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PREFACE TO THE ROORKEE TREATISE ON CIVIL

ENGINEERING IN INDIA.

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

The Treatise grew out of the various College Manuals, dealing for the

most part with subjects which required special treatment to suit the

climate and methods used in India, and has been constantly revised and

re=written.

It is found advisable now to publish the Treatise in separato

Scetions, ~o that cach Scetion can be re-written or revised and brought

up-to-date whenever opportunity oceurs, to keep pace with modern methods

and discoveries.

The Treatise now contains the following Sections :—
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PART I

CHAPTER 1.

DRAWING PAPER—INSTRUMENTS—COPYING AND
REDUCING DRAWINGS.

Drawing papér.—The paper, of good quality but not teo highly
glazed, should present as smooth a surface as pqagible. Anything that
tends to destroy the surface, such as erasures. excessive. rubhing with
India-rubber, washing, etc., should be avoided as much gs possible. If
India-rubber is necessary, it should be used sparingly, and pressed very
lightly on the paper. (

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

For survey work, or any work requiring accuracy, the paper should
never be wetted, stretched or mounted on a drawing board, on account
of the distortion that takes place when the stretched paper is cut off.
Unequal expansion or contraction should above all things be guarded
against.

If the paper is buckled and requires flattening, the following method
should be employed :—Mount the paper as described on page 3. When
nearly dry, cut it off the board, and place the sheets flat in a drawer,
where they must be allowed to remain for three weeks at least, till they
are thoroughly seasoned.

During the time occupied in plotting an extensive syrvey, the, paper.
which regeives the work is affected by the chgnges which take place in the
hygrometrical state of the air, and the parts laid down from the same
séz_zla, at different times, will not exactly correspond, unless thig scale, has
been first laid down upon the paper itself, and all the dimengions have
been taken from the scale so laid down.

For plotting an extensive survey, and accurately filling in the
minutis, a diagonal or vernier scale may advantageously be laid down
upon the paper upon which the drawing is to be made. A vernier scale
is preferable- to a diagonal scale, because in the latter it is extremely
difficult to draw the diagonals with accuracy, and there is no check on its
errors ; while in the former the uniform manner in which the strokes of
one gonle separgte from those of the other is some evidence of the truth of
both, The censtruction of scales will be treated of further on.
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Drawing paper, properly so called, is made to certain standard sizes
as follows :—

Demy .o ess 20 inches by 15} inches,
Medium oo e 223 ,, , 17%
Royal e e 24, ,, 19}
Super-Royal . e 274 5, 19%
Imperial . e 30, 22 "
Elephant - e 28 ,, ,, 23 ”
Columbier e 35, 4 23%F
Atlas oo o 34 ., , 26 "
Double Elephant ,.. e 40, ,, 27 »
Antiquarian we 853, , 81 ”
Emperor .ee e 68, ,, 41 ”

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

Tracing paper is a preparation of tissue paper, rendered transparent
and qualified to receive ink lines and tinting without spreading. When
placed over a drawing already executed, the drawing is distinctly visible
through the paper, and may be copied or traced directly in Indian ink ;
thus an accurate copy may be made with great expedition. Tracings may
be folded and stowed away very conveniently ; but, if likely to be 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 14 to 2 quires of twenty-four
sheets.

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 cup 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 water, on the opposits 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, as its surface is viewed slantwise against
the light, it is to be laid on the drawing board with the wetted side down-
wards, and placed so that its edges may be nearly parallel with those
of the board: otherwise in using a T-square inconvenience may be
experienced.

This done, lay a straight flat ruler on the paper with its edge parallel
to, and about half an inch from, one of its cdges. The ruler must now be
held firmly while the projecting half inch of paper is turned up along its
edge ; then a brush containing strong paste must be passed once or twice
along the turned up edgo, 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 adhere to the board. In exactly the
same manner fix down an adjoining edge, after which paste the 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 degree of care
is required to prevent undulations appearing as the paper dries, and even
then success is not always certain. The mounted paper should be allowed
to dry gradually, and the process should not be hastened by putting it
before a fire or in the strong sunshine, otherwise the unpasted portion,
which dries more quickly than the pasted portion, is very apt to tear
itself away from the pasted border.

A small quantity of alum is a very good thing to mix with the paste,
for it not only enhances the adhesive properties of the paste, but the
drawing, when dry, is not so stiff as if paste only is used.

Mounting Drawing paper on Canvas or Linen.—Large sheets, destined
for rough déage and frequent reference, should be mounted on linen or
canvas, The latter should be well stretched upon a smooth flat surface.
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such as a drawing board or table, and its edges pasted down as reconi-
mended in stretching drawing paper. The flat surface on which the
canvas is stretched must cither be well varnished or well greased (all
superfluous grease being removed), for if this is not done, the subsequent
operations will cause the canvas to stick to the surface. The canvas being
stretched, strong paste is to be spread upon it with a brush (this is not
necessary if fine linen 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 strong, 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 smoothly on the canvas,whereas if
it be laid on before the paste has moistenod the paper, it will stretch after-
wards and rise in blisters when laid upon the canvas, When the paste
has soaked in, it is as well therefore to go again over the paper 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 placed 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 needlo and
then pressing it down with a handkerchief. The paper should not be
cut off until thoroughly dry, neither should the drying be hastened, but
allowed to take place in a dry room.

The pencil, cither an F or an H, should have a moderately fine point
and when being used, should be gently pressed upon the paper, and
slightly inclined in the direction in which the line is being drawn, care
being taken to keep it, throughout the operation, in the the same position
with reference to the ruler.

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

Indian Ink.—1If 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 piece of waste paper), while
the ink is being prepared, will ensure a proper consistency.

Great gare should be taken to sec that it is worked up sufficiently to
egnsure a thoroughly black lines
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Fresh itk should be prepared daily, as stale ink cannét 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 ink.

Instruments.—A case of Instruments generally contains—

(a) Compasses with movable | (¢) Drawing Pens.
parts—(1) Plain | (/) Plain Dividers.
Point ; (2) Pencil | (g9) Parallel Ruler.
Point ; (3) Ink | () Pricker.
Point ; (4) Leng- | (¢) Protractor.

thening Bar. (j) Marquois’ Scales.
+(b) Ink Bow Compass. (k) Sector.
(¢) Pencil Bow Compass. (1) Propertional Compass,

(2) A set of spring Bows— | (m) Curves.
(1) Dividers; (2)
Pen ; (3) Pencil
Cheap cases do not contain all these instruments, while some Drafts-
men use many other varieties. Other useful instruments are—

(1) Set squares. (3) A Beam Compass.
(2) T-square. (4) Pump Bow Compass.

Compasses should be held at the top between the forefinger and
thumb, with one or more fingers under the hinge to increase or diminish
the distance between 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 cqual distances on the divisions of a scale,
This necessitates a constant change of the hold by means of the finger and
thtmb, which often causes the point of the compass to be forced inte 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.

' Tae DrRAWING PEN.—In using a pen, first of all dip the blades in water
and then wipe them dry; then with a clean nib or piece of paper-take
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up some ink and insert it between the nibs, The pen is now ready for
use. Hold the pen firmly against the ruler, and, as in the case of the
pencil, slightly inclined in the direction of the line to be drawn ; be very
careful to make both nibs touch the paper, to preserve an even pressure
and the same position of the pen with regard to the paper and ruler
throughout, 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 equal 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 clean :
it should not be touched by the hands more than possible, as the hand
makes the paper greasy ; and when once the paper has acquired this
defect, clean sharp lines are impossible. In inking in over pencil lincs,
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.—These are of two kinds .—

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

(2) The Rolling Parallel ruler., This should be heavy enough to
ensure stability. It can be tested by running it in one direction and
ruling two parallel lines and then reversing the run and noting the error,
if any, between the lines drawn at the end of each run.

For iaccurate work it is best to avoid all parallel rulers and to use
Marquoie’ Scales.

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

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

The Protractor is generally a rectangular piece of ivory or boxwood
6 inches long by 1% inches to 3 inches broad. Round three of its edges
the angles are marked (the lines radiating from a point in the centre of
the fourth side) and should be numbered in two rows, the outside from 0°
to 180°, and the inside from 180° to 360°. The method of using it to set
off any required angle is easily seen by an example
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Suppose we wish to draw from the point C in the line CA another
line making an angle of 40° with CA [Fig. 1, Plate I]. Place at C the
dentre mark on the lower edge 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 transferred from the
#oale to the paper.

When the line CA is not long enough to admit of the above construc-
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 variety 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.e., on the 30 scale, thirtieths of an inch can be taken off ; on
the 40 scale, fortieths of an inch, and so on. The use of these scales is
found when we have to employ for a drawing a scale such that one of
these divisions represents a convenient unit of measurement, such as 1

foot, 1 yard, 10 feet, 10 yards, etc., ete.

