazaars and crowded areas have been surveyed on
scale of 24 and 36 inches to the mile but scales as integral parts of u mile
have no meaning to the engineer especially in drawing up his estimates
and his scales should he in feet.

The plan drawing should not contain shade lines for buildings as

confusion arises as to whether the inner or outer odge of the shade line
is the measured limit,



CHAPTER YI.
THE PLANETABLE AND ITS USES.

143. General.—Tha planetable and its method of use in survey-
ing is due to the Survey of India who originated it and who still use the
simple table, plain sight rule and tangent clinometer. These are con-
sidered the best under the climatic conditions prevailing and in the hands
of the Indian staff which is now almost entirely employed on this class of
work.

The scale of the survey is a great factor in determining as to whether
the planetable is to be used or not. The smaller the scale, the greater the
desirability of surveying with the planetable, especially in hilly ground.
On very large scales, where extreme accuracy is required together with
records of distances and angles, the planetable loses its value, though even
here, it may be judiciously employed. In dense jungle and undergrowth
it has been thought that the planetable is an impossible instrument and yet
all the forest areas of India were surveyed entirely by the planetable, and
it is doubtful, whether these areas could have been mapped by any other
system, except at a great expense of clearing, plotting and adjusting.

Two kinds of planetable equipment need only be described, namely (i)
the simple planetable and stand with its plain sight rule magnetic compass
and tangeot clinometer, (see para. 83) and (ii) the elaborate aluminium table
with telescope alidade, or sight rule head as it is sometimes called. (See
Chapter 1I, Part IL.) All other planetable equipments might be said to be
either an elaboration of the one or a modification of the other; the former
might be said to employ planetabling ‘methods pure and simple and the
latter to combine with such methods tacheometric or stadia methods.

144. The simple planetable equipment.—The table is made
up of two_ pieces of well seasoned pine about } inch thick braced under-
neath by two battens of harder wood (usually teak) having slot holes to
allow for contraction and expansion. In the centre underneath is fitted a
bossed head of brass which when placed on the tribach of the stand is
clamped to the tribach by means of a fly nut screw having a washer, The
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slit legs of the stand are connected to the tribach by a bolt passing through
two holes and wing of the tribach. This bolt is wormed at each ex-
tremity and two antagonistic fly nut screws secure the legs and hold them
tightly clamped. This antagonistic action has the tendency to squeeze the
extremities of the legs to the tribach and not to split the wood along the
grain, as often happens with the bolt head and nut device.

When the planetable is placed on the top of the tripod so that the
bossed head passes through the hole it is screwed home and clamped by
the screw and the table is complete. There is no clamp, slow motion or
footsecrews with this equipment, and under ordinary circumstances no
necessity has béen found for them.

145. How to mount paper on a planetable (s also para.
3).—Cut a piece of white or blue hand made drawing paper so that it is
roughly 4" smaller all round than the table, Next cut strips of strong
foolscap, or cartridge paper, about 4" in width and with a total length of
the perimeter of the table with a little to spare. Prepare some thin paste
and rid it of all lumps and having well =oaked the strips of foolscap apply
the paste on one side of the strips only and keep them handy. Pass the
drawing paper through a tub of clean water by holding two corners of the
paper, care bemg taken that the surface of the paper is not bruised or
cockled. Surplus water ~hould be allowed to run oft and the paper placed
right sido up as centrally as possible on the table. If there is an assistant
the paper being held by four corners should be allowed to first touch the
centre of the table and then the edges lnid down. No sponging should
be attemnpted as it removes the sizing. Now take the thin strips already
pasted and paste down the edges of the drawing paper by overlapping it
and turning the outer edges of the strips beneath the table. Put away in
a cool place to dry. The pasting down of the thin strips should he done
as soon as possible as no portion of the drawing paper should be permitted
to dry before this operation has been performed. It may be necessary
from time to time to apply a little paste here and there during the drying
process. If the quality of foolscap used is found to be weak, when the
tension due to contraction of paper asserts itself, then tracing cloth 1s an
excellent substitute. The map can be removed by passing a penknife
under the paper.

If the drawing paper is to be mounted on cloth a piece of open mesh
cloth about 6” larger all round than the top of the table should be out
and well rubbed in water to rid it of starch. The cloth should next be
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rinsed fairly dry and pulled by opposite corners with zigzag motion to
streteh it to its utmost. Place this cloth on to the table and apply paste
to the edges and stick the cloth all around to the underneath portion of
the table. This done apply paste to the exposed cloth, on the top of the
table, evenly and free of all lumps. Take the drawing paper previously
cut smaller by half an inch than the table and pass it through a tub of
clean water and place it centrally right side up cn to the paste covered
cloth and with a piece of clean blotling paper batween the hand and
the working surface of the paper press the paper from the centre outwards
in all directions.

Paste thin strips of foolscap along the edges to protect them from
being torn up by the sight rule. The board should be left in a coc! place
to dry. To remove the map cut around the edges and with an office
ruler roll the drawing off the board. The paper mounted over cloth
gives a much better working surface and ths map of course will last
much longer.

Good results in mounting will aways bo obtained if the paper is laid
well to start with and the edges dry before the central portion. The
board should never be wetted as it is bound to give trouble later.

Twe men can usually do as many as twelve staudard size plane-
tables in an hour, and if such work is done at about sundown or a little
earlier, by nezt morning, unless the weather is very damp, the paper
will have regained its smooth even surface and if not absolutely dry will
at least be fit to plot on. In India the difficulty is to keep tables from
drying too quickly and therefore the drying is usually dene over night.
Buch implements as clamps, drawing pins, and pin strips are a nuisance,
us they obstruct the proper working of the sight rule and after all are
of little or no use in a high wind. The planetabler who wishes to do good
work and retain his temper will do well to cowsider a quarter of an
hour well spent in mounting his table.

1468. Sight rule and magnetic compass.—The ordinary sight
rule is a piece of flat wood about 2° broad and }’ thick and 20" long at

each end of which is mounted a brass vane. Tf the planetabler is right
banded the fiducial edge is on the right and the nearer vane will be the
sight vane and further vane the observation vane. The sight vane is
pierced with a slit about one-sixteenth of an inch wide or less and the
observation vane has a broad aperture in the centre of which is stretched
vertically either fine brass wire or better still horse hair, which can be
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renewed at any time by being plugged in by small pegs ora whittled match.
The conditions required in a sight rule are, that on a line being
drawn along the fiducial edge when the ruler is turned end to end and
placed along the line, the edge should lie evenly along the line and also
that the line between the sights or the line of sight should be paraflel
to this ruling edge. For objects much above or below tho horizontal
plane of tle table a thread is stretched from vane to vane and high objects
are intersected through the peep hole along this thread and low objects
by the thrend intersecting the object on the wire of the observation vane.

Fig, 58,

The illustration (fig. 58) is of an improved pattern sight rule devised
by the author. It is of electrum, has a separate slide for its fiducial
edge, bubble for levelment of table, collapsible vanes, engraved scale and
points for rough stadia measures. The button, in the centre or at the
point of balance, is for lifting the rule. Messrs. E. R. Watts & Son,
the makers, call it the “ Indian ” pattern.

The magnetic compass is of the ordinary trough pattern with a
needle five inches long.

A description of the sight rule in use at the Thomason College is
here given. The rule is of box-wood of size 20" x 11" x 4*. The sight
vane and the peep vane are of brass hinged at one end so asto fold
flat when not in use. In the rule is countersunk a circular pill-box bubble
and also a magnetic needle which has a stud for throwing it off its pivot
when not in use. This self-contained sight rule has been found in practice
to be most useful and has given excellent results.

147. Methods of Survey.—The simple planetable and its acces-
sories have now been explained and survey work with it may be classified
as (i) a planetable survey by magnetic bearings; (ii) a planetable survey
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by the back and forward ray system; and (iii) planetabling proper by
intersection and interpolation based on trigonomectrical or theodalite
traverse data.

The two first stated methods are useful in their way and at times
probably the most effective means of doing some classes of ground, but
betore these are entered into in any detail it is essential that the graphical
method by which the planetable solves and finds its position by interpo-
lation or resection should be explained as it is here that it possesses its
greatest asset and hence its extended use in topography.

148. Geometrical proof—If A, B aud C (fig. 59) are three
known points and P a position at which the table is situated (the whole
table for most scales may be taken as a point) then if tho table were set

Fig 59

in true azimuth, rays drawn from the projections of A B and C will meet
at the point P, when the angles APB and BPC are known. The point P,
with respect to AB will be situated on the circumference of a circle drawn
through ABP, and the point P, with respect to BC will be on the circum-
ference of a circle drawn through PBC. The intersections of the two
circles will be at B, a point common to AB and BC, and P which will be
the required point.
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By Euclid III, 20, the angle at the centre of a circle is twice the angle
at the circumference standfng on the same arc. Let AB be this arc. If
we make the angles BAO and ABO each=90°—~APB, the angle AOB will
equal twice APB therefore O where AO and BO intersect, is the centre of
one of the circles required, and similarly if the angles O’BC and BCO’ are
made equal to 90°—BPC then O’ is the centre of the other circle ; with
a radius OA and a radius O’B draw the two circles, and P the intersection
of the two circles other than B will be the required point.

When one of the angles is obtuse, the complement of it is to be used
and the angle thus found protracted on the opposite side of the line joining
the two known points to that on which the required point P is.

It follows also by Euclid III, 22, that if the angles ABC and APC
are together equal to 180°, that the centres O and O’ will coincide and the
solution is indeterminate, and hence we obtain the rule that if A B C and
P are points situated on the circumference of a circle the point P is
indeterminate.

149. Trigonometrical proof.—Let A B and C be three known
points and P the station from which the angles Fig, 60.

x and y have been observed. 8

Through the points ACP pass a circle
and let this circle cut the line BP in D.
Join AD and DC. By Euclid III, 27, the
angle DAC = y and angle DCA = x.
Then in the triangle ADC the side AC
and the two adjacent angles are known
(AC is known as every function of the
triangle ABC is given) and therefore the
side AD is known.

In the triangle ADB since AD and AB are known and the angle
BAD = angle BAC—angle DAC therefore the angle ABD is known.

In the triangle ABP the angle BAP is known, since it is equal to
180° — (angle ABP + ), and the side AB is known, therefore PA and
PB are found. In the same way PC can be found. If B ceincide with
D then the point P is indeterminate. For tabulated proof suited to
logarithmic computation reference should be made to Chapter I, Part II,
on Triangulation (see problem of fixing a station from three known poipts).

From the foregoing proof it will be seen that if the angles at
P are observed with a theodolite and the angles plotted or pro-
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tracted on a piece of tracing paper that the point P can be pricked through
when the lines PA, PB, PC pass simultaneously throngh the points A B
and C.

1560. The station pointer.—~An instrument called the *station
pointer” serves the same purpose as the sight rule of graphically solving
the three point problem but the values of the angles must be known and
protracted on the arc to which the three arms are attached, the central
one being fixed and the two outer ones being movable. Such an instru-
meat is largely used on marine and hydrographical surveys when points on
the shore are known and the angles betweon them are observed with a
sextant. This fixes the position of the observer, say in a boat and on a
sounding being taken the depth of water at a certain point or distance from
the shore line is found.

1561. Graphical methods.—To find the point graphically with
the planetable there are several methods but of all these there is none so
simple as the trial or “triangle of error ” method which has been in use in
India for at least half a century to the exclusion of all others.

152. Bessell's method.—This method or as it is sometimes called
the ABC solution finds the point after four or five movements of the
table and fails very often since the intersection of two of the rays may fall
off the table, or the intersection point which is used for setting on a third
point, is so close to the third point, that the setting being short, the
azimuth of the tabie is fanlty. Long pencil lines have to be drawn on the
table and a succession of these for every fixing would soon make the paper
and map dirty. Bessel’s solntion is based on the geometric principle
“that in any inscribed quadrilateral the angle made by one of the sides
with one of the diagonals is equal to the angle made by the opposite side
with the other diagonal.”

163. The Tracing paper method.—On reconnaissance work
the tracing paper device is sometimes resorted to and the method is as
follows:—On the planetable being roughly put into orientation, rays from
any point on a picce of tracing paper or cloth are drawn to three or more
known points. The tracing paper is then shifted abeut till the three rays
pass simultaneously through the points from which they have been drawn
when the point which is the vertex of the rays and was an assumed posi-
tion, becomes now the true position and is pricked through. Then with
the point thus found and the sight rule set on the projection of this point
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and the projection cof the most distant known point, and on the distant
point being intersected, the table will be in true orientation or true azimuth,
as it will hereafter be termed.

164. Llano’s method.—This method is that in which the opera-
tor is required to bisect the line AB (see fig. 59) and then draw a perpen-
dicular, sighting the line thus drawn on B, etc., otc. This method is use-
ful to know possibly only from an academic point of view, and as a practi-
cai method, must be held inferior to the trial method, since a certain
amount of geometrical construction is involved into which there must
necessarily creep some constructional error and further the method is
unwieldy necessitating large compasses, drawing of arcs, etc.

166. The “triangle of error” method.—In the trial or tri-
anglo of error methud two conditions arise when P the j.oint sought is
situated (i) within and (i) without the triangle formed by the three known
points.

If A, B and C are threc known points on tho ground represented by
a b and ¢ their projections respectively on the table, and if the table is in
true azimuth with respect to these three known points then the rays drawn
through o b and ¢ with the directions of A, B and C will intersect at a
point p which will represent P on the ground. This rarely happens since
the table cannot be set in azimuth at the first trial, even with a magnetic
compass the variation of which is known, and hence instead of obtaining
an intersection at p, a triangle is formed, which is known as the tiiangle of
error. This triangle of error will be great or small depending upon how
much or how little the table is out of azimuth.

166. When point sought lies within the triangle.—This
condition leads to the solution of the triangle of error from within, that is
to say the point p on the table will be within the triangle of error and will
be in a position such that the perpendiculars from the point p to the rays
drawn from a, b and ¢, will be in proportion to the distauce of the point p
from the points a, b and ¢ respectively.
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In figure 61 the point p is about equidistant from b and ¢ and a little
further away from a, and as p Fig. 61,
is within the triangle formed ab
by joining @ & and ¢ then p
will be approximately as given.

If now the rays are rubbed out

and the sight ruleset on p a, &

and A be intersected, the next

trial will fix p or in other

words the rays from a 6 and ¢

will intersect exactly at p. If Ac
they do not then a second and nearer approximation is made and so forth.
Generally two approximations are sufficient to find the exact point p.
Again if the estimation of p could be made correctly at the first trial one
approximation would be sufficient.

The position of p as found witlin the triangle is strong, but possibly
the strongest position i1s when p is very near one of the points
@b or c.

It should be noticed that if arrowheads are affixed to the rays as drawn
towards the observer the point p falls always to one side; in the case in
the example always to the left of every ray. This will be useful to
remember later on.

Let the condition now be considered when the point sought lies within
the trianglo but near the line joining Iy, 62,
the two points, Fig. 62. Let the rays Ad
be drawn as in figure and let arrow
heads be affixed. On the point p being
found and the board orientated the
direction of movement of the error
in the ray must be proportionate to
the distance away of the points and
be all in one direction ; p therefore is
the point and not p’, as p” 15 on the
reverse side for one ray. The value 24
of the position of p is strongest when
the ray from & is more or less at right
angles to the rays from « and ¢, and weakest when & lies mear a or ¢ for
the intersections then would be very acute. The value of p increases in
strength also as b approaches p.
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The same solution and the relative importance of strength bolds good

when the point p 1s just without the
triangle. It will be noticed that
although p in both cases falls to the
left of all rays yet in one case it is
situated w:thin and in the other case
without the triangle of error.

1567. When the point
sought is without the trian-
gle.—This condition (Fig. 64) leads
to the solution of the triangle of
error from without and the point
p will fall without triangle of error
formed by the rays drawn from a b
and ¢ on A, B and C.

Fig. 63.
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To return to the theory of arrowheads and the rotation of the board
it can be seen, Fig. 64, that p cannot lic in the positions 1 and 2, 8 or §
since in each case one of the rays gives an apparent contrary motion to

the other two. There remains the
positions 4 and 6 where the rays
rotate in the same direction, Again
as the coudition of proportional
distance to the rays must also be
considered. for p to be in a position
at 4 is impossible, <ince b is further
away than « and ¢, in about the pro-
portion of 24 to 1, and therefore
the position at 6 is the only possible
position and p 1s therefore approxi-
mated at 6 as about 1, 1 and 21 units
from the rays a ¢ and b respectively.

Let now the position of b be
changed to b then agaim with the
above reasoning the position 6 be-
comes impossible and the position

Fig. 64.
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of 4 possible. The reader will now say, since such is the case, there must
be some position of b when p will neither be in 6 or in 4 but some-
where between, exactly so, and when it is neither one thing nor the
other, is when b is %0 situated that a & ¢ and p are on the circumference of

the same circle, and heuce p, as has been proved, is indeterminate.
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As to whether the point is at 4 or 6 the following rule will make it
clear * when the peint sought is without uhe triangle, it is always on the

same side of the line from the most distant point as the intersection of
the other two lines.”

The further b is away from p the weaker the value of the position and
the position only becomes a strong one when p is very near b. In Fig 64
if 57 be the rear position it will be seen that since b, b’ and #" are all
in oue and the same straight line the triangle of error remains the same
but the approximation of p will be close to the ray from & and occupy a
much more definite position than when at &' and 3o on. These two con-
ditions practically include slil the cases which will occur in practice, and
whether the solution is a strong or a weak one, should be thoroughly
understood.

