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PREFACE TO THE RCORKEE TREATISE ON CIVIL
ENG INhLRING I\ INDIA,

THE Roorkee Treatise was orlgumlly compiled by Lieut.-Col. J. G,
Medley, R.E., in 1866 and issued 1n two volumes.

The Treatise grew out of the various College Manuals, dealing for the
most part with subjects which 1cquired special treatment 6o suit the
climate and methods used in India, aud has been, constantly revised aud
re-written. 1t is found advisable now to publish the Treatise in separate
Sections, so that cach Scction can he re-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 :—

Section I. Building materials ... Undeur revision,

» Il. Masonry 1920
» III, Carpentry 1910.

. » 1V, Earthwork (revised) ... ... In the Press.
" V. Estimating . . Ditto.
» VI Buildings (revised) Ditto.
,» VIL. Bridges . .. . Ditto,
» VIII. Roads . . 1920,
» IX. Railways 1919.
" X. Irrigation Works {VO] Il ' }3} 3
» XI. Water-supply ... In the Press.
»  XI1I. Sanitary Engincering 1917.
, XIIL. Drawing {P*‘f” T - oo
»» XIV. Surveying 1911,
» XV. Surveying (revised) { Pa:,r(, [{ o th]cgf’gf?ss.

Dated 4th April, 1922.






PREFACE ™ DRAWING,

FOR ENGINEER STUDENTS.
PARTT.

THE chief aim in compiling this Manual has been to include in it
only such information as is generally necessary to the various grades of
Engineers educated in the College. It is divided into two parts. Part
I is a preparatory course and with Part II that for Engineers and
Draftsmen,

Among the books consulted are—Pulford’s Theory and Practice of
Drawing, Chambers’ Treatise on Civil Architecture, Leoni’s Architecture
of Palladio, Atkinson's Practical Solid Geometry, and Watson’s Deserip-
tive Geometry.

March, 1922, . C.J. V.
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PART 1.

CHAPTER L

DRAWING PAPER—INSTRUMENTS—-CuryinNu AND
REDUCING DRAWINGS.

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 surfae, such as erasures, excessive rubbing with In-
dia-rubber, washing, etc., should be avoided as much as possible. If In-
dia-rubber is necessary, it should be used sparingly, and pressed very
lightly on the paper.

Bread should be uged instead of India-rubber when possible.

For survey work, or any work requiring accuracy, the ‘paper should
never be weited, stxﬁtghed or mounted on a drawing board, on account
of the distorion that takes plice when the stretched paper is cut off,
Une junl expwnsion or contraction should above all things be guarded
against,

If the papoer is buskled and requires flattening, the following method
should be empioyed :-—Mount the piper as deseribed on page 3. When
nearly dry, cut it off the board, and place the sheeis flat in u dJrawer,
whe1e they must be allowed to remain for three wecks at least, till they
are thoroughly seasoned.

During the time occupted 1u plotting an exteasive survey, the paper
which receives the work i3 affected by the changes which take place in the
hygromegrical state of the air, and the parts laid duwa from the same
scale, at different times, will not exactly correspond, unless this scale has
been first laid down upon the paper 1tself, and all the dimensions have
becn taken from the scale so laid down.

For plotling ‘an extensive survey, and accurately filling in the
minutiz, a diagonal or vernier scale may advantageously be laid down
upon the paper upoa which the drawing is to be made. A vernier scale
is preferable to a diagonal seale, because in the latter 1t 15 extiemely
difficult to draw the diagonals with accuracy, and there is no check on ius
errors; while in the former the uniform manuer in which the strok's of
onc scale separate from those of the other is some evidence of the truth of
both. The construction of scales will be troated of further vn,

1
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Drawing paper, properly so called, is made to certain standard size
ag follows

Demy ... oo 20 inches by 15} inches.
Medium v o223, 1T,
Royal oee ces oer 4, o 19* ”»
Super-Royal e 274, 19,
Imperial e 30, ,, 22 "
Elephant w28, .23 "
Columbier e 85, 2%,
Atlas ... s s 34 ., 26 ”
Double Elephant ... w40 ,, L, 27 ”
Antiquarian w. 53, 31 ”
Emperor w68, 41 »

" Of those, Double Elephant and Imperial arc the most generally useful
sizes. Whatman’s pressed paper is the quality most usually employed
for finished dwrawings. For ordinary sketehing_or working drawings,
cartridge paper may be used. It bears the use of India-rubber well,
receives ink on the original undamped surface froely, shows a goid 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. Wor delicate small-scale line-
drawiag, the thick blue paper, imperial size, sush as 15 made for ledgers,
ete, answers exceedingly well. >

" Tracing paper is a preparation of tissue buper, rendered transparent
and qualified to receive ink lines and tinting without spreading. When
placed over a drawing alrealy exesuted, the drawing is distinctly visible
through the paper, and may be copied or traced directly in Indian ink;
thus an aceurate copy may be mids with great expedition. Tracings may
be folded and stowed away very conveniently ; but, if likely to bo fre-
quently used, they should be mounted on cloth, or on paper and cloth,
with paste,

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
turpentine, and one of oil, will go over from 1} to 2 quires of twenty-four
shects.

Tracing cloth is a similar preparation of linen, and has the advantage
of toughness and durability.
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In colouring drawings on tracing paper or tracing cloth, the colour
must be laid on the reverse side of the paper or cloth to that on which
the lines are drawn,

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

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. .

The paper must be first thoroughly and equally damped with a sponge
and clean watcr, on the opposite side from that on which the drawing is
to be made. When the paper absorbs the water, which may be seen by
the wetted side becoming dim, asits surface is viewed slantwise against
the light, it is to be lail on the drawing board with the wetted side down-
wards, and placed so that its edges may Le nearly parallel with those
of the board: otherwise in using a T-square inconvenience may be
experienced.

This done, lay a straight tlat ruler on the paper with its edge parallel
to, and about half an inch from, one of its edges  The ruler must now be
held firmly while the projecting halt inch of paper is turned up along its
edge ; then a brush containing strong pasic must be passed once or twice
along the turned up edge, after which by sliding the ruler over the pasted
border the paper will again be laid flat, and the ruler being pressed down
upon it, that edge of the paper will a lhere to the board. In exactly the
same manner fix down an adjoining edge, after which pastoe tho longer of
the two remaining edges and finally the shorter edge. If the opposite and
parallel edges of the paper are pasted first, a much greater degreo of care
is required to prevent undulations appearing as the paper dries, and even
then success is not always certain, The mounted pap>r 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 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 enhancestho adhesive properties of the paste, but the
drawing, when dry, is not su stiff as if paste only is used.

Mounting Drawing paper on Canvas or Linen.—Large shects, destined
for rough usage and frequent reference, should be mounted on linen cr
oanvas, The latter«should be well stretched upon a smooth flat surface,
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such as drawing board or table, and its cdges pasted down as recom-
mended in stretching drawing paper. The flat surface on which the
canvas is stretched must either be well varnished or well greased (all
superfluous grease being removed), for if this is not done, the subseqmnt
operations will cause the canvas to stick to the surface. The canvas belng
stretched, strong paste is to be spread upon it with a brush (this is not
necessary if fine linan be used) and is to be beaten in till the grain of the
canvas is all filled up; this, when dry, will prevent the canvas from
shrinking when subsequently removed . Having cut the edges of the
paper straight, paste one side of every sheet, and lay them upon the
canvas sheet by sheet, overlapping each other a small quantity. If the
drawing paper is slrang, it is better to let every sheet lie for some five
minutes after the paste is put on it; for as the paste soaks in, the paper
will stretch, and may be better spread smnoothly on the canvas, whercas if
it be laid on before the paste has moistened the paper, it will stretch after-
wards and risc in blisters when laid upon the canvas, When the paste
has soaked,in, it is as well therefore to go again over the papor with the
paste brush containing very little paste; this is done to moisten the whole
surface again and to take off any lumps or superfluous paste; it should
then be placxd on the canvas as gently as possible, and the centre be
pressed down on to the canvas by means of a cloth or something soft ;
from that work outwards towards the edges, the lines of pressure exerted
always tending from the centre. Air bubbles between the canvas and
paper may be got rid of by puncturing the spot with a fine needle anl
then pressing it down with a handkerchief. The paper should not be
cut off until thoroughly dry, ncither should the drying be hastened, but
allowed to take place in a dry room.

The Pencil, either an 17 or an 11, should have a moderately fine point
and when being usel, 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 reference to the ruler.

The point shoull be cub chisel shaped and not conical. The lead can
be bost kept sharp on a small smooth file, or a piece of fine glass paper.

Indian Ink.—If a stick of ink is used, it should be carefully rubbed up
with water, free from grit, and above all, not too thick. One or two
trials (by drawing two or three lines on a picco of waste paper), while the
ink is being prepared, will ensure a proper consistency.

Great care should be taken to see that it is worked up suttciently to
ensure a thoroughly black line,
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Fresh ink should be prepared daily, as stale ink cannot produce neat

work and black lines.

Liquid Indian ink, however, can now be obtained of excellent quality,
and is in many ways more convenient to use than stick Indian iuk,

Instruments.— A case of Instruments gencrally contains —

(a) Compasses with movable
parts—(1) Plain
Point; (2) Pencil
Point; (3) Ink
Point; (4) Leng-
thening Bar.

(b) Ink Bow Compass.

(¢) Pencil Bow Compass,

(@) A set of spring Bows—

(¢) Drawing Pens,

(#) Plain Dividers,

(9) Parallel Ruler.

(k) Pricker.

(¢) Protractor.

(j) Marquois’ Scales.

(k) Sector.

(f) Proportional Compass.
(m) Curves.

(1) Dividers; (2)
Pon; (3) Pencil.
Cheap cases do not contain all these instruments, while some Drafts-
men use many other varietics. Other uscful instruments are—
[ (3) A Beam Compass.
¢ (4) Pump Bow Compass.

(1) Set squares.
(2) T-square.
CoMPASSES should be held at the top Letween the forefinger and
thumb, with one or more fingers under the hinge to increase or diminish
the distance betwecen the points gradually and without a jerk; in all cases
the steel points 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 the compass to be forced into the
paper, or to be jerked off the point fixed altogether. To obviate this, the
points of the dividers should be worked alternately above and below the
line along which the divisions are being set off; by this means the
manipulation will be much more delicate, and there will be no liability
of the compasses shifting. ¢/~ <= ™ ~

Trag DRAWING PEN.—In using a pen, first of all dip the blades in water
_and then wipe them dry; then with a clean nib or piecs of paper take
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up some ink and insert it between the nibs. The pen is now ready tor
use, Hold the pen firmly against the ruler, and, as in the case of the
pencil, slightly inclined in the direction of the linc to be drawn ; be very
carcful 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, and a slow but equal motion along the ruler. By attending
to these points, the pen will mark throughout the whole length of the
line, an cqual thickness of line will be 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 between the nibs.  Above all things the paper must be kept elean:
it should not be touched by the hands moro than possible, as the hand
makes the paper groasy; and when once the paper has acquired this
defect, clean sharp lines are impossible. 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.
PARALLEL RULERS, —Thes: are of two kin'ls :—

(1) The Plain Parallel ruler.  This should be tested to sec that the
distances between the pivots on the rnlers and the length of the bars are
exactly equal in each case.

(2) The Rolling Parallol ruler This should bo heavy enough to
eunsure 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, botween the lines drawn at the end of each run.

For accurate werk it is Lest to avoid all parallel rulers and to use
Marquois’ Scales.

ProtrirAcTor, —The most general uso of the Protractor is for setting

off upon paper any given angle. A varioty of scales are, however, drawn
on both sides of the instrument which aro extremely convenient.

The following is a detailed description of the method or using the
Protractor :—

Tho Protractor is gencrally a rectangular piece of ivory or boxwood
6 mnches long by 1} inches to 3 inches broad. Round three of its edges
the angles ire marked (the lines radiating from a point in tho centre of
the fourth side) and should be numbered in two rows, the outside from 0°
to 180°, and the inside from 180° to 860°. The method of using it to seb
off any required angle is easily seen by an example.
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Suppose we wish to draw from the point Cin the line CA another
line making an angle of 40° with CA [Fig. 1, Plate I]. Place at C the
centre mark on the lower edgo of the protractor, and keeping it there,
move the protractor round till the line numbered 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 transforred from the scale
to the paper.

When the line CA is not long enough to admit of the above construe-
tion, it will be necessary to place the lower edge of the protractor on
that line, with the centre on C [ Fig. 2, Plate I], 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 varicty of scales on both sides—
they are simple scales. . Those marked 0, 35, 40, 45, 50, 60 being the same
as those on the Marquois’ Scales described further on (page 9). These
numbers simply representing the number of parts into which the inch is
divided, i ¢., ou 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 onc of
these divisions represents a convenient uait of measurcment, such as 1
foot, 1 yard, 10 feet, 10 yards, etc., cte,

The scales marked In. §, §, ete., etc., are also simple proportional
scales. The numbers g, §, cte., refer to the length of one division, which
is divided into 12 parts. Toat marked In being onc inch long, that
marked §, 3th of an inch long, and so on. These scales are useful for
measurements involving feet and inches on account of the duodecinal
minor divisions. They are not generally 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 in:h bexilg obtained by
means of the diagonal linzs , whore the 3 1nsh is divided into 10 parts, *
we can, of course, obtain 1-200th of an inch. The prineciple of this and
the metho1 of construction will be explained further on,

The scale marked Cho. i3 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 10, 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, etc. These
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various radii are the chords of the different arcs; ocouvsequently AB is
oalled a scale_of ghords. Each scale will vary Fig. 3,

with the length of the radias ; but Euclid 1V,

15, proves that the side of a hexagon is equal A?

to the radius of the circumseribing circle; or, in N

other words, the radius of the circle=the chord
of 60°.