The scales marked In. %, §, ete., etc., are also simple proportional
scales. The numbers %, 3, etc., refor to the length of one division, which
is divided into 12 parts. That marked In. being one inch long, that
marked g, 3th of an inch long, and so on. These scales are useful for
measurements involving feet and inches on account of the duodecimal
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 inch being obtained by
means of the diagonal lines, where the %4 inch is divided into 10 parts,
we can, of course, obtain 1-200th of an inch. The principle of this and
the method of construction will be explained further on.

The scale marked Cho. is a scale of chords, and deserves attention.
It is constructed in this manner :—Take a quadrant AOB, Fig, 3, divide
the arc into arcs of 10° and number these 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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varions-radif are the chords of the different arcs ;. cousequently, AB {s
called:a soale of chords. Bach seale will vary Fiy, 3,

with the length of the radius ; but Euclid IV,
13, proves that the side of a hexagon is equal
to the radius of the oiroumseribing circle ; or, in
other words, the radius of the cirale = thae chord
of 60°.

To use the Scale.—~With centre C [ Fig, 4,
Plate 1], and radius equal to the distance from
zero to 60° on the scale of chords [ Fig. 1 Plate
I}, desoribe an arec HK, cutting CA in H, and
with centre H, and radins equal to the distange from zero to 40° qr
other given angle, on the same scale of chards describe an aro 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 acourate, and the greater
the radius the greater the accuracy.

The military pattern protractor generally differs from the above in
having none of the above scales 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 normal scale of horizontal equivalents (for description
see Survey Manual). The protractor can also be used as a clinometer,
by boring a small hole near the edge of the protractor and suspending a
small weight by a thread.

MarqQuors’ Scarnes.—The box of Marquois’ Scales contains two
rectangular rulers and a right-angled triangle, of which the hypotenuse
or Yongest 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 immediately 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 paint is plaged in the
middle of the edge of the rule, and the primary divisions are numbered
both ways, from the centre point outwards. Each division on this scale
is three times the length of a corresponding division on the natural scale.
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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 bevelled edge.

The rectangular rulers have numbers 25, 30, 35, 40, 45, 50, 55, 60,
marked on-cach 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 arc enabled by the method
shown below to draw parallel lines from lth to ;th 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 applicd the given distance to onc of the natural scales
which is found to measure it most conveniently, place the triangle with
its sloped edge coincident with the given line, or rather at such a small
distance from it, that the pen or pencil passes directly over it when
“drawn along this edge. 2. Set the ruler closely against the hypotenuse,
making the 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 new position, and the dotted lines represent its original
position, by similar triangles Fig. 5.

ABC, A’AD. : .

AD: AA'=BC:BA=1:3 R S R
and, therefore AD contains as AT -‘, - [’

many divisions of the natural \\~\ ': !

as AA’ contains of the artifi- \‘;,‘\L
cial scale.

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 scctor ecither of wood or ivory is
generally supplicd 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
gervite in geometrical construction arc 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 lines is ag
folloyvs :—Let the lines AB, AC, represent a pair of sectoral lines, and,
BC, DE any transverse distances taken on this pair of lines ; then, from
the construction of the instrument AB = AC and AD = AE, so that

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

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

To divide a linc 311 inches long into 7
oqual parts. Take the length of the line into the compasses, and having
set one point in the division which is numbered 7, open the instrument
till the other point of the compasses meets the 7th division on the other
limb, then the distance between the two points marked 1, will obviously
be the }th part of the line as required, or equal to 44 of an inch nearly ;
but it must be observed that owing to the inevitable imperfection and

wear of all instruments, this distance must be stepped along the line to
ascertain whether it may not require a small correction.

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

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

Bince there are only 10 primary divisions, recourse must be had to the
socondary divisions to solve this problem. In order to bring the cone
struction some distance from the centre, which will insure the accuracy of
the result, multiply the numecrator and dcnominator 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
o = §8, having taken off 4:09 inches in the compasses, make that length
a transverse distance at the sccondary division 92, then the transverse
distance at 36 will give the part required.

Note.—A lateral distance is a distance measured from the centre
along any sectoral line.

A transverse distance is a distance measured from a point in one line
of a pair of sectoral lines to the corresponding point in the other line,
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Line of Chords.~This scale is similar to the one miitked Cho. on the
pratractor, and is used for the same purpose ; but the double scales- of
chords on the sector are generally more useful than the single scale on the
protractor ; for on the sector the radius with which the arc is to be de=
soribed may be of any length between the transverse distance of 60 and
60 when the legs are closed, and that of the transverse of 60 and 60
when the legs are opened as far as the instrument will admit of ; but
with the scale on the protractor, the arc described must always be of the
same radius.

To lay down #n 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,
Plate 1.]. Take the transverse distance of the given degrees 46°, and lay
this distance on the arc from the point B to C. Join AC, AB ; the angle
CAB is the one required.

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

Describe the arc BCD, making the radius equal to the transverse
distance of 60 and 60, as before. Take the transverse distance of 4 or
%, eto., of the given number of degrees, and lay this distance on the arc
twice or thrice, as from B to a, a to b and b to D. Join BA, AD ; BAD

is the angle required.

3. When the required angle contains less than 5° suppose 34° it
will be better to proceed thus :—With the given radius, and from the
centre A, describe the arc DG, and from some point D lay off the chord
of 60°, thus giving the point G such that the angle DAG = 60° From
the same point D lay off in the same direction the chord of 561° (= 60°=
3}°), thus given the point E such that the angle DAE = 56}° 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 of a circle into any number of equal
parts from 4 to 12 ; it forms, therefore, a ready means of inscribing
regular polygons in a circle. To do this, set off the radius of the given
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 squaré ; that of
5 and 5 the inscribed pentagon, that of 7 and 7 the inscribed heptaéon

and so 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 distancesbetween the points
upon the lino of polygons, answering to the number of sides of which the
polygori 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 deseribed so as to contain the given
line, if now we set off the length of this line round the circumferonce of the
circle, we shall obtain a regular polygon of the required number of sides.

ProporTIONAL ComPasses.—These, though of great service in many
problems which occur in plan drawing, are not supplied with the ordinary
Instrument boxes. A description of the method of using them is, hows
ever, considered necessary.

They consist of two equal and similarly formed parts or limbs AE and
BD (see Fig.-9), opening upon a centre Ciand 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 he made when both limbs coincide ; as it is only
in this position that the centre piece (f can be moved up and down. The
Fig. 9. chicf use of the Proportional Compasses is to reduce or
enlarge a drawing in any given proportion. To do this
the centre C is shifted up or down as required, thereby
shortening one set of legs and lengthening the other:
The distance on tho 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 cenfre C. As in the Sector,
various other geometrical constiuctions 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 adjusting the instrument for laying off dis-
[tances on a plan, the scale of which is to bear a certain
proportion to that of a given plan.

On the face of cach limb there are four sets of divi-
sions, one denominated ¢ Lines,” a sccond ¢ Circles,” a.
third ¢ Planes,” and the fourth ¢ Solids.” It is with
the first of these. viz.. the Line of Lines that we have
to da.
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When the zero of the centre on the dove-tailed sliding piece is set to
the division markéd T on the line of lines, and clamped by turning the
mill headed screw C, any opening of the compasses will give equal
distances at both extremitics. 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 et off by D, E will be half the distance
measured by A, B. Similarly if the zero be set to 3, the distance set off
will be to the distances measured as 1 to 3, and so on for tho other
divisions which extend up to 10.

Curves.—For curves which are not circular, but vartously elliptic or
otherwise, *French” curves made of thin wood, of variable curvature
are very serviceable. The two examples (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 of
these ¢ French” curves will be found to coincide with its commencement
and other portions can be used to complete the curve.

Fig. 10.

“French " Curve—One-fourth full size.

Fig. 11.

SET-SQUARES.—A. few Sot-squares of
various sizes are useful. They consist of
triangular picces of wood, celluloid or
vulcanite.  One angle is invariably a
right angle, and tho other angles may be
45, 30 and 60 degrees. Set-squares are
used in conjunction with a straight-edge

for drawing lines at right angles to'each other, or for drawing parallel
lines.

“French” Curve—One-fourth full size,

T-square.—The T-square (Fig. 12) is a blade or * straight-edge ” a, 4
usually of mahogany, fitted at one end-with a stock b, applied trapsversely
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at right angles. The stock being so formed as to fit and slide againe
one edge of the board, the blade reaches over the surface, and presents 1
edge of its own at right angles to that of the board, by which parulle
straight lines may be drawn upon the paper. To suit a 41-inch board
the blade should measure 40 inches long clear of the stock, or one inch

Fig. 12,
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Detalls of T-square,

shorter than the board, to remove risk of injury by overhanging at the
end ¢ it should be 24 inches broad by -% 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 secured from
splitting by binding it with a thin strip inserted in a saw-cut as shown.
The stook should be 14 inches long, to give sufficient bearing on the edge
of the board, 2 inches broad, and $ inch thick, in two equal thicknesses
glued together. With a blade and stock of these sizes a well-proportioned
T-square may be made, and the -stock will be heavy enough to act as a
balance to the blade, and to relieve the operation of handling the square.
The blade should be sunk flush into the upper half of the stock on the
inside, and very exactly fitted. - It should be inserted full breadth, as
shown in the figure ; notching and dove-tailing is a mistake, as it weakens
the blade and adds nothing to the security. The lower half of the stock
should be only 1 inches broad, to leave a } inch check or lap, by which
the upper half rests firmly on the board, and secures the blade lying
fiatly on the paper.