In speaking of the three point problem it must not be takea
for granted thut if & fourth poiat is seen i1t must not also bo used, on the
contrary, a {ourth ray may be extremely useful in the selaticu and the
poiat when found wiil be above suspicion.

168. Approximating position.—The triangle of error as has
been stated depends euntirely on the azimuth of the board and with a
magnstic compass tho variation of which is known to be fairly constant,
the point senzht should be found an the first und certainly on the second
approximation, but the planotabler with a littlo expericace will geverally
find two poiuts ous of the many aiound hiin which will be found in aline or
can bo placed ina line by moving thie tuble, anl with the sight rale on their
plots, the board can be brought into exact orientstion by intersecting the
more distant one of the two, and thus tho position soaght is found almost at
ouce by resoction from one other. Again if two pomts are not exactly in
line and if it is considered that a line drawn from the disteut one will pass
by the other at 50, 60, 100 or 200" as an offset, judging by the eye, and the
allowance is inade in setting the sight rale it will be found that oue
further approsimation, if any, is sufficieni. When a planetabler says, “ I
am between these two points and 1 have this point near and at right
angles,” “or these two points are in « line and this other wiil give mea
good cross in intersection” it may bo taken for granted he knows a good
deal about the arl of interpolation or * fixing ” which term will in future
be used as an abbreviation for fixing the positioa of the table.

169. Here it might be noted that, although the fixing outside the
triangle is geometrically true, yet many issues are involved —that of
poor plotting, inaccurate co-ordinate squares, unequal expansior and con-
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traction of table, inaccuracy in the fiducial edge of the sight rule and lastly
small differences in the fixing of the planetabler’s auxiliary points, some or
all of which are being used, that this olass of fixing should be adopted with
cantion, since any inaccuracy tends to intensify the weakness of such a fixing;
whereas a fixing within a triangle if it will not solve absolutely owing to
some slight errors, then at least the error in position is ultimately confined
to a very small triangle somewhere within which is the true or mean point
to be used. The fixing without the triangle is always avoided by the expert
planetabler who foreseoing such a contingency throws out a poiat outside
his margin of work, it may be, so as to place him always within,

In figure 65 the contingency is illustrated where work up to u certain
line or wargin was necessary. A point K and a peint K are intersectod
from a and ¢ and although there are only two rays to K and K’ their
positions are so to speak approximate but K could be vsed with absolute

confidence and will give no Fig. 65,
errorin a fixing even if K .
or K’ were a little incorrect AaY

so long as the position of
the table is within the cone
of the two rays to K or K’
respectively ; in any case
a fixing with ¢, ¢ and K or
a, ¢ and K’ wonld he
within the triangle, more

accurste than the fixing a A ac
without the triangle with
the points a b and ¢ which AN Z /

since b i3 more distant than Karg:n \‘ / Morgin
a and ¢, i3 geomstrically 4

weak. Some surveyors place
an implicit belief in the
solution without the tri-
angle, and it is not the
writer’s intention to suy
they are wrong or incor-
rect ; he merely states his preference and in his personal experience he
* has invariably avoided the fixing without the triangle except when the
middle point is much nearer than the other two used.

P3N
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160. The two point problem.—Let A and B be two naccessible
Case I, Fig. 66. vy Ulﬂ;’";h,}/

objects as the spires of temples
or hill peaks. They 1nay, as
in case 1. be both on one side
of the planetabler or in cuse
II one on each hand. Let
the plots of A and Bbe given
as a and b. At any position
C on the ground, preferably
on fairly high ground or m
a conspicaous position, set up
the table and with the com-
pass bring the table into ap-
proximate azimuth. Sight A
and draw a ray ac and agsin Case 11, Fig. 67. .
sight B and draw a ray be and = PR
consider ¢, the intersection, -
as the plot of c. With the
sight rule on ¢ draw a ray ¢p
to another object P and pro-
duce the ray for back and
forward setting. Leave a
“mark at < and proceed to P.
At P set up the table and with
the sight rule along the ray
cp intersect the object or flag
at C.

This back and forward setting over positions P and C must be very
carefully done. Now intersect B and draw a rav, bp to cut the line cp in
p. With the sight rule on p intersect A and drawa ray and if A is
intersected in a, p is the true position, if not, let pa’ be the ray, cutking ca
or ca produced in a. Join bw. The angle a'ba will represent the
azimuthal error of the table, and if we can disperse this error we will have

three rays to fix the position of P one from a, one from b, and the third
being the true meridian.

Place the sight rule on the line @', sight and note any object ntersected,
next place the sight rule en the line ab, unclamp the table and clamp it
again (with the sight rule on ab). on the object previously selected as
being intersected on the line ab. The table will be now in true azimuth:
s0 intersect from a and b and the true position of P will have been found.
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Fig—08. ')~
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Fig 68 shows an actual case of the fictitious position of p becoming p’ and
¢ corrected tc o”.

To correct & to ¢.—From p’ draw a ray to Cand the ray will no
longer pass through ¢ but ¢’ and the true position of C must exist along
the ray p' ¢. Now the angle of correction == 8 = b’ ab and this angle is
clockwise from the auxiliary rays. Also be is an auxiliary ray ‘drawn
from b the position of which is correct. Set off the angle cbe’ equal to 6
and ¢’ the intersection of the two lines p’ ¢’ and be’ is the real plot of C;
check by ac”. To find the position of ¢’ geometrically it can be found as
follows :—Since the angles a~* z and acz are equal then ¢ and ¢’ are on
the circumference of circle passing through the points ac’ ¢z and ae, ez
and ez are chords. Find the centre of such a circle and describa it and
where it cuts the line p’ ¢’ is the true position of C as c'.

161. To find the true position of intersected points.—
From the fictitious position ¢ of C let a ray 8’ be drawn to a temple, see
Fig. 68. This ray must first he transferred parallel to ¢’ the true position
of C and this can be done by a parallel slide on the sight rule. Let this ray
be 6". From the ray 6" set off the angle 8 clockwise and the ray ¢’ @ will
pass through the true position of the temple and its position is found by a
“ irue ray from p’, intersecting it. The angle 8 for correction of inter-
sected points need not be projected bv a sector if the artifice is adopted as
recommended earlier for placing the table into azimuth.

In reconnaissance work and especially with an army on the line of
march this method will be found exceedingly useful, first because cp is
not measured and requires no measurement and on p being found and as
at ¢ the rays ca cb and ep, are on the table (though p in the first instance
was temporary) with the tracing paper method the rays ca cb and ¢p can
be made to fit on @b and the true p and hence the true point ¢. Rays
taken at ¢ can be corrected accordingly, that is shots taken to other peaks,
villages, etc., and hence there is no necessity to returp to ¢. In figures 66
and 67 the distance apart of P and C relative to A and B has been shown
to be much greater than it will actually be in the field. There would be
no loss in accuracy if the distance P to C was } the distance A to B as the
fixing of P depends solely on the accuracy of the back and forward setting.

This graphical method is practically the same as Colonel Wahab's
transfrontier triangulation method where the angles at P and C are
moasured. Note that the use of the compass is not necessary ; it has been
suggested here sn as to keep the azimuthal error within reasonable bopuds



THE PLANETABLE AND ITS USES. 179

and so that the first intersection of ¢ will be more or less correct, thus

preventing large shifts in rays for the subsequent adjustment of
intersections.

162. Planetabling methods explained. First method.—
Having now treated of the theory of finding the position from two, three
or more known points by interpolation or resection which in India is
known as making a firing or “a fixing” we may proceed with the first
method of planetabling that is by magnetic compass and chain for
direction and distance respectively. If the country is open, the
compass of course can be dispensed with, but where the country is dense
probably the method to be illustrated is the only one and has therefore its
advantages. Take for instance a wooded valley or hill side where the
features are hidden and where there is no certainty as to which stream
joins which stream, etc., the only possible way is for the surveyor to ¢ feel
his way” through the under-growth and by crossing and recrossing
detail to join up stream to stream, path to path. The portion of a map
given (Fig. 69) conveys a good idea of such ground and is taken from the
4" forest surveys of Burmma. The ground is covered with dense under-
growth of bamboo and cane and the surveyor was given the outer
boundary as a theodolite traverse. The theodolite traverser left perma-
nent marks 167, etc., for the use of the detail surveyor and also for forest
purposes and he traversed in such a way as to give each detail surveyor
a line, two to three miles apart, the lines if possible following some
recognised administrative boundary or cleared forest fire lines. We
will suppose that the dot and barred line was the given traverse and that
it enclosed a block. To take this block as it stands and commence the
detail survey from one corner and expand on it to the centre, etc., would
end in disaster and in all such cases the surveyor must work from the
whole to the part and not from the part to the whole, that is he should
divide up the large block into smaller planetable traverse blocks.

With this magnetic compass unclamped and his sight rule set on a
traverse station either to the back or fore which his table is over a traverse
station, he finds his magnetic north and draws a line along the box of his
compass. The chainmaun is sent to chain to a flag in a selected position
and a ray is taken to the flag. The surveyor now takes up his table and
proceeds to a position beyond the flag and sets up on magnetic north and
the chainman chains from the flag to the table. The first measure is plotted
along the ray already taken, and thus the position of the flag is known,
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Again a ray is taken from the plot of the position of the flag, and the
secoud measure is plotted, this brings him to the position of the table. The
surveyor continues in this way across his area following the line of least
resistance from-theodolite traverse to theodolite traverse. On the map let
such a line be represented by AB'A’. It will be found that such a line
will bave a certain amount of error but this error must remain unadjusted
for the present. From B a suitable peg midway let a line B'B be rua to
meet the theodolite traverse at D.

We now have three lines which can be manipulated and adjusted BB'A,
AB’A’; and BB'A’ and the mean or commou point B’ can be pricked off,
and its position will be as near an estimate of the true position of B’ as the
circumstances will allow. 1f the block BB'A is tirst selected for detail
work, some point C in BB’ could be selected and a line run to D and closed
so that now we have a very much smaller block BCD in which we can
proceed to fill in the detail by planetable traverse along the spurs and
streams. Whatever error there is in the block BCD is confined to that
block, etc. If the map contains sufficient margin of paper,any point may be
taken to represent the theodolite traverse station and the traverse run out
to the next theodolite traverse station across the blank piece of paper, the
whole being traced off on tracing paper and adjusted and pricked through
on the table in the true position of the traverse. This system for the main
traverses such as AA" and B'B is cleaner and there is only one set of holes
and thus no confusion. Any detail, which it has been found impossible to
survey, must be shown dotted (se¢e map). The contour of such a map is
pure eye contouring. lu the map the height 940 is given as approximate,
that is, it is probably correct to within 10 feet or so. This height has been
deduced from flagged trees over traverse heights along the theodolite
traverse and height values are eutered only here and there in such maps,
simply because heights in such ground are not greatly needed and to crowd
a map with heights would lead to a wrong impression as to their accuracy.

The tangent clinometer is used to carry forward a system of heights
station by station if the ground is fairly open and when this is not possible
readings are taken as above noted to flagged trees. The general rise and
fall of the ground is put in by angles of elevation and depression and the
0 line of the clinometer is made to sweep along detail opposite, to cut
spurs, etc., at the same level approximately as the planetable’s position.

I$ must not be taken for granted that flags are always visible. In
dense undergrowth the surveyor will find that cutting aline will be almost
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impossible or would delay the work to sach an extent as to make the cost
of such a survey prohibitive. He will have to locate his direction on
the sight rule by the glint of a looking glass, the wavmg of a branch and
sometimes the sound of a drum. To the uninitiated in forest work, such
methods will seem crude and exceedingly sketchy and yet these methods
bave all been used and proved very successful. The beat of a drum with
practice can be located to within a yard at 200 feet distance and this on
the scale will have no appreciable effect on the ray. Long lengths of
cane for measuring have been used on such work as it has been found that
the ordinary surveyor’s chain gets entangled and comes asunder.

The first setting of the compass is a very important operation and
suitable long lines should be selected, and better still, from one traverse
across to another. In the map suppose at A’ the planetable was set up
and that a tree could be flagged very near A’. Its position being near
could be fixed from A’ with an approximate magnetic direction. The
planetabler next goes towards B and examines the ground between B and
A ; ke will probably see the flag fixed at or near A’. He sets up his
table to as near his magnetic north as possible over or near a traverse
point and he measures and fixes his position. He now sets on A’ or the
flag near A’ and thus obtains a very close approxiination to the general
magnetic north direction of the compass he will require in his work. He
rules a line along the compass box edge and continues using this directica
throughout his work. The greater the distance between the flag and
planetable the more accurate the compass setting.

NoTE.—In the map all the theodolite traverse atations along the boundary are not shown
but such stations as are permanently fixed on conspicuous powts.

183. Second Method.—If the country is open and there is nei-
ther a theodolite traverse or triangulation as a basis, a very accurate
planetable traverse can be made by chaining with the back and forward ray
system, see Fig. 70. The direction of this traverse is in terms of the initial
direction at the starting point and to obtain this a compass is used after
which it is rio longer required. Such a survey wiil not bs geographically
fixed, but will be useful in the mapping of small and outlying blocks of
property, areas of grasslands and pasture. The scales vary from 4 to 16
inches to ‘the mile. If carefully done the survey can be made extremsly
accurate and it is of course less costly than a survey on a theodolite basis.
The illustration given will make the system clear.

Let a be any point representing a position A on the ground on or
pear the boundary ; the point to be so placed on the paper as conveniently
to take in the area needed.
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At A the table is set up and turned into magnetic meridian by means
of the compass. The compass is then pat away. The flag men are sent
along the houndary to B and N and back and forward rays to B and N
are taken and the rays produced and labelled as * ray a »,” ete.

Fig. 70.

If there is a conspicnous back flag or tree near A it should be measured
and fixed. The chainmen are set to measure the line A N and while
they are thus engaged the planetabler takes rays to conspicuous objects
especially selecting such as will be useful to check his traverse later, e.g., z
yand z. The table is now removed to N and the position of n plotted along
the ray a n by the measurement given. The plotted position n when the
board is nearly correct in azimuth should be directly over the flag position
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of N. The sight rule is now placed along the ray a n and theray « n pro-
duced and the point A intersected. The table will be again in azimuth with
respect to the initial azimuth at A. The auxiliary points « y and z and
others are again shot to and the chainmen are sent to chain A to B and
the table is removed to B and the same procedure gone through. As the
positions of B and N have been fixed with reference to initial rays taken
at A there should be no error in either B and N or in the points inter-
sected from A B and N. If the points show an error in intersection
then there is something wrong and these stations should be revised. The
planetabler will thus see the reason for visiting N instead of continuing
at once on to I3, C, D, etc.

The work is continued to ¢ d e /f, etc., and as it proceeds the rays
taken to y for instance should all be passing exactly through the one point.
Suppose at f or g a piece &f high ground w is visited, that is chained to,
and that back and forward rays are taken and the table is sel up at w
and that the conspicuous tree near a fails correctly on w but a ray taken
from « falls awpy from w on to w’.

This would tend to show that the work is azimuthally correct but that
tho chainage is incorrect: On the other hand if £ intersected but the
prominent tree forced the ray from w to »” then the error is an azimuth
error and not a chainage error. This check will show the extreme useful-
ness of intersected points.

By the time the planetabler has reached ¢ he will find that the remain-
ing positions of j & [ and m can be fixed by the 3 point problem, and that
the chain is no longer necessary. The boundary can now be inked up
and the auxiliary poiuts put in and all pencil work rubbed out ; the paper
cleaned and prepared for the detail work, such detail work being put
in by chain and fixing or by intersection.

The following precautions are necessary for accuracy in such work:—
(i) correct chaining, (ii) correct setting (#i) a tested sight rule. The
acouracy in chaining is understood, as on it depends the distance from
point to point. The correct setting is necessary as the board must occupy
a position from the back position in exact relation as the flag at the fore
position bad to the table in the back position, so that on large scales when
the table is in azimuth the plotted point should be exactly over the point in
situ. As regards the sight rule it is essential that the line of sight should
be parallel to the fiducial edge of the ruler, and that the sight rule should
show no difference for a line drawn one way and then the other, that is,
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when the observation vane is one direction and then the rule is turned
end for end. (see para. 146). Inaccuracy in the sight vule enters especially
in the back and forward ray work and the surveyor who understands the
collimafion error in a theodolite will see the reason for this.

Heights for this class of survey are found with the tangent clinometer
accepting any datum for A if no given height is forthcoming. The heights
of N, B, C, etc., are found by reciprocal observations and height are givens
to intersected points and they will check -inter se the heights of the
stations.

The method is quick, useful and very accurate and as much as a seven
mile perimeter can be done in a working day.

164, Third method.—The following paragraphs wili embody
hints instructions and notes on the use of the planetable as a topographer’s
ideal instrument. Based on a theodolite traverse or triangulated points
no other instrument can compete with it as an accurate detail filler
for the following reasons :—Any error is confined solely to the fixing
from which the work was done and there need be no error as no fixing
should be incorrect for reasons given hereafter. The planetable permnits
of the surveyor at all vantage points checking his own woik and if there
is, in his detail a disagreement, then either some of his detail is incorrect
or his fixing is faulty or at any rate, is not in terms with work from some
other fixing. Its facility in finding position by interpolation. Its rapidity
in furnishing auxiliary pownts also intersection of detail. It dispenses with
field notes, honce no mistakes in plotting. It delineates the ground as
seen by the surveyor who 1s not expected to trust to his memory and a note
book. An inaccessible range can be cut in from three positions. The
surveyor is not tied down to a chain though it will be shown that the chain
is very often, on certain scales, a very useful adjunct.  The scope it gives
the surveyor in that it permits him to discriminate between necessary and
unnecessary detail with reference to the scale on which he is werking.
Its disadvantage is possibly its weight and its liabihity to weather chunges
when the wood used expands and contracts and the map is distori  so
that che plottings of the points become *“ skewed ™ and inaccurate

Let it be supposed that a table has been mounted ard thoroiughly
dried. The next operation is the plotting of the points either by rectan-
gular co-ordinates or by latitudes and longitudes. For the former con-
venient squares should be accurately ruled® and for the latter proper

* A graticale p'ate is a very quick method for pricking off a 1ectangle divided into inches.
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graticules should be projected and ruled, the ruling being carefully done
in blue ink when they have been tested for diagonals, ete. 'These squares
or graticules are extremely useful for planimeter check areas (see plani-
meler, para. 88).