To use the Scale.—With centre C [Fig. 4,
Plate I], and radius equal to the distance from
zcro t0 60° on the scale of*chords [Fig. 1, Plate _}.27
1), describe an arc HK, cutting CA in H, and Je N
with centre H, and radius equal to the distance from zero to 40°, or
other given angle, on the same scale of chords describe an are intersect-
ing 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 more accurate, and the greiter
the radius the greater the accuracy.

The Military pattern protractor generally differs from the above in
having none of the above sciles marked except the diagonal 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 normnl scalo of horizontal equivalents (for description
see Survey Manual). The protractor can also be used as a clinometer,
by boriag a smll hqle near the edgs of the protractor and suspending a
small weight by a thread.

MagQuois’ SeaLEs..—~The box of Marquois' Scales contains two
rectangular rulers and a right-angled triangle, of which the hypotenuse
or longest side is three times the length of the shortest. Each ruler
is a foot long, and has parallel to each of its edges, two scales, one
placed close to the edge, and the other immeliately within this, the
outer being termed the artificial, and the inner the natural scale. The
divisions upon the outer scales are three times the length of those upon
the inner scale, so as to bear the same proportion to each other that the
longer 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 artificial scales the zero point is placedin 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
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is three times the length of a corresponding division on the natural scale.
The triangle has a short line drawn perpendicular to the hypotenuse,
near the middle of it, to serve as an index or pointer; and the longer of
the two sides has a beyelled edge.

The rectangular rulers have numbers 25, 30, 35, 40, 45, 50, 54, 60,
marked on each scale : these numbers simply 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 ,%th to woth of an inch apart,
or any multiples of these fractions,

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 coincidunt with the given line, or rather at such a small
distance from it, that the pen or pencil passes direetly over it wher
drawn along this edge. 2. "Set the ruler closely against the hypotenuse,
making the zero 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
corresponding 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 mew position, and the dotted lines rep!'esentz its original
position, hy similar triangles J 5 ‘Fig. 5. ‘-
ABC, A’AD. Y4 (&
AD: AA’=BC: BA=1:3 Sl T TTTTTTm T
and, therefore AD contains as v

e -

—————-eag

many divisions of the natdral
as AA’ contains of the artifi- ’ 8~

- -

cial scale. . N

SEcror.—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.

The most important scales and the ones which are really of most
service in geometricalsconstruction are the line of lines, the line of chords,
and the line of polygons.

?
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Line of Lines.—The principle of the use of the line of jines is as
follows :—Let the lines AB, AC, representa pair of sectordl lines, and
BC, DE any transverse--diatances taken on this pair of lines; then, from
the construction of the instrument AB=AC and AD=AE, so that

AB: AC=AD: AE Fig. 6.
and the triangles ABC, ADE bave the angle _>
at A common, and the sides ahout the equal T e ¢

angle proportional (Euc. VI, 6); they are,
therefore, similar,

and AB : BC=AD : DE.

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

To divide a line 8°11 inches long into 7
equal parts, Take the length of the line into the corpasses, and having
set one peint 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 tho line to
ascertain whether it may not require a small correction.

Ezample 1.—To determine —‘.‘;—t,hs of a line 8 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. :

Egample 2.—To find g%rds of a line 4+09 inches long. [Fug. 7, Plate

o €

L
] Since there are only ten primary divisions, recourse must be had to the
secondary divisions to solve this problem, In order to bring the con-
struction some distance from the centre, which will insure the acocuracy of
the result, multiply the numerator and denomipator 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
295-.::—:. having taken off 4¢09 inches in the compasses, make that length

& transverse distance at the secondary division 92, then the transverse
distance at 36 will give the part required. v,
Note.—A lateral distance is a distance measured from the centre along

any sectoral hine.
A transverse distance is a distance measured from & point in one line of
a pair of sectoral lines to the corresponding point in the other line.
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Line of Ohords.—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
profeaetor ; for on the sector the radius with which the arc is to be de-
scribed may be of any length between the transverse distance of 60 and
60 when the legs are closel, 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. .

Tolay down an angle which shall contain a given number of
degrees :—

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 are BC [Fig. 8,
Piate 1.]. Take the transverse distance of the given degrees 46°, and lay
+his distance on the arc from the point B to G. 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 vo the transverse
distanse of 60 anl 60, as before. Ta'e the transversc distance of } or
%, et2., of the given number of degrees, and lay this distance on the are
twice or thrice, as from B to a, @ to b and b to D. Join BA, AD ; BAI
is the angle required.

3. When the required anglo contains less than 58, suppose 3}°, ii
will be better to prozeed thus :—With the given radius, and from the
centre A, describe the arc DQ, and from some poiut D lay off the chorc
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 564° (=60°—
33°), thus giving the point £ such that the angle DAE=563°. Then
the angle GAE is the angle required.

Line_of Polygons.—The line of polygons is chiefly useful for the
ready division of the circumference %a cirele into any number of equal
parts from 4 to 12; it forms, therélore, a ready means of inscribing
regular polygonsin a cirele. To do this, set off the radius of the given
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 trans.
verse distance of 4 and 4 will be the side of the inscribed square; that of
5 and 5 the inscribed pentagon, that of 7 and 7 the inscribed heptag on
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If it be 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 described 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.

PROPORTIONA AssE8.—These, though of great service in many
problems which oceur in plan drawing, are not supplicd with the ordinary
Instrument boxes. A description of the method of using them is, how-
ever, considered necessary.

. They consist of two equal and similarly formed parts or limbs AE and
BD (see Fig. 9), opening upon a centre C, and forming a double 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
Fig. 9. chief use of the Proportional Compasses is to reduce or

¢ S enlarge a drawing in any given proportion, ) To do this
the centre Cis shifted up or down as required, thercby
shortening one set of legs and lengthening the other.
The distanse on the original drawing is measured off
with one set of legs, and the distance shown by the
other pair will be the corresponding length, reduced or
enlarged from the original length in a ratio depending
upon the position of the centre C. Asin 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, however, to describe the
method of adjustingsthe instrument for laying off dis-
tances on a plan, the scale of which is to bear a certam
proportion to that of a given plan. )" ‘{

On the face of each llmb there are four sets of v1-
sions, one denominated ¢ Lmes ” & second ‘‘Circles
third ‘“Plapes,” and the fourth Sqlids.” It is w1t.h
the first of these, viz., the Lm%,,p_( Lines that we have
to do.
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When the zero of the centre on the d__’gg;m_‘ed sliding piece is sct to
the division marked I ou the line of lines, and clamped by turning the
mill headed screw C, any opening of the compasses will give equal
distances at both ertremities. 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, and the corresponding openings of the points D E 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 sct off
will be to the distances measured as 1 to 3, and so on for the other

.

divieions which extend up to 10. Y
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CurvEs.—For curves which are not circular, but variously elli ;c or
otherwise, “ French*’ curves made of thin wood, of variable curvature,
are very serviceable. The two examplcs (Figs. 10 and 11) have been found
from experience to meet almost all the requirements of ordinary drawing
practice. Whatever be the nature of the curve, some portion of one ot
these *‘French ™ curves will be found to coincide with its commencement
and other portions can be used to complete the curve.

r-)‘};‘/ Fig. 10,

——

——

N—
/\/ Ve \)w

. “French "’ Cutve—Onc-lourth full s1ze
Y Fig. 11,

SET SQUABES —A few Set-squares of
various sizes are useful. They consist of P
triangular picees of wood, celluloid or vul- . Q
canite One angle is invariably a right - 3
angle, and the other angles may be 45, 30
and 60 degrees. Set-squares are used in mch.,c“m_o'w'mnm: fall sias,
conjunction with a straight-cdge for
drawing lines at right angles to each other, or for drawing parallel
lines,

T-5QuarE.—The T-square (Fig. 12) is a blade or * straight-edge” a,
usually of mahogany,'fitted at one cnd with a stock b, applied transversely

N

s
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at right angles. The stock being so formed as to fit and slide against
one edge ot the board, the blade reaches over the surface, and presents an
edge of its own ab right angles to that of the board, by which parallel
straight lines may be drawn upon the paper. Tosuit a 41-inch board
the blade should measure 40 inches long clear of the stock, or one inch

/ N
Pig. 12, p”
ot

aly o

. |
8

Details of T-square.
shorter than the board, to remove risk of injury by overbanging at the
end : it should be 2} inches broad by 9?2 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 being stiffer. The tip of the blade may be se:ured from
splitting by binding it with a thin strip inserted in & saw-cut as shown,
The stock should be 14 inches long, to give sufficient bearing on the edge
of the board, 2 inches broid, and § inch thick, in two equal thicknesses
glued together. With a blade and stock of these sizes a well-proportioned
T-square miy be made, and the stozk will be hewvy enough to uct as a
balance to the blade, and to relieve the opsration of handling the square,
The blade should be sunk flush into the upper half of the sto:k 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 o the stock
should be only 1£ inches broad, to lewve 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. 18) is in some cases made loose, to turn
upon a brass pin to any angle with the blade & and to b2 clenched by a
gerewed nut and washer, The turning stock is useful *for drawing parallel

‘2
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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 convenicntly. A square of this sort should be rather as an
addition to the fixed square, anl used only when the bgvel edge is required
as it is not so handy as the other,

The edges of the blade should be very slightly rounded, as the peu will
Fig. 18, thereby work the morc frecly, Itis a mistake to chamfir
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 lcave ink upon it.
A small hole should be made in the blade near the
end, by which the square may ke Lung up out of the
way when not in use.

Drawing Squar No varnish of any description should be applied
wi Swivellin, . )
Btock ¥ to the T-square, or indeed to any of the wood instru-

ments employed in drawing, The best anl brightest varnish will soil
she paper. The natural surface of the wood, cleaned and polished occa-
sionally with a dry cloth, is the hest and cleancst for working with

BEAM CoMPassEs —Beam compasses are used for setting off accurate-
'y distances which are beyond the sketeh of an ordinary compass.

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

_,‘JJ‘/ Fig. 14.

r——“
o

THONBI

©
oz

elegtrum. Each beam head has a elamp to hold a pointer or pencil. One
of these hends is fized at one end of the bar, and is provided with a
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vernier sorew for making fine_adjustments, while the other is free to
move up and down on the bar and can be clamped in any position,

If a ecale is given on the bar, it should never be used for accurate
work, but 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 sheet, and the perpendicularity of the
central meridian line of a survey to a parallel of latitude, by the usual
method of checking right angle, viz., measuring 3 and 4 (or their multi-
ples) on the perpendiculars, and testing the hypotenuse with the distance
5 for its multiple.

Pymp Bow Comeass. —Besides the ordinary spring bow compasses a
pump bow compass is also obtainable. It consists of a long steel needle
arm encased in a sliding sleeve, to which is attached a removable ink or
pencil point. It is by means of this sleeve that the pen or pencil point
revolves freely rounl the needle arm, can be lifted from the paper after
drawing a circle, and adjusted for a different radius.

This new pattern compass has proved very useful for drawing small
circles with ease, ascuracy, and quickness in survey plots or other draw-
ings containing a large number of small circles. It is supplied in a

' separate case.

Oopying and Reducing Drawings.—Copying Plans, Mqﬂ, etc., by
hand.—There are several methods of doing this when the copy is to be of
the same size as the original, such as placing the plan to be copied with a
shoet of paper over it on tracing glass, placed in such a position that a
strong light may fall on i¢ from behind and then tracing if off Or by
placing a sheet of thin paper, having its under-side 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, tha original being placed over both, and
the whole made steady by placing 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 re:eive corresponding marks forming an exact copy, which
may afterwards be inked in. All these systems of copying hurt, in a
more or less degree, the original drawing. Tracing cloth is generally used
in Engincer’s office. This cloth admits of very fine detail work being
traced off, and will permit colour being appliel. The colour should be
applied 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 cloth, Tracing paper was formerly much used,
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but has now been entirely superseded by tracing cloth. In India, tracing
paper soon gets dry and brittle, and will not stand handling. )'f,) s

When the drawingis to be reduced or enlarged, the Pantagraph,
Eidograph, the Method of Copying Squares, or the lens, must be resorted
to.

The Pantagraph consists of four rulers, AB, AC, DF, and EF
(Fig. 15), made of stout brass, The two longer rulers, AB and AC, are
connected together as 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
parallclogram, ADFE, in every position of the instrument. Scveral
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 gra-
duated and marked 4, 4, ebc., and have ea:h a sliding index, which can
be fixed at any of the divizions by a milled-headeld clamping screw, seen
in the engraving. The sliding indexes have cach of them a tube, adapted
either to slide on a pin rising from a heavy circular weight, called the
fulcrum, or to roceivo a sliding _holder with a peaeil or pen, or blung
tracing point as may be required.

When the instrument is correctly set, the tracing poiut, pencil, and
fulcrum will be in one straight line, ay shown by the dotted line in the
figure. The motions of the tracing point and pencil are then each com-
pounded of two circular motions, onc about the fulegum, and the other
about the joints at the ends of the rulers upon which they are respect-
ively placed. The radii of these motions form sides about equal angles
of two similar triangles, of which tho straight line GC, passing through
the tracing point, pencil and fulcrum, forms the third side.” The dis-
tances passed over by the tr_a_ging point and ;_)_e_l}_cil, in conscquence of
either of these motions, have then the samc ratio; therefore, the dis-
tances passed over, in consequenco of the combination of the two motions,
have also the same ratio, which is that indicated by the setting of the
instrument,.