One-half of the stock ¢ (Fig. 13) is in some cases made loose, to turn
upon a brass pin to any angle with the blade @ and to be clenched by a
screwed nut and washer. The turning stock is useful for drawing atnllel
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lines obliquely to the edges of the board. In most cases, however, the
sector, and the other appendages above described, answer the purpose, and
do so more conveniently. A squarc of this sort should be rather as an
addition to the fixed square, and used only when the bevel edge is required
as it is not so handy as the other.
The edges of the blade should be very slightly rounded, as the pen will
Fig. 13. thereby work the more freely. It is a mistake to chamfer
the cdges—that is, to plane them down toa very thin
- cdge, as is sometimes done, with the object of insuring
&bg the correct position of the lines; for the edge is easily
damaged, and the pen is liable to catch or ride upon
the edge, and to leave ink upon it.

“ A small hole should be made in the blade near the
end, by which the square may be hung up out of the

= way when not in use,
Drawing squarc No varnish of any description should be applied
wnhsiﬁ: Hling to the T-square, or indecd to any of the wood instru-

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

Beam CoMpAssEs.— Beam compasses are used for setting off aceue
rately distances which are beyond the sketch of an ordinary compass.

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

Fig, 14,

J@.ﬁ‘: \
9N

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

If a scale 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 multiples.

Pump Bow Compass.—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 slecve, to which is attached a removable ink or
pencil point. Tt is by mecans of this sleeve that the pen or pencil point
revolves freely round 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, accuracy, and quickness in survey plots or other draw-
ings containing a large number of small circles. It is supplied in a

separate case.

Copying and Reducing Drawing.—Copying Plans, Maps, 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 sheet of paper over it on tracing glass, placed in such a position that a
strong light may fall on it from belind 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 peneil over it), on the sheet of
paper that is to receive the copy, the original being placed over both, and
the whole made steady by placing weights thercon : all the lines of the
copy must now be carefully passed over with a fine tracing point, and
with a pressure proportionate to the thickness of the paper: the paper
beneath will receive corresponding marks forming an cxact 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 Engineer’s office. This cloth admits of very fine detail work being
traced off, and will permit colour being applied. 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 becn entirely superseded by tracing cloth. In India, tracing
paper soon gets dry and brittle, and will not stand handling.

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

The Pantagraph consists of four rulers, AB, AC, DF, and FF
(Fig. 15), made of stout brass. The two longer rulers, AB and AC, are
connected together at A, and have a motion round it as a centre. The
two shorter rulers are connected in like manner with cach other at F,
and with the longer rulers at D and E, and being equal in length to the
portions AD and AE of the longer rulers, form with them an accurate
parallelogram, ADFE, in cvery position of the instrument. Several
ivory castors support the instrument, parallel to the paper, and allow it
to move frecly over it in all directions. The arms AB and DF are gra-
duated and marked %, 4, ete., and have cach a sliding index, which can
be fixed at any of the divisions by a milled-headed clamping screw, seen
in the engraving. The sliding indexes have each of them a tube, adapted
either to slide on a pin rising from a heavy circular weight, called the
fulerum, or to receive a sliding holder with a pencil or pen, or blunt
tracing point as may be required.

When the instrument is correctly set, the tracing point, pencil, and
fulerum will be in one straight line, as shown by the dotted line in the
figure. The motions of the tracing point and pencil are then each com-
pounded of two circular motions, one about the fulerum, and the other
about the joints at the ends of the rulers upon which they are respec<
tively placed. The radii of these motions form sides about equal angles
of two similar triangles, of which the straight line GC, passing through
the tracing point, pencil and fulerum, forms the third 'side. The dis«
tances passed over by the tracing point and pencil, in consequence of
either of these motions, have then the same ratio ; therefore, the dis~
tances passed over, in consequence of the combination of the two motions,
have also the same ratio, which is that indicated by the setting of the
instrument. '

The diagram represents the pantagraph in the act of reducing a plan to
a scale of half the original. For this purpose the sliding indexes are first
clamped at the divisions upon the marks marked } ; the tracing point is
then fixed in a socket at C, over the original drawing ; the pencil is next
placed in the tube of the sliding index upon the ruler DF, over the paper
to receive the copy jand the fulcrum is fixed to that at G upon the
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raler AB. The instrument being now ready for use, if the tracing point
at C be passed delicately and steadily over every line of the plan, a true
copy, but of one-half the scale of the original, will be marked by the pencil
on the paper beneath it. The fine thread represented as passing from
the pencil quite round the instrument to the tracing point at C, enables

Fig. 15.

the draftsman at the tracing point to raise the pencil from the paper,
whilst he passes the tracer from one part of the original to another, and
this to prevent false lines from being made on the copy. The pencil
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 be 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 sliding indexes
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 support 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 fulerum, attached to a sliding box, K,
in which slides the centre beam, C, and to any part of which it may be
clamped by means of a clamping screw,
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At the ends of the central beam are two pulley wheels, J, J, the centre
pins of which revolve in sockets at the cnds of the beam. Two steel
bands, T, I, attached to the pulley wheels, give them an exactly simulta-
neous motion, and these bands have a screw adjustment, L, by means of
which they may be tightened.

The arms A and B arc made to slide through boxes under the pulley
wheels, and may be clamped at 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.

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

The two arms and the heams are divided into 200 equal parts, which
are figured 100 each way from the centre and may be read to 1000th by
means of the verniers on the sliding boxes.

There is a loose weight which may be attached when the instrument
has been set, the object of which is to steady it when there is a great
difference in the proportions to which the instrument is being worked.

It will be obscrved that the pulley wheels give the easiest possible
motion : these wheels should be of exactly cqual diameter, and as

Fig.716.

T
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they are turned in a lathe, this equality may be obtained to the greatest
perfeotion,

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 a mark with the tracer and pencil point, and turn the instrument
round so as to bring the pencil point into the mark made by the tracer ;
by doing this you will make the tracer move exactly to the mark previ-
ously made by the pencil, if the instrument is in adjustment ; otherwiso
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 the differcnce between the denominator and numerator by 100, and

divide the result by the sum.” For example, to reduce to } of the original

1002—1) _ 100 _
3 =5 = 333.

Set this number on all three arms.

Copying or reducing a drawing by means of squares.—Let
Fig. 17 in the annexed engraving represent a plan of an estate, which it
is required to copy to a reduced scale of one-half. The copy will therefore
be half the length and half the breadth, and consequently will occupy
but one-fourth the space of the original.

Draw the lines FI, FG, at right angles to each other ; from the point
F towards I and G, set off any number of cqual parts, as Fa, ab, be, ete.,
on the line FI and Fi, ik, kl, etc., on the line F@, from the points in the
line FI, draw lines parallel to the other line FG, as aa, b, ¢c, ete., and
from the points on FG, draw lines parallel to FI, as ¢, kk, U, cte., which
being sufficiently extended towards I and @, the whole of the original
drawing will be covered with a network of ‘small but equal squares.
Next draw upon the paper intended for the copy a similar set of squares,
but having each side only one-half the length of the former, as is repre-
sented in Fig. 18. It will now be evident that if the lines AB, BC,
CD, etc., (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 FI. 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 width of the
square from the left hand corner towards the right, and cross it similarly

Fig, 11,

Fig, 18
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in the copy. Again, as it crosses the right hand bottom corner, in the
second square below de, describe it so in the copy ; find the position of
the points similarly where it crosses the lines /f and gg, above the line 1,
by comparing the distances of such crossings from the nearest 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
poin B, in the third square below gk on the top line; and a line drawn
from A in the copy, through these several poits to B, will be a correct
reduced copy of the original line. Proceed in like manner with every
other line on the plan, and its various detaily, and thus will be obtained
the plot or drawing, laid down to a small scale, yet 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, then the size will be }th ; and vice versa, if the drawing is enlarged.

The Lens.—A suitable lens fitted to 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 redaced should be pinned
on a vertical stand in strong sunlight, and when focussed to the required
scale the lines thrown on the tracing paper can be followed with a fine
pencil. The process is trying to the eyes of the operator, but is useful
when only one copy of the reduction is required.

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

duction and the Ferrotype process is given below.

Ferrotype and other Printing Processes.—The Ferro-prussiate, Positive
Cyanotype. Ferro-gallate, and other printing processes are employed for the copying of plans,
patterns, or other drawings and consist of printing the required design on sensitised paper or
cloth, by the transmission of light through the design. by the methods explained.

Prints by those processes may be said to be permanent and to be unchangeable by light
or damp.