The data given are plotted, checked and inked 1n circles ; the size of
circles being proportionate to the accuracy and importance of the given
values, e.g., theodolite stations or positions at which the theodolite was set
up should bave larger circles than theodolite intersected points and
again smaller circles to denote planctable intersected points. These
circles may be put in carmine.

The planetable is set up as a start on a theodolite station and since, for
most small scales the whole planetable in plan 1s a dot no great accuracy of
exact setting over the point w situ is necessary. The planetabler puis
on his magnetic compuss to obtain a rough azimuth and with hus sight rule
parallel to the plots of the station over which bhe is standing and another
station he examines the line of sight and probably finds the exact alignmnent
by a slight orientation. The compass can now be corrected to a line
drawn along its edge or the variation noted, when it is put away. The
points, as givex, are now thoroughly examined, and if an error is found in
a theodolite intersected point of single value, (which has been deduced and
given as being possibly correct) the point should, if found to full off the ray
of the sight rule, be refixed with the aid of the planetable. The setting of
the table for azimuth mupst be on the most distant point available for the
reason that the setting will be truer.  Having recognised and committed to
memory the given points, the planctabler should select and cut in all
easily recognisable object, such as prominent or curious trees (thats
trees of a different colour to the rest o1 trees with a bare sprig on the
top) chimueys, spires, temples, pagodas, and clinumeter readings should
be tuken anda written along such rays. ‘lhe setting should be agan
checked to see that the table has not moved during these vperations.
Rays should be drawn with a fine pointed pencil beld at an angle with
the fiducial edge corresponding tu the wngle wlich the pencil makes at
the plotted point or position over which the table 15 set.  Where neces-
sary a sketch of the point or object mtersected should be made as an wid
to memory. Experienced surveyors use very haid pencils which they
continually bring to a fine point and have abbreviations such as s, 1, g,
t. for spur, light, green, tree, b, t, f. for hill, tree, flag and they are
capable of drawing a ray and putting a eircle on the ruy to within a
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one quarter inch of the real position. To be able to do this is due to the
eye being in time trained to judge distances fairly accurately.

The beginner will have to satisfy himself with long rays and long des-
criptions and the subsequent rejection of probably more than half of the
shots taken, mainly because experience has not taught him that objects
conspicuous from one position may be hidden entirely from another.
If there were more than one chimmney or palm tree situated together
they should eitber all be cut in or left severely alone.

The planetabler has now got so far that he has recognised most, if not
all his trigonometrical points and by his most distant setting he has
obtained his magnetic direction and has drawn rays to points he requires
to supplement the triangulation and he has taken clinometer readings to
a pumber of such. He should now set up at another theodolite station,
retest and cut in, but before arriving there it is good plan to set up his
table on some conspicuous place not very far from his last and obtain a
fixing from which he can shoot in a number of his auxiliary points and
obtain very good approximations of their positions. The fixing from
which these rays are taken may not be absolutely exact, but it will serve
its purpose in so far as it will enable the beginner at any rate to subse-
quently pick up many points which he might otherwise certainly have
confused or lost.

At the second trigonometrical station the planetabler again sets on
his most distant point and proceeds to check all the given data and to
cut in his own auxiliary points giving them'clinometer values.

A third point is visited which need not now necessarily be a theodolite
station but may be a theodolite intersected point or if he is sure that he
can make certain of several given points and he is within the triangle
of such points he might make a fixing. The third set up should be well
selected so that the rays to auxiliary points will make good cross inter-
sections with the previous two rays taken. The condition of these rays
and the quality of the intersection will determine as to whether the point
can be accepted or whether a fourth ray is necessary.

1685. It bas been noticed that one of the disadvantages of the
planetable is its propensity to warp, that is, in a rectangular board owing
to the grain of the wood being lengthwise when the contraction and
expansion is breadthwise, the points become *skewed” and the following
precaution should be deemed necessary. The planetabler should in the
first few days cover his area with auxiliary points and visit all his stations
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in doing so. If the area, according to the scale, precludes him from
doing this it would be better for him to take up only a portion on one
table and project and cut in point for the remainder on another
board. He will be able to tell whether his points are accordant or not
by fixing with one set of points and setting on a distant one and then
checking others which are also distant. If the shift is very little the
error in the fixing may be inappreciable but with a new board or a board
which has yet to settle down to climatic conditions, as much as }* con-
traction in the graticule has been noticed, and it is for this reason that
the experienced planetabler will in preference select an old and acclimatised
board or table so long as its surface is flat and regular. It isa good system
to weather boards in the climate in which they are to be used and in mount-
ing planetables the paper enly should be wetted as has been already advised.

This slight digression will, it is boped, prove to the novice the
advisability of first spending a few days going over his ground instead
of starting at once on detail work. The question of working from the
whole to part must be reiterated as it is ona of the most important
of survey maxims. Further it must not be thought that all boards  give”
and points are slewed, and it must not be taken for granted, if trigonomet-
rical or other well fixed points show an error, that the point is wrong
and not the fixing.

The planetabler must accept his given data without question, that
is double value data, and the object of fixing numerous auxiliary data is to
avoid any suspicion of doubt and to make the work accord. The planetabler
will use his near points to fix by and any contraction or expansion in
the map will mean that the error will be evenly distributed and the
photography and mapping will correct it when the field work is again
drawn and adjusted to true graticules.

Auxiliary points should be thrown out beyond the area of survey
to avoid the fixing without the triangle (2ee para. 159) and the planetabler,
who rigidly confines bimself to points in his area only, will find that any
error in his marginal or overlap work is due to his slackness or want of a
little extra trouble and foresight.

1868. To resume—The table now being complete with data so that
the surveyor can fix, that is, see at least three fixed positions in mmy open
clear spot, he should first take up the watershed or highest ground and
preferably a high ridge lying between two others and work down to the
valleys and spurs. Consider the skeleton survey illustrated (Fig. 71.) Let
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a be the first fixing. If the illustration is examined (only one side of the
ridge is shown) the rays with arrow heads show what shots were taken—such
shots are to hill tops, saddles, spurs, bends and junctions of streams ; heights
are read to the most important of these as an aid to contouring. As it is
possible that even if a is flagged or brushed the point will not be seen
down in the valley, and it is quite possible that a fixing will be required in
the low ground, on each side two overbanging trees are chosen, brushed,
and measured to. These points are shown in small circles. The next
position will perhaps be b or even an inlermediate one (shown by a small
cross). At/ the planetabler fixes up and again takes shots and outs in and

Fig. 71.

. skotches slong the ray all streams running directly in a line towards him.
At ¢ which happens to be a trigonometrical point he continues his cutting
in and spends a little time in working out his clinometer heights and so
gketches in a few of the hill tops down to the saddles, etc. We will
suppose he now finds that although he has the ridge contoured he has only



THE PLANETABLE AND ITS USES. 189

a small portion of the main stream sketched and that d will make a good
position for cross intersections and also for a lower and better view up
the valley. If he thinks that the chances at d are, that he will not see
points to fix by he provides for such before visiting d.

At d he continues work but finds that the portions marked e uund f are
still unsurveyed so he goes down into the valley and with the points at his
disposal and which he had the foresight to see would be necessary, he fixes
and puts incotrectly all the bends and junctions which couid not be seen
from the high ground. The method of flagging or brushing overhanging
trees as a temporary measure is an exceedingly useful one and makes fixing
in the low ground easy and this very fact induces the surveyor to fix at or
near such detail instead of trusting to cut it in from the surrounding high
ground from which it is quite possible some important feature is hidden
and omitted. Out crops of rock on the hill side should be cut in, and even
if the position of such is slightly inaccurate, the height taken to it would
not be so, and such a height would be a great aid to contouring. At d
having obtained the height of the planetable and the “ 0" level of the
clinometer which could be twisted in all directions and a guide to that level
could be marked in as going just at, above or just below a certain bend or
junction of a stream. As a test now of the work done the planetable can
be taken to ¢ and the work examined and the next area to be surveyed shot
in etc.; in fact the work as it progresses, should be repeatedly examined
when the planetabler has time and this often occurs during the intervals the
chainmen are making measurements to Hags and edges of chff, e:c. These
are golden opportunities and should never be lost. Before quitting a fixing,
the surveyor should thoroughly satisfy himself that he has done everything
be intended doing and there is nothing left for him tv do. One so often sees
the planetable lifted and carried 20 yards and returned reset, etc., because
it bas just struck the surveyor that an important ruy which he intended
taking has been forgotten. There is no excuse for the surveyor returning
tine after time to the same fixing or for the surveyor who stands by his
table and expects his squad to investigate this, that and the other. This
usually méans loss of time and consequently money aud a great deal of
unuecessary shouting. The man who brings in the best work is the man
who personally inspects the ground he is surveying leaving nothing to his
men to discover, which he himself does not know already. Planetabling
demands at the time the whole of the surveyor’s intelligence and attention
and concentration of the mind is one ot quickest and surest ways to get on
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with the work. Nothing should be left to chance and éverything must be
most accarate. To start well is to end well.

167. Hints.—(«) In a previous paragraph the rule to fix by your
nearest points and set on your most distant has been quoted. The rule is
obvious as the closer the cutting in, the less the shift of your point in the
triangle of error and the longer the setting the more correct the azimuth
will be. It must be recollected that, although three known points will
give the fixing, a fourth point should also be intersected to place the fixing
beyond any doubt. As regards the fixing without the triangle comment
bas already been made, but it must be added that surveyors in India will
probably planetable thousands of fixings a year without having recourse
to a fixing without the triangle and so the avoidance of such a fixing
cannot be such a diflicult matter.

(b) A few additional hints and short cuts will not be out of place
here. One frequently hears the expression “a surveyor should not be tied
to the end of bis chain.” Quite so, but the chain as has been remarked,
is a useful adjunct and on the larger scales of 16, 8" and 4" to a mile its
use has one great advantage, viz., celerity of fixing.

The method of planetabling with the cbain in fairly open and flat
country is as follows :—Having set up the table and obtained a fixing we
will suppose it necessary to descend into a stream say 300 yards distant.
While the surveyor is engaged taking rays, ete., the chainmen are chaining
a line on any direction which the surveyor has found will bring the chain-
men into a suitable positiun near the stream. The chainmen are directed
to halt when they come to the stream and to leave the chain on the ground
stretched to the last measure. '

As soon as the surveyor has completed his work at the fixing he
proceeds to his chainmen. The chain measure, with the ray taken for
direction, will give him the position but he will require one other point
to orientate his board on. He therefore moves along his chain till he
sees a distant point, the further the better, and sets up his table at that
position over the chain. He takes off his measure and plots it and sets
bis board. If his previous ray had been correct and also the measure, and
there is no reason why they should not be, he will find no error in the
plot, but to make certain it is possible by looking around he will see
some other point to test by. If such a point is not at once visible
by putting his sight rule on the point over which his table is set and
the plot of the other he will probably by the aid of field glasses
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ses the flag or brosh he is searching for. If he had not measured
the distance he would not have been able to do this and his search
would have been in vain. However let us suppose he obtains no
check point at this station but accepts it. He proceeds to put in the
detail near him and starts the chainmen in another convenient direction
up or down the stream taking a ray on to any good mark such as a tree,
tock or bush, and noting that the chainmen are keeping to the line. He
follows the chainmaking, for small scales, rough notes of cuttings and off-
sets by pacing perhaps, and halts when he thinks he has proceeded
far enough and when he can see a point to set on and also a point
from which he will obtain a cross ray. This he does by plotting his
position on the ray from the last station setting his position on to a
distant point and testing by another point. If there is no ervor the
point becomes a fixing from three rays, if there is an error, provided the
chaining has been good, it will be small and due to inequalities of the
ground and can, if necessary for the scale, be distributed. The advantage
of this is that the chain measure enabled the surveyor to set up ata
position which he could not have found by interpolation, and further that
the chain heing dragged up or down the stream permitted him to put
in all the bends and other detail from close quarters. Thus the planetable
traverse by a distant point for azimuth is a valuable means of saving
lime ; looking for fixings and finding them where they are not always
necessary cannot be considered a superior method to the above. It is
always advisable to be as near the detail to be surveyed as is possible,
and this is very often only practicable by means of this methed. To
sum up the various advantages they may be said to be as tollows : —
It is superior to any of the other planetable traverse methods and
the plot is found by measure, reduced if necessary, to the horizontal.
Even if three points are visible it is a very quick way to find the fixing
as the true azimuth of the board is obtained at one setting instead of two
or more, and it permits of the table being placed for detail in positions
where a fixing would be impossible—its error, if any, can always he
checked and distributed by continuing the traverse on to a point where
a fixing is possible, and thus closing it, and lastly it is an easy and quick
method of putting in a certain class of detail such as a road, path or stream.

(¢). The next short cut is often employed on transfrontier work, see

Fig. 72, and is often useful in fixing a point by two intersections only
when the rays are acute,
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Let a and b Le two points on’the table from which rays to « have been

taken. The position of & may be Fig. 72,

said to be approximate as regards

its distance from a and b, so that if

it is possible to plot @ and & to a P

large scale say four times and to

intersect z and then to quarter the >§'
distance az or both and to plot this

distance from a or b or both, then

the position of 2 will be moch more accurate.

The expanding of ab to 2, 4 6 or 8 times its distance oan be done on
any part of the table and a back and forward ray may be the ray ab
produced. The point x is intersected from hoth the true @ and b and the
expanded a and b. The expanded distance ab may be either so many
times the distance between the fixings a and » or better still the chain
measure ab plotted to a suitable Jarger scale

(d) Another artifice is as follows :—At some position in which a
fixing is required two points can be seen but a third is hidden by a line of
trees, a bank or a low range of hills. This frequently happens and the
third point is seen only by moving perhaps a 100 yards from the
table in a contrary direction to the point_from the table, that is the point
is visible over the line of trees and the planetable lies between.

First set up the table where two points can be seen and with the
magnetic compass obtain, with two rays, an approximate position. Now
set the position just found and the plot of the invisible point along
the edge of the sight rule. just as if a ray was heing taken from the
point bad it been visible. The sight rule is left in this position and
the surveyor takes a flag and from the position at which the regnired
point can be seen, he aligns the flag, sight rule and point and leaves the
flag in position. He returns to the table and shoots in the flag from
the plot of the third peint, draws his ray backwards and thus obtains
the third ray. The accuracy of this method depends on the aligning
of the flag, sight rule and point and the further the flag is away from
the table the greater the accuracy of the ray. The fixing from two
inaccessible points has been given in an earlier paragraph (160) and is
perhaps of greater use to the reconnaissance surveyor or the infelligence
officer attached to a torce on the line of march.

188. Contouring.—Rigorous methods will not be touched on in
this chapter as the tangent clinometer cannot be considered to be a precise
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Instrument, but such as it is, it is admirably adapted for the purpose for
which it is used, that of obtaining heights to within two feet at a distance
of two to three miles and eye contouring by interpolation between such
heights. The height of the table is deduced as follows. The clinometer
i8 levelled and say a point is read and the reading on the natural tangent
scale is ‘012 the distance being scaled is found to be 10,000 feet from the
fixing to the point ; the difference of height = 10,000 x ‘012 &= 120 feet
to which the correction for curvature and refraction must be applied ; a
second reading is taken to another point the height of which is known
and the mean of the resulting values will he the height of the instrument
at the table required from which mu-t be subtracted the height of the
instrument above the ground to obtain the value of the ground level.

The rige or fall of ground and its slope can be read and the position of
the next contour fixed, and if the slope of the ground is even, additional
contours at certain height intervals can be put down by plotting the
horizontal distance. A rough rule is as follows :—As degrees and quarter
degrees can be read on the left hand side of the vane a fall of 1 foot for
$° = 114'6 feet horizontal or 115 feet roughly ; for 1°, 57-3 feet ; for 5°,
11:48 feet, or one-tenth of the distance for }°.

If the height at the table in situ is 1,021 feet and if the contours are
at 25 feet interval then with a slope of 5° read to an imaginary plane fou:
feet above the ground the 1,000 feet contour will be (1,021-1,000) x 11°46
or 2406 feet and to obtain the 1,025 foot contour the horizontal distance
will be (1,025—-1,000) x 11:46 = 2865 feet. If the survevor has a scale
of slopes and the slope is even he can put down from his scale successive
oontours down the slope.

If two heights are given or found and the surveyor is required to inter-
polate contours, a simple device for putting down the requisite number at
even intervals, is as follows :—Take two pieces of wood joined together by
two brackets exactly as for the ivory parallel ruler supplied in instrument
boxes. Bore holes at equal and given intervals on the inner edges of
the rules and thread them through so that you will have, when the brackets
are fully extended, a system of parallel threads at right angles to the rules.

If 20 contours are required between two heights 20 threads are made,
by moving the rulers slantwise, to fill up the interval. Each thread is then
ticked off (see Engineering news, July 30, 1903).