The diagramrepresents the pantagraph in the act of reducing a plan to

scale of half the original. For this purposc the sliding indexes arc first

‘clamped at the divisions upon the marks marked }; the tracing point is

then fixed in a sacket 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

1o receive the copy ; ‘and the fulerum is fized to that at G upon the
3
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ruler AB. The instrument being now rcady for use, if the tracing point
at C be passed delicately and steadily over overy 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

Lo%§ Fig. 15.

the draftsman at the tracing peint to raise the puncil from the paper,
whilst he passes the {racer from one part of the original to another, and
thus to prevent false lines from being made on the copy. The pen:il
holder is surmounted by a cup, into which sand or shot may be put, to
press the pencil more heavily on the paper, when found necessary.

If the object is to enlarge the drawing to double its scale, then the
tracer must bo placed upon the arm DF, and the pencil at C:and if a
copy is required of the same scale as the original, then the slidi'ngwix_lj_igxesiL
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 Eidograph, which is represented in the accompanying engraving
(Fig. 16), is a far superior instrument to the pantagraph.  » <.

It has but one, in place of several.points of Eu/pEort on the drawing,
and is susceptible of more accurate adjustment. It can be used to reduce
plans in any desired proportion, instead of following fixed fractions,

The point of support when the instrument is at work is a heavy weight
shown at H, from the under-side 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 fulcrum, attached to a sliding box, K,
in which slides the cantre beam, C, and to any part:of which it may be
clamped by means of a clamping screw,
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At the ends of the contral boam gfe two pulley wheels, J, J, the centre
pins of which revolve in sockets” at the ends of the beam. Two steel

bands, I, I, attached to the pulley whesls, give them an exactly simulta.

neous motion, and these bands have a screw adjgsjmonb, L, by means of
which they may be tightened. Ly /’

The arms A and B are made to slide throuuh boges under the pulley

wheels, and may be clamped ab any proportion of their lengths in the
same manner as the central beam, C, may be made to slide and clamp in
the box K,
«—Th&arm B carries a tracing point, G, and thé arm A carries a pencil
point, D.  The panzil holder may bo raised by means of a cranked lever]
F, attached to a cord, E, which passes over the contral beam, and thence
to the tracing point, G .

The two arms and tho beuns are divided into 200 equal parts, which

are figured 100 erch way from the centro anl may be read to 1000th by
means of the verniers on the sliding boxes,

There is a loose weight which may be attashed when the instrument
has been set, the objeet 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

14,4 Fig. 16,

LU
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they are turned in a lathe, this equality may be obtained to the greatest
perfection. .

To bring the instrument 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 & mark with the tracer and pencil point, and {urn 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 previ-
ously made by the pencil, if the instrument is in adjustment; 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.

The following is the ordinary rule for using the instrument :—* Multi-
ply thedifferenze between tho denominator and numerator by 100, and
divide the result by the sum,” For example, to reduce to § of the original
10031 — 100 —33:3.

3 3

Set this number on all three arms.

Oopying or reducing a drawing by meany of squareg:—Let Fig.
17 in the annexed engraving represent a ;lt?n of an estfte, which it is
required to copy to a reduced scale of one-half. The copy will therefore
be halfi the length and half the breadth, and consequently will occupy
but one-fourth the space of the original. .

Draw the lines FI, F@, at right angles to each otker ; from the poin
F towards I and G, set off any number of equal parts, as Fa, ub, be, ctc.,
onthe lines FI and F4, ik, kl, etc., on the line FG, from tho points in the
line FI, draw lines parallel to the other line FQ, as aa, bb, cc, etc., and
from the points on F@, draw lines parallel to FI, as 41, kk, Il, etc., which
being sufficiently cxtended towards I and G, the whole of the original
drawing will be covered with a network of rmall but cqual squares.
Next draw upon the paper intended for the copy a similar set of squares
but having each side only onc-half the length of the former, as is reprc’-
sented in Fig. 18. It will now be evident that if the lines AB, BC
CD, eto. (Fig. 17), be drawn in the corresponding squares in Fig. 18, a;
correct copy of the original will be produced, and of half the original
scales, 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
line F1. In the corresponding square, 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 trace where the curved line AB crosses the bottom
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line of that square, which crossing is about two-fifths of the widt.h. o.f "the
square from the left hand corner towards the right, and cross it similarly

15l pig 11

in the copy. Again, as it crosses the right hand tottom 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 IZ,
by comparing the distances of such crossings from the necarest corner of
square in the original, and similarly marking the required crossings on
the corresponding lines on the copy. Lastly, determine the place of the
point B, in the third squaic telow gk 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, Procced 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, yct bearing all the pro-
portions in itself exactly as the original,

It may appear almost superfluous to remark that the process of enlarg-
ing 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,

It is also as well to remember that when a drawing is reduced to half
the scale, the size is diminished to }th; or if the scale is §rd of the origi-
nal, theyge siz3 will be {th; and vice versa, if the drawing is enlarged.
v The Lens.—A suitable lens fitted {o a camera can be used to reduce
plans by replacing the ground glass with a sheet of clear glass covered by
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fine tracing paper. The drawing or plan to be reducad should be pinned
on a vertical stand in strong sunlight, and when focussed to the required
seale the lincs thrown on the tracing paper ean be followed with a fine
pencil. The process is trying to the eyes of the operatar, but is useful
when only one copy of the reduction is required.

Copying Plans, Maps, etc., by Process Work.—When the copy is to
be of the same size as the original and only a small number of copies
required, the Ferrotype Process is suitable. For enlargements or reduc-
tions of scale, or when a large number of copies are required, no hand
work can cquil Photo-mechanical Process work. The details of the
operations nccessary for successful work with this system of reproduction
are not suitable for inclusion in a Treatise on Surveying, but a descrip-
tion of the propar method of preparing drawings for Photographic repro-
duction and the Ferrotype process is given below,

Perrotype and other Printing Processes.—The Ferro-prussiate, Positive Gyano.
type, Ferro-gallate, and other printing processes are employed for the copying of plans,
patterns, or other drawingsand consist of printing the required design on sensitised
papsr or oloth, by the transmission of light through the design, by the mothods explained,

Prints by those processes may be said to be permanent and to be unchangeable by

light or damp
FERRO-PRUSSIATE PBOCESS. (Whils lines on a blue ground )

Method of Sensitising the Pupe-, —Th) fo'lowing solutions have bexn found to give
satisfuctory results i—

Ammonia citrate of irun (ferrie salt) ., . «« 100 grains.
1.
{Water . . . . . 1 ounce.
Potassium ferri-oyanide (Red Prussiat> of Potash) «« 70 grains,
. -
{Wnt:t . . . . v 1 ounos.

The golutions nos. 1 and 2 will keep good for a long time, bul should bo stored in
the dark. Mix oqual parts of the two solations immediately beforo use, and apply the
mixture to oae side of any suitable paper by means of a sponge, or large flat brush. The
sponge, which will b found ynore useful for tho purpose, should have an even surface ;
it it is not even, tho sponge should be cub with a knife or scissors to bring about this

result, 8o that the surface may bear unilormly on tho paper. '
Ohargo the sponge as full as it will hold of tho mixture, and apply the solution
liborally to the piper for about two munutos, which tims mvy bo mors or lass according
to the soason. In the hot dry soason a long application is necessary, about three
minutes ; during the rainy season a less tima is requirced, generally ab>ut one minute,
Qover the surface of tho papar rapidly with the solution, using long, tree, light strokes of
the sponge, working in oune direction, until the surface is covered; thon go over the whole
surface again, orossing the strokes at about right angles to those first applied, and so
on, repeating the oporations until the piper has had a liberal application of the
mixturo. Now take the sponge noarly full, and drag it, without applying pressure, over
the surface of the paper, using long strokes to remove the surplus solution, yet leaving a
thin film of it on the paper, the object being to obtain as evom a coating as possible,
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During the operation of coating, the paper should be pinned down onm a drawing
board or other flat surface ; when the coating is finished, the paper is hung up to dry in
a dark room and should not be used till it is thoroughly dry.

When using any hard, smooth-surfaced paper, tho operations of coating and drying
may be repeated several times, By this means a very doep blue ground 1n the finished
print can be produced.

Owing to the excessive dampness which pervades everything during the rains, speoial
care should be taken during this season in proparing and storing songtbised paper. Belore
the paper is sensitised it should be well dried over a charcoal fire or sfoye to expel all
dampness, after which the sgnsitising solution is immediately applied, This is to be
done in the manner alrzady described, but in this case, shoul bo carried out as quickly as
possible, to provent too great » penetration of the scnsitising solution into the pores of the
paper. Aftor sensiti»ing, the papar may be dried over a chargoul fire or stove, or may be
hung up to dry in a room in which a charcoal firo is burning. Immediately tho paper is
dry, it should be stored for subsequont uso 1n & cylindrical tin box with a * take-off ” lid,
round which should be placed an India-rubber band to exclude air and moisture, and the
box should always be kept in a dry place. In damp woather the sensitised paper should
be dried over a charcoal fire before putting 1t into the printing frame,

The paper, when freshly prepared, should be of a yellowish orange, but will oh'nnge to & blue
colour by keeping, By adding a emall quantily of gum arabio or of dextrine to the mixed Sensitia-
ing solution, and also bichromate of postassium in (tho propoition of 3 grains to each ounce of the
sensitising mixture, tho printing qualities of the pmper reman intact, and the paper will not change
colour for some time.

_,__lho Ferro-prussiate paper of commerce is gencrally of a bluish tint, This, however, does not impair
the nting qualitics of the paper to appreciable extent, but the prints prepared on it will require
3 mor:dm;r-.g'eﬁsmng, than if made on freshly prepared paper,

Printsng.—Opon the piessure framo and lay th: tracmng, drawing downwards, on
the gluss of tho framc, and over it a sheot of the scnsitised paper with the proparcd side
in contact with the back of the tracing. Over tho paper lay a pad of fell, or some
sheets of clean smooth paper, which should have becn prevxousl‘y dried in the sun, or
over a fire, and with both hands carefully smooth the pad outwards from the centre.
Then put in the back board of the frame, care being takon that the paper below does not
slide one way or the other, and clo.e the cross-bars. If the frame has more than two
cross-bars, the centre bar should first be closed and then the side ones. Unless the
glass, tracing, and sansitised paper aro 1n closs and uniform contact all over, it will be
impossible to obtain sharpness in ths finighed print. The framo is then taken outside
and exposed to the direct rays of the sun, which should strike the glass face perpondi.
oularly. If the paper is fresh and d1y and the sun bright, from 6 to 8 minutes during
the cold scason will bo found sufficient. After the rains, when the sky is clear
and the light very intenso, the exposure will vary from about 3 to 6 minutes;
but at first it 18 recommeaded to make exact obseivations till the right length
of time to expose has been ascortained. This can be done by trying different
exposures on a small slip of sensitised paper: expose one-half for about 4 minutes,
the other half belng covered over so that no light acts on 1t. Now uncover the
uncxposed half for about 6 minutos, and cover over the exposed half. After this has
been donme the paper 18 removed and washed in several changes of clean waler, when
the distinotness of the lines and the atrength of the blue ground will indicate which
half of the slip gives the better result. This will be a guide as to the exposure
required for the large sheet,
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Asruming that tho correct length of time for exposure has becen detormined and
that the paper has beon exposed, then quickly take it out of the presure frame and
float in a dish or tray of clean water, moving it rapidly from side to side, and
changing the water sevoral times till the water is no longer {inged yellow, and
the drawing shows out in clear lines, after which the drawing is hung up to dry.

Any paper will answer for thia process, but the best results have been obtained on
papers “Nos 50 and 51,” specially propired for this purpose by Messra, Schleicher
and Sohull, and obtainable from Messrs, Treacher and Co., Bombay. Good results have
also been obtained on ordinary hbhographw ppor obtainable from the Gdvernment Sta-
tionery Office, Caloutta. The Iattar p: paper is vory much choaper that than of Schleicher
and Bohull, and the results are newrly as good, With these two brands of paper the lines
show out of a pure white or bluish white, while with other papors tho lincs are more or
less of a brownish tinge

Ready sensitised paper is an article of commoree, and is preparel by Messrs. Marion
and Oo., 22 and 23, Soho Square, London, W., and obtainable from most of the photogra.
phic firms in this country. Marion’s paper has been found to give vory good results, and
will keep without deteriorating for a considerable time if stood in oylindrical tin boxes
and kept in a dry placo, as bafore doseribad.

Specially prepared tracing cloth may also be obtained from Messra, Marion & Co, Prints
prepared on it requiro from four to six timas the exposuro shat a print on paper would
require ; otherwise, other condit ons being equal, the procadure in preparing prints on the
cloth is the same as for paper, When ‘he print is dry, the slight creascs in the cloth
may be ramovad by rolling it tightly round an ordinary offias ruler and kesping 1t so for
an hour or more. ;

1t is desirable that the drawings to b copiel should bo on a vory translucont material,
such as fine whits tracing pipor or good fins tracing cloth, the drawings to bo made with

perfectly blrok ink, in firm full linas, espacially tho finer ones, so that they may be quite
opaque, A littlo urnt sienna may bo added to the Indian ink to give it inoreased
opacity. Oare shouldcbe taken to keep the back and surface of the tracing clcan and fieo
from anything which might print through and interfere with the clearness of the
drawing.

As far as poasible, all lines usually drawn in colours should be drawn’in black dotted
linos of different kinds, However, if tho use of coloar in the original is compulsory, red
lines should bs drawn in thick yarmilion; yellow lines with Indian yellow ; brown with
b!:_gp} umber ; blue and groen lines with a mixture of chrome yellow and dark prussian,
blue in different proportions. All washes of eolour tg be avoided if possible, but where
necessary they may be replaced by cross-hatching of the required colour.