FERRO-PRUSSIATE PROCESS. (White lines on a blue grownd.)

Metho of Sensitising the paper.—The following solutions have been found to give satis-

factory results :—

{ Ammonia citrate of iron (ferric-salt) . «o 100 grains

1.

Water .. . . . . . 1 ounce.
{ Potassium ferri-cyanide (Red Prussiate of Potash) .. <« 70 grains,
| Water .. . . . e . 1 ounce.

The solutions nos 1 and 2 will keep good for a long time, but should be stored in the
dark  Mix equal parts of the two selutions immediatelv hefore ure, and apply the mixture to
one side of any suitable paper by means of a sponge, or large flat brush. The sponge, which
will be found more useful for the purpose, should have an ‘even surface ; if it is not even, the
sponge should be cut with a knife or scissors to bring about this result, so that the surface
may bear uniformly on the paper.

Charge the eponge as full as it will hold of the mixture, and apply the solution liberally
to the paper for about two minutes, which time may be mare or less according to the season.
In the hot dry season a long application is necessary, ahout three minutes; during the rainy
season a less time is required, generally about one minute. Cover the surface of the paper
rapidly with the solution, ucing long, free, iight strokes of the sponge, working in one direc-
tion, until the surface is covered ; then go over the whole surface again, crossing the strokes
at about right angles to those firet applied, and ro on. repeating the operations until the paper
has had a liberal application of the mixture, Now take the sponge nearly full, and drag it,
without applying pressure, over the sarface of the paper, using long strokes to remove the
surplus rolution, yet leaving a thin film of it on the paper, the object heing to obtain as even a
coating as possible.

During the operation of coating, the paper should be pinned down on a drawing
board or other flat surface; when the coating is finished, the paper is hung up to"dry in ’
& dark room and shoyld not be used till it is thoroughly dry,
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When using any hard, smooth-surfaced paper, the operations of coating and drying
may be repeated several times, By this means a very deep blue ground in the finished
print can be produced,

Owing to the excessive dampness which pervades everything during the rains, special
care should be taken during tlus season in preparing and storing sensitised paper, Before
the paper is sensitised 1t should be well dried over a charcoal fire or stove to expel all
dampness, after which the sensitising solution is immediately apphed. This 18 to be
done in the manner already described, but in this case, should be carried out as quickly as
possible, to prevent too great a penectration of the sensitising solution into the pores of the
paper, After sensitising, the paper may be dried over a charcoal fire or stove, or may be
hung up to dry in a room in which a charcoal fire in burning, Immediately the paper is
dry, it should be stored for subsequent use in a 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 weather 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 change to a blue colour by
keeping. By adding a small quantity of gumn arabic or of dextrine to the mixed sensitising solution, and also
bichromate of potassium in the proportion ot 2 grmns to each ounce ot the sensitising muxture, the printing
qualities of the paper remain intact, and the paper will not change colour for some time,

The Ferro-prussiate paper of commerce 1s generally of a bluish tint.  L'hus, however, does not impatr the printing

qualities of the paper to appreciable extent, but the prints prepated on 1t will require a more prolonged washing,
than if made on freshly prepared paper.

+ Primting,—Open the pressure frame and lay the tracing, drawing downwards, on
the glass of the trame, and over 1t a sheet of the sensitised paper with the prepared side
in contact with the back of the tracing. Over the paper lay a pad of felt, or some
sheets of clean smooth paper, which should have been préviously 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 taken that the paper below does not
slide one way or the other, and close the cross-bars, If the framc has more than two
cross-bars, the centre bar should first be closed and then the side ones, Unless the
glass, tracing, and sensitised paper are in close and unitorm contact all over, it will be
impossible to obtain sharpness i the fimshed print, The frame 1s then taken outside
and exposed to the direct rays of the sunm, which should strike the glass face perpendi-
cularly, If the paper 1s fresh and dry and the sun bright, from 6 to 8 minutes during
the cold season will be found sufficient,  After the rains, when the sky 1s clear and the light
very intense, the cxposure will vary from about 3 to 6 mnutes; but at first it is
recommended to make exact observations till the right length of time to exposc has been
ascertained, This can be done by trymg different exposures on a small shp of sensitised
paper : expose one-half for about 4 minutes, the other half being covered over so that no
light acts on it, Now uncover the unexposed half for about 6 minutes, and cover over the
exposed half, After this has been done the paper is removed and washed in several changes
of clean water, when the distinctness of the lines and the strength 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,

Assuming that the correct length of time for exposure has been determined and
that the paper has been exposed, then quickly take it out of the pressure frame and
float in a dish or tray of clean water, moving 1t rapidly from side to side, and changing the
water several times till the water is no longer tinged yellow, and the drawing shows out in
clear lines, after which the drawing is hung up to dry,

Any paper will answer for this process, but the best results have been obtained on
papers “Nos, 50 and 51, specially prepared for this purpose by Messrs, Schleicher and
Schull, and vbtainable from Mewis, Treacher and Co., Bombay, Good results have also been
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obtained on ordinary lithographic paper obtainable from the Government Stationery Office,
Calcutta, The latter paper is very much cheaper than that of Schleicher and Schull, and the
results are nearly as good. With these two brands of paper the lines show out of a pure
white or bluish white, while with other papers the lines are more or less of a brownish tinge.

Ready sensitised paper is an article of commerce, and is prepared by Messrs, Marion
and Co., 22 and 23, Soho Square, London, W., and obtainable from most of the photographic
firms in this country., Marion’s paper has been found to give very good results, and will
keep without deteriorating for a considerable time if stood in cylindrical tin boxes and kept
in a dry place, as before described,

Specially prepared tracing cloth may also be obtained from Messrs, Marion & Co, Prints
prepared on it require from four to six times the exposure that a print on paper would
require ; otherwise, other conditions being equal, the procedure in preparing prints on the
cloth is the same as for paper, When the print is dry, the slight creases in the cloth
may be removed by rolling it tightly round an ordinary office ruler and keeping it so for
an hour or more,

It is desiradle that the drawings to be copied should be on a very translucent material,
such as fine white tracing paper or good finc tracing cloth, the drawings to be made with
perfectly black ink, in firm full lines, especially the finer ones, so that they may be quite
opaque. A little burnt sienna may be added to the Indian ink to give it increased
opacity, Care should bec taken to keep the back and surface of the tracing clean and free
from anything which might print through and interfere with the clearness of the drawing,

As far as possible, all lines usually drawn in colours should be drawn in black dotted:
lines of different kinds, However, if the use of colour in the original is compulsory, red
lines should be drawn in thick vermilion; yellow lines with Indian yellow ; brown with
burnt umber ; blue and green lines with a mixture of chrome yellow and dark prussian
blue in different proportions, All washes of colour to be avoided if possible, but where
necessary they may be replaced by cross-hatching of the required colour,

If desired, coloured tracings can be copied, and provided the coating of colour be not too heavy, fairly satisfactory
prints are obtained.

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

‘When the process s regularly used in workshops, etc., in England, it is a common practice to omit the inking in
of the drawing on drawing paper, and to make a tracing on very transparent tracing cloth to serve asa standard
drawing to be kept in the office. Thus tracing then serves for the reproduction of blue copies for the shop, etc,

White lines, figures and printing may be taken out of a drawing or obliterated, by

going over them with a pen charged with a solution of prussian bluc mixed to the depth of
colour required,

Additions in white of lines, figures or printing 'may be made with & clean pen dipped
in a solucion of —

Oxalate of potash w150 grains,
*Saturated solution of gum ... o 40 minims,
Water . 1 ounce,

After applying the solution, wait ill the lines, figures, or printing are quite white and
clear ; then blot off with a picce of clean “blotting paper and immerse the print rapidly in
clean water and wash it well, changing the water a few times,

In applying the solutions given on page 22 to sensitise the paper the fingers become discoloured. These staing
ocan be removed by applying a little of the above solution without the gum arabic ; rub the colution over the fingers
till the stains disappear, after which the hands should be well washed.

This solution may be conveniently kept in & wide-mouthed bottle, large enough to be able to.dip the fingers into.