The use of the clinometer to trace out a level line has already been
touched upon,
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To save a deal of trouble in using the clinometer and when the sight
rule with the thread stretched fromr the vanes is used for very high and
low objects, a small circular or an ordinary carpenter’s level should be
carried for levelment of the table (see para. 148). When the table is
level or nearly level the clinometer is quickly levelled and the vanes are
thus very nearly perpendicular. and hence the heights are nearer the
truth.

189. To ensure accurate and high class work in plane-
tabling the following cautions should be observed.—(1). If
the survey is based on triangulation or traversing with a theodolite the
greatest care should be taken to ensure correct plotting from co-ordinate
squares which are ahsolutely accurate.

Large drawing offices have, what is called a graticule plate, which is
& hollow square of electrum with prick holes an inch apart along each
side. When such a plate is used it is essential to see that the pricker is
held perpendicular, that there has been no shift in the plate while prick-
ing and that the fine pencil lines subsequently drawn pass through the
points when the pencil is held perpendiculur to the straight edge used.

(2). Having satisfied the conditions above the surveyor should visit
at least three of his station marks setting his table in azimuth and testing
all the points he can sce. The setting should invariably be done on the
farthest point available. The lines drawn along the fiducial edge should
be without bias, that is to say, il a point does not fall along the ray as
correctly drawn, there is something wrong. This can be cleared up subee-
quently as it is due to inaccurate plotting, the chief cause, or perhaps to an
unequal contraction or expansion of the tableitself. Having taken rays to
all plotted points the surveyor should proceed to fill up gaps by rays to
prominent ohjects whera he is sure to require thom. The more paints
fixed in this way, as auxiliaries, the beiter and quicker the detail work.
The rays to objeats should be drawn about 2 inches long in the relative
position the object appears to be with other points. The tangent clinometer
may now be tested against two known heights to make sure that when the
correct tangent is read that the bubble is in the centre, if not, correct
bubble. Clinometer readings should now be neatly written along the rays
taken to objects, to be subsequently worked out in camp when these objects
have been fixed by three or more rays.

Another two or more stations are visited with the same objective and
farther reconnaissance may be done by setting up and fixing from three
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known points within the triangle and resecting objects which the surveyor
thinks he may lose sight of or forget dr possibly not see from any station.
He may at such & fixing hoist a flag on a prominent tree near by and
measure to it or leave a pole in position. It has been noted before in this
work that the author places implicit faith in the dictum that two days
spent in this preliminary reconnaissance of fixing extra points with heights
is worth a week at the end.

(3). Stations, theodolite intersected points and the planetablers own
points should next be inked in circles of blue, of different sizes in propor-
tion to thelr accuracy, that is, stations, being the basis, come first with the
largest circle etc. Heights  top or ground ” should be entered, in_blue,
in neat small figures. The table might now be cleaned of some of the rays
no longer required.

No point should be accepted which has not three rays making good
intersecting angles at one point. Any station visited which has produced
rays giving bad intersections should be revisited and the reason found for
any divergence.

(4). The planetabler is now ready for work. He should always work
from the higher ground to the lower and whatever piece he accépts for
detail he should first examine it for the trend of streams and contours.
Actually contours shape the streams but in surveying it is the stream which
must be first surveyed and the contour will generally look after itself and
can be drawn in irrespective of the actual sight of the ground provided
heights exist to guide it. The beginner always attacks the contour and
forgets about the stream ; this is wrong.

(5). To survey the streams, such may be cut in from prominent
places locating them by resecting bushes, grass etc., on their banks or
junctions, but. it will be found, till one gels a little expert at this art, that
it is much better to fix over your detail and follow it up by taking rays
along the straight pieces and cutting in or measuring small bends and
objects on the hump between, to which heights are given, laying the
foundation for your system of contouring. If the preliminary work of
having sufficient points has been properly done a surveyor should be able
to fix almost anywhere in his area and with a good compass, knowing its
variation, and especially in India where its variation is fairly constant, a
fixing is a mater of a minute only and the survey of a moderately long
stream a matter of half an hour with the certainty of baving missed no
important bend or. junction and with clinometric heights at intervals apart
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to gauge contours and over amd above this a certain amount of skeleton
cutting in of extra detail to be tilled in on the return journey in the same
manner. One cannot be too emphatic about the rule of fixing over detail,
that is on the bank of a streamn or junction, rather than some distance away.
Preparing a large area with flags for intersection etc., often means a
confusion of rays, no heights, streams wrong and a hopeless muddle.

(6). The planetabler should make the most of bis ground and survey
it by small areas or watersheds keeping an eye as he goes from fixing to
fixing on objects he bas cut in ete.

This is a better way, than taking a mainstream down through the
work and returning several days afierwards to pick up rays etc., which
had been thrown out as useful helps.

By the watershed method the contouring is knit together and followed
through and there is no confusion. As each small area is completed it
should be cleaned up and redrawn on the spot so that there can be no
doubt as to what is meant, that is, what is a stream, limits of cultivation,
etc., as distinet frown a contour.

(7). By the above method it will be found that the chain is scarcely
ever used except to measure hidden detail. A hundred foot tape is all
that would be necessary as fixings for detail would rarely be more than
200 feet apart.

(8). Lastiy as the surveyor becomes more expprt he should use his
clinometer by swinging the zero level to the left and right and notice
where the height of his peep sight cuts detail. This is a sure guide as to
where the contour at or near his table emerges out of his area to the next
and so on.



CHAPTER YII.
CURVES AND ALIGNMENTS.

170. Curves and how designated.—When the direction of
an alignment of a road, railway, or canal is required to be changed to
another it is usually done by means of a circular arc or simple curve and
the original directions or “pieces of straight” become tangents to the
arc or curve.

In the United Kingdom a curve is designated by its radius, that is a
% 15 chain ” curve means a curve with a radius of 15 chains and this chain
is the Gunter’s chain of 100 links or 66 feet. The radius is usually an
even number and, as will be seen, this entails a probable angle of deflec-
tion which is not some convenient integral part of degrees and minutes.
Moreover the radius is never measured or used in laying down the curve
and therefore the Degree system is preferred and is the system in vogue
in America, the Colonies and India.

Technical Paper No. 192 issued by the Railway Board, Simla, lays
down that the degree of curvature is measured by the angle subtended at
the centre by an are of 100 feet in length that is the unit of measurement
is the radian and an arc of 100 feet with a radius of 5730 feet very nearly
(actually 5729-58) subtends an angle of 1° at the centre. This iy nseful in

this way that a 4° curve will have a radius of 51-—29 feet, etc., and if working
with a Gunter’s chain and considering it as 100 links and not 66 feet the
radius of a 4° curve will be 5—?9 links.

The circular arc or curve however is not laid out in practice by
measurements along the circumference but by chords and thus the usual
degree definition is the angle subtended at the centre by a chord of 100
feet.

It is perhaps necessary to compare the results by the two systems
and show the differences as small compared with the error involved in

measuring in the field. For example the radius of a 1° curve is ,ﬁlf%%; =
5729-58’ or more accurately 572957795’ the logarithm of which is
3:7581226 and a radius of & 12° curve will be ﬁ‘:‘_gis = 47746" instead of
4783’ as calculated in alater paragraph. Using both values for calculating
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the tangents which are also measured on the lay out (whilst the radius is
never) the following values are obtained viz., 774:32’ as against 774'¢
and thus the difference is too small to consider even when a steel tape is
used for measuring.

Differences are appreciable for curves of large flexure say 16° on the
metre gauge and 48° on the 2’ — 6 gauge but in such cases the chords

are shortened so that the resulting polygon approxzimates more closely to
the arc and the usual practice is as follows:—

For curves 0° to 5° flexure 100/ chords are used.
5° to 10° ,, 50
10° to 20° , 2, noo»

171. Relation between radius and degree of curva-
ture.—The curve as laid down is the centre line.

By Euclid III. 20 and
82 it can be proved that
the angle BOA (fig. 73)
is twice the angle BAD.
That is the total angle of
curvature at the centre
(B) is twice the total
tangential angle (y).
The angle which a 100
feet chord subtends at
the centre is usually 8
designated as (3) and if c
in fig. 73 BA = 100
and BA is bisected in C Y
and OC joined, then : A 0

” " ”

Fig. 18.

159 A

. 0 50 . P
%’—9 = R sin 2- or R = —, and thus if the radius is known 3 can be
‘xn —
2

found and conversely if 3 is known R can be found. Thus we can find the
degree of curvature in terms of the radius and vice versa.
Ezample.—Find the radius for a 12° curve.

50 50 50
Here R = —F = e < T = 4783 feet.
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172. Relation between degree of curvature and length
of tangents (T) —In fig. 74 4~ = tan 5 = tany

and AO = R . AX = R tany that is T = R tan y..

N

Ezample~—Find the length of the tangents for a 2° curve (3 = 2°)

containing an angle of 30° — 15’ (B).
By formula T = R tan _g
50 50
and R= —35 =57 = 28649
sin -—2-
T = 98649 x tan g

= 2864'9 x 27029
= T74'4 feet,
AX and BX, two pieces of straight er tangents,
joined by a circular arc ADB and it will be seen that an infinite number
octed to link the two tangents together depend-

of circular arcs can be sel
ing on T = the distance AX or distance from the intersection points and
B) is a constant therefore the

gince 0 the intersection angle or (180 —
degree of curvature alters to suit T.

The figure shows
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It is important to remembcer that the engineer never measures 3 the
central angle but 8 the intersection anyle which is 180 — 3 which is again
equal to the angle EXB.

Having obtained the intersection angle and thus the central angle of
his arc he next decides the degree of curvature by selecting the point for
the commencement and end of his cueve that is he measures T. Having
decided T it would be wise for him to sce where the vertex D of the curve
will fall so that the curve avoids any permanent structure or unsuitable
ground. The distance XD is known as the apex distance or erternal dis-
tance and a peg placed at D on the bisection of the intersection angle
serves as a check in running the curve,

173. Apex distance.—The apex distance is equal to R (sec y—1)
or R (cosec % —1) but a simpler formula is suggested.

In Fig 74 join DB and through D draw a tangent DF to meet OB
produced in F. Join XT,

Then DF is parallel to AB and DF = XB = Tangent, and FB =
XD = apex distance therefore X¥ is parallel to DB, also angle XFD =

angle J\DB = angle P_(%}? = angle -‘%)-F = zé
In the right angled triangle XDF, XD = DF tan XFD = DF tan {'

~ XD or apex distance = T tan %

Another proof is follows :—
XD=XO0~-DO=Rsecy -R

=Risecy —1)= R tan ) (sec y—=1)
tan y

(L
oo {secy —h Y‘f'os}v )

tan y sy
cod y
- (1 — 2 Y
_ ,l—cosy'_T(l (1 — 2sin
smy sin y
1 -1 2an® —} ‘.?sm’-%—
P T I ST T ——-I--H—“
Q ._7.. 1 ‘l. 7 Y
2 s 5 CvS 2 sin - o8 5
s L
= T e = 71" tans —;—-:: T tan —g
cos .27_-

‘Ezample.—Find the apex distance fof 2° curve where the central
angle = 30°-15’. (See Example paragraph 172).
Here apex distance = T tan & = 7744 x tan 7°. 34

= 7744 x 1328
= 102:84 feet.
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Hence the Engineer would bisect the intersection angle and measure
102:8 feet and fix the vertex peg of his curve where it acts as a check on
his lay out both as to direction and distance.

174. The Length of Curve —The Length of curve (L) is mea-
sured along the chords. If B = centralangle and & the degree of curvature
the 3: 8 :: 100: L.

o Lo=100 £
Ezample.—Find the length of the curve in the foregoing example.
Here L = 100 x 221° = 100 x 15225,
= 1522'5',

176. Long Chord.—Length of long chord or straight line joining
the beginning or commencement of the curve (B.C.) and the end of the
curve (E.C.).

Here C = AB = 2 AK and ARK = gin g
% C=2Rsiny.
Ezample.—Find the long chord for the foregoing example,
C = 2 Rsin ¥ = 2 R sin 15°.7}’,
= 2 x 28649 x :26093.
= 14951 feet.
176. The middle ordinate.—The middle ordinate DK or V
DK = DO - KO =R — KO
= R~Rcosy=R (1l - cosy)
~. V = R versin y
or by geometry AK x KB = DK x KN
- DK = AKX

KN
C C Cct
_T X3 _ T
= v = m

Now if DK is very small KN may be taken as equal 2 R

s V= sgé(approximately only).
Ezample as before—
V = R versin y = 2864 9 versin 15>73’
= 2864'9 x 03464 = 99-2".
check DK + XD = XK
and 35 = sin y = sin 15° 74 _
o XK= A x 8 =sin 15° 7§’
10284 + 992 = 7744 x 2609257
202:04 = 774'4 x *2609
= 202:04.
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In connection with the above it is interesting to note that if a 100’
-tape is stretched along the inside edge of a curved rail and a foot rule is

}sed to measure the midordinate, we get

= g and if V.= 10" then R = 1500-

‘ -
741G L
}f however b-l-ﬁg'mches or 5-1——‘?% is taken on the tape, the versin in inches,

for such a length, will be very nearly equal to the degree of curvature

5729 68
of the curve since 6 = T

177. Example on the above formulsee.—Two straight lings,
meeting at a known angle 8, are to be joined by a 2° curve. Describe the
computations and the method of lining out the curve in 100 fcet lengths

(I.C.E. 1910).
(7). The supplement of the angle 6 = central angle 8 = 180 — 6.

. 50 50 50 .
() R= —3 = = = ords = 28649,
8in -2—

(i), T=Rtany=R tan 2 = 28649 tan L,

(). L=l'0X8 o 10XP,

(1) C=2Rsiny=2Rsins =2x 28649 sin 2.,
(vé). Apex distance or external distance = T tan -g—.

(vii). 'V =R versin y = 2864 9 sin -—':—.

It appears therefore that having made calculations, ihe Engineer
sets up a theodolite on the tangent point and proceeds, by calculated
deflection angles and 100 feet chords, to lay out the curve. In praetice
however such chords have to be dealt with and usually after putting
down the 3rd or 4th peg no more can be seen owing to obstacles and the
instrument has to be moved forward. The procedure to be adopted will
be made clear in the following example which should be closely studied.

178. Setting out a curve with a 100' chain and a
theodolite.— Ezample. Intersection point occurred at station 753 + 34.

Angle between tangents was found to be 142°. Put in a 5° curve.

Here & and 6 are given, hence R z‘"sT?zT = 1,1463 and T = R tan

= 11463 x tan 19° = 894'7 (approximate). Chainage at the com-
mencement of the curve or the first T, P. is 394'7 feet back from X the
intersection point = (753 + 34) — (3 + 94'7) = 749 + 39-3.
38°
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Therefore the chainage at the end of the carve = (749 + 39-3)
+ (7 + 60) = (756 + 99-3) and chainage to the vertex V = (749 + 39-3)
+ £ = (153 4 193).

Apex distance = R (sec —g— — 1) = 114628 (sec 19° — 1). = 66 feet
nearly .

C=2Rsiny = 2 x 114628 x sin 19° = 746:38".

V = R vers 19° = 6247

It is supposed that the surveyor or engineer chained up to the
intersection point, rcgistered the value of the chainage, set up his
theodolits and after reconnoitring the ground found that the angle between
the tangents is 142°. He now either decides the TPs. by the length of the
tangent or in this case the curvature (¢) = 5°

He computes the apex distance to be 66’ tc the vertex of the carve
which he proceeds to fix by means of a measure of 66’ and the bisection of
the intersection angle. He puts in a peg here and labels it vertex with a
chainage of 753 + 19-3.

His work at the intersection point is completed and he proceeds to
measure 894'7" aleng the tangents and fixes pegs to denote the TPs. or
commencement and end of his curve. The chainage at the commencement
of the curve will be 749 + 39'3 and the chainage at the end of the curve
will be 756 + 99-3.

The theodolite is now centered over the first T. P. peg at chainage
749 + 39'3. The instrument is levelled and the plates set to 0° 0’ 0 ; the
lower plate is now unclamped and the telescope set an the intersection
point-and the lower plate clamped when the peg is intersected. The upper
plate is now released and the following checks made to ensure of the
initial work being correct. The vertex peg should read an angle of

9°30° ( —;’-) and the other T. P. peg should read 19°(y). This is assuming

that the curve is a right handed one ; if a left handed one these values
should be subtracted from 360°.

These checks having been made the curve can be proceeded with
and the pegs warking the different stations on the curve will mark the
centre line of the track or canal, etc.

In order to obtain the 750th peg which is 60-7" distant from the
position of the theodolite the tape or chain is stretched to 60-7'ina
direction which on the theodolite (A vernier usually) will read 1° 31’ *0".,
This is found as follows :— Since the degree of curvature is 5° the tangen-
tial angle for each 100’ = 2° *30°. o1

. the tangential angle for 607" = T x 2§°=1° 31-03°. The 751st

peg will be put in with an angle of 1° ‘31" + 2° 30’ = 4° *01’ and the chain
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or tape stretched 100’ from the 750th peg into this line and so on. In using
& chain with the tape they must be compared against each other. The chain
again is not necessarily correct throughout its whole length if its total
length is correct (see paragraph 20). The carve will be checked at the ver-
tex by a distance of 193’ from the 753rd peg with an angle of 9° 30" and
the last peg should measure 993’ from the 756th peg with-an angle of 19°.

The tabular statement and field book [ Plate XV (a)] will show how
the record should be kept.