11 desired, coloured tracings can be copied, and provided the coating of colour be not too heavy, falrly
satistaotory prints are obtained,

Although the best results are got by copying tracings, it is possible to get quite useful results from
Qrawings éven on fairly thick drawing paper, a very long exposure being given to p te for the opacity of
the paper.

‘When the p is regularly used in workshops, eto., in England, it 1s a . tice to omit the

P

inkiog in of the drawing on drawing paper, and to make a tracing on very transp ¢ tracing cloth to serve
as a standaxd drawing to be kept in the office. This tracing then serves for the reproduction of blue copies for
the shop, ete.

White lines, figures, and printing may be talen outof a drawing or obliterated, by
going over them with a pen charged with a solution of prussian blue mixed to the depth
of colour required.
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Additions in white of lines, figures or printirg may be made with a clean pen dipped
in a golution of—

Oxalate of potash . . . «s 150 grains,
*Saturated solution of gum . .e .. 40 minums.
Water . . . . . 1 ounce.

After applying the solution, wat till the lines, figures, or printing arc gquite white
and cloar ; then blot off with a picce of clean blotting paper aud immerse tha print
rapidly in clean water and wash 1t woll, changing the water a fow times.

In applying the solutiots given on page 23 to ensitiso tho paper the fingers becoma discolourcd. Thcse
stains can be removed by applying a little of the above solution without the gum arabie : rub the solution over
the fingers till the stains disappear, after which the hands should be well washed.

This solution may be convenicntly kept in a wide-mouthed bottle, ljugo enough to be able to dip the
fingers into.

The pressu) 6 frame roquired will ba similar to those used for ordinary photographio
work, and should be large cnough to take the largest tracing or drawing required, The
front will have a piece of good, thick, clear plato glass, and the back will have a board,
which should be jointed 1n two, three,or more picoes, according to 1its size, and have
cross-bars and springs to correspond to the number of joints, A piece of iclt or thick
flannel should be cut to tho size of the frame and kept with it,or in plaoo of the felt
several sheets of clean soft paper may bo used.

The glass of the frame should be kept clean on both sides and [rec from scratehes,
and the felt or paper pads should be thoroughly well dried in the sun, or ov.r a fire,
before use.

Pressure frames of any required sizc are made up in the Canal Foundry and Work-
shops, Roorkee. Tho cost of a frame suitable for drawings up to 80°X22° is abouf
Rs. 16, Good plate glass, } inch thick, and of various sizes, cin be procuied in the
Fatebpuri Bazar, Delhi, or at Caloutta. A piece measuring 307X 22'X4” can bo ha lfor
about Ra. 10, and the charga 18 proportionato for the olher sizes.

A pressure frame as desoribed may not always be to hand. In such a case the
following method answers well :—
Take a drawing board, or any fluvt board with a fairly even smhco, and on it place
a picco of any sort of soft cloth, ncatly folded £o as to give a thickness of about an
ingh, the cloth to be frce from lamps or irregularities, and when foldod to be gome-
wha.t larger than the dra.wing to ba 00pi~d. On the cloth place the prepu.ted papex"
face upwards; and over the whole placoe a piece of good platg gﬁs}—;ﬁttle larger 1n
sizs than the drawing 1t 15 desirad to copy; the object being to bring the prepared
paper and drawing into close contact with each other, and to keop thom in one posi-
tion during expisare. The weight of tho glass supplios tho pressuro, and the cloth,
being soft and ywlding, 1s pressed against the gliss plate, and into any inequalities
that may exist, bringing the prepared paper and tracing with it, and thus sccuring the
contact roquired. A small strip of wood might bs put round the board in the form of a
Jodge to prevent the glass from sliding when 1815 tilted to bring the plane of its surface at
right angles to thosun’s rays If tho paper and tracing are in pertect contact, tulting
the board is not of much consequence. Good results have bien obtained when the
board has boen in a nearly horizontal position, but if the board ba not tilted towards the

* The function of the gum solution is to give consistenoy to the mixture and so provent spreading of the
lipes and i guros

4
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sun a longer exposure will berequired. The correot length of time may be ascertained
by means of a small slip of prepared paper, as already described,

Dishes or trays, three or four inches deep, for washing prints, may be of porcelain or of
strong sheet zine or tin, and should be a little larger in size than the largest print. It is
recommended to coat the inside of the tin or zine trays with black Japan varnish, obtain-
able from any ganeral merchant, or with ordinary shellao varnish (shellac 8 oz., methyla-
ted spirit 1 pint). The varnish to b2 removed occasionally as required, and to be applied
to the trays with a brush, like a coating of paint. Trays made of tin will last better if the
varnish be applied all over the inside and outside surface.

A flat board or ordinary drawing board will be required for sensitising the paper ; algo
some drawing pins, to keep it in position while being coated with the sensitising solution ;
a fnir.sized sponge to apply the solution ; some wooden clips to hold the paper while
drying ; & graduated 4 oz, measure for solution ; and a small set of scales and weights for
weighing chemicals

Defeots in Ferro-Frussiate Prints.

When the print is weak-looking, with the back groundrather a light blue but lines
olea.—Wo conolude that the print is under-oxposed. Try another print and give a longer
exposure ; or if the defact is not very marked, immerso the print for a fow minutes in the
following weak acid solution, 10 drops of hydrochloric acid to 10 ozs, of wtor ; or 100 grains
pifrio poid to a pint of water. This intensifics the blue ground anl the white lines show .
clearer by contrast. Amother method, andon: which gives bolter results, is to immerso
the print for a short time in a bath of 20 grains of carbonate of soda to one quart
of water. The print should be left in this hyth only just long enough to change the blue
ground to a desper blue, after which it should be at onca romoved and quickly immersod
in a tray of plain water (tostop the further action of the soda), and then well washed, the
water to bo renswed several times. Whon the print is put in the soda bath the lines
becoms clearer and the blue ground rapidly intensifies up to a cortain point, after which
it begms to lose its blue colour and gradually changoes to a light yellowish colour. GCare
thereforo should be taken to remove the print from the bath when it1s judged that the
maximum depth of blue colour has been reached

Ground of print of a very decp blue colour, but lines not clear and of a bluish tinge,
the fine lines of the original drawing very indistinct and broken,or not seen at all.~Print
has baen over-cxposed If these defects are very decided, rejoct the print and propare
another, giving less oxposure, If not too decided the print may be reduced by prolonged
washing in several changes of water, and then immersing 1t in the carbonate of soda
bath given above, till tho desircd reduction has taken place, after which the print is
washed in several changes of plain wator. N

Prints weak and having a somewhat ¢ s unk-in’' appearance, growntd of a dull blue
colour, with lines rather wndistinct and of a yeliowi.h brown.—This is due to dampness
owing to insufficiont care in preparing, drying or storing thc paper, as already described,
See remarks on preparing and storing paper during the rains, page 23.

Print generally clear and well defined, but at plices the lines blurred and of a blussh
colour.—This urises from imperfect contact betwcen the sensitized paper and tracing,
Place the sensitised paper carefully in position and avoid crumpling it, as the tracing
and prepared paper should be periectly smooth and even.

Streaks of white and whéte spols in the blue ground of print,—~These are due to want
of care in coating the paper with the scnsitising solution. If the solution be applied
liberally as directed, the whole surface of the paper covered with it, and the exocess solye
tion removyed oarefully, these markings will not show,



DRAWING PAPER— INSTRUMENTS— COPYING AND REDUCING DRAWINGS. 27.

Mar Fang in print corresponding to the form of finger tips —These are due to handling
the sonsitive surfaco of the papsr when tho hands aro in « heated state. The remedy in
this oago 18 obvious ; the sensitive surface should be touched as hittle as prssible with the
fingers,

Ground of print of a light blic colour and lines of a light bluish tint, when it is known
that the piint has not had more than the normal crposure lo sunlight.—This is due to the
sensitised paper having dotcrioratel by k :eping, or the paper myy have been exposed to
white light, which would occasion a blue deposit over $he whole surface. Nothing can be
done in this oaso; tho print will show a want of force and brillianoy due to tho blue

doposit on the lines, which in good, frosh and properly prepared paper would be of a pure
white.

. i

Pogrrive Ovanorype Process, (Blus lines on a white ground )

Papor specially prepared for this procass 13 an artiolo of commorce, and can be had
from Marion & Co., 22 and 23, Soho Square, Liondon, W. It will ba found more conves
nient to purchase the papor ready for use than to propareit. Without proper applhiauces
and practice it 1s difficult to get an oven coating.

If, howevor, 1t is considered desirabla to prepare scusitive papor for this process, hard
and well-sized paper should be selected ; so that tho sonsitising solution may be kept, as far
ad possible, on its surface, Goold ordinary drawing paper is suitable, also Rives’ or Saxe
paper genorally used for photographic prints, but thoe papers Nos 50 and 51 by Messre,
Sohleicher and Schall, alraady describal, hava baen found to give the best results.

The following solutions are roquired for Asonsitlsmg the paper i —

Gum arabio .. .. . . v 1 oz
Water o e iy o b ”»
B
Ammonia-citrate of iron.. . .. .o 1 03
Water . ve . .. e 2,
C
Perchloride of iron .. .e . * .. 1oz
Water .e . . .o - 2,

Solution A can only ba kept for a fow days: solutions B and O will keop for soveral
weoks in well-stoppered bottles. When required for use, they are mixoed together in the
proportions of 20 paris of A, 8 parts of B, and 5 parts of 0, and in the order given, or
the gum will be coagulated. Should this occur, the mixture mry again ba rendered
liquid by the addition of a few drops of glacial acetic acid.

Sensitising the papor.—This oporation and all the subsequent ones, except the
oxposure to sunlight, must be porformd 12 a room illuminated by yollow light passing
through ono or two thickaessas of yollow pipee or oulico fastanad over tho windows, or
wenk lamp light. Tho piper is pinnol down to a deawing bovrd, and the solution applied
as described tor sensitising papor in thy Forro-prussiato procass, only mora care has to be
exercised ; the coating to ba as evo.a as possibly, so a3 to avoid streaks. It is importint
that the paper should dry quickly, s> thai tha solution may not sink into its substance.
As soon as the paperis dry, it will by woll to put it away cwefully 1n an air-tight tin
case

Ezxposure.—Thoe exposire will vary with the 1ntensity of tho light. In diest
sunlight fiom 15 to 40 scconds will be found sufficient; in the shade or dull
light from 1 to 5 minutes; 1n rain from 6 to 15 minutes ; and in dull foggy
weather as much as from 15 to 30 minutes or longer may be required. By practioe one



28 CHAPTER 1,

soon learns to guess the proper exposure under ordinary conditions of working. It is
important, however, thut in this process the exposure should be exactly right, and
sherefore, unluss the exact time requirel is known from past experience, 1t is advisable
to try different exposures on & thin slip of sensibive paper 1n the manner already desoribed
for Ferro-prussiate prints.

Development of the print.—~This operation must bs performed 1n yellow light. The
developing solution to consist of & saturated solution of ferro-cyanide of potassium,

A suffiolent guantity of the solution should be poured into a dish or tray so as to fili it
to a depth of ubout an inch, Before commencing to develop, the peint 18 laid face down-
wards on a table, and the edgas turnsd up carefully with the uid of a stegght-edge, so as
to form a sort of tray about § inch 1n depth. The copy 15 now floated facs downwards on
the developing solution; the turned-up edj:s provent any of the solution from getting
on the back of the copy, which would cause blus stains to appear. Any air bubbles must
be removod by quickly Lifting each of the cornmers of the copy in turn by oae hand and
gontly lowering 1t aguin, the other hand being used at the same time to drive out the air
bubbles from the ocontre. After floating the copy on the developing solution for about
half & rainute, remove it carefully, hold it up, and allow the action of tha doveloper to
ocontinue, but only so long as the yellow ground remains free of blue spots. The longer
the film of prussiste can be kept on tho print, the stronger and darker will the hines
coms out. As soon as any sign of a blue spot begins to show, immerse the print at once
face downwards 1 & tray of clean water, and wash it 1n several changes.

After washing, immsrse itina bath of hydrochloric acid, 1 ounca to 10 oundes of
waber ; keap 16 10 this bath from § to 10 minubes, aftsc which remove and plios 16 face
upwards in a tray of alaan water, and well wash and rub tho satfacs with a spongs to
remove the blue muoilage ; then copiously flush with clean water. The lines of the copy
will now be found to stand out blue on a clear white ground.

For the developing and aoid sol wtsons trays of lead 10 wooden frames will be required ;
the 1ns1de of tha trays to bs coated with Bates’ black photugraphic orshellac varnish, the

coating to be renewod as nocassary. For washiwug the print, trays as described for the
Perro-prussiate process will answer.

Cuauses of fasbure.

The ground appoars blue.~This arise> from under-exposure to tho light, or from tho
print having beon kopt too long exposed to the action of the developing bath.

The ground remasns white, whils the lunss are broksn ang pale. ~This may be due to
over-exposure, or to tha lines of the tracing nob bLang sufficiently opague to stop the
passage of light through them.

Wien the print ss put sn the acid bath, the lnzs tu n a dark blue, which washes off
when being brushed.—This arisoes from insufficient developmant 1n ths prussiato bath, 1Lf
the ground 1s also spotted blue, it 15 due to under-exposure.

To obbain .prints showing blue linds on a clear ground by a modiflcation of the ordi
nary Ferro-Pr ussate Proocss.—Place the drawing or tracing to be copied with its back
against the glass of tho printing frams ; then placo over the drawing or tracing a pieco of
prepared seasitisod bracing cloth, with 1ts sensibised surface down against tho faceof the
drawing ; olose the pruting fram, und give o prolongad exposuce to light, the exposure
to be throe or four timos loager than would bs required for an ordinary Ferzo-prussiate
GOpy.