The pressure frame required will be similar to those used for ordinary photographic
work, and should be large enough to take the largest tracing or drawing required, The front

© The fuuction of the gum solution 18 W give consistency to the mixture and so prevent spreading of the lines and

figuren
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will have a piece of good, thick, clear plate glass, and the back will have a board, which
should be jowted in two, three, o1 more pieces, according to its size, and have cross-bars and
springs to correspond to the number of joints. A piece of felt or thick flannel should be cut
to the size of the frame and kept with 1t, or m place of the felt several sheets of clean soft
paper may be used,

The glass of the frame should be kept clean on both sides and free from seratches, and
the felt or paper pads should be thoroughly well dried m the sun, or over a fire, before use,

Pressure frames of any required size are made up m the Canal Foundry and Workshops,
Roorkee, The cost of a frame switable for drawings up to 30" X 22" is about Rs. 16, Good
plate glass, 4 mch thuck, and of varous sizes, can be procured m the Fatehpuri Bazar, Delhi,
or at Caleutta, A pirece measuring 307 x 22”7 X 4”7 can be had for about Rs, 10, and the
charge is proportionate for the other sizes,

A pressure frame as deseribed may not always be to hand,  In such a case the following
method answers well .—

Take a drawmg board, or any Hat board with a fairly even surface, and on it place a
piece of any sort ot soft clotl, neuatly folded so as to give a thuckness of about an inch,
the cloth to be free trom lumps or wregularities, and when folded to bhe somewhat larger than
the drawing to be copred.  On the cloth place the prepaved paper with the sensitised side
upwards ; on the paper place the tracing or drawing with ats tace upwards; and over the
whole place a prece ot good plate glass o hittle larger i size than the drawing 1t 1s desired to
copy ; the object bewng to bring the prepaved paper and drawing o close contact with
each other, and to keep them i one position during exposure,  ‘The weight of the glass sup-
plies the pressure, and the cloth, bemg sott and yiclding, 15 pressed aganst the glass plate,
and into any ncqualitics that may exist, bunging the prepared paper and tracing with 1,
and thus sccuring the contact required, A small strip ol wood nught be put round the hoard
in the form ot a ledge to prevent the glass trom shiding when 1t 15 tilted to bring the plane of
its surface at right angles to the sun's rays, 1 the paper and tracing are in perfect contact,
tilting the board 13 not of mueh consequence.  Good results have been obtamned when the
board has becn 1 a nearly horwzontal position, but 1t the board be not tilted towards the
sun a longer exposure will be required,  The correet length ot time may be ascertained by
means of a small ship of prepared paper, as alicady deseribed,

Dushes or trays, three or fowr inches deep, for washing prints, may be of porcelain or of
strong sheet ze or tin, and should be a httle larger msize than the largest print, It is
recommended to coat the wside ot the tin or zine trays with black Japan varmsh, obtainable
from any general merchant, or with ordinary shellac varmsh (shellac 8 oz, methylated spirit
1 pmt), The varmsh to be removed occasionally ws required, and to be applied to the trays
with a brush, like a coating of puint,  Trays made of tin will last better 1f the varnish be
applied all over the mside and outside surface,

A flat board or ordinary diawing board will be required for sensitising the paper ; also
some drawing pins, to heep 16 1 position while being coated with the sensitising solution j
a fair-sized sponge to apply the solution, some wooden clips to hold the paper while drying ;
a graduated 4 oz, measure for solution; and a small set of scales and weights for weighing
chemicals.

Defects in Fervo-Prussiate Prind,

When the print is weal-looking, with the back ground rather a light biue but lines
clear,—We conclude that the priut is under-exposed, Try another print and give a longer
exposure ; or if the defect is not very marked, immerse the print for a few minutes in the
following weak acid solution, 10 drops of hydrochloric acid to 10 0zs, of water ; or 100 graing
citric acid to a pint of water, This intensifies the blue ground and the white lines show clearer
by coutrast,  Another method, and one which guves better results, is to immerse the print for
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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 bath only just long enough to change the blue ground to a deeper blue,
after which it should be at once removed and quickly immersed in o tray of plain water (to
stop the further action of the soda), and then well washed, the water to be renewed several
times, When the print is put in the soda bath the lines become clearer and the blue ground
rapidly intensifies up to a certain pownt, after which 1t begins to lose 1ts blue colour and
gradually changes to a hight yellowish colour,  Care therctore should be taken to remove the
print from the bath when it is judged that the¢ maximum depth of blue colour has been
reached,

Ground of print of a very decp blue colour, but fines not clear and of a bluish tinge, the

fine lines of the origunal draweng very wndwetinct and broken, or not seer. at all,—Print has

been over-exposed, If these defects are very decided, reject the print and prepare another,
giving less exposure, If not too decided the print may he reduced by prolonged washing in
several changes of water, and then 1immersing 1t 1 the carbonate of soda bath given above, till
the desired reduction has taken place, after wluch the print 15 washed in several changes of
plain water,

Prints weak and having a somewhat " sunk-in' appearance, ground of a dull blue colour,
with lines rather wndistinct and of a yellowish brown.—This 1s due to dampness owing to
insufficient care in preparing, drying or storing the paper, as already described. Sce remarks
on preparing and storing paper during the 1ains, page 23,

Print generally clear and well defined, but at wlaces the lines blurred and of a bluish
eolour—This arises from imperfcct contact between the sensitised paper and tracing, Place
the sensitised paper carefully in position and avoid erumpling it, as the tracing and prepared
paper should be perfectly smooth and even,

Streaks of white and white spots vn the Fue ground of priat.—~These are due to want
of care in coating the paper with the seusitising solution. If the solution be apphed lLiberally
a8 directed, the whole surface of the paper covered with 1t, and the excess solution removed
carefully, these markings will not show,

Marking in print corresponaing to tne form of finger tips.—These are due to handling
the sensitive surface of the paper when the hands are m a heated state. The remedy in
this case is obvious; the sensitive surface should be touched as little as possible with the
fingers,

Ground of print of a light dlue colour and iines of a hght bluwwsh tent, when it is known
that the print has not had more than the mormal exposuie to suniight—1Ihis is due to the
sensitised paper having deteriorated by keeping, or the paper may have been exposed to
white light, which would occasion a blue deposit over the whole surface. Nothing can be
done in this case; the print will show a want of force and brilhancy due to the blue
deposit on the lines, which in good, fresh and properly prepared paper would be of a pure
white,

PosITIVE CYANOTYPE PROCEBS. (Blue lines on a white ground:)

Paper specially prepared for this process is an article of commerce, and can be had from
Marion & Co., 22 and 23, Soho Square, London, W. It will be found more convenient to pur-
chase the paper ready for use than to prepare it.  Without proper appliances and practice it is
difficult to get an even coating.

If, however, it is considered desirable to prepare sensitive paper for this process, hard
and well-sized paper should be selected ; so that the sensitising solution may be kept, as far
w8 possible, on its surface. Good ordinary drawing paper 1s suitable, also Rives' or Saxe
paper generally used for photographic prints, but the papers Nos. 50 and 51 by Messrs,
Schleicher and Schull, already described, have been found to give the best results,
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The following solutions are required for sensitising the paper :—

A
Gum arabic .. . Ve .. oo 1 03,
Water " e . " o By
B
Ammonia-citrate of iron .. - . « 1oz
Watep . . e v W 2,
(¢}
Perchloride of iron . . . o 1 02
Water . . . e o 2,

Solution A can only be kept for a few days: solutions B and C will keep for several
weeks in well-stoppered bottles. When required for use, they are mixed together in the pro-
portions of 20 parts of A, 8 parts of B, and B parts of C, and in the order given, or the gum
will be coagulated. Should this occur, the mixture may again be rendered liquid by the
addition of a few drops of glacial acetic acid.

Sensitising the paper.—This operation and all the subsequent ones, except the exposure
to sunlight, must be performed in a room illuminated by yellow light passing through one or
two thicknesses of yellow paper or calico fastened over the windows, 6 weak lamp light, The
paper is pinned down to a drawing board, and the solution applied as described for sensitising
paper in the Ferro-prussiate process, only more care has to be exercised ; the coating to be as
even as possible, 80 as to avoid streaks. It is important that the paper should dry quickly, so
that the solution may not sink into its substance. As soon as the paper is dry, it will be well
to put it away carefully in an air-tight tin casc.

Exposure—~The exposure will vary with the intensity of the light. In direct sunlight
from 15 to 40 seconds will be found sufficient ; in the shade or dull light from 1 to 5 minutes ;
i{n rain from 8 to 15 minutes ; and in dull foggy weather as much as from 15 to 30 minutes or
longer may be required. By practice one soon learns to guess the proper exposure under
ordinary conditions of working. It is important, however, that in this process the exposure
should be exactly right, and therefore, unless the exact time required is known from past
experience, it is advisable to try different exposures on a thin slip of sensitive paper in the
manner already described for Ferro-prussiate prints.

Development of the print.—This opcration must be performed in yellow light. The
developing solution to consist of a saturated solution of ferro-cyanide of potassium.

A sufficient quantity of the solution should be poured into a dish or tray so as to fill it to
a depth of about an inch. Before commencing to develop, the print {3 laid face downwards
on a table, and the edges turncd up carefully with the aid of a straight-edge, so as to form a
sort of tray about § inch in depth. The copy is now floated face downwards on the develop-
ing solution ; the turned-up edges prevent any of the solution from getting on the back of the
copy, which would cause blue stains to appear. Any air bubbles must be removed by quickly
lifting each of the corners of the copy in turn by one hand and gently lowering it again, the
other hand being used at the same time to drive out the air bubbles from the centre. After
floating the copy on the developing solution for about half a minute, remove it carefully, hold
it up, and allow the action of the developer to continue, but only so long as the yellow ground
remains free of blue spots. The longer the film of prussiate can be kept on the print, the
stronger and darker will the lines come out. As soon as any sign of a blue spot begins to show,
immerse the print at once face downwards in a tray of clean water, and wash it in several
changes.