Supposing for some reason not more than 300/ can be seen from the
theodolite and the instrument has to be moved, then the pegs-over which
the theodolite would be set, see fig. 75, are stations 749 + 39-8, 752, 755
and 756 + 993 the last peg, to check the curve and lay out the tangent
or straight.

The pegs and distances will remain as before but the angles will alter
for this reason that at pegs 752 and 755 the direction of a new tangent
will have to be found.

The procedure is as follows : —Peg 752 is fixed as before at reading
6°31° the lower plate of the theodolite up to now remaining clamped.

On setting up the theodolite at peg 752 the upper plate is found set at
reading 6°31' the lower plate is then unclamped and the telescope pointed
to peg 749 + 893 when the lower plate is clamped on the intersection and
thus the instrument will be reading 6°:31'. Next unclamp the upper plate
and double the reading or make it 13°-02' and the telescope will be pointing

XA

753+18 3

(NOT DRAWN TO SCALE)

along the tangent to the curve at this point but in a backward direction
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that is the angle XBA, fig. 75 has been made equal to the angle XAB so
that BX is a tangent to the curve at B. Add 180° to the reading 1302
and direction BX' will be found so that the direction of the required tangent
will be in the line of the telescope when the reading on the theodolite is
193*02' or 1302’ + 180°. The instrument could have been transitted
or face changed so as to avoid the 180° but this is inadvisable as any
collimation error in the instrument is transferred to the line B X',

The reading of the 753rd peg will he 195>32" or 193°02' + 2°30” and so
on, and the reading of the 755th peg will be 193°02/ 4+ 730" = 200°32".

The theodolite has again to be removed to peg 755. Set up the instru-
ment at peg 755 and unclamp the lower plate without interfering with the
reading 200%32' of the upper plate and set the telescope to read peg 752.

Now the angle CBX' is 7°30’ and so that the angle BCX’ be also
7°-30° the reading of the instrument when the telescope is pointing in a
direction CX’ will be 208>02'. CX' is a tangent to the curve at C.
Again add 180° to the reading of CX’ and the direction of the required
tangent at C is found which will be at reading 28%02°. The 756th
peg is put in with the theodolite reading 28™02" + 230’ = 30°32’ and
the last peg is put in with the theodolite reading 28°02’ + 2°30” +
2°29" = 33°01",

To obtain the direction of the straight the instrument is moved finally
to the T. P. on peg 756 + 99'3 clamped at a reading of 33*01’. Peg
755 is again intersected at 33°-01’ by unclamping the lower plate and
reclamping on the intersection peg 755. The value of the angle DCX*
is added by releasing the upper plate and clamping it again at reading 33°
01’ + 459" = 38°. Add 180° and the telescope will be pointing down
the straight at reading 218° At every even station, that is 2nd, 4th, 6th,
etc., there will be this difference of 180° which after all is not inconvenient
and to avoid it, would mean bringing in any collimation error there is
in the instrument. The field book and tabular statement are given in
Plate XV (b).

If the curve is left handed then the readings on the theodolite will be
anti-clockwise from 360° so the angles will be subtracted from 360°, etc.

179. Problem.—A light railway is to be carried round the
shoulder of a hill and its centre line is to be tangent to each of the three
lines AB, BC, and CD as follows :—AB, bearing 30°, BC, bearing 90°,
length 600 feet and CD bearing 180°. Calcuiate the radius of the curve
and the length required for setting out the tangent points (U. of Lon.)

To obtain the common centre E, bisect the angle ABC and the angle
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BCD and produce their bisectors to meet in E. From E draw EF, EG,
and EH perpendicular respectively to AB, BC, and CD.

Now EF = EG = EH = the radius of the required curve. BF =
BG = tangents for first portion of curve and CG = CH = tangents for
second portion of curve.

Let radius = R.

R __RWS

Now angle EBG = 60° + EG =R BG—\/1¥= R
Again angle GCE =45° + EG=R . GC =R
Then from data R ;’ 3+ R =600

. R ~/(5+ 3) _ 600

'300 _ 18008 — a/3)

‘.' I{ —— -
s/* +8° 6
200 (3 = Vi) = 300 x 1-2679.
e 880D nrrrooseees e eeeneenens o e rrerenen enes vee(i)-
Ba =R 3§ = 300 C=VBIX V3 100 (3 w3 ~3)=100x 219615,
2= 21061 .cieieiinieiinieiiiiiieeni e s sasansees ().
80d GC = R = 880:37.cciciire cernvieriiirinaes vneennns consssane susesnsnnnne (i1?)

180 By offsets from the chords produced.—In Fig. 77
O is the centre of the arc ABC and Ab a tangent at A. AB is a chord
subtending a central angle AOB.

If Ab be made equal to AB then angle AOB = twice angle BAA.

If ABis bisected at P and OP joined then the triangles AOP and

. . Bb AP
ABb are similar such that A8 = 5"

Now Bb may be cousidered the offset from the tangent and thus

C
AP X AB 2
Bb = offset = AO = m

=3 R " where AB a chord is equal to c.
Similarly if AB is produced to ¢ and Bc and BC made equal to AP,

chord? ¢t

then the offset from the chord AB produced = Ce= —~ = -

Bb is known as the tangentinl oftset and Ce the deflection offset.

The distance AB on the chord is usually 100° or 100 links with offsets
caléulated in the same terms of feet or links. The laying out is simple
and results accurate ; the layout becomes complicated only when sub-

chords are considered.
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The first 4B is usually put down considering AbB as a right angle.
Subsequent chord offsets should be pegged so that the resulting triangle
say BeC is isosceles.

The alignment for producing chords is best done with a string and
sighting by means of chain arrows.

By chords and offsets ending with a sub-chord.

Ezample.—The intersection angle between two tangents is found to
be 169°. A 6° curve has been considered suitable. To lay down the curve
with 50° chords.

Hered=6° . R = 57—639 = 955/

and 180 ~ =180 - 169°=11°= g
100 X 8 100 % 11 1100
L= 3 = G - s x 188:8
The curve will thus consist of 3 chords of 50’ each and one sub-chord
of 33'8 at the end.
If xAb is the tangent where zA = Ab = 50; Xe and Bb are

tangential offsets = -2—"%- = g_o.x%z_g ?=rf1/‘31' or since the angle BAb = % =3

<. Bb= 50 sin §°= 50 x ‘02618, Lay off wX% bB = 131 and join
AB them B will be a chord of the arc and B will be the first peg 50’ from
A. Join AB by a string and preduce the alignment to ¢ 100/ from A and
then with a 100’ tape with ends at ¢ and C and passed round the peg or chain
arrow at B the 50’ mark touching the arrow at B and with an offset

chord® _ B0 X 50 . .
rod measure ¢ C = -—%r—- = —555_—= 2'62. C will be the next point on

the curve. The peg at D is put in by the same isosceles triangle method
with the tape and offset rod.

It is next required to find E the end of the curve 33:3: from D and
at E to prove the tangent direction.

The reverse of the setting out method is employed that is instead of
finding the curve from the tangent, the tangent at D is found by laying
off C¢’ = tangential offset for 50’ = 1:31 when ¢’D is the tangent at D.

Produce ¢'D 33:3' to ¢ and lay off ¢E = (823':)’ = +58’. K is the end of

the curve and to find or prove the tangent set off an offset Dd = Ee =58/
and join dE and produce it and it should coincide with the original
tangent if the work has been correctly done.

181. Starting with a sub-chord.—Had station A been given
as peg, No. 181 + 22 the Ab would bave been measured as 28 feet and
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Az as 22 feet and the offsets Bb would have been equal to ——— pud '”8

22>(2Z
Xz =

and

that is that the curve would have started with a sub—cbord

Tlns method to the exclusion of all others, is recommended as there
is less calculation and no confusion in the field and it is helpful in
understanding the method of laying down a curve by offsets inside the
curve. For sharper curves chords of 25 feet may be employed.

182, Additional method.—In curves laid out by chords and
offsets from the chords produced it is a simple matter to get the offsets
required if the curve starts and ends with full chords for in that case the
tangential offset is 23;-{ and all the other offsets are —;% [In laying out
curves without the aid of a Theodolite it is usual to use chords of 25 feet
or less,]

If, the curve starts and ends with sub-chords, that is, a chord shorter
in length than the full chord we intend using, we have to use other
formule for the offsets. In Fig. 78 AB is the first sub-chord and BR
is the sub-chord produced to R to the length of a full chord, the offset
RC is what we require. Had the first chord been a full chord such as
KB and it was produced to L the offset LC would have been —',’;- where
C = full chord.,

Now to find RC we have RC = RQ" + Q'C and Q'C = QC (approx.)

“QC= 2—% (approx) where C = full chord and BQQ' is a tangent.

Again MP = where 8 = sub-chord and approxlmately
MP : MB:: RQ' :

.8 . .
ieegg - ¢ U RQ

The offset SD will be-‘}—:- . If a sub-chord ends the ourve it may
similarly be shown that TE or offset from previous long chord produced
=2 (C + )

Where s, == sub-chord at end and C = full chord.

This system of curve ranging is useful in confined areas but it must
be understood that a slight error in the layout increases as the square of
the distance from the incorrect point,
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183. By offsets inside the curve.—This method is employed
where it is found that obstructions exist without the curve, such as
buildings, walls, fencing, etc. If the example in para. 180 is taken and
a reference made to Fig. 77 the tangential offsets 0B and #X are laid
down in the same manner 50" from A in either direction. XB is a chord
of the arcand is 100’ long very nearly and Aa is the versin of half the angle
BOX x R=TR versin 5 = R versin 8° = 995 x -00137 = 1-3¢",

Therefore from B lay oft B4’ 136" towards O join Ad and produce
it 50’ to C or in practice lay dow: the 100’ tape from A to C and at 50’
mark let Bb be 1:36' from peg B. C is 100" along the curve from A and
so on. There remains the sub-chord of 333 from D.

ig. 19,

This again is not a difficult matter if the previous method has bgen
thoroughly understood.

In fig 79 D is 150’ from A along the curve and it is required to
find the point E at the end of the curve and the direction of the tangent.
Continue the curve to E’ by the usual method so that E” is the whole number

peg 2007 from A along the curve. At Dlay off a tangential offset Dd =
chord? _ (338 _ .58/ andat B’ lay off a tangential offset B/¢* = {01 =
IR T 2R 995 y oif a tangental ofiset L'e” = =g~ =

%’-’ = 15" measure d E = 33'3 feet and this is E the end of the curve

and d E ¢’ is the tangent,
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184.—The versin method.—Closely allied to the above method
is the versin method the calculations of which are simple and the methods
of lay out are easily followed by an ordinary workman with this advantage
that in a sharp curve the greater the number of supplementary chords and
offset the greater the number of points on the curve.

F‘.‘Iﬁﬁo- Let the points A and B (ﬁg 80)

represent the TPs of the curve and since the

A direction of the tangents is known the angle

[ XAB or y is known. Measure the long

4 | & chord C = AB and since AB = 2R sin
> N

v . R is known and hence DC or V=R

versin y is known.

To lay down the curve measure the distance AB bisect it in D and
erect the midordinate DC = R versin y. C will represent the vertex of
the curve. Again join AC and BC and bisect them and erect ordinates

EG and FH = R versin —27~ and so on till sufticient points are found to set
down the curve.

There is no point in giving further methods of lay out of simple
curves such as by ordinates from the long chord, offsets from the tangent
as all these cases are met with in a simple way in the methods recom-
mended.

The method of laying out a curve with two theodolites is a practice
scarcely to be met with in India and it is doubtful whether it is ever
really practicable exceptin a flat treeless plain and with a special signalling
code between the instrument men and flag holders. It is therefore omitted.

185. Problems.—The following problems in curve ranging are
useful to know and are therefore given,

It sometimes happens that having been given the tangents it is re-
quired to know what curvature might be given so that the curve will pass
through some certain point on the ground that is AX and BX are
given aund the angle B. (See fig. 81). Find a curve which shall pass
through the point C and join the two tangents.

Let 8 = 14° and with the theodolite at X let the angle AXC measure
180° and XC measure 41’. Tt is required to find a suitable curve which
will join AX and BX and pass through the point C.
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Join OX and OC and through C draw CE at right angles to AX
Fig. 81
A

-

X

- A~ dn

A

i
b e wwey-- XC

/

The angle AXB = 166° and hence angle BXO =
Angle AXO ; and angle OXC = 130° — 83° = 47°.

me_ PV
Now $o = sin 83° .\, XO = ;53
In the triangle XOC X0 : OC :: sin XCO : sin 47°

R _XOsind47? R sin 47°
< sin XCO = R s 83° R
sm 47°

= i . X00 = 132°32-
and since the angle OXC = 47° and XCO = 132°:32'.
.. the angle XOC = 28 mins.
Again the angle AOC = angle AOX + angle XOC = 7°-28
and R vers AOC = EC and EC = CX sin AXC
= R vers AOC = CX sin AXC,

= 44 feet x sin 130°.
. 44 X gin 180° ,
“R= versmTo 38 3975

and R = — 7 . sin = = 001251 or § = 17126"24." ,
Bll) =
2

Now half central angle w y = 7°and T = R tan 4.
therefore AX and BX are 488’ from X,
188. Problem When the mtersection pomt is not visi-
ble.-~Let AB and DC be the

A B
direction of the two tangents
and let B and C be inter-

""""""" [
visible. 1t is required to joln ";
AB to CD by a suitable curve - }
(Fig. 82). ,‘

Procedure.—Measure the '
line BC also the angles ABC it 4
and BCD.

The intersection angle between the tangents will be equal to angle
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ABC + angle BCD - 180° and y = 860° — angle Anzc"“"gh BCD

-1 _ BCsin XCB v _ BCsin XBC
Now XB = =Sipye—and XC = —rye

- XB and XCare found and since XC = XB + AB. .. AB is
known and can be‘measured back along the tangent from B arnd thus A
and C need not also be intervisible.

also XC =R tany .. R is known, etc.

187. To find a certain point on the curve.—It sometimes
bappens that a certain point or points on the Fig. 83.
curve such as a 1,000 foot peg is required
to be fixed on a curve or there is (see fig. 83)
say am obstacle between A and P and the work ¢
up to P requires checking before proceeding
on to B ; the puint P can be fixed as follows : —

Let & = 2° and 8 = 40° and chainage at R
T C = 10159. It is required to fix for check
purposes the peg at chainage 11000 at P,

Now L= A P = 11000’ ~ 101:59’ = 841’

The central angle subtended by A P will be 8:41 x 2° = 16049’ *12
end if C P is a tangent at P then CP = CA = 57229'“ X tan 8° 24’ 36"
= 42355,

Therefore P can be fixed by measuring 42355, to C along A X
and at C an angle of 16° *49" 12" is set off which is the angle X C P
and O P is measured 423'55 io P.

Now C P is a tangent to the curve at P and if the theodolite is being
used the direction P C at P can be utilised for laying out the next portion
of the curve since it is supposed that an obstacle such as a high bank or
jungle exists which intercepts the direction P A.

188. Compound curves.—The following aro only the geometric
solutions to make calculations by.  The curves are actually laid as proviously
described. A compound cufve may consist of' two, three or more portions
of arcs of ditferent radii and # ‘adopted where the line is required to pass
through given points to avoid obstructions, or where a principal station or
terminus is required.

189. To find the radius of the second curve, the two

tangents, the starting point and one radius being given.-~Ia
fig. 84 from the given point B in the tangent AT, draw the given radius

BO perpendicular to AB; and draw the curve to some pvint C, where
it is found convenient to change the radius ; draw the radius OC, and
perpendicular thereto draw CT, meeting the tangent DT in T’; make

4

¢




216 CHAPTER viI.

T'C'=T Cand from O draw C’ O’ at right angles to TC meeting
Fig. 84, CO, prolonged if necessary, in
O’; then O is the centre of the
arc CC’ of the curve, conform-
ably to the nature of tangents.
190. One of the two
radii of the compound
curve, and its starting and
/ closing points being given,
\\ : ./ to find the other radius.—
,,‘\.-a{-_’_f Let AB, C'D (fig. 84) be the
( IR’ tangents, B and C’ the starting

i) and closing points of the curve.
N Draw the lines BO, C'H each=
v given radius and perpendicular
to the tangents; join OH, and
bisect it in F ; draw O'F perpendicular to OH, meeting C'H prolonged in
O’; join OO’ and prolong it till OC = “H ; then the points 0,0’ are the
centres of the arcs BC, CC’, which constitute the curve O°C = O'C’ being
the radius required.

19]1. When the two portions have the same radius, to
determine that radius, the tangential points and their
distance apart being given —In fig. 85 let AB, CD be the tangents,
B and C the given tangential points, and BC the given distance,
draw Bos=Co’ respectively, perpendicular to AB, CD and of any
convenient length ; thrcugh O, parallel to BC, draw o¢ indefinitely ,
with the compasses apply o' o = 2Co’ = 2Bo cutting og in o";
Fig, 83.

through C, draw Co”0, meeting Bo prolonged in O, and through O,
parallel to 0" o, draw OO’ meeting Co’ prolanged in O’; then O, O’
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are the centres, and OB and O’C are the equal radii of the serpentine
curve BGC ; the common normal of the portions BG and GC of the
curve being OGO’ = 2BO = 2€0’.
Draw OP and O'P’ perpendicular to BC and OQ parallel to BC.
Trigonometrical Solution of Case II[.—If OB = OC’' = r }

TBC =« BIG = 8} e
POO’'=00Q =0
Then BP + PP’ 4+ P’C=BC, or, r sin a+2r sin 8+ » sin 8 = BC, (1)
Again, 00/ = 2r, or, c?—;r;o + ?oslo == (cos:‘;;cm 2 = o,
o CO8 a + co8 ﬂ = 2 cos 0............ou-........-nnn...u(Z)
Hence, » and 0 are known.
Ezxample.—Given two tangents AB and CD not parallel and B and C
the starting and ending points on the S curve and BC the distance between.
Find the common radii if a == 15° 8 = 20° and BC = 1500".