After exposure proceed as describad 1u the Forro-prussiate procass. When dry,, the
print may be treated with a weak solution of carbonate of soda, to wtensify tho blue
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ground and clear the Lines, after which it should bo well washed and hung up to dry.
When dry, roll the print round an ordinary offico ruler, the object be'ng to remove all
creases from the cloth.

When the copy 18 smooth and even, place it in the printing frame with its back
against the glass, then place a piecoof sensitised paper or cloth, with the sensitised
surfaco down, on the face of the preparerl ncgative copy, and operate as already described
for obtaining an ordinary ferro-prussiate print. As tho light is passed through a nega-
tive copy, a pusitive print—onc showing blue lincs on a clear ground—wi1ll be produced.

Instead of preparing the negative copy on tracing cloth, paper may bo used ; the
paper print can bo made transparent by rubbing it over with vaseline, or by applying a
mixture of one part castor oil and five parts spirits of wine

FERRO-GALLATE PRINTING Procuss.—(Thts prooess is useful in thereproduction in
black lines on a clea) ground of fac-simsle copies of drawings, plans and tracings.)

Paper.—~For this process a hard well-sized paper is indispensible, Schleicher and
Schull’s paper Nos. 50 and 51, obtainable from Mossrs. Thacker & Co, or from Messrs.
Treacher & Co., Bombay, answer fairly well, and are the best of their kind for this
purpose to be had in India.

Developing Trays.~Trays for developing should be made of wood, lhned with sheet
lead, the lead to bo protected with w coibting of black Japan varnish  I'rays of zinc or
tin protocted with Jupan varmish answe. fatrly well, but the acid solution when not in
use should not be kept in the trays, but should be stored 1n an earthenware vessel.

For washing purposes zinc or tin trays are quite suitablo

Sensitising the paps s.—This operation must be carried out 1n a room illuminated
by yellow light passing through one or two thicknessus of yellow papor, or oloth fastened
over the windows, or by cindle, or wek lamp light.  The following fcrinulw are rocom-
mended for sonsitising the paper—oithor No, 1 or No 2 may be used :—

No. 1.
Water ve . . . .. 15 ounces,
Gelatine .e .o .. .o «« % ounce.
Perohloride of iron .. .. . .1,
Tartaric acid . .. . . e ¥
Persulphate of zinc . . . PO T
No. 2.
Water . .. . . .. 30 ounces.
Gelatine e . . .. .. 1 ounce.
Perchloride of iron (solid) .. . . .. 2 ounces.
Tartaric acid .. .. .. .. .. 10 drams.
Feorvic-sulphate .. .. . . . 10 ,

The paper is laid smoothly dowa on a drawing board, glass plate, or othor flat sur.
face, and should bo fastened down on two sides with pins or clips.
7 The soniiisi_n_g_sgnﬁnn is applied to the paper by moans of a fine sponge, which
should be passod lightly over the paper, up and down and across, taking cate to equalise
the coating as much as possible, and to avoid streaks or other markings. Before
applying the sensi_tigi_gggﬂgftign it 18 advisablo to dry tho paper over a charcoal fite or
stove to expel all dumpness, after which the solution should bs immediately applied, It
is important that the seWe: should dry quickly so that the solution may not
sink intoits substance ; 1t should, thorefore, boe hung up to dry in a room in which a
stove or charcoal fire is burning.  This of course would not be necessary in the hot dry
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season. When thoroughly dry the sensitised paper should be stored for subsequent use
in a tin oylindrical box with a take-off 1id, round which should be placed an India-rubber
band to exclude air and morsture.

Exposure.—The oxposure to -unlight 1s about the same as for ferro-prussiate prints,
that is, from 5 or 10 minutes according to the intensity of the light. To ascertain if the
oxposure has been sufficicnt, open the pressure frame and lift up one corner of the
sengitisgad-paper ; if tho greenish-yellow tint has disappeared, excopt where covered by tho
lines, it shows that the exposure has boen sufficient, and tho print should be removed

from the pressare frame.
Developing. —This operation must be carried out in yellow or red light. The copy is
floated face downwards on the following solution :—

QGallic acid .. . . . .. 1 ounce.
Oxalio ,, . . .e . o. B grains,
Methylated aleohol . . . .. 10 ounces.
Wator. . . . . ve .. 50 »

Care is to be obsorved in floating the paper. Hold two opposite corners of the paper,
and bring the hands nearly together, a gopyvex form is thus given to the sheef, the
middle of which should first touch the solution, the corners held by the hands to be
gradually brought down till the sheet floits on the liquid. Tho formation of air bubbles
is thus prevented ; should, however, any be formed, they can be removed by the aid of &
glass stirring rod.

The copy should b3 allowed to remain on the solution till the lines show up clear and
black. I&is then ramoved and washed thoroughly, and, if necsssary, the surface rubbed
with & soft sponge to remove any staias or markings, after which tho print is hung
up to dry.

The fouowing can bo recommonded also as giving satisfactory results i—

Sonsilising miniure.
\’

A, {Gum arabic .. . LT .+ 1 ounce.
' L Water . . . . .. 10 ounces.
B. Tartario abid .. . .. e .. 1 ounce.
Water .. . . . .. 4 ounces,
C. Bolution of Ferric chloude, 45° Beaume . e 2 .
D. Ferrous sulphate . . . .. 5 drams
Water . . . .. 4 ounces

Solution D is added to B, and the mixtura added slowly with constant stireing to
A ; finally solution C is gradually added stirring well the whole time during admixture.

Toagh smooth well-sized paper should be used. The sepsitising mixture is applied
by means of a brush. and the paper quickly drjed by heat. Kxposurs is completo when
the ground of the print is nearly white, the parts protoctad from ths light being of a
light yellow colour. Development is effected by floating the print for about one minute
face downwards on— -

-

Gallio acid . . . . o 1 dram,
Oxalic ,, . . . . .. 8 grains,
Water .. . . . . .. 50 ounoes,

The print is then romoved from the developing bath and washed well in plain
water.

Ready-sensiiised paper.~Puapor ready-sonsitised (Ferro-gallic paper) 1s prepared by
J. R. Gotz, 19, Buckingham Street, Strand, London, and can be purchnseg from Thacker
& Co., Bombay.



DRAWING PAPER —INSTRUMENTS—COPYING AND REDUCING DRAWINGS, 31 _

The following is a good developing formula for ready sensitised paper :—

Gallio acid . . . . .. 1 ounce.
Alum ., . . . . o 1 "
Water .. . .. . . .. 8 pints.

The acid and alum should first be dissolved in two pints of hot water, after which
the remaining water should he added.

To dovelop prints on this paper the copy is immersed in the deveioping solution till
the drawing shows up clear and the Lines black, after which it 13 washed and hung up
to dry in the usual way.

Defects.~—~Over-exposure is known by the lines being faink and broken, the thick
lines only to bs seen while the ground 1s white and clear,

When the ground of the print is dark and discoloured 1t denotes nnder.exposure

The lines after prolonged immersion in the developing solution are of a dull beown
colour, while the ground is clesr. This shows that the acid in the solution is nearly
exhausted. Add more acid, or if, owing to s number of prints having been developed
with the solution, 1t 1s very much discoloured, a fresh developing solution should be

made up

The basis on which the preceding processes are founded is that a ferric salt is reduced tu the ferrous state
by the action of light. Thus, taking forrie chloride (Fe C1?) a8 an example, this salt on oxposure to Light
throws olf one atom of chlorine snd bLocomes ferious chloride (Fe Cly). If asolution of a ferric salt he
applied to one sido of a smooth-surfaced paper, tho surface of tho paper when dry will preser.t a yollowish coloar
inclined to oranga ; if the paper be placed in a pressure fiame undor a trausparent drawing or tracing, and
exposed to sunlight for a fized time, a change will be found to have tuken place ; thy parts of the paper immed:-
ately under tho transparent parts of the deawing or tracing will baof a light brownish colour, nearly white,
while the othor parts of the paper immediatoly under the Iines will be found unchanged, and on thy papor
wa shall have a copy of the drawing or tracing in yelluwish orange lines on a nearly white gronnd ; this 18 the
visible change. The chemical change is that whore the light has passed through the transparent parts of the
drawing to the prepared paper immediately bolow and in contact with it, the ferric salt on the paper has
been reduced to the forrous state in these parts by the action of light ; while, owing to the opacity of the ink
lines of the drawing or tracing, no light can reach the paper immediately below the lines, and therefore no
change tikes place, consequently under the lines we have the unchanged ferric salt. Thus, we have a ferrous
and a ferric salt on the paper; the ground of the drawing will be of a ferrous salt, while the lines will be made
up of a fernc galt. By applying ts, which act differently on these two salts of iron, this reduction 14 made

pparent, and a coloured picture or drawing 13 produced. Thus, if ferri-cyanide of potassium (K, Fe Cy,) be
appliod, all tho parts acted upon by ilight bocome blue ; that 13, when forri-cyanide of potassinm ia added to a
errous salt a deep-blue procipitato 18 produced ol ferrous ferro-cyanide [Fe, (Fe Cye),], called Turnbull’s
lue, aud the blue mattor thus produced is insolublo. The forri-cyanide of potassium causes no chinge .n the
forric salt (which corresponds to the lines of the drawing or tracing), which being soluble can be washod out
in water, giving a print on the papor of white lines on a blue ground. Piints thus produced are called ferro-
pruseiate prints.

Ferro-cyanide of potassium (K, Fo Cy,) acts on tho unoxposed parts or parts not acted on by light, that is,
on the ferric salt, and produces with it a deep blue precipitate of ferric-foriocyanide [Fe, (Fe Cy,)s], which
is insolublo, The ferro-cyanide of potassium occasions no chango in the ferrous salt, which fs therefore soluble
and can be washed out in water, thus giving a copy on the papor of blue lines on a white ground. Prints
produced by this method aro eallod positive Wprlnts.

Simlarly, gollic acid (L, H, O,) or tannic acid (G)., H,, 0,,) used in place of the ferro.cyanide of potase
sium, produces a black nearly ineolable compound (ink) with a forric salt (corresponding to the parts not acteq
on by light), and causes no change to o forrous salt (corresponding to the parts acted on by light), which
remains soluble and can be washed out in water, giving o drawing of black lines on & nearly white ground.

For the production of drawings glving white lines on a blue ground (ferro-prussinte prints), instead of
applying a so.ution of ferri-cyanide of potassium affer exposure to light as described,in practice it has been
found more convenient to mix the ferro-cyanide of potassium with ferric salt before expomre the mixtm-e s
apread on a paper and dried in a dark room. It will be observed that the ferro-cyanide of p fum p no
ohagge with o ferric @alt, but if the paper do preparal by placed in & pressare tumo ander a hul.paﬂ”




.

82 CHAPTER L

drawing or tracing and exposed to light, the ferric salt immeédiately under the transparent parts of the drawing
is reduced to the ferrous state by tho light, as already described, and intly with this reduction the
ferri-oyanide of potassium acts on tho ferrous salt thus found and produces with it an insoluble blue matter, tho
unchanged ferric salt on the paper immediately under the opaque lines of the drawing i luble and

off in water, thus giving a drawing of white lines on a blue ground.

Axiuixe Prixring Process.—(Reproduction in dark lines on a clear ground
from a tracing.)

This process is dependent on the action of bichromates on organic matter, and the
oxidation of aniline by chromic acid. Thus aniline salts havo the property of
sticking certain colours when brought in contact with acidified bichromates. Siged
paper is sensitised by brushing over itan aoxdlﬁed solution of the bichromates of
potassium or ammonium, and 1s dried quickly 1w the dark, or in a phofogmg_hxc dark
room, Tho paper is then exposed to light under a tracing, and when the lincs and
figures are visible, is cxposed to the action of anilino vapour., Those parts protected
from lLight by the lines or figures of the tracing bocome deoply coloured by the action of
the anilino vapour which reacts on the cromic compouad not reduced by light, and causes
no action with the reduced chromium salts, as these acquire a neuntral rcaction and will
not readily assimilato hases

Sensutising solutions.

Potassium bichromate .. . .o 160 grains.

1. { Phosphoric acid solution.. . . 2 ounces
Distilled water . .. .. 5

( Ammonium bichromate .. .e .. 160 grains,
' chloride . .o . 160,
2. 4 Sulphate of copper e . .. 8

Sulphuric acid . . . 4 ounce,

| Water . .. . .. 10 ounces.

.-~ Hither 1 or 2 may be used.

The solutions keep in good condition for a long time, but it is advisable that they
be stored in the dark. ~

Only good well-sized paper should be ueed; and scnuitising may be carried out by
brushing or floating.

Sensitising.—The preparation of the paper may be carried out by lamp light, sub-
dued day-light, or yellow light, but the paper must be driod in the durk, orina
photographic dark room. It will be found more economic:l to apply the sensitising
golation by means of a brush, which should be fairly large and flat. The colution
should be applied as quickly and evenly as possible so that it may not penetrate too
far into the body of tho paper. The surface of the paper only should be imprognated,
otherwise the ground would be more or less disoolourad, and tho lines and figures being
1mbedded would not ba sharp. After semsitising the paper should bo dried as quickly
a8 possible, and should be used on the day 1t is proparcd, or, at most, tho next day, as
it does not keep.

. . Printing.—The printing is carried out as described in the ferro-prussiate process;
the paper, however, is more sonsitivo than ferro prussiate paper. The print should be
exposed till the lines and figure of the drawing appear of s faint yellow colour on a
greenish-white ground. In bright sunlight the exposure is gemerally from ong to
two minutes.
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Development,~The print is put into the bottom of a shallow box with a close.
fitting lid. On the lid is fastencd a piece of damp flannel, and on this picce is
attached another bit of flannel on which a littly of tho following dev:loping soluticn
is sprinkled :—

Aniline solution . . .. .» 1 ounce,
Benzole . . .. . ++ 12 ounces.