After washing, immerse it in a bath of hydrochloric acid, 1 ounce to 10 ounces of water ;
keep it in this bath from b to 10 minutes, after which remove and place it face upwards in a
tray of clean water, and well wash and rub the surface with a sponge to remove the blue
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mucilage ; then copionsly flush with clean water. The lines of the copy will now be found 4o
stand out blue on a clear white ground.

For the developing and acid solutions trays of lead in wooden frames will be required 5
the inside of the trays to be coated with Bates’ black photographic or shelac_varnigh, the
coating to be rencwed as necessary, For washing the print, trays as described for the Ferros
prussiate process will answer,

Causes of failure,

The ground appears blue.—This arises from under-exposure to the light, or from the
print having been kept too long exposed to the action of the developing bath,

&T%e ground remains white, while the lives are broken and pale—~This may be due to
over-exposure, or {0 the lines of the tracing not being sufficiently opaque to stop the passage
of light through them.

When the print is put in the acid bath, the lines turn a dark blue, which washes off
when being brushed.—This arises from insufficient development in the prussiate bath, If the
ground is also spotted blue, it is due to under-exposure.

7o obtain prints showing blue lines on a olear ground by a modification of the ordinary
Ferro-Prussiate Process,—Place the drawing or tracing to be copied with its back against the
glass of the printine frame: then place over the drawing or tracing a piece of prepared
sensitised tracing cloth, with its sensitised surface down against the face of the drawing ; close
the printing frame and give a prolonged exposure to licht, the exposure to be three or four
times longer than would be required for an ordinary Ferro-prussiate copy.

After cxposure proceed as deseribed in the Ferro-prussiate process. When dry, the
print may be treated with a weak solution of carbonate of soda, to intensify the blue
ground and clear the lines, after which it should be well washed and hung up to dry, When
dry, roll the print round an ordinary office ruler, the object being to remove all creases from
the cloth.

When the copy is smooth and even, place it in the printing frame with its back against
the glass, then place a piece of sensitised paper or cloth, with the sensitised surface down,
on the face of the prepared negative copy, and operate as already described for obtaining an
ordinary ferro-prussiate print. Asthe light is passed through a negative copy, & positive
print —one showing blue lines on a clear ground--—-will be produced.

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

FERRO-GALLATE PRINTING PROCESS,—(This process is useful in the reproduction in
black lines on a clear ground of fac-simile copies of drawings, plans and tracings).

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

Developing Trays.—Trays for developing should be made of wood, lined with sheet lead,
the lead to be protected with a coating of black Japau varnish. Trays of zinc or tin protected
with Japan varnish answer fairly well, but the acid solution when not in use should not be
kept in the trays, but should be stored in an earthenware vessel.

For washing purposes zinc or tin trays are quite suitable,
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Segsitising the papers.—This operation must be carried out in & room illuminated by yellow
light passing through one or two thicknesses of yellow paper, or cloth fastened over the windows,
or by candle, or weak lamp light, The following formule are recommended for sensitising
the paper—either No, 1 or No, 2 may be used —

No, 1°
Water . . . . «s 1B ounces.
Gelatine . X X .e . i‘ ounce,
Perchloride of iron . . . [T S
Tartaric acid .. . . . o 3,
Persulphate of zinc . o e [P T
No. 2,
Water . . . . .. 80 ounoes.
Gelatine " e ve . .. 1 ounce.
Perchloride of iron (solid) . . .+ 2 ounces,
Tartaric acid . o ' . oo 10 drams,
Ferric-sulphate e . . o 10

The paper is laid smoothly down on a drawing board, glass plate. or other flat surface,
and should be fastened down on two sides with pins or clips.

The sensitising solution is applied to the paper by means of a fine sponee, which should
be passed lightly over the paper, up and down and across, taking care to equalise the coating as
much as possible, and to avoid streaks or other markings. Before applying the sensitising
solution it is advisable to dry the paper over a charcoal fire or stove to expel all dampness, after
which the solution should be immediately applied. It is important that the sensitised paper
should dry quickly so that the solution may not sink into its substance ; it should, therefore,
be 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 season. When thoroughly dry the sensitised paper should
be stored for subsequent use in a tin eylindrical box with a take-off lid, round which should
be placed an India-rubber band to exclude air and moisture,

Ezposure—The exposurc to sunhght iy 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
exposure has been sufficient, open the pressure frame and lift up one corner of the sensitised
paper ; if the greenish-yellow tint has disappeared, except where covered by the lines, it shows
that the exposure has been sufficient, and the print should be removed from the pressure frame,

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

Gallic acid .o .. .o . 1 ounce,
Oxalic ,, . . . «« b grains,
Methylated alcohol .. . e «« 10 ounces,
Water . . . « 50

”

Care is to be observed in floating the paper. Hold two opposite corners of $he paper, and
bring the handy nearly together, a convex form is thus given to the sheet, the middle of which
should first touch the solution, the corners held by the hands to be gradually brought down
till the sheet floats oy the liquid. The formation of air bubbles is thus prevented ; should
however, any be formed, they can be removed by the aid of a glass stirring rod,

The copy should be allowed to remain on the solution till the lines show up clear and
black. Tt is then removed and washed thoroughly, and, if necessary, the surface rubbed with
a soft sponge to remove any stains or markings, after which the print is hung up to dry,
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The following can be recommended also as giving satisfactory resylts i—

Sensitising mizxture,

A {Gum arable v ve . .. 1 ounce.
* 1 Water . . ve «+ 10 ounces,

B { Tartaric acid o “ve . + 1 ounce.
* W&tel’ . .o . o 4 Olmce{i.

C. Solution of Ferric chloride, 45° Beagume o w 2,

p, | Ferrous sulphate .. . . «o B drams,
* ] Water .e .o . «« 4 ounces,

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

Toygh smooth well-sized paper should"be.usgd, The sensitising mixture is applied by
means of a brush, and the paper quickly dried by heat. Exposure is complete when the
ground of the print is nearly white, the parts protected from the light being of a light yellow
colour. Development is effected by floating the print for about one minute face down.

wards on—
Gallic acld . . . oo 1 dram,
Oxalic ,, e . . oo 3 grains,
Water . o . .. 80 ounces,

The print is then removed from the developing bath and washed well in plain water,

Ready sensitised paper. -Paper ready-sensitised (Ferro-gallic paper) is prepared by
J. R. Gotz, 19, Buckingham Streat, Strand, London, and can be purchased from Thacker
& Co.. Bombay.

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

Gallic acid ... 1 ounce,
Alum .. s or o " w 1y,
Water ... o ... 8 pints,

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

To develop prints on this paper the copy i3 immersed in the developing solution till the
drawing shows up clear and the lines black, after which it is washed and hung up to dry in
the usual way. ’

Defects.—Over-exposure is known by the lines being faint and broken, the thick lines
only to be seen while the ground.is white and clear.

When the ground of the print is dark and discoloured it denotes under-exposure,

The lines after prolonged immersion in the developing solution are of a dull brown
colour, while the ground is clear. This shows that the acid in the solution is nearly
exhausted. Add more acid, or if, owing to a number of prints having been, developed with
the solution, it is 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 to
the ferrous state by the action of light. Thus, taking ferrie chloride (Fe C1®) as an example,
this salt on exposure to light throws off one atom of chlorine and becomes ferrous chloride
(Fe C1;). If a solution of a ferric salt be applied to one side of a smooth-surface paper, the
surface of the paper when dry will present a yellowish colour inclined to orange ; if the
paper be placed in a pressure frame under a transparent drawing or tracing, and exposed to
sunlight for a fixed time, a change will be found to have taken place ; the parts of the paper
immediately under the transparent parts of the drawing or tracing will be of a light brownish
colour, nearly white, while the other parts of the paper immediately under the lines will be
found unchanged, and on the paper we shall have a copy of the drawing or tracing in
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*yelldwish orange lines on a nearly white ground ; this is the visible change. The chemical
change is that where the light has passed through the transparent parts of the drawing to the
prepared paper immediately below and in contact with it, the ferric salt on the paper has
been reduced to the ferrous 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 takes 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 hnes will he made up of a ferric salt. By
applying re-agents, which act differently on these two salts of iron, this reduction is made
apparent, and a coloured picture or drawing is produced, Thus, if ferri-cyanide of potassium
(K, Fe Cy,) be applied, all the parts acted upon by light become blue 5 that is, when fern-
cyanide of potassium is added to a ferrous salt a deep-blue precipitate is produced of ferrous
ferro-cyanide [Fe, (Fe Cy,) ,], called Turnbull’s blue, and the blue matter thus produced is
insoluble, The ferri-cyanide of potassium causes no change in the ferric salt (which
corresponds to the lines of the drawing or tracing), which being soluble cun be washed out in
water, giving a print on the paper of white lines on a blue ground, Prints thus produced are
called ferroprussiate prints,