By formula—cos a + cos 8 = 2 cos 0
. co8 15° 4 cos 20*

= cos 0.

*9528092 = cos 0 °, @ = 72°°20" very nearly.
also BC = » sin a + 2r sin 6 + r sin 8.
BC BC

fina 4 20n0 +sin 8 sm 15° 2 sin 72° 20 ¢ in 20
1500 ,
== 1242’ nearly.

192. Two segments joined by a straight portion.

S r=

Fiyg. 86.
A
Given —
(I}S(())':’;{ Required the lengths of the arcs Bb and Ce and
ro=1 also that of ¢ which is a common tangent to the two

ABC = # — g | circles, we have—

BCD=r=j
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l=DBo + 00’ + Co' = rsin a + (r cos a + R cos §) tany + R sin 8

l — (rsin a 4 R sin B)
(rcosa + Rcos 3)

s, tan x =

Hence x is known.

NOW OO' = 0-0 _+_O,'£! —_ Lf-_o'!t_-t Rﬂﬁ %

Ccos x - cod X

and also 00" = ¢ 0b+ O _ s +R

Teosy T cosy

. . (R47coesy
Scos Y= rcos a + Rcos B

Hence BOb = (a + x) — ¥
and required lengths of arcs B b, Ce,
and length be¢ are known.

COe=(B+x)—-¥
be = (R+ r)tan ¢

Ezample.—1t is required to join two lines of railway with a 1° and 2°
curve having a piece of straight. The starting and closing TPs are 8000°
apart and the straight line joining the TPs is observed to make angles of
160° and 140° respectively with the tangents. Given the chainage of the
TP of the first curve as 576 + 10, find the chainage of the commencement
and end of the piece of straight and the closing TP,

The following data in fig. 85 are known :—
BO = 5730 (r for 1° curve).
CO’ = 2864'9 (R for 2° curve)
BC = 8000 feet
a =7r - 160° e 20°
B = — 140%= 40°

8000 — (rsina + K<in ) _ |
Now .an x = reona F R B = 553895

sox = 28° 59 nearly
Cos ¢ = - RENDRX 99198

rcosa + Reos, B —
S v = 1°15¥%
~. angle BOb == 41° 43}’

and angle CO’ ¢ = 61° 43}’

and be = (r + R) tan ¢ = 8595 tan ¥ = 1094'7 feet and therefore
the chainage of & the end of the first curve = (576 + 10) + (41 + 72'5)
= 617 4+ 82'5 ; and chainage of ¢ the TP of the second curve = (617 4
89'5) + (10 + 947) = 628 + 772 and the TP end of the second
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curve = (628 + 77°2) + (30 + 86:3) = 659 4 63'5. The curve would be
pegged out by Method 1.

NoTx.~—If AB and CD were parallel then angle o would equal the angle 8.

193. Problem.—In running a traverse for a line of railway an
engineer goes along a line XA bearing 40°. The chainage up to A is
12000, He then turns to the right and continues to a point B 3000 feet
from A, the beuring of AB being $0°. From B he changes his direction

and continues on at a bearing of 50° to Y. At cbainage 13400 he crosses
the centrs line of a stream 100 feet wide at an angle of 55°. In examining

the ground for & site for a bridge he selects a spot 800" upstream to the

centre of the bridge moasured along tho centre of the stream. The bridge
is to be at right angles to the stream.

He now wishes to put in a reverse curve joining up the lines XA and
BY and has to leave -a piace of straight 230° on each side of the centre
of the bridgo. What would be the radii of each of the curves he would
use? And where would the reverse curve start and end ?

Fig. 817.

\\:
& g\

mcaectedicccecacmcecasconcncene
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In the triangle S T N (fig. 87) we have :—

TN
o = tan 55°

~TN = 300 x tan 55°
= 300 x 11428148
= 42814
Now T K = 250 (by problem)
o KN = 17844
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In the same triangle :—

%‘-—% = cos 55%.
SSN=TS8 x sec. 55° = 800 x 1-74344

= 52308
R A N = 1923.03
In the triangle ADN
DN AN _ A Naln 600
oin 60° = ®no9s° °° DN = T xin 95°

s log DN = log AN 4+ Lsin 50° — L sin 95°
= 3:2839869 + "1-8842540 — 1-9983442
= 31698967

~. DN = 147875

Now EN = 500 + 17844 = 67844

~ DE = 147875 — 67844
= 80031
Agnin in the triangle DFE
EF 85
rD = Cot 3

s EF = ED cot 42§°
s logEF =1log ED + L cot 424° — 10
= log 800°31 + ‘0379475
= 29032582 + ‘0379475
= 2:9412057
~ EF = 87338
Now AN = 192303
s N B = 3000 - 1923-03
= 107697
Now in the triangle NGB we know NB and all the angles so we can
gsolve the triangle and therefore know GB and GN we thus know K@,
since KG = KN + NG. Knowing KG we find KH; and in the
triangle NBG, GB is found and hence BH is known.
Again in the triangle ADN which we can solve, we find AD.
But we know CD. .. we know AC.
Then the points C and M the commencement and end of the reverse

curve are known and can be measured on the ground. We see that XA
will be produced to C for ‘“take off” of the curve and that the reverse

eurve will end at point M on BY.
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194.—To join two curves by a simple curve,—Suppos-
ing BO a piece of straight falls across an obstacle it is required
to join the two curves by a simple curve.and to find the points of tan-
gency. Let AEB be a 3°curve CFD a 4° curve and BC = 600 feet ;
it is required to lay down a 1° carve to join these two and to find E and
F the points of tangency.

Let O and O’ be the centres of the two curves. Join BO, 00’ and CO’
and through O’ drawn O’G parallel to CB.

Then in the triangle 0GO’ ; OG = R — R’ = 4774 and tan GOO’ =
0'G 600 0’'G

oa ='Hﬂ-‘ . GOO' = 51°-28 and 00’ = Tn 006 o 00'= 167
Now since EX the radius of 1° curve = 5729-7' .-, OX = 3819°6’ and
gimilarly O'X = 42970’

In the triangle 00X ; sin 25 = [E=0C=0 Ghere § = half

the sum of the sides.

s 0XO' = 8°30°
and S2ORO” _ in 00X . sin 00X = #OXOXOX . X00'=
124°06 and 180° = 0X0’ — 0'0X = 00’X .. angle 00’X = 47>24'
Now angle EOO' = angle 0X0’ + angle 00’'X = 55°54'
and angle EOB = angle EOO’ -- angle BOO" = 4° 26’ and therefore

EB or length of curve to tangent point E is known since it is equal to

ROB X 0= 117'7 and similarly CF — SXEX100_ £085X1%0 _ 10).6,
The points of tangency are thus found to be 117-7’ back from B as one

TP of the new curve and 101'6’ forward from C as the other TP of the

new curve.
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198. Serpentine Curve.~—In a serpentine or ogee curve, when an

angular instrument is available, the method of setting out the second curve
is to set up the theodolite at A, range back on the first tangent point B, set
off an angle BAT equal to Fiy. 89.
TBA, add 180°, and lay out
the carve from the line AT’
thus obtained. But if no
angular instrament is avail-
able, the first curve is left,
and the second taken up,
thus: —When the point A (the point of contrary flerure) is reached when
setting off the first curve, bv setting only half the versed sine the tangent
TA is resumed; if then the half versed sine be set off on the other side of
the tangent, the first point in the second curve is obtained. The whole
the versed sine is used for finding the next point, and so on. Reverse
curves should however never be permitted in the main line of a railway, as
they involve a sudden change of superelevation from one side to the other.
Curves in opposite directions should have at least about 200 feet of straight
line between them, and they can then be located, as two independent
curves.

198. Curve of deviation or diversion —In some cases it may

be necessary to make a given deviation from a straight line of railway, so
that: the works may avoid a buildisg or other obstruction situated on or
" near it; this is done by menns of three curves as follows:—Let ABCD
(Fig. 90) be a straight portion of the railway, 4 a building or other
obstruction on the line. Take HQ of a sufficient length for a deviation,
that the line may avoid the object at A: and through Q draw a curve
GQG’ of radins QO’ equal to, or greater than, one mile. Draw also two
curves BG; G'C of like radius, meoting the first curve at G and G, and
the lines at B and C; then , Fig. 90
the line 00’ and O'0O’joining
the centres of the curves,
will pass through their
points of contrary flexure
at G and G'. Put r = : v, (%
common radins OB = 0'Q =0 C, and d = require(d deviation = HQ;
then BH = HC = @ (& =3, and the four equal chords BG, CG’, eto.,
are oach efual to /3"
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From G draw Ge at right angles to QH. Then Ge = } BH, and
Qe=}QH = £

ITn the triangle GO’¢, G&* = 7* —(r -o:—)’. Hence Ge?=1}d (4r —~ d),

SeGe=} vaGir—d) & BH = V@ir —a).

Again GQ'=Ger = QF =}d (4r —d) + 5 = dr.

s GQ = war.

197. Problem.—During the construction of permanent bridge
the 1ine of rails is to be carried over a temporary bridge which is situated
1,200 feet below the permanent bridge. A diversion curve is to be laid
out for the line which is to commence on the river side of a railway
station the platform of which ends at 3,500” from the centre of the per-
manent bridge. Give the necessary calculations for laying out the curve
neglecting the length of the bridge.

In figure 91 BH = 3,500 and QH = 1,200.

Frg. 91,

1}

QI h-'--'-----oc

Now BH = &/d(3r = a) =]V 1,200 (47 —1,200) . r = 2,852:08".
If we select a curve having r greater than 285208 we will get BH
greater than 3,500” which is impossible under the circumstances.

Take the next lower value given in the tables or a radius to a curve of
say 26’ curvature or r=272852" and by substituting the new

radius I—s;}{ will be found equal to 17071 °, BH = 3414, very nearly.
Now if the angle GBH = y it will represent half the angle of full
o = 351493

it
So vy 19°:217 97 or 19”22’ very nearly [, 2y = 3 = 38° *44" and length

of each branch of the curve = ﬂ%—?——go = 18443 and whole chainage

= 18443 x 4 = 73772.
Also BG = & ar = 18094 very ncarly.
s BQ.=2 x 18094 = 36188,

deviation for each branch of the curve and tan y =



224 CHAPTER VIL

198. Problem.—The foregoing example does not allow for a
piece of straight so let us consider the example again with the data
already given and set out a suitable diversion with a piece of straight
of suitable length between the two curves.

In Fig. 91 the dotted line shows the two curves with radius » =
2852:08" see previous example with G a point midway between B and Q
which is the point of contrary flexure.

From data of previous example tan y = gg—g = 3428571 . y =
18° *55§ nearly = angle CQG or CGQ or GBA or BGA.

Now BQ = ~QH? + BH? and BG = 329- = 2 Rsiny and since vy is

known .. ris found for the curves starting at B and ending at Q.
Again the tangents BA, AG, GC, CQ are each equal to R tan v =
2852:08 x "3428571 = 977-%".

Let the piece of straight required be 70 feet which will be found
sufficient for a train travelling on a diversion curve. Then GG’ and GG”
will each equal 35’ or the tangents will be shortened by 35 and there-
fore the new tangents will each equal 977:5—35’ = 942'5" and since ¥
is constant then by the formula T = 9425 = R tan ¥y = R x 3428571,

s R = 218357" .. & = 2° *37" very nearly, the curves may be
laid down with this angle of curvature or accepting & = 2° -37' the
tangents can be recalculated to get an exact value and B’ G’ G" and Q’
are measured accordingly. It isto be noted that the poirts A and C can
be marked down on the ground by measuring from B and Q respectively
a distance of 977'5'. The direction AC is a check on the work at G’
and G”.

199. General.—Inlaying down a curve in actual practice, it will be
sufficient for all practical purposes to fix points at such intervals that the
versed sine of the intercepted arc should not exceed 0-25’, or thereabout.
These points-may be obtained by off-sets from the tangents when the maxi-
mum length of such off-sets does not exceed 30 or 35’, above this limit it will
be advisable to adopt the method of off-sets from chords. Calculate the
number of chords of a constant length (100" or 200’ answer best in
practice), the length of the remaining chord contained in the curve,
and also the angle contained by two successive chords. Proceed to lay
them in the nsual way with a theodolite and chain, commencing from
one end of the tangents; if correctly done, the end of the last chord
will fall on the peg marking the termination of the other tangent,
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200. Vertical Curves.—In first class railway work Vertical
Curves are placed at changes of grade where the algebraic difference of an
up grade (plus) aud a down grade (minus) exceeds 0-2 teet, In first
class American practice it is Jaid down that the change of grade shall be
*1°/, per 100 feai at summits and ‘05, per 100 feet in sags. [t must be
remembered that thus so called rounding off the grades is to prevent jolts
and strains on couplings and is more necessary at low speeds than high.

1f a g °lo up grade meets at ¢’ °|, down grade then the total change of
gradeis + g — (—g') = (g + g') °/o and the length of the vertical curve

will be ”~i'l~"~' = 10 (9 + ¢') chains of 100 feet. The total length is always
in a full number of chains and therefore if a *4°|, or 5} up grade meets a
*5°|, or 33, down grade the length of the whole curve will be is—-f—_ﬁ =9
chadns or 900 feet for first class railway work in summits and twice that
length or 1800 feet in sags.

Theoretically the parabola is the correct curve to lay down but the
angle of change is so small that the curve practically becomes a circular
curve and can be treated as such as follows : — Example.

After a longitudinal section has been run it was found that a *4°/,
gradient is to be laid down to mest a *5°/, gradient on a summit.

Iy, 92,

4%, gradient = 515 = 004 == nat. sine of 14’

5%, gradient = xlq = 005 = nat. sine of 17"

Therefore total deflection angle = 31’ = 8

Since the whole curve is 900 feet, each tangent may be taken as 450’
each way from the apex or highest point.

Since T = R tan ~g
o 450 = Rtan —:i‘:-'

-‘.R: v g 100000



226 CHAPTER VII.

The tangential offset for the first peg [rom the TP or A = 100 X100 1 05

2 X 100,000 20
The second offset at 200’ will be 22 x 05 = -20 feet.
thid ,, ,, 300" ,, 32 x ‘05 = 45 feet.
fourth ,, ,, 400" | 42 X ‘05 = -80 feet.
apex  ,, ., 450" ,, ,, (45)2 x ‘05 = 1-01 feet, etc, etc.
(Compare formula apex distance = 7T tan -/:— = BB

= 450 tan ¥'

= 450 x 002254 = 101 feet.

Let the reduced level of the T.P. or B.C. at A he 100-00, with an
up grade of *4°/, the reduced level of the intersection point at B == 100’
+ (‘4 x 4:5) = 101-80’ and with a down grade of '5°, the reduced level
of the end of the curve at C = 10180 — (*5 x 45) = 99-55’. It is
necessary therefore to put into tabular forin the reduced levels at 100’,
300’, etc., along the tangents or grade and subtract® from these the offsets
respectively to obtain reduced values on the curve for formation level as
follows :—

Sta. Tangent R L,  Offset.  R.L. on curve.
B. C.(T.P.) <. 100-00 - 100-00
100 . 10040 ‘05 100-35
200 ... 100-80 +20 10060
800 «. 10120 45 100-75
400 .. 101°60 80 100-80
Apex 450 .. 10180 1-01 100°79
500 v 101-55 ‘80 10075
600 . 101:05 45 100-60
700 . 100-55 20 100-35
800 s 100:05 05 100 00
900 (E.C.) e 99°55 _ 99 55

The whole of this curve could not be laid down from one station
point, perhaps two or more “sets up” would be needed or it might
conveniently be laid down from opposite directions with the apex peg as a
check. What is necessary in these cases is to add the height of the
instrument at the peg, obtain a new Height of Instrument or Collimation
line and then the reduced levels by subtraction according to above table.
It would be considered good practice to have a vertical curve on a
summit on an embankment as it would require less earth for filling. and

* The offsets are minus on summits and plus on sugs.
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vice versa, a sag in cutting as it would reqnire less excavation. There are
also two other cases of two up grades or two down grades meeting with
different gradients and the same formula applies.

201. Transition Curves.—On a curve the outer rail niust be
higher than the inner rail on account of the overturning moment known
as “centrifugal force”. The amount of superelevation necessary will be
due to the degree of curvature and the speed of the train. There are two
forces acting :—

(1). The weight acting downwards.
(2). The centrifngal force acting outwards.

The superelecvation must not he so great so that when the train
stops on the curve the line of action of W falls without the rails and it
must be sufficient for the speed so that the resultant of the two forces
aots between the rails and perpendicular to it.

Ordinary Indian practice was to widen the gauge on the curve and
to give all the superelevation necessarv on the straight on the outer rail
before the train entered the curve. This is not conducive to comfort and
produced shocks and any thing but smooth runming. The transition
curve has been substituted so that the process of -entry from the straight
or tangent to the circular arc or curve shall be giadual, hence its name.
The superelevation is gradually given to the outer rail of the transition
curve usually known as the length of adjustment (D).

Froude* lays down if superelevation is applied at 1 in 300 then
! = 300 x superelevation. Superelevation = gauge in feet x ,—.-2%’—3 and

for the standard gauge in India, that of 56", and a speed v of 60 miles t
per hour, we obtain 808" as superelevation for a 8’ curve and thus
1 =300 x 808 = 202".