Dovolopment is completed m frown five to ten munutes dependent oun the duration
of the exposure to light. Tha best 1osult 1s obtained by & fairly long exposur) and
prolonged development.

When & good dark tono 1s prolucad, tho prinbis washed in plain water and then
immorsed for a short time 11 a bath of Sulphuric acid } ounca, water 50 ounces.

It is again washed in a few changes ol wator and finally immersed for o few seconds
in a bath of—Liquor ammonia § ounce, watet 40 ouncos. Tho print is then removed,
washed and hung up to dry. I'hoacid anl ammoniu baths are not essential, but better
results are obtained by their use. o

Moisture is absolutely necessary in tho dovolopment of aniline prints, Care should,
therefore, bo observel that the flannel attachod to tho lid of the box is thoroughly
damp. Should the wir in the box ba dry dovelopmont will not bo satistactory.

Deovelopment muy alsu ba erried out by pinning the exposed prins to the Lid of
the box, and having the damp flannol, with the pices on which the aniline solution is
sprinkled, at tho bottom, Also, instead of sprinkling tho doveloping solution on the
flannel, the solution may ba placed 1n a shallow dish at the bottom of tho box, and when
devolopment 18 completed, the solution rom>ved and stored for future use in a well-
fitting stoppored bottle.

FEeRrric OULORIDE AND GerATING Puacgss —(Da:k lineg and figures on a clear
ground f,om a traciny )

This process 13 dependent on the action 2l & forrie salb on gelabino, 1 that ferrio
chloride has the property of renlering golitine insolublo.

Puaper 18 couvted with golating to which a pigmont 1> wldod as%slov - —

QGelatine ,, .e . .e «» 300 grans.
Water . . .. .. .. 10 ounces.

The gelatine should first bo soaked in half tho givin wator, untl it 13 farly soft,
then the remaindar of thy wabsr adled, andthe mixturs stirred and dissolved by
means of a gontlo hews. Inlian ink or any suitible pigmont 1s then added in sulliclent
quantity to bring about tho required colour.

The warm pigmentyd golatine solution should by appliel to tho pwper by brushing,
oare to ba observed that the coating 18 thin and umiform.

The paper is then dried and shouald priscnt a unitormly coloured surface.

When dry the paper 1s sonsitised by immension i a solution of—

-

Ferrio chloride . . . . 2 ounacs,
Tartario acid . . . «s 300 grains.
Water . .o .« 20 ounces.

Alter saasitising tho paper is dried in the dark o in a photographio dark room.
Printing is ca ried out as desoribad in the Ferro-gallate process : the cxposure to sunlight
being about from 5 to 15 minutoes according to tho intensity of the light.,

The part exposod to light, thatis, the ground ol drawing, beocom s soluble in hot
water, while the parts prot:oted from light by tho lines and figures of the tracing

5
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remain insoluble ; hence developinont is effected by immersion in hat water, and a print
is obtained, according to the pigment used, showing dark or coloured lines on a clear
ground. ,
TN L

AciprF(ep INK PRo0ESS.—(Black lifies on a olear ground.)

Papor 1s uniformly and thinly eoated by brushing with—

Gelatine .. . . . .. 800 grains,
Wator.., .. . . . .. 10 ounces.

When dry it 1 sensitised by brushing on the back a solation of —

Bichrom:to of potassium .e . .+ 150 grains,
Ammonia .. . . . oo $dram.
Water . . . . .. 10 ounces.

Tho solution should b2 allowed to thoroughly imbue the paper ; to cffect this a second
brushing should be resorted to, aftor whioh the paper is dried in a dark room. When
dry it is oxposod to light undor a tracing in a prosyurs framo until bhe lines and figures
of the drawing are well defined.

The pipar is then immersed in hot water and the bichromatised gelatine not ron.
dered insoluble by thz action of light, that i3, those parts protected by the linos and
figures for thoe tracing, dissolved out, leaving baro pupec at those parts,

The paper 1 then blotted and brushed over with—

Liquid Indian Ink . . . «s 1 ounce.
Sulphuric acid .. . ‘e .« 30 minims,
Caustic potash . e . o 12 ”

The ink solution fixes 1tself only on tho bare paper, which ropresents the lhins and
figures of the drawing, aud & oopy showing black linos on a clear ground 1s produced.

Moprriz~ CarsoN Process.—(Black lines on a clear ground )

Papeor is corted with golatine and s:nsitised with bichromate of potassium as des-
oribed 1n the Acidificd Ink Process. It ii dried in a dark room, and when dry exposed,
in a pressure {ramo, to light undar a tracing untul the hinos and figures of the drawing
ara olearly visible. Tho papor is th.n imm rsed in sold water and spong:d, the water
bzing clanged sovoral timos to rénove tho chromium salt not reducad by light. The
papor is now bldtted fairly dry and its surface brushod over with—

Liquid Indian ink . . . «s 1lounce.
Bichrorate of potash .. v . .. 10 grains.

After applying the solution the papor 1s dried in the dark or in a photographic dark
room, When dry it 1s placad 1n a prossure framz, with the dack of ths paper next to
the glass of the framo, and exdose 1 tu sunlight fo: aboat two minutas. The papor is
then imforsed in plain wator, and tho geound clearad by moeani of a hard brush or
sponge until the drawing shows up in black lines on a clear ground.

The rationalo of the foregoing is that in the first exposurs to light under a tracing
the ground of the drawing was, by the action of the hight, rendered insoluble and practi-
cally non-absorbent ; while the parts protectel from light, which correspond to the lines
and figures of the drawing, romain unchangod and absorbont ; consequently the lines
and figures only take up the bichromatised Indian ink and thoreby become re-sensitised.
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When the back of the copy is oxposed in the pressure frame light acts through and
on the lines and figures, rendering these insolublo, but practically causipg no action on
the ground of the print, which is easily cleared by means of & sponge or brush, and thus
a drawing showing black lines on a clear ground is produced.

Nore.—The bichromates of pots:ium and iam aro highly pol

Preparation of Drawings for Photo-Mechanical Reproduction.—Photo-mechanical

for the reproducticnm of line .drawings are economical and rapil, in proportion to tho com-

plenty of tho drawing, or tho amount of detail 1n it, or when tho drawing has to be reduced or onlarged.

An important point in favour of Photo-mechameal roproduction 1d that the rosult 18 a fac-simile of the

original in all but scale. Tho scale, or rather the sizo of a copy of the original, can be altered without

any additional oxponse, and this rendors tho process peculiarly woll adaptod for Rocord or Type pland, which

can be reduced to a dimonsion suibable for binding 1n book form without sensible loss of cloarness and with
a great increase in convenience.

Paper.—The papor should be perfeetly whito or slightly bluish, but of no other tint; it should be of
good substance and of uniform tsxturs, anltho surfaco smooth but not too highly glazed. Ifand-made is

forablo to machi da paper ; tho ordinary whito and blus Tmperiul, and white Double Elophant papers,
as supplied by Government, are suitable,

Ink —The best quality of stick Indian ink should invariably be used The ink should be freik Ly made,.
beiug evenly rubbed down, using a light pressure on a smovth surface, till it fs sufficiently thick to give full
dense back lines.

Good ink should bo porfectly fico from grit o black, biouzy, slunigg appomance 1 the stick when
brokon is gonoially indicative of good ink, whilo a dul fracture generally denotes an inferior quality.
Unless thoroughly wall ground black 1nk 19 used for a drawing, tho reproduction will uot ha peifoct.

Inkéng.—The inking in of a drawing should be done, a4 fir a4 practicable, entirely in pure black lines, or
dots of uniform intensity. Tho lin:s to bo tirmly ani elearly duivwn, smoath, even, and unbrok:m, not too fine,
and not too close together ; the Auest lines must ho quite black with a guod deposit of ink on them

Lines of section, water-lovel, ote., usually showu in red o. blue, should be diawn in black dotted lines,

Washes or shading of any colyur arg mmylmisibls, ceoss-hatehing +'Muld bo uyxd to distingwish different
materials or parts of structures.

All printing, tigures, etc., should bo bol{ anlopm with the * thun ** stiokes wet Ltoo fine.

Drawings intonled for roproduction {0 a reduced seale shoild, gencrally, be drawn in s much more open
stylo thun wonld be smitable for finished drawings on tho Jame seale Ca. e should be observed not to crowd
in lines 1n the shaied parts, nor to ud2 mo o linoy, p wting, and ignres thn are reatly nocessary,

Tracings.~Drawings for rep-odu tion may alsu be cxecnted on tracing pipee.

8pecial papers aro manufactured fo. ude wn connaetion witn the roprodyction of drawings by process work.
Thoso papors ure white or slightly bluish, unl should by usal 1n prelerence t> tho o.linary kinds, which are
generally of a yellowsh colom and quite unsuttablo,

Scale.~Tho scales 0n diawinzgs intended for re tustion should gonerally bo shown in torms of a single unit

of morsurement («es Fig. 19) as ‘¢ Scale of mllea, , foet, gte., ** and not as rolativo to any second unif, aw
“Scale, 20 feot to 1 inch,” : o ')
F't.g 19.
) ‘6 ‘
) Ja ® I [ (X34 ~or Py et
10 5 0 10 20 30 40 50 Frel.
WAL ] | [} [l ]

@General.—All deawings or tracings intonded for 10production by photography should, when practicable,

be kept flat or rolled but not foldod care should bo obsdrvel to koop thom a3 clean a3 possiblo on bogy surfaces,
and from sta!ns, croasds and wrinkles,

In preparing finished dawings, with a view to reproduction, and subsequont publicat the greatost
care should be taken to give them a high dogree of naatness and ﬂmsh Photogmphy produces only a face
simile, and unless the original drawing he woll finishel 11 overy pacticulae with good liges, vriunting, figures,
etc., reproduced copy will not look well. Due card, thorefore, shoulil bo ohserved prepaling drawings,
80 that after they are copled tho results may be fit for ymmodiate issus, and nof quire altorations and
working up, which mdau de'ay in cairying out work and add consideribly to tho expoenso.




OHAPTER I1.

PRINTING—GENERAL RULES APPLICABLE TO ALL
GEOMETRICAL DRAWINGS—INSTRUCTIONS FOR
THE PREPARATION OF FINISHED ARCHITEC-

TURAL AND TOPOGRAPHICAL DRAWINGS—
CONVENTIONAL SIGNS.

Printing.—1It cannot bo 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 Enginecring or Topographical Drawing,

more specially 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, It must, however, be pointe 1 oub that this perfec-

tion should only be expected from, and sought after by, Draftsmen and
the subordinate ranks,

Enginee1s and sup.rior officers should seldom wasle their time in
cndeavouring to print up a diawing with fine headings and copper-plate
printing. They should content themselves with producing neat and

legible words, snd leave the finished work to their less highly educated
inferiors.

This Chapter, Lowever, will be devoted to showing how any intelli-
geut man, with care and perseverance, can become a first-rate printer.

As a rule BLOCK PRINTING is decidedly the best for all kinds of
Headings, being neat and legible. F¥or Main Headings fancy letters
msy 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 cither upright or sloping, The proportion of
breadth to height varies considerably in differcnt alphabots, and may range
from the ““square” form, in which the breadth is cqual to the height
down to the “clongated,” 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 for 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.
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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 IT).

Then most of the letters are four of thase spaces broad, The exceptions
are—-I1=1,J =8 FL =3} MTW = 5. The spaces betwecen the
letters may be 2 or 1§, and between the words 5 or 6 according to taste,

Then to put in a heading, after sel\,t,tiug size, wrile it roughly thus—
AINIANDS‘ lCT]I

4 ‘ 3% l 4 spaces=53}
2 2 2 =34

n

Total =87}

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

If a more upright narrower style is required, instcad of taking spaces
3th the height, take them }th or 1th.

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

One of the difficultics of the baginner is to know what is bad and
what is good printing; it will, thercfore, be useful to point out a few of
the mistakes to avoid, and points to be not: in the formation of
certain letters. Refer for each lester to Plate II.  °

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

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

In the letter C take carc that you place the lower termination cxactly
below the upper one.

In the letter E the upper horizontal stroke should be slightly shorter
than the lower one, but be carcful to avoid cxaggeration,

In the letter G avoid all fancy forms.

In the letter K the upper diagonal meets tho 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 arc broad the letter should be five spaces broad
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to avoid looking heavy; if the strokes used are thin the letter should
be only four spaces broad.

In the letter R the lower termination of the tail should be flattened.

The letter S is a very diificult letter to form; the upper half should
be less broad than the lower, and a horizontal line dividing the upper
and lower curves should be nearer tho top than the bottom. If the two
curves are made the same the letter will look top-hcavy as may be secn

in the Plate.

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

ITALIC PRINTING (Plate III) is well adipted for the information
to be entered onordinary platesand surveys. To execute this, the beginner
should rule three lincs paralld] to each other to regulate the heights of
the small lettors and capitals Tho distance apart of these lines will
depend on the sizc of the printing desired, but lines threce ani four-
sixtieths apart will be found convenient to start on, Parallel lines should
thea ba raled at intervals of ubout hulf an inch to define the slope of the
printing.

The beginner should pencil each lettor in with the greatest care before
inking in, avoiding the use of India-rubber. When he has gained
suffizient profiziensy through prastise, tho paazil muy be dispensed with.
Students should remember that it is impossible to priit after taking any
violent exercise as the hand is not sufficiently steady.