Ferro-cyanide of potassium (K, Fe Cy,) acts on the uncxposed parts or parts not
acted on by light, that is, on the ferric salt, and produces with it a deep blue precipitate of
ferric-ferrocyanide [Fe, (Fe C(y,) ,], which 1s nsoluble. The ferro-cyanide of potassium
occasions no change in the feirous salt, which is therefore soluble and can be washed out in
water, thus giving a copy on the paper of blue lines on a white ground, I'rints produced by
this method are called positive cyanotype prints, '

Similarly, gallic acid (I, Hy O,) or tannic acid (C,, H,, O,.) used in place of the
ferro-cyanide of potassium, produces a black neaily insoluble compound (ink) with a ferric
salt (corresponding to the parts not acted on by light), and causes no change to a ferrous salt
(corresponding to the parts acted on by hght), which remains soluble and can be washed out
in water, giving a drawing of black lines on a nearly white ground,

For the production of drawings giving wlite limes on a blue ground (ferro-prussiate
prints), instead of applying a solution of ferri-cyanide of potassium after exposure to light as
described, in practice it has been found more convement to mix the ferro-cyamde of
potassium with ferric salt before exposure ; the mixture is spread on a paper and dried in a
dark room, It will be observed that the feiro-cyanide of potassium produces no change with
a ferric salt, but 1f the paper so prepared be placed in a pressure frame under a transparent
drawing or tracing and exposed to light, the ferric salt immediately under the transparent
parts of the drawing is reduced to the ferrous state by the hght, as already described, and
conjointly with this reduction the ferri-cyande of potassium acts on the ferrous salt thus
found and produces with 1t an insoluble blue matter, the unchanged ferric salt on the paper
immediately under the opaque lines of the drawing remains soluble and washes off in water,
thus giving a drawing of white lines on a blue ground,

ANILINE PRINTING PROCESS,—( Beproduction in dark lines on a clear ground
Jrom 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 have the property of sticking certain
colours when brought in contact with acidified bichromates, Sized paper is sensitised by
brushing over it an acidificd solution of the bichromates of potassium or ammonium, and is
dried quickly in the dark, or in a photographic dark room, The paper is then exposed to light
under a tracing, and when the lines and figures are visible, is exposed to the action of aniline
vapour, Those parts protected from light by the lines or figures of the tracing become deeply



32 CHAPTER 1.

coloured by the action of the amline vapour which reacts on the chromic compound not
reduced by hglt, and causes no action with the reduced chromium salts, as these acquire a
neutral reaction and will not readily assimilate bases,

Sensutising solutions.

Potassium bichromate .. e w160 grains,
1. { Phospboiic acid solution ... 2 ounces,
Distilled water 5,
Ammonium bichromate ... sos oo 160 grains,
” chloride . 160,
2. Sulphate of copper e 30,
Sulphuric acid } ounce,
Water ... 10 ounces,

Either 1 or 2 may be used.

The solutions keep iu good condition tor a long time, but 1t 1s advisable that they be
stored in the dark,

Only good well-sized paper should be used; and sensitising may be carried out by
brushing or tloating.

Sensitiseng.—The preparation of the paper may be carried out by lamp light, subdued
day-light, or yellow hght, but the paper must be dried i the dark, or n a photographic dark
room, It will be found more economical to apply the sensitising solutiou by means of a
brush, which should be farly large and flat.  The solution should be applied as quickly and
evenly as possible so that 1t may not penetrate too far, mto the body ot the papeir, The
surface of the paper only should be mupregnated, otherwise the ground would be more or less
discoloured, and the hnes and figures bemg, imbedded would not be sharp.  After sensitising
the paper should be dried as quickly as possible, and should be used on the day it 18 prepared,
or, at most, the next day, as 1t does not keep.

Printung~The printing is carried out as deseribed 1n the ferro-prussiate process ; the
paper, however, is more sensitive than terro-prussiate paper, The print should be exposed till
the lines and figure of the drawing appear of a faint yellow colour on a greenish-winte ground,
In bright sunlight the exposure 1s generally from one to two minutes,

Development.-~"1 he punt is put mto the bottom of a shallow box with a close-fitting lid,
On the lid is fastened a piece of damp Hannel, and on this piece is attache another bit of
flannel on which a little of the following developing solution is sprinkled : —

Aniline solution . . o «» | ounce.
Benzole o . . . «o 12 ounces,

Development is completed in from five to ten minutes dependent on the duration of the
exposure to light, J'he best result is obtmined by a fairly long exposure and prolonged
development,

When a good dark tone is produced, the print is washed in plain water and then immersed
for a short time in a bath of sulphuric acid § ounce, water 50 ounces.

It is again washed in a few changes of water and finully immersed for a few seconds in a
bath of—Liquor ammonia } ounce, water 40 ounces, The print is then removed, washed and
bung up to dry. The acid and ammonia baths aie not essential, but better results are obtained
by their use,

Moisture i absolutely necessury in the development of aniline prints. Care should,
therefore, be observed that the flannel attached to the lid of the box is thoroughly damp.
Should the air 1n the box be dry development will not be satisfactory.

Development may ulso be caniied out by pinuing the exposed print to the lid of the box,
aud having the damp Hannel, with the piecg ou which the uuiling » luidon is sprinkled, at the
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bottom. Also, instead of sprinkling the developing solution on the flannel, the solution 'may
be placed in a shallow dish at the bottom of the box, and when development is compieted, tha
rolution removed and stored for future use in a well-fitting stoppered bottle,

FERRIC CHLORIDE AND GELATINE PROCESS.—~(Dark lines and figures on a clear
ground from a tracing.)

This procesa is dependent on the action of a ferric salt on gelatine, in that ferric chloride
has the property of rendering gelatine insoluble,
Paper is coated with gelatine to which a pigment is added as below :~-

Gelatine .o . . .o o 800 gminﬂ.
Water . . . «s 10 ounces.

The gelatine should first be soaked in half the given water, until it is fairly soft, then the
remainder of the water added. and the mixture stirred and dissolved by means of a gentle heat.
[ndian ink or any suitable pigment is then added in sufficient quantity to bring ubout the
required colour.

The warm pigmented gelatine soluti0n should be applied to the paper by brushing, care to
be observed that the coating is thin and uniform,

The paper is then dried and should present a uniformly coloured surface.

When dry the paper is sensitised by immersion in a solution of —

Ferric chloride . . . . 2 ounees,
Tartaric acid .. . . . oo 800 grains,
Water . . . v +o 20 ounces,

After sensitising the paper is dried in the dark or in a photographic dark room. Printing
8 carried out as described in the Ferro-gallate process : the exposure to sunlight being about
from b to 15 minutes according to the intensity of the light,

The part exposed to light, that is, the ground of drawing, becomes soluble in hot water,
vhile the parts protected from light by the lines and figures of the tracing remain insoluble ;
1ence development is effected by immersicn in hot water, and a print is obtained, according to
he pigment used, showing dark or coloured lines on a clear ground.

AcIDIFIED INK PROCESs.—(Black lines on a clear ground),

Paper is uniformly and thinly coated by brushing with—

Gelatine . . . o oo 800 grains,
Water . . . . oo 10 ounces.

When dry it is sensitised by brushing on the dack a solution of—

Bichromate of potassium .. . . «« 150 grains,
Ammonia . . . o . § dram,
Water . . ) . w10 ounces,

The solution should be allowed to thoroughly imbue the paper; to effect this a second
rushing should be resorted to, after which the paper is dried in a dark room, When dry it is
xposed to light under a tracing in a pressure frame until the lines and figures of the drawing
re well defined.

The paper is then immersed in hot water and the bichromatised gelatine not rendered in-
oluble by the action of light, that is, those paits protected by the lines and figures of the
racing, dissolved out, leaving bare paper at these parts,
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The paper is then blotted and brushed over withww

Liquid Indian Ink o . . «s 1 o0unce,
Sulphuric acid o m o oo 80 minims,
Caustic potash . . . e 12,

The ink solution fixes itself only ont the bare paper, which represents the lines and figures
of the drawing, and a copy showing black lines on a clear ground is produced,

MopIrrEp CARBON PROOESS,—(Black lines on a clear ground).

Paper is coated with gelatine and sensitised with bichromate of potassium as described in
the Acidified Ink Procese, Tt is dried in a dark-room, and when dry exposed, in a pressure
frame, to light nnder a tracing until the lines and figures of the drawing are clearly visible,
The paper is then immersed in cold water and sponged, the water being changed several tifnes
to remove the chromium salt not reduced by light, The paper is now hlotted fairly dry and its
surface brushed over with—

Liquid Indian ink o o . 1 ounce,
Bichromate ot potash w10 grains,

After applying the solution the paper is drled in the dark or in a photogra phic dark room,
When dry it is placed in a pressure frame, with the back of the paper next to the glass of the
frame, and exposed to sunlight for about two minutes. The paper is then immersed in plain
water, and the ground cleared by means of a hard bruch or sponge until the drawing shows up
in black lines on a clear ground.