Mr. Morrison in his practical method accepts 200” as { or the length
of the curve of adjustment. It is necessary now to find the Shift as it is
called or the amoumnt the circular arc is shifted towards its centre o that
the length of adjustment curve shall, so to speak, merge readily into the
new arc.

* See Proccedings Institution Civil Engineers, Volume CLXXVI

+ Superelevation rarely exceeds 5}° in India the maximum speed of traing heing more or
less confined to 45 miles an hour. Again if 1* is given to each 36’ rail and 5}" a maximum
86 X 5§’ gives  the length of the curve as 198’ or 200" for the purposes of laying down the
transition.
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(For practical purposes and except for very sharp ourves it is
unnecessary to obtuin a new radius for this arc which theoretically is
R-shift).

Shift or s is best remembered as being equal to ?;R in feet or -5% in

inches as the latter is analogous to the tangential offset formula _Q'_.
Taking ! = 200 and 3 = 3° then shift in inches * = ;S350 = 10:47-,

In figure 93 the original carve started from A, It is required to
put in a transition curve,

From A lay off a point C = 10'47” towards the centre of the curve

Fig. 93.
F 100’ A 100 @«
=TT T -1

1

!

i

|

' —

F’ c - TN

or at right angles to tangent will be accurate enough. AC represents the
shift. From A measure AF back along the tangent 100’ and also Az to-
wards the intersection point 100. From .z lay an offset equal to tan-

gential offset xa plus shift s = za -+ s = 3w+ 10147 = 262" + ‘87 =

3-497. Call this peg G and G is the begmmng of the new circular are.
Join FG and it will be found that FG will bisect AC. Also FG will
conform very closely to a cabic parabola such that all off<ets from the
original tangent to FG will be in proportion to the cubes of the distances
from I or
(Fz)® : (FAP::349 - p
100 x 100 x 100 X 849

10 47
SoP = Thiwaoox e - 489 wherep = JAC = §s hft—--——-=
87/ s
—2‘— — 435 .
* Shift is also given fora 200 length asequal in feettn = 166
Radius of curve in chains of 100 feet
6-6

= -9-- == 10 44 inches,
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After doing the preliminary work at A set up the theodolite at C
align back on the new tangent CF’ and complete the circular arc froma G
onwards.

Transition curves between two reverse curves should change curvature
at the same rate in order that at the junction point no sudden change in
superelevation is felt. In the event of two reverse curves, where a piece
of straight to join them is impnssible, both curves would be shifted towards
their respective centres by the caleulated amount of shift and 1he transition
ourve would then pass through what would have been the point of coutrary
flexure.

202 Government of India rules.—-The following paragraphs
are copied from “ Rules for the preparation of Railway Projects, 1918.”

%100, The most suitable carve, for the transition from a straight hine to a eircular
curve, is a spiral curve known as the ‘cubic parabola’: the formula connecting the
length of the transition spiral with the inward ‘offset or 'shift’ of the crown of the

. v . .
circular curve:s § = z7, where S=tho ‘ shift ' :n feet, 1= the length of trausition

curve in feet and v = the radius of the original or primary’ circular curve in feet.

101, The proper length of a transition spiral depends on ths waximum
permissible speed on the circular curve which is being approached: it follcws that a
longer trapsition is required for au easy curve than for a sharper one, because the
permissible speed 18 greater.

102.  Fiow principles Iaid down in pages 07 104 of Vol CL XXV1 of the
proceedings of the Institution of Civil Engineers, m a paper by Me. W. H Shorst
we can deduce that (with certain himitations) the rawimam length (in fect) foca
transitien spiral should be about &4/ or 608 = &/, wheie r = ‘rachus of
cwive in feet’ and Db = ‘degree of curve.

103. With this length of tramsition spiral the ‘shift’ is exactly 2 fect
8 inches for all circular curves which have to be joined to a straight line.

104. The formula 84/7f o1 606 — /D, gives too great a length of transi-
tion spiral for curves flatter than 2° (1adius = 2,865 feet). For such curves a
suitable length (in feet) for the transition spiral is given by the formula.
6 x (maximum permissible speed in miles per hour).
1056. The formula may also be used in cases where it is undesirable to previde
60 long a length of transiticn spiral as wonld be required by the formuls 84/ 77, =

FooT-NOTR :— For more eaact methods see paper No 8065 Vol. CXXXI1 Procoodings
Civil Engineers by J. Rotanson, M-1.C E , and the College Railway Mapual, Searle's Spirals, etg,
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for instance between reverse curves on a mountain railway in places whete speed may
be restricted to something less than 14/ 7. L[ the length of transiuon spival
i8 less than 84/ 7, the shift of the circular curve will, of course, be less than 2
fect 8 inches.”

203. Alignments and Setting out,—Alignments whether for
a canal, distributary of a canal, a railway or road would be ordinarily
first reconnoitred and set down on a standard one inch map of India.
The reconnaissance alignment may consist of one or more proposals and
for choice the map could be mounted on an ordinary planetable the sight
rule being used for resection and possibly the tangent clinometre in the
case of railways and roads would be deemed accurate enough for laying
down gradients though for canals and distributaries a level woul\l alinost be
compulsory and preferably one with a compass.

The alignment will consist of straights and curves and a previous
chapter has treated on the curve and there remains onc caution to be added
concerning the lay out of the straight.

204. The double centre method.—As instruments invariably
have errors in graduation and otherwise it is not accurate enough to sup-
pose that a telescope or sight vane swung through 180° will he a means
of producing a straight line. As the theodolite would generally be used
for the purpose of a railway there are not only graduation errors. both of
plate and verniers and the setting of the same, to be considered but trunsit
axis errors and the method to be employed is as follows.—Centre up and
level the theodolite very carefully over the last peg and clamp the upper
plate. Unclamp the lower plate and set telescope on the back flag clamp
und use slow motion screw to intersect. Next transit telescope without
unclamping either plate or touching footscrews and resect the forward flag,
putting down & peg. Unclamp lower plate and swing the telescope on to
the back flag, clamp and intersect as before and again transit telescope
and intersect forward flag. 1f the flag is found to be over the peg put
down previously the alignment is a straight line and correct ; if not put
down a second peg and the true straight line will pass through the mid-
point between the two pegs. It should be noted that the observation has
been made on both fuces and that no readings have been taken.

Besides the struights and curves which constitute the plan of the
alignment the engineer is concerned with the gradient and this book can
treat only of the methods of survey rather than the grades which should

be laid down. The profile along the aligument is known as the Longitudi
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nal section and the preliminary location is usually laid down irrespective
of the curves that is the intersection points of tungents are marked,
gradients then calculated and curves projected and examined to meet the
requirements of the grades in question since maximum gradients must be
confined to the straights.

The positions of crossings of roads and streams, wells and station gites
will be considered and also the cost of earthwork in excavation and em-
hankments. For the latter purpose level values at right angles to the
longitudinal section are taken from which an estimate is prepared. These
are known as Cross sections.

205 Grade Staff method.—Here follows what is known in
location work as setting slope stakes that is when the engineer has satisfied
himself as to his alignment and grades, stakes are set as a guide for the con-
tractor in the matter of filling or cutting. [n calculations the minus sign
denotes a fill as it is the quantity of material short and likewise a cut as
plus as it is gnantity in excess. The Canadian practice is known as the
Grade Staff Method and it is here explained,

Fig. 94,

206 Fill.—In
fig. 94 the formation

ﬁ-—-—-—-af)‘ —-— ..—..*...._o;'_. c— level of an embank-
. - IO—+—IO-$ ! ment is 20 feet wide
? TE N the side slopes are 2
! E ' to 1 and ACB is a
! ) N moderately level piece
o & | of ground C being a
A ¢ B peg on the longitu-

dinal section with a
reduced level value. If CE or F is 8 feet then D, and D, the “distances
out” =10 + 2 I' = 26 feet,

[n entering values in the cross section book this would read as

follows :—

; 0 ¢ ?0
-8 -
ET 80 %

The minus quantities denofing a fill or quantity short, the numerators
the amount of fill and the denominators the distance out.
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Take the next ex-
ample of §ill on sloping
ground and in figure a
rod is shown in firm
lines and one in dotled
fines, which latter is
supposed to be the rod
on top of the completed
embankment and is
known as the Grade
Staff Rod and the Grade
Staff Height i the differ-
enco between the height of eye at the instrument and the R. L. of the
formation lavel. In this case 924'6 —922-8' = 1-8".

Lot us consider the case of the Engineer arriving at the pey at C
and on consulting his level book he finds that it is peg No. 110 4 40
He is required to put down slope stakes as a guide to the contractor. He
sets up his level at right angles to the aligument and finds on reading
to a staff on the peg C that he obtains a value for the height of the instru-
ment collimation line' (H.I.) as 9246 From his grade record he finds
that the formation level at C is 922'8 so he obtains 1'8 as his grade staff
height and 922:8—914'6 = - 82 as Fill at . The staff man is moved to
a point which is thought to be the further toe of the slope. A reading is
taking on the staff as 10-8.

< Fill 10-8—1'8 (grade staff height) = 9 feet and distance out from
C will be 9 + 9’ (2 to 1slope) + 4 width = 2 x 9" + 10’ = 28 feet
but the measure is actually 25 feet and another trial is made.

At point 3 the staff ‘}‘Gadb 9o fll = 9'—1'8" = 7-2 and distance
outis 2 x 772 4+ 10 = 24-2and the actual measure from the peg C is 24
feet 3 inches so this point was accepted. For the nearer toe let the staff
read 54" so fill = 3'6 and distance out from C =36 2 + 1000 = 172
and the measure was found to be 17 feet so this was accepted and thus
the entries are as follows :—

=72 -82 =35
L ) ) 172
207. Cutting.—The next example will :be one of excavation or
quantity in excess,
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Fig. 96.
9 As before
the Engineer ob-
tains the values

.u_-_--_.._,..‘.J__..--.—-—-—————9353
:l'[ for formation
E — level as 9233,
o

G =~ - -/ - - - - 9313 R L. of peg C at
station 114 + 40

K
il / a8 9313 and H.1.
{
— ‘, , // as 9353. The
. ' grade staff height
/ is 9353—-923'3

o ,
St - - - - -~ 0233 =12 feet and

. XV
therefors 1 ut centre = 931:3-9233 = 8 feet For the further slope

peg let the staff read 585 therefore the grade staff height = 12—5-85
=615 and the distance out from C =615 x 2 + 10 = 223 feet ; for the
nearer edge of slope let the staff read 1-85

*. Distonce out=10-15%x2 4+ 10= 303 and we obtain values as follows:—

+ 615 + 8 + 1015
T8E, ., 308

If the formation changes from cut to fill or vice versa grade pegs are
put down where the change takes place this also applies to a grade peg
coinciding with the gronnd surface on a side slope.

Take such a case of a grade peg coinciding with the ground level as
at station 111 + 40 where R. L. of 923 3 will be also equal to the grade

Fig. 91.

M

staff heignt 923-3 and continuing as before we obtain say
—40 ) +13
T 00 and 122

and therefore a section of ground as sketched in Fig. 97.
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208. Areas.— We must consider next the caleulation of areas and

(.......__..-.DI e @ g~y e ch-—-o — i

-~ Widthe W= ===~ %

- e - -

PN

if we take the fig. as an example we obtain arcas 1, 2, 3 and 4 which
make up the trapezoid. D and Dy are distances out and Q are quantities
of Fill or Cut as the case may he and W = width of formation.

W Q
Areaofl-—,z- X >

[) J— w Qz

t=

8 = r.’_’.Z,‘__
- n ”
— -'"2_"

. Area = ¥(Qx +Qn + %‘ (D1 + Dy)

or area is equal to sum of side fills or euts multiplied by } width of formation
plus half centre fill multiplied by sum of distances out, and the area of the

previous example of quantity short or

-72

212 4.4
will give a result as follows : -

.. 20 82
Area = (72 + 3'6) ry + 5 (244 + 17-2)

= 54

= 224-56 square feet

and similarly
+ 615

233

Area = (615 + 1015) 3 + - (233 + 30'3)
= 875 + 2144
= 2959 square feet.

and vol. per 100’ = 2959 x 100 = 29590 cubic feet.
__ 29590

e

27

cubic yards,

—36

172

10115
303
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The area for cross section at 111 + 40 would work out as follows :—
404 12%x 5+ 0 x 3004 = 26 square feet that is total cut and fill
and to separate the quantities we obtain.
40 X 5 = 20 as embankment and 12 x 5 = 6 as excavation.
209. Volumes.—Further in the case of Volumes.

(1). Where there are two ends, volume V = E—"-m—o;“—‘fw x Distance.

(2). Where one end tapers away to a line, V = area of end x -g-

. D
(3). Where one end tapers to a point V =area of end x

The following few points will be found to be useful as hints.

Squared paper or section paper is used for profiles if not in the
finished location plan and section at least for the reconnaissance work.
Scales generally are Longitudinal Section 1" = 200’ or 400’ vertical
scales 1° = 20”. Such a profile is paiated in as work progresses or a
tracing of it is kept up to date each weék or month being coloured differ-
ently. Attemptsshould always be made to equalise cutting and filling. 1f
excavation is more than the embanking it will mean spoil or waste of material
wh' h is surplus and is a sign of indifferent engineering ; on the other hand
the opposite case is one of borrow pits whicl. become breeding grounds for
mosquitoes. The question of free haul, direction of haul, overhaul must be
carefully considered and here again diagrams are usually made in different
colours denoting the disposal of quantities fill or cut. Borrow pits should
be outlined by the engineer and should be excavated where it is possible
the ruin water will drain away. Shrinkage of embankment at so much
per cent. is to be allowed for and the formation width of a cutting will
naturally be wider than an embankment to allow for side drains to take
away storm water.

It is necessary now to givea specimen copy of a cross section form
showing slope stake set out and the computation of areas.
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CHAPTER YIIIL
USEFUL PROBLEMS IN SURVEYING.

210. To draw upon the ground a straight line through
two given points.—Plant a picket, or staff, at each of the given points,
then fix another between them, in such a manner that when the eye is
placed at the edge of one staff, the edges of the other two may coincide
with it. The line may then be prolonged by fixing up other staves. The
accuracy of this operation depends greatly on fixing the staves upright,
and not letting the eye be too near the staff from whence the observation
is made.

211. To walk in a straight line from a point to a given
object.—Fix upon some point, as a bush, or a stone, or any mark that
you may find to be in a line with your given object, and walk forward,
keeping the two objects strictly in line, and always selecting a fresh mark
when you come within 20 or 80 paces of the one upon which you have
been moving. Observe—that to walk in a direct line, it is always neces-
sary to have two objects constantly in view.

212. To trace a line in the direction of two distant
points.—Let two persons separate to aboat 50 or 60 paces; theam by
alternately motioning each other to move right or left, they soon get
exactly into line with the distant objects ; or for greater aecuracy, they
may hold up staves.

In sketching ground, it is constantly necessary to get in line between
two objects : if these are not.very distant, any bne can always do so witltin
a few paces by fronting one object exactly, apd then facing 1o the right
about ; when if he finds himself accurately fronting the other object, he
will be tolerably well in line with them. A right angle may also he
formed very nearly, by fronting an object, and then facing to the right
or left.

213. To lay off a perpendicular with the Chain.—Suppose
A the pointat which it is required to erect Fig. 99,

a right angle; fix an arrow into the 20 ?

ground at A, through the ring of the
chain, marking twenty links; measure
Jorty links on the line AB, and pin down
the end of the chain firmly at that spot B, s
then with a tape or another chain erect on ’

.‘0
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AB a triangle with the other sides equal to 50 and 30 links respectively
as shown in the figure the sides of the triangle are then in the proportion
of three, four and five, and consequently CAB must be a right angle.

Au angle equal to any other angle can also be mnarked on the ground,
with the chain only, by measuring equal distances on the side containing
it, and then taking the length of the chord : the same distances, or aliquot

parts thereof, will of course measure the same angle.

214. To avoid an obstacle, such as a house, in your
chain line.—The usual way of avoiding an obstacle of only a chain or

two in length, such asa houseis | Fio. 10
by turning off to the right or left tg- 100.
at right angles till it is passed, and &

then returning in the same manner
to the original lines.

A more convenient method is to measure, on a line making an angle
of 60° with the original direction, a Fy. 101,
distance sufficient to clear the obstacle
and to return to the line at the same
angle, making CD = BC; the distance
BD is then equal to either of these
measured lines.

216. To find the length of the line AB accessible only at
both ends.—Having fixed on some convenient point O, measure BO and
AQ; aud prolong those lines till Fig. 102,
0C=0B, aud OD = 0A; then the
distance between the points D and C
will be equal to AB, for the sides of the
triangles COD, BOA, about the equal
angles at O, are respectively equal;
therofore the third sides CD, BA will
also be equal,
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216. To find the distance of an inaccessible object O by
means of a rhombus.—With a line or measuring tape, whose length
is equal to the side of the intended rhombus, lay down one side BA in the
direction BO ; and let BC. another side,
be in any convenient direction; fasten two
ends of two of those lines at C and A ; then
the other ends (at D) being kept together,
and the lines stretched on the ground,
those lines AD, CD, will form the other
two sides of the rhombus, Set up a mark
at R, where OC, AD, intersect; and mea-
sure RD; then the sides of the triangles
RDC, CBQ, being respectively parallel,
the triangles will be similar hence.

RD: DC:: CB : BO.