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

(GENERAL RULES APPLICABLE TO ALL (GEOMETRICAL DRAWINGS,

1. Tustruments, especially ruling pens, should b> kept serupualously
clean. Clean drawings cannot be executed without clean hands. Kecp a
piece of paper undor the hand when working. Wooden and ebonite
rulers can bz cleaned by rubbing them with-bresd. Always rub them on
a piece of paper before commencing work.,

2. Never draw a single line that is not absolutely nec:ssary. Always
work with a sharp point to your pencil, Do not cut it ab the lettered
end. Pencil work should be done as lightly as possible. If the lines are
heavy they are difficult to rub out and soil the rulers.

3. If lines are drawn wrong, mark them lightly with one or two
dashes ; but as a rule omit all corrections of pencil work with rabber till
the plan is inked in, and then at one operation rub out all she pencil
lines. Every use of the rubber raises the paper surface into a roughness
in which dust catches, and gets ingrained.



PRINTING - GENERAL RULES-~CONVENTIONAL SIGNS, ETC, 89

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

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

6. All lines should be drawn sufficiently long at first, to avoid the
necessity for subsequently producing them , a long line should never be
obtained by producing a short one, unless some distant point in the
prolongation has been first found by other meanas.

7. Whenever it is practicable, lines should be drawn from a given
point and not to it ; and if there are scveral points, in one of which
two or more lincs meet, the lines should be drawn from that one to the
other ; thus radii of a circle should bhe 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 loss 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 interscction of circular ares or
straight lines, the radii should meet at that point at eun angle of not
more than 30°.

10 When onc arc or straight line intersccts another, as above, the
second arc or line need not be drawn, but the point of mtersection only
should be marked so as to avoid unnccessary lines.

11.  Avoid setting off equal lengths on a given straight line by
continual repetition of on: such length, hut mark off on the line a con-
venient multiple of the given length, and su"-divileit, i.c.,, work from the
whole to parts, not from parts to the whole; this is a great principle in
surveying as well as plan drawing, and is especiully to be observed in
the construction of seales.

12. Inlaying off a lenguh along a line with a secale, it is always
well to check, either by reading off tho distance along amother part of
the same scale, or by applying the scale so that it shall read hackwards,
This isa simple check, and a very useful one, as in plotting a survey it
may often prevent considerable unnecessary labour.
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18, Every drawing should have one or more long lines put in first
across the paper, and at right angles to these, all now lines should be
laid off from these guide lines, not from short lines of some part of the
plan. The right angle guile lines should be laid with the compasses in
the ordinary geometric way, not with the protractor. If a | square and
large set square is used, this shonld be moro accurate than any other
way if carefully managed.

INSTRUCTIONS FOR THE PREPARATION OF FINISHED ARCHITECTURAL
AND TOPOGRAPHICAL DRAWINGS.

Drawing paper. —The drawing paper should be carefully examined to
see which is the right sile and that no mouldy spats exist. If any such
spols are dete:ted, th> papar should be rejected, as it is impossible to
paint over the discoloured spots.

Scales. —Before commencing any 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 discrepansy will
then exist, whon the paper is remdyved from the board, between the
measurements on the drawing and the correspinding ones on the s:ale.
Such discrepincy i3 often very considerable when separats pieces of
paper are employed for tho s:ale and drawing : drawing piper is very
sensitive to aymospheric conditions, an 1 ofson shrinks considerably after
removal from the board,

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 linss are on any account to be
drawn till all the colours have been laid on. Care should be taken not
to overshoot the corners where two lines iutersect, and the lines should
be kept as fine as possible.

Circles and arcs of circles should be inked in bafore 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 liable to hecome
filled up with colour and cause an unsightly blemish, The fine outlines
of the drawiag having bsen inked in. the paper shoald be thoroughly
cleaned with dry clean bread and India-rubber, but the latter should be
used as sparingly as possible,

Flat washes.—In laying on a flat wash the drawing board is always
to be inclined so as to let the colour float downwards, the brush being
only needed to give direstion. If the paper is horizontal, the wash,
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from remaining stagnant on one spot, deposits some of the solid colouring
matter on the paper as a kind of precipitate, thus giving rise to unsightly
blotches and cut shades.

It is quite unnecessary to wet the paper before laying on a flat wash
if the following directions arc obscrved :—

Sufficient colour should be mixed to last for the whole of the wash
required ; any sediment should then be allowed to settle, and the elear
solution poured off into another saucer. A wash should never be com-
menced without having a piece of blotting paper handy. A large brush
should be usod, and the colour kept running across the paper, working it
gradually down the slope, and no portion of the ¢ working" edge of the
colour be allowed to dry up even for a sccond till the whole wash is
completed. Red lines should not be washed over, or the colour will
run. When a flat wash is uneven, or contains a out shade (probably
from allowing that portion to dry), or it is roquired to take out lines, or
washes of colour, which are mistakes in the drawing, use a small soft
sponge dipped in water, but not tvo 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 crased is near other colours which
the sponge might also touch, an aperture should be cut in a piece of
paper, of the exact dimensions of the extent to be washed, the paper is
then held firmly down upon the drawing, sothat only required portion
of it is visiblc, and the sponge can then be applied without risk of soiling
the adjacent parts of the drawing, Tho sponge should never be used,
either for, or near to, thick ink lines; the ink is sure to run. Ink lines
on traging clath can be taken out by means of 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 blot 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 per-
feetly clean surface is obtained. The colour is thento bestippled in by
separate strokes ; not washed in; as in this latter case, the rough surface
of the paper produced by rubbing would take the colour uncvenly, and
cause an unsightly 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 hold

6
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printing, while light shades, fine lines ani unobstrusive printing go
together,

Thick lines and shadows.—These will not be often used, but are
useful in certain cases in showing up a drawing. Their position is
determined by the supposition that the light enters from the top left
hand corner of the paper.

Thus in the blozk plan of a bulklmg the dark lines will be on the right
hand and lower faces,

This convention only applies to buildings in outline on nlan ; if the
drawing involves cast shadows the rules dctailed in Chapter XV, Part
II, must be followed.

Lettering and printing.—The size and thickness of lettering and
printing should be in harmony with the sizc and boldness of the drawing.
All dimeusions should be given ;they cannot be too full or too numerous ;
without them the drawing is almost useless, as even with a scale attached,
great labour will be requirel to make use of the drawing hy its means
only, The scale should, however, be consilered by the draftsman as non-
existent except, for the measurcment of a few exceptional points, Every
single dimension which an Enginecr is likely to require to know should be
written on the plate in large legible figures. The draftsman is not to con-
sider either, that it is sufficient to yive a dimension once, upon the plan
for instance, and to omit it in consequence in the corresponding section :
an individual, for whose inspection an architectural drawing is constructed,
should never have_to refer for iuformation regardinog a dimension either
to a scale, or to another portion of the plate. Dimensions should be
attached thus ;-

’ ’

“ -y --—--——x-— - 3' ~- 3

@he cxtent to which they refer being indicated by a dotted line turminated
at each cnd by an arrow hewl. Inu printing, the letters arc to be large
and legible. With regard to the direction of all printing upon a drawing
the following rules should always be observed :—The drawing being laid
before the spectator in the position in which it is intended to be read, the
edge ncarest to him may be termed the lower edge, that to his right hand,
the right edge: all printing must be when possible parallcl to, and read-
able from, the lower edge : when this is impossible, the printing must be
parallel to, and readable from, the right edge.
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Drawings required. —The drawings usually required for the correct
representations of a building arc Plans, Sections and Elevations. (For
Definitions, sec Chapter V.)

The plan is most usually a horizontal section of the building close
above the ground flhor ; the floor, staircases, steps, ete , alone are shown
in actual plan, By this means we obtain the positions and dimensions of
the walls and roomns of the house. The roof is generally shown as a
separate drawing, containing full details of all its parts.

If there is more than one floor to the building, a plan, or ag we have
just explainud, a horizontal section, must bo furnished at ocach different
level.

The method of representing doors, windows and arches in a plan is
shown in the aciompanying sk:tches—the shaded portion represents
Crimson Lake :— :

Door. Wandow. Arch,

AN I R | PR
47, A T J uf it e~ .
’/// 24, “,,C :/:/’ | /,4/’

Fire-places are of course drawn according to their particular outlines in
plun.

Ina plan it is only necessary to colour the section of the walls, The.
floor, steps, etc,, are drawn in outlino only.

The number of gections will depend upon the regulgrity of the build-
ing ; generally it will be found thit two-half sections are sufficient for
most symmetrically constructed houses.

Theso two half-sections ure gencrally placed side by sido, divided by a
single line. The lines on which they are construct:d must be drawn
very distinetly upon the plan, and lettered with Block Capital Letters,
The section is then indicated as “section”” or “half-section ” on AB, CD,
ete., as the case may be.

Bosides these sections, a partial clevation is sometimes constiucted on
the sawme line, ie, on the plu.m; of section in (question, Lhe result is then
termed * A Sactional Elevation” on AB, OD, etc. In some cascs the
elevation of importanit parts of a building eannot really be seen, from
the intervention of earth or other detail of structure, between it and the
plane of projection., In this case the section is to be coloured and com-
pleted as under ordinary eircumstances, the outlines of the hidden clova-
tion being drawn in with dotted lines only,
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Detailed - sections on larger scales are at times required for some of
the details of construction, such as cornices, joints of rafters, etec., etc.
Longitudinal sections are necessary for giving information otherwise
unobtainable from the rest of the drawings,

Elevatiens-generally represent the whole of one side of the building ;
every side which may differ fromn the others must have its own particular
elevation, The sides may cither be lettered in plan, and the elevation
referred to its proper side by means of these letters, or the plan may be
lettered North and South, in which case the elevations would be termed
those of the North, South, East or West faces, respectively.

In constructing these drawings, the plan should first be drawn, then
the sections, and finally the elcvations, Sections of the various walls
must of course be supplied before the plan can 1e constructed.

Conventional signs.-—It is obvious that some convention or method
is desirable to obtain a uniform rcpreseniation of each material or object
by a colour or sign. The conventional colours and signs given below
include those laid down in the Public Works department Code, Vol,
I, Chapter VII, and the topographicil signs used by the Survey of India,

Only the most importaat conventions are given, but there are many
others which are used in special branches, such as Irrigation and Military
Surveys, and the details of which can be obtained from the various
Conventional charts. If any special signsor abbreviations are used, a
table showing their meaning should be attached to the plan.

LiST oF GENERAL CoLOUR CONVENTIONS IN USE.

Maps,
Hills ... Brown.
Sand hills ... DBrown,
Natural drainage ... Cobalt, if percnnial, otherwise black,
Tanks or jhils ... .. Cobalt, if perennial, otherwise black.
Natural ravines and dry nal.xs Black.
Rivers and streams ... Oobalt, if perennial, otherwise black.
Brick houses... Vermilion.
Village sites{ .
Mud houses ... Vermilion.
Roads, metalled... .. Vermilion,
Roads, unmetalled ... Vermilion.
Railways vee .. Black.

Canals e ... Cobalt,



PLATE V.

Suyey of Jndin

Conventional Signs to be used on Topographical Maps.

y
B
Items, g
r Ooloure nmmaxnm-:uH
1
City, Townm or Village, . _ . _ _ _ _ _____._ S Vermilion -y ‘
(1) Deserted Village, Plantations, (3) walied, (3) epen____ ___ __ _. . ) Fermiion | l2e® 1%
P m—— ’ fecne e s anal
Railways - @ @
Broad Gauge 5’8" Double Line _ _ _ _ __ _._ ____ __ t
it S [ = == = = =]
t
—~under construetlon _ __ _ _ _ _ __ __ ___ _ ___ ___ .
N P . = —
» w w Single , ___ ____ ___ . 5
--------- ] [ == = = - —
]
—under construction _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ ___ l’
I A AN KN CN EF B
Xi
Other Gauges Double w _ _ _ e |
- Hetime ettt
—under construction . _ __ _ _ _ _ _ _ _ _ . _ _ _ _ __ _
:I’ - - R e e L T e T (e 1)
*
" - Single o — . . u
PR —— .
~under comstruction _ _ _ . _ _ _ _ . __ _ _ _._____ b
-— - L e B e e e ]
n
Mineral Lines anid Tramways . _ _ _ _ _ . . _ . __ _ . __ -5t
A D e e ]
—under construction _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _
—-——— e G D R S PR B P
N
Main Cart Road, nelalled, with mile-stone and Bridge, _ . _ _ __ Vermilio _-__4_22. R S S—
- n
- e
» “ w ummelalled _ _ _ _ _ _ . _ _ _ . _ _ _ ___ Do.
Villaoe Cart track in the plains, Camel road in bills .. _ _ _ _ _ __ _f Do.
f
Mule-path, Bridle-path (\) Pass _ _ _ _ _  _ _ _ _ _ _ _ __ __._ Do.
i . —— e
M
Pootpath . . _ _ _ _ _ _ _  _ __ . . . _
o s T e Do. | o e
n
Canal with (1) Distributary, (3) Bridoe, (8) Lock _ _ _ . _ _ _ . _ _ . @ — B
- Cobalt =)
(1) Cutting, (2) Embankment, (3) Tunned - - . - . . ... . D (1y&(2) Brows
—— ] "0
1
(1) Impenetrable Forest or Jungle, with Forest Limits _ . .. . _ _ __ _ Dark
~ . - |Dark green wash