Suppose the side of the rhombus is 100 feet, and RD = 11 feet, 7
inches —then, 11,% : 100 : : 100 : 863 feet nearly = BO.

[f the ground be nearly level, a rhombus, whose side is 100 feet, will
determine distances to the extent of 300 yarls withiii a very few feet of the
truth. The principle involved in the above is best understood by imagia-
ing a tape of 100 feet stretched around ABCD so that the figures for 0,
25, 50, 75, and 100 feet touch pegs at ABCDA; any multiple of the ahove
may be taken to suit the case.

217. To find the length of the line AD. inaccessible at
the point D —The mensurement of the line A, supposed to be run for the
determination of a boundary, is stopped at B by a river or other obstacle.

The point F is taken Fig. 104.
up in the line at ahout the
estimated breadth of the
ohstacle from B; and a
mark set up at K at right
angles to AD from the
point B, and about the
same distance as BF.
The theodolite being
adjusted at F, the angle
BEC is made equal to BEF, and a mark put up at C in theline AD ; BC
is then evidently equal to the measured distance FB,




240 OHAPTER VITI,

If the required termination of the line should be at any point C*, its
distance from B ocan be determined by merely reversing the order of the
operation, and making the angle BFE’ equal to BE(", the distance BF
beiag subsequently’ measured. There is no ocoasion in either caso to read
the angles. The instrument being levelled and clamped at zero, or any
other marked division of the limb, is set on B: the upper plate is then un-
clamped and the telescope pointed at I, when being again clamped, it is a
second time made to bisect B; releasing ths plate, the telescope is moved
towards D till the vernier indicates zero, or to whatever number of degrees
it was first adjusted, and the mark at C has then only to be placed in the
line AD, and bisected by the intersection of the cross wires of the talescope.

If it is impossible to measure a right angle at B from some local
obstruction, lay off any conve- Fig, 108,
nient angle ABE and set up the \\
theodolite at E. Make the angle AN \
BEC equal to one-kalf of ABE, L "{_"}'i‘ 5 T
and a mark being set up at C in
the prolongation of AB, BC is
evidently equal to BE, which Y
must be measured, and which <L
may at the same time be made f
subservient to the purpose of delineating the boundary of the river.

The reasoning of this is very simple; the angle ABE = the two angles
BEC and BCE; but BEC is balf ABE, consequontly BCE is half ABE;
therefore BEC = BCE. and therefore BC = BE.

218. To find the distance to any inaccessible point on
the other side of a river, without the use of any instrument
to measure angles.—Prolong AB to any point D; making BC equal
to CD; lay off the same dis- Fig. 106.
tances in any direction De-cb:
mark the intersection E of the
lines joining Pc: and Cb mark
also F the intersection of DE
produced and of Ab-produce
Db and BF, till they meet in

a, and
ab= AB
ae = AC
aD = AD
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From the similarity of the figure the reasoning is self-evident.

219. To find the point of intersection of two lines meet-
ing in a lake or river and the distance DB to the point of
meeting.—From any point F on the line AX draw FD, and from any
other point E draw ED, pro- Fig. 107,
duce both these to H and G,
making the prolongations either
equal to the lines themselves, or
any aliquot part of either lengtb,
suppose one-half ; join GH, and
produce it to O, where it meets
the line OB, then OH is one-half
of EB, and OD cqual to half of
DB ; which results give the point of intersection B, and the distance to it
from D.

220. To find the height of a point on an inaccessible hill
without the use of instruments.—Drive a picket three or four feet
long at H, and another at L, where Fig 108.
thetop of along rod FD isina line
with the object S from the point A
(the heads of these pickets heing on
the same lavel) ; mark also the
point C where the head of tha rod
is in the same line with 8§, from
the top of any other picket B, and
measure AF and BC ; lay off the
distance BC from F to b. and the
two- triangles ADb and ASB, are

evidently similar, whence,
PS AS AB _ HI AP AS AS _ HI

oo
— TR ——

F —AD -~ Ab 1o M AF T AD T Ab»  HO

DF HI AF-HI
therefore PS = o™ and AP = 50

221. To find your place in a Survey —Let A and B be two
stations, whose places are fixed, and ¢, the point to be determined. A very
little thought will convince the student that the two bearings of any line as
read at both ends must bear some fixed relation to each other; such
relation being a constant difference of two right angles. Take the
bearing of A, 128° N..W.; conscquently C bears from A, 128° 8. E.




242 CHAPTER VIII,

Adjust the protractor at A, by means of the east and west parallel
Fig. 109,

lines, and lay off 128" S. E. the bearing of C; which point C must
lie somewhere in the line thus obtained. Next. take the bearing of
B63° N. E. and baving adjusted tho protractor at B, lay off 63°S. W.,
and where a line drawn from B (to represent this bearing) outs the
line or bearing drawn from A, is the required station C.

The above may be put into a short rule, thus— 7o find a station by
observations taken to two points already known. Protract from those
points the opposite bearings to those observed ; their intersection fixes
the place sought. For example, if the bearing to a point be 20°, protract
from that point 200° (= 180 + 20), etc.

Note.—That the nearer the two bearings meet at a right angle, the
more correct will the station be determined ; and also, that when a third
fixed point can be seen, a hearing to it will serve to corroborate the other
observations ; and a point so obtained, namely, by the exact meeting of
three bearings, becomes as well defined as any other point.

The above is a very useful problem ; and indispensable when sketch-
ing ground and filling in a survey.

222. To reduce the off'set piece ABCDE to a right-
angled triangle AEc of the same area, by an equalizing line

Ec, with the parallel ruler.
Draw_the indefinite line Ac perpendicular o AE. Lay the parallel

raler from A to C: hold the near side of the ruler firmly, and move the
further side to B, which will cut Ac at @, where a mark must be wade.
Lay the ruler from a to D, and the further side thereof being now held
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Fiyg. 110. fast, bring the near side to C,
making Ac at b. Lay the ruler
from b to E, move it parallel to
D, marking Ac at ¢. Join Ec;
o a then AEc is the right-angled
triangle required, and its area
may be found by taking half
the product of AE and Ae.

The reasoning for the above various steps will be at once seen on
reference to page 39, where the method of reducing a polygon to a
triangle is described.

223. General Rule for solving Problems of this kind.~
Draw a temporary line, as Ac, at right angles, or at any other angle to
the chain line, as AE, of the off:sets.

1. Lay the ruler from the first to the third angle, and move it
parallel to the second angle ; then make the first mark on the temporary line.

2. Lay the ruler from the first mark on the temporary line to the
fourth angle, and move it parallel to the third angle ; then make the
second mark on the temporary line.

3. Lay the ruler from the last-named mark to the fifth angle, and
move it parallel to the fourth angle, then make the third mark on the
temporary line.

4. Lay the ruler from the last-named third mark on the temporary
line to the sixth angle, and move it parallel to the fifth angle ; then make
the fourth mark on the temporary line.

In this manner the work of casting by the parallel ruler may be con-
ducted to any number of angles. Great care must be taken during the
operation to prevent the ruler slipping, as such an accident will derange
the whole of the work, if not discovered and immediately corrected.

224. To reduce a curved off-set piece to a right-angled
triangle of the same area. —Let AabodeB be the curved off-set
piece. Divide the curve by points g, b, ete., so that the parts Aa, ub,
etc.,, may be nearlv straight; and Fig. 111.
draw A5 perpendicular to AB. Lay
the ruler from A to #; move it parallel
to a, and mark A5 at 1. Lay the
ruler from 1 to ¢ ; move it parallel to

b, and mark Aj at 3. Lay the ruler




244 CHAPTER VIIIL,

from 2 to d; move it parallol to ¢ and mark A5 at 3. Lay the ruler from
3 to ¢; move it parallel to d, and mark Ad at 4. Lay the ruler from
4 to B ; move it parallel to ¢, and mark A5 at 5. Draw the line B5 : then

will AB5 be a right-angled triangle equal in area to the off-set piece
AabcdeB, as required.

225. To reduce the irregular fleld ABCDEFGHK toa

trapezium of the same area.—Prolong the line
AK at pleasure. TLay the ruler from Kto G: draw a
parallel line through H, and mark AKX prolonged at 1.
Lay the ruler from 1 to F'; move it parallel through
G, and mark AK at 2. Lay the raler from 2 to E :

Fig. 112,
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move it parallel through ¥, and mark A 1at3. Draw !
aline 3 to E and prolong from E.  Lay the ruler from ‘
E to C; move it paralle] through D, and mark 3 E at 4. \
Lay the ruler from 4 to B: move it parallel through C ‘
and mark 1 E prolonged at 5. Draw a line from 5 to i /
B; then shall AB53 be a trapeziam, equal in area to the v/
irregular figare ABCDEFGHK ; the area of which \
may be found by multiplying the diagonal B3 by half !

the sumn of the perpendiculars thereon from Aand5.* | % 2‘}*/ -
226. To draw an equalizing line through the crooked

fence, abcde, so that the two fields ABea, aDCe, may be
four-sided-—Lay the ruler from a Fig. 113,

to ¢: move it parallel to b, aud mark
AD at 1. Lay the ruler from 1 to
d : move it parallel to ¢, and mark
AD at 2. Lay the ruler from 2 te
¢; move it parallel to d: and mark
AD at 3. Draw the lineesand it
will divide the two fields so that
their quantities shall be the same as
those before separated by the crook-
ed fence abede. A

* NoTE.—In this manner the crooked mdes of a field may he successively reduced to
staight ones, Thusif the side AB had been crooked, the operation of straightening might
be continued by prolonging the dotted Line 5B, and find successive points therein. corresponding
to ihe assumed angles, till the last angle was brought theieon, and so on with respect to the
side AK, bad it also been crooked. When the sides of & field are curved, the method of
reducing them to straight lines is the ssme as shown in Problem XIV.

N @ ,
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It is scarcely necessary to add, that had the fence adede been curved
the equalizing line might have been found as in Problem XIV.

227. To trace on the ground with a chain. a trlangle,
whose three sides are given.—First.—When the sides are under 100
foet in length.

Lay off the longost sides first, mark its two ends by pickets : then from
one end as centre, and the length of either of the other sides as radius-
trace an are upon the ground. With the other end of the fixed line as
contre, and the length of the third side a8 radins, desoribe a second are
cutting the first are. the triangle formed by joining the intersection of
these arcs with the ends of the base is the one required.

Second.— When the sides are longer than the chain.

In this case a small triangle with its sides less than the length of the
chain, but proportionally to the given sides, must be first laid down as in
the first case, then two of the sides must he produced to their proper lengths
and the line joining their ends will be the third side required.

For instance, suppose a triangle whose sides are 456, 384 and 296 feet
respectively, has to be traced.

Take }th part of each of the sides, this gives 114, 98 and 74 feet.
Then lay down a line 114 feet long, from one end sweep an arc of 96 feet
radius and from the other end an are of 74 feet radius ; mark their intersee
tion. Then produce the 114 feet side, and the 96 feet side, to their requir-
ed lengths, i.e. till they are 456 and 384 feet, respectively ; then the line
joining their ends will be the third side required, and will be 296 feet long.

228. Through a given point to trace a line Parallel to
a given line.—First.— When the given line is accessible. From the
given point A draw any convenient line AB to meet the given line BC.
Find the magnitude of the angle ABC, these two lines make with each
other: at the given point A, lay off an alternate angle BAG of equal
magnitude this will at once give the required paralle! line AG.

. Second.—When the given line is inaccessible.

B( is the inaccessible line and Atis the given point. Take any points

D and E, in the continuations of the lines Fig. 114.
BA and CA. Find the magnitude of
the angle CDA, draw AT parallel to
CD, find F in the line DE, Through
F draw FG parallel to DA, and find G
in the line' EB : then the line through
G and A is parailel to AB.
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229. To lay out the direction of road on a hill side at
any given slope.

Fig. 115.
L 50
1 ’
150 ~ == /
125 i K"‘n\ Zies €
100 K\ 7 7E a i
\ / —~ 100

75

50
25

Seale—8 inches to 1 mile.

Let the figure represent the contonred plan of a hill-side along which
it is required to lay out the direction of a roud, rising from the point A to
the level 150 at » uniform gradient of 1in 8. As the interval between the
cantours is 25 feet, the plan of the road between any two contours will be
the base of a right-angled triangle abc, in which ab = 25 x 8 = 200 feet,
Laying of this distance on the same soale as the map (8 inches to 1 mile)
between the successive contours at BCD, ete, the required direction is
determined. Should a Zigzag not be objectionable, the road may be made
to follow the course BGHKL.

It sometimes happens that the course of the road between two contours
close together is not quite clear. In this case an intermediate contour
must be interpolated, as 137} in the figure, and the KK’=100 feet laid
off hetween 125 and 137}, and a further length K'L of 100 feet between
137} and 150.

As an exercise the student is recommended to the following example:—

Draw four concentric circles, §-inch apart: diameter 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 ascending from the
lowest contour to the sumumit, at a slope of 1 in 20. Scale—& inches to
1 mile.

230 To find the boundary of excavation or fllling on a
contoured plan.—Ia a problem of this nature, see fig. 117, it is
necessary 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
sxpensive bridging, protection of permanent way, etc.
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To find the boundary of excavation it is necessary first therefore to lay
down on the survey the road alignment with the adopted width of road-bed
and to show thereon the probable gradient. Next at right angles to the
alignment the plan of the contours representing the slope of embanking or
cutting—in this case 1} to 1. The points on the map where these contours
intersect 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.

231. Setting out gradients.—To set out a gradient it is easier
to use a theodolite and having set it up fix on a rod the height of the
axis of the telescope, then intersect this height above ground using the
following rule. For gradients not steeper than 1 in 10 the angle re-
presenting that gradient will be found by the formula%”—g minutes where n
is the grade. Thus for a gradient of 1 in 60 the vertical angle would

be '-’-:%8- = 573 minutes.






APPENDIX.

I. Comparison of the adjustments of the India-Pattern level and that
9] a transit theodolite.

(a) Ordinary pattern in which when the vertical arc is clamped to
a reading the antagonising screws elevate or depress telescope, (that is,
the line of sight) without changing the reading ; and (b) Cooke, Troughton
and Simms’ India Office Theodolite where the line of sight is not elevated,
but the reading is changed when the antagonistic screws are manipulated.

In both the level and the theodolite the micrometer screw beneath
the level and the antagonistic screw of the theodolite may be said to have
exactly the same function.

Let us take both instruments and adjust them together, the pill box
bubble of the Level being the same as the lower plate levels of the
Theodolite.

1. Set up the instrument midway between two staves resting om
two pegs, and with the bubble of the level in the centre and with the
theodolite clamped at 0-0’-0” and vertical arc bubble in the centre for
both readings on the staves by means of any footscrew directly below the
telescope, make the staff readings alike, that is, the heads of the pegs are
driven down to the same height above M. S. L.

2. Now, bring the instruments near to one peg so that a staff held
on the peg just misses the eyepiece ; roughly level up by the pill box
bubble in one case, and the lower plate levels in the other.

Next, remember that the micrometer screw in one instrument fune
tions the same as the antagonistic screw in the other. Place (i) the
bubble of the level and (i) the vertical arc bubble of the theodolite over
one footscrew which should be in a direction of the two pegs. Bring
bubbles to centre by one footscrew, correct at right angles by the other
two footscrews ; again bring (i) and (i) over the one footscrew with the
telescope pointing in the same direction as formerly, correct bubble.
Next, turn bubble end for end and correct half the error by micrometer
(or antagonistit screw) and half by the one footscrew. Repeat till perfect.

3. Bring the staff on the peg up to the eyepiece of the telescope
and read through the O. G. end, let the reading be 4:01. If the instru-
ment is in adjustment, the reading should be 4:01 on the other staff, if
not, with the level use the micrometer screw to make the collimation line
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read 4:01 when the bubble will have left its centre ; bring it back by its
own bubble nuts. With the theodolite (already clamped to 0°0') in case
(a) use the antagonising screw to elevate or depress the telescope to read
401, and correct the bubble by its own bubble nuts, in case (b) with the
slow-motion tangent screw of vertical arc clevate or depress the telescope
to read 4:01 and with the antagonising screw make the Vernier read
0°-0' and correct bubble by its own nuts.

4. When level staves are not available in the case of the theodolite
after completing adjustment 2 supra :—Read to an object on Face L, and
register the reading, next on Face R, register reading. If the readings
are not the same, there is vertical collimation error. In case (a) set to
the mean reading on the arc by means of the slow-motion screw, and
intersect object by the antagonising screw when the vertical bubble will
have left its centre ; correet bubble by its own bubble nuts. Case () set
to the mean reading by means of the antagonising screw when the bubble
will have left its centre ; correct bubble by its own bubble nuts.

It will be scen by the above that the diaphragm adjustment is
unnecessary and can be a Machine fitted fixture in the instrument.

II. Measurement of line over uneven ground :—

Where flat ground does not permit of even an average length base
line for an ordinary Engineering Project for a Reservoir or Hydro-
Electric Survey but a flat-toped hill exists where a distance of 100 to
200 feet can be measured, a very convenient and accurate method of
measuring the line is as follows :—

First rcconnoitre a position for the actual base line extremities so
that the points at the end of the base line are intervisible and lay out
at right angles to the selected base line and at one end of it a line of
convenient length. Place a flag at the end of this line. Measure
this line very carefully with a steel tape to the second place of decimals
of a foot. Procead to the othef end of the base line and having put up
your Theodolite there take 20 repeat angles between the base line and
the flag. Having now obtained the mean angle subtended by the
measured line find from Tables the cotangent of this angle and multi-
plying this by the distance measured will give the length of the base

line.
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