Items. Colours. 1 Inch and 3 Inches = } Mile,
Q ) . . )
0 %
(3) Open Forest or Jungle, with Reserved Forest Boundary Symbol _ _ _ . . _ __ ) Light green seash m*
(1) Kxtensive Grass Lands in the platns, (3) Sand hills . _ _ . _ - _ . __ .. (3) Broum
(3) Lake, Tanks, (2) with Embantment, (3) excavated and Uned _ _ _ _ _ __ . _ | Qobalt
Streams—(1) perennial, (2) non-perenngal (1)& (4) Cobalt
(3) Limit of Cultivation, (4) Swamp
Karez—showing depth at well _ _ _ _ . . _ _ __ _ _ _ __ e Do. O e ——— - —— &
s50r 40r
Wells ~(1) Masorry lined, (2) unlined, (3) Spring _ . — — . - — . - - - — Do. @® O +
" %3] (%)
Telegraph Line . . . o .~ - - — — - - I ®eieoe @ s 08
Gt. Trégl. Stations—Principal, Secondary _ _ _ _ . _ . - - — - - G T.8. /A AKRAAKberi] *
Tertiary Stationd Intorsected POIME .. — o o oo w o e e m— A\ Bhal
Heights—Trigonometrical. Clinometric, Relative _ _ . _ _ _ _ . .. .- 1539 ~1928 B17
I}
Levelled Bench-mark . . _ _ _ . _ .. et e = B.M. 35321 :
Boundary External of India, Province or State _ _ _ _ _ _ _ . ___ .. - 4 | =———— —_—

» Division __ _ s S R —

I T S R IS —_

” Sub-Division, Tahsil, Pargana, d¢. — - _ _ — . - oo e - teeasass s esantanas
Post Office, Telegraph Ofice & P.O. & 1.0, crmbined . _ _ . . [ N PO, TO,P,T. Q. te.
D4k Bungalow, Rest Jiouse, Camping Ground, Police Statton _ _ _ _ _ _ . . _] DB.TH,CAR., PS.
Port, Frontler Watch-tower _ _ _ _ ... _ _ . ___ . e m—— o] Vermilion 53 joy

i
Temple or Pagoda, Mosque, Hpongys Kyaung . - _ . - — o - - De. _é. & XKg -

Photo. Zinco,, June, 1931.—No.2270-4.~70¢-
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For

Earthwork, natural

artificial

Do

Earthwork, natural
Do,

Conerete

aruificial

Brick work, pucea, in mortar

Brickwork, pucca, in mud

Stone work

or

Rubble stone, boulder,
kunkar masoury in mortar,

Rubble stone, boulder, or
kunkar masonry without
mortar.

Brickwork, kucha, in mud ...

Qast-iron

ULES—CONVENTIONAL SIGNS, ETC, 45

PLANS or WoRks,
In section.

A light wash of Burnt Sienna with the
edges shaded with a darker tint of the
salae,

A light wash ot Burnt Sienna with Indian
ink ctching <hown for the made earth,

In Plan.

Indian ink shading on slopes.

Green shading on slopes.

A light wa-h of Burnt Umber with fine
dots of the same colour 1 section, The
covered edges to be shown by thin
broken black lines mn Plan. It the con-
crete used for the floor of a room is
plastered over, use the conventional
colour for the plaster u~ed.

Lake fat wash in scetion, For archwork
vertical hachures of Lake may be added,
Black outline plain in elevation.

A light wash of Light Red in scetion,
Black outline plam in elevation,

A light wash of Burnt Umber with
alternate firm and.broken hachures
of the same colour in section. A hght
wash of Burut Umber in clevation,

A light wash of Lake withbroken hachures
of dark Lake in section. Black outline

with black broken hatchmng in ele-
vation.

A light wash of Burnt Umber hatched
with Indian iuk iu scetion.  Black
outline dotted with Indian ink in
elevation,

Indian ink light wash in section. Black

outline plain in elevation.
Section—dark Indigo.

Elevation—light Indigo.
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Wraought-iron

Woolwork, Fir wood

Woodworls, hard wo)d

Doors and windows

Steel

Brass

Copper

Lead

Slate

Tile

CHAPTER 11,
{ Section- dark Prussian Blue.

Elevation—light Prussian Blue,

... Adark wash of Yellow Ochre with Burnt
Siennu graining in section. A light
wash ot Yellow Ochre with Burnt
Sienna graining in elevation,

... A wash of Burnt Sienna with Burnt
Umber graining in secsion A light
wash of Burnt Umber in clevation,

... In section—woodwork, same as speci-
fied tor wood Glasswork, Cobalt.
In elevation—woodwork, same as speci-
fied. Glasswork, a triangular shaped
flut wash of Cobalt in the upper left
.+ hand corner-of each pane of glass.

Purple (CrirJnSbH Lake and Cobalt) with

‘ hachures of the same in section. A
light wash of Purple in elevation,

Chrome Yellow mixed with a little Lake
with hachures of the same in scction,
A light wash ot the same colour in
elovation.

... Burnt Carmine wixed with a little
Chrome Yecllow with hachurces of the
same in section. A light wash of the
same colour in elevation,

Indigo and a little Sepia mixed with
hachures of the same in section. A
light wash of the same colour in ele-
vation,

... Neutral Tint with hachures of the same
in section. A light wash of Neutral
Tint in elevation.

.. Lake in section. Lake and Burnt Sienna
mixed (light wash), shaded, if neves.
sary, to represent a slope, with Neu-
tral Tint in elevation.
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Corrugated iron o
Thatch . .
Painting brickwork .

Lime plaster, ordinary
Do.
Do.
Do.

slate-colonred ..
sand

surkhi-coloured
Cement-plaster ...
Whitew:sh e .

Colour-wash

A light wash of Payne’s Grey with
hachures of the same in Section. A
light wash of Payne’s Grey in Ele-

vation.

Burnt Umber with bachures of the same

in Section.

A light wash of Burnt

Umber in Elevation.

A light wash of Light Red and a little
Lake mixed together in Elevation.

A wash of Light Red in Elevation.

A wash of Neuatral Tint 1n Elevation.

A wash of Payne’s Grey in Elevation,

A wash of Light Red over a light one of
Neutral Tint in Elevation,

A light wash of

vation,

ayne’s Grey in Ele.

A light wash of Neutral Ting in Eleva-

tion.

A tint of the same colour as the colour
wash in Elevation,

Plate V shows the couventional signs used in the Survey of India.



CHAPTER III.

CONSTRUCTION OF SCALES.
REPRESENTATIVE FRACTIONS—PLAIN SCALES—(COMPARATIVE SCALES
—D11GONAL SCALES— VERNIER SCALES—EXAMPLES,

When anything which has to be represeunted on paper 1s so large thab
it would be inconvenient to make a full-sized drawing of it, the drawing,
or map, is made to another scile, that is, each line in the plan, using this
word as a general term, 1s mule with a fixed and known proportion to
the line it represents.

Suppose, for example, that ina drawing of a house a line one inch long
represents 1n plan a wall 100 feet long, Then, if the drawing is * drawn
to scale,” every other detail of the house will he represented by lines
drawn in the same proportion. This proportion is called the scale of the
drawing, and in this casce the drawing is said to be drawn to a scale of
100 feet to an inch  Further, it is evident that the actual lengt of
each piece of the building is 1,200 times the length of the line which

represents it in the drawing; or cvery line in the drawing is ﬁl()—()th
part of the corresponding line in the object.

This fraction which represents the proportion of the drawing to the
objeet is called th> “ Representutive Fraction,” and this fraction should

be enterced in o conspicuous place on every plan.

The student must clearly understand what is meant by the represcnta-
tive fraction, to find which he must reduce the number of units represent-
¢d by 1inch in plan to inches.

This will be the donominator of the fractiou. The numecrator will
invariably be 1.

For example—

Find the representative [rastiou of a seale of 1 furlong to an inch.

The denominator is then 12 X 3 X 220 = 7,920 and the representa-

. T |
actionis —.
tive fr e

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 it represents may be ascertained. This is doue by
means of a graduated straight line called the ScaLk
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Scales may be divided into—
(1) Piain Scales.
(2) Comparative Scales.
(3) Diagonal Scales.
(4) Vernier Scales,

Before proceeding to consider the coastruction of scales 1t will be
necessary to show how a given line ean be divided into any desired
number of parts, as this construction 1s frequently roquired m the con-
struction of seales.

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

From the pinut A m the given line AB, draw a line AC making any
convenicnt angle with the ltae AB,  This angle should not be too acute,
Along AC mark off five equal divisions 1, 2, 8, 4, 5. Join 5B,
Through 1, 2, 3, 4 draw lines parallel to 5B, culting ABin Py, Py, P,
P, These points will divide the line AD into fiva equal parts.  Car,
should be taken to arrange the length of the divisious taken along AC
in such a manner that the line 513 may be nearly at night angles to AB,
If the angle at which the line 5B mects A 15 too weute, 16 will be difficult
to fix the points of intersection Py, Py, Py, Uy cxactly.

Plain Scales

In all seales it is evident that if they fulfil the funclions explained
above the unit of length of the seale must bear the proportion shown by
the reprosentative fraction to a real unit, and any length ou the scale the
same to the real length, .

We will now give a few examples embodying the chief points to be
kept in mind in the construstion ot seales,

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

Scales are usually madc about 6 mches long.  For this case 6 inches
will be found conveniont as it represents 600 feet.

Draw a line 6 inches long and divide it into s1x equal parts.

The left hand divisionis always used 65 show the smallest "nit requir-
ed; in this case 10 fect. Divide this divisioninto 10 equal parts.  These
will cach represent 10 feet, Ink in two lincs for the seale é%bhs of an
inch apart, the bottom one leing darker than the top one.  Draw perpen-
dicular lmes Ggoths of an inch high to show the primary divisions, and i%t,hs
of an inch high to show the sccondary sub-divisions, The right bhand
point of the left hand division is invariably marked 0; the secondary
sub-divisions starting from that point are marked from right to left, and

7
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the primary divisions from left to right, Print in the title of the scale
and the representative fraction, and the unit (fect) which the primary
and secondary divisions represent. Ou the right hand side of Fig. 2 are
shown convenient distances at which the various lines for oonstruction
and printing may be drawn.

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

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

610’ construct a scale to

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

Here 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, elc., so that nothing can be conveuiently measurcd on it, but proceed
thus. Here 13 yards cqual 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. So, as 78:70::6: 589, Lay down
539 inches and divid: iato 7 parts, and the left hand part into 10,

1 1
BXIX 18 48"

For the method of laying off a distan:c of 589 inches, ses Diagonal
Scales, Example 13.

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

Herc 6 inches=12 miles, but 1 mile to left and 11 miles to right
would not look well, So as12 :11::6:5'5 inches. Laydown 55 inches
and divide into 11 spaces, and divide the lcft hand space into 8 for

. Represcntative fracii 6 .
furlongs p e fraction R I = 13670

Example 5—-To draw a scale of 6 inches tc 2 mils to read to yards.
(No figures are given for Examples 6, 6, 7 and 8 )

It 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 1,760 yards. So, 1,760 :1,600: : 6 : 5:45,

Representative fraction

Lay down 5 45 inches and divide as usual. Representative fraction
6 1
1760 X9 12 = 10660 *




PLATE VI

A Pl P1 p! P‘ B
~. ig- 1.
- 41‘!‘ /,'
~d
. =
Scale—100 Feetto I Inch (i) 15 60ths Fig. 2.
100 200 300 400 500 Feet. =}3=
a f i = = =
- 4
Scale—& Feetto 1 Inch ().
N 5 [} 10 20 Feet.
S U S O RS S SR S B — . Fig. 3.
Scale—183 Yards to 1 Inch (¢s). *
Yards 10 5 0 10 20 30 40 50 60 Yards.
0 0 e S A S S S| Fig. 4
Scale—2 Miles to I Inch (yshryv)-
Furilongs 8 4 0 1 H 8 4 8 8 7 8 9 10 Miles. °
ot t 1 1 1 — e ——— Fig. 5.
Scale for Horse trotting 240 Yards a minule (yshe). Fig. 6
. ig. 6.
Seconds 60 30 0 1 3 ] 4 5. [] 8 Minutes.
o s o 1 ! | i t-  Si—" ———
Comparative Scale of Feet (13ts)-
Feet 10 5 0 10 20 80 40 ’ 80  Feel.
e s e t 1 1 e — Fig. 7.
Comparative Scale of Miles (rorrivw).
Miles 10 [ 1 [} 10 20 80 40 50 60 70 80 20 100  Miles.
[aunansuans) 1 1 T ] I ! 1 —1 i i Fig. 8.

Ms:zh, 1921.--No.2270 -5~ 100.
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Example 6.— To construct a scale of 8 inches to the mile, in paces of 30 inches.

Here 8 inches=>5,280 foet, or *%0= 2,112 paces, Then say 1,600
paces is the length chosen. As 21]2 1600 118, ete.

Example 7.—To construct a scale of 20000 showing chains of 100 feet.

Here 1 foot=20,000 fe.t, and 6 inches=10,000 fect, or 100 chains,
Then 110 chains will be the length of the scale. So,as 100:110:;
6 : cto.

I‘.xa,mple 8.—The repregentative fractions of two plans of a Russian fort are

8;0 and m construct a scale of French toises for the former, and one of Russian

archines for the other. The toise=213142 yards, the archine="7777 yards.

In the first, 1 toise or 2-13 yards represents 800 toises. Reduced to
inches, 7668 inches on plan cquals 800 toiscs, or 7-67 inches=80 toisos.
Thus 60 will be nearcst suitable length for scale, aud 80:60::767:
etc.,etc. The othor is just similar.

Example 9.— In a rapid reconnaissance, when time will not admit of distances
being measured by a chain or perambulator, they can be roughly measured by
time. If the rate of a 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 VI, Fig. 6.)

Suppose a scale of 6 inches to a mile ( loésﬁo) is required, adapted to

the pace of a horse which trots at the rate of 240 yards a minute,

Then in 9 minutes a horse will trot 2,160 yards. Make a scalc of 6
inches to a mile to show 2,160 yarls. The length of shis line will be
10,560 : 2160 X 36 ::1: 7°36.

Lay off a line 7:36 inches long and divide it