The rationale of the foregoing is that in the first exposure to light under a tracing the
ground of the drawing was, by the action of the light, rendered insoluble and practically non-
absorbent ; while the parts protected from light, which correspond to the lines and figures of
the drawing, remain unchanged and absorbent ; consequently the lines and figures only take up
the bichromatised Indian ink and thereby become re-censitised.

When the back of the copy is cxposed in the pressure frame light acts through and on
the lines and figures, rendering these insoluble, but practically causing no action on the ground
of the print, which is easily cleared by means of a sponge or brush, and thus a drawing show-
ing black lines on a clear ground is produced,

NOTE.—The bichromates of potagsium and ammonium are highly poisonous

Preparation of Drawings for Photo-Mechanical Reproduction. —Photo-
mechanical processes for the reproduction of line drawings are economical and rapid, in pro-
portion to the complexity of the drawing, or the amount of detail in it, or when the drawing
has to be reduced or enlarged.

An important point in favour of Photo-mechanical reproduction is that the result is a
fac-simile of the original in all but scale, The scale, or rather the size of a copy of the original,
can be altered without any additional expense, and this renders the process peculiarly well
adapted for Record or Type plans, which can be reduced to a dimension suitable for binding
in book form without sensible loss of clearncss and with a great increase in convenience.

Paper—The paper should be perfectly white or slightly bluish, but of no other tint ; it
should be of good substance and of uniform texture, and the surface smooth but not too highly
glazed, Hand-made is preferable to machinc-made paper; the ordinary white and blue
Imperial, and white Double Elephant papers, as supplied by Government, are suitable.

Ink.—The best quality of stick Indian ink should invariably be used. The ink should be
freshly made, being evenly rubbed down, using a light pressure on a smooth surface, till it is
sufficiently thick to give full dense back lines,

Good ink should be perfectly free from grit : a black, bronzy, shining appearance in the
thick when broken is generally indicative of good ink, while a dull fracture generally denotes
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an inferior quality, Unless thoroughly well-ground black ink is used for a drawing, the re.
production will not be perfect.

Inking.—The inking in of & drawing should be done, as far as practicable, entirely in pure
black lines, or dots of uniform intensity. The lines to be firmly and clearly drawn, smooth,
even, and unbroken, not too fine, and not too close together ; the finest lines must be quite
black with a good deposit of ink on them,

Lines of section, watgg-level, cte., usually shown in red or blue, should be drawn in black
dotted lines,

Washgs or shading of any colour are inadmissible; cross-hatching should be used to
distinguish different materials or paits of structurcs.

All printing, figures, etc., should be bold and open with the “ thin ” strokes not too fine,

Drawings intended for reproduction to a reduced scale should, generally, be drawn in &
much more open style than would be suitable for finished drawings on the same scale, Care
should be observed not to crowd in lines in the shaded parts, nor to use more lines, printing,
and figures than are really necessary,

T'racings —Drawings for reproduction may also be exccuted on tracing paper,

Special papers are manufactured for use 1n connection with the reproduction of drawings
by process work, These papers are wlnte or shightly bluish, and should be used in preference
to the ordinary kinds, which are generally of a yellowish colour and quite unsuitable,

Scale—The scales on draw ings intended for reduction should generally be shown in terms
of a single unit of measurement (see Zag. 19) as “ Scale of miles, yards, feet, cte.,” and not as
relative to any second unit, ag * Scale, 20 feet to 1 inch,”

Fig. 19,
10 &5 0 10 20 30 40 50 Fret,
LLLLiiL ] | | _ 1

General,—All drawings or tracings intended for reproduction by photography should,
when practicable, be kept flat or rolled but not folded : care should be observed to keep them
a8 clean as possible on both surfaces, and tree from stains, creases and wrinkles,

In preparing finished drawings, with a view to reproduction, and subsequent publication,
the greatest care should be taken to give them a high degree of neatness and finish, Photo«
graphy produces only a facsimile, and unless the original drawing be well finished in every
particular with good lines, printing, figures, etc., reproduced copy will not look well, Dua
care, therefore, should be observed in preparing drawings, so that after they are copied the
results may be fit for immediate issue, and not require alterations and working up, which
mean delay 1 curymg out work and add considerably to the expense



CHAPTER 11.

PRINTING—GENERAL RULES APPLICABLE TO ALL
ZOMETRICAL DRAWINGS—INSTRUCTIONS FOR
THE PREPARATION OF FINISHED ARCHITEC-
TURAL AND TOPOGRAPHICAL DRAWINGS—

CONVENTIONAL SIGNS.

Printing.—It cannot be too strongly insisted upon that a finished
drawint 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 pointed out that this perfec-
tion should only be expected from, and sought after by, Draftsmen and
the subordinate ranks. o

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

This Chapter, however, will be devoted to showing how any intelli-
gent 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. For Main Headings fancy letters
may occasionally be used, but it may be laid down as an axiom that the
plainer the lettering on a drawing the better.

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

The first thing to do is to decide the height of the letters it is proposed
to use for a heading. This must entirely depend on the size of the drawa
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 ¢ acst to cxecute is an
alphabet in which the breadth of the larger number of the letters is four-
fifths of the height. Divide the height sclected into five spaces (Plate 11).

Then most of the letters are four of these spaces broad.  The exceptions
are — I =1,J=3,FL=34 MTW =5. The spaces between the
letters may be 2 or 14, and between the words 5 or 6 according to taste.

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

P| L lA N|A| N| D[S IE CyT|I(0 IN
4 3514 4| 4| 4| 44144 l 5 4 14 spaces=53%
2 2 2 6 2 2 6 2 2 22 22 , =3
Total =874

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

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

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

One of the difficulties of the beginner is to know what is bad and
what is good printing ; it will, therefore, be useful to point out a few of
the mistakes to avoid, and points to be noted in the formation of certain
letters. Refer for each letter to Plute I1.

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 one-tenth smaller
and not quite so broad as the lower portion.

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

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

In the letter G- avoid all fancy forms.

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

The letter M requires to be treated with a certain amount of dik
tion ; if the strokes used are broad the letter should be five spaces ’
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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 difficult 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 the top than the bottom. If the two
curves are made the same the letter will look to_p_—h@y as may be seen
in the Plate.

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

ITALIC PRINTING (Plate 1II) is well adapted for the information
to be entercd on ordinary plates and surveys. To execute this, the beginner
should rule threc lines parallel to cach other to regulate the heights of
the small letters and capitals. The distance apart of these lines will
depend on the size of the printing desired, but lines three and four-
sixtiecths apart will be found convenient to start on. Parallel lines should
then be ruled at intervals of about half an inch to define the slope of the
printing.

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

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

GENERAL RULES APPLICABLE T0 ALL (GEOMETRICAL DRAWINGS.

1. Instruments, especially ruling pens, should be kept scrupulously
clean. Clean drawings cannot be executed without clean hands. Keep a
piece of paper under the hand when working. 'Wooden and ebonite rulers
can be cleaned by rubbing them with bread. Always rub them on a piece
of paper before commencing work.

2. Never draw a single line that is not absolutely necessary. Always
work with a sharp point to your pencil. Do not cut it at 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 ot two
dashes ; but as a rule omit all corrections of pencil wqrk with rubber till
the plan is inked in, and then at one operation rub out all the 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. 39

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 both 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 see 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 pro-
longation has been first found by other means.

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

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

9. In determining a point by the intersection of circular ares or
straight lines, the radii should meet at that point at an angle of not more
than 30°.

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

11. Avoid setting off equal lengths on a given straight line by
continual repetition of one such length, but mark off on the line a con-
venient multiple of the given length, and sub-divide it, i.e., 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 especially to be observed in the
construction of scales.

12. In laying-off a length along a line with a scale, it is always
well to check, either by reading off the distance along another part of the
same scale, or by applying the scale so that it shall read Whckwards.
This is a simple check, and a very useful one, as in plotting a survey it
may ofteniprevent considerable unnecessary labour,
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13. Every drawing should have one or more long lines put in first
across the paper, and at right angles to these, all new lines should be
laid off from these guide lines, not from short lines of some part of the
plan. The right angle guide lines should be laid with the compasses in
the ordinary geometric way, not with the protractor. If a T square and
large set square is used, this should be more accurate than any other way
if carefully managed.

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 side and that no mouldy spots exist. If any
such spots are detected, the paper should be rejected, as it is impossible to
paint over the discoloured spots.

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 discrepancy will then
exist, when the paper is removed from the board, between the measure-
ments on the drawing and the corresponding ones on the scale. Such
discrepancy is often very considerable when separate pieces of paper are
employed for the scale and drawing : drawing paper is very sensitive to
atmospherie conditions, and often shrinks considerably after removal from
the board.

The Drawing.—The drawing should now be put in with fine pencil
lines, which, when complete, may he inked in with a fine drawing pen
and the best Indian ink. No thick ink lines arc 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 intersect, and the lines should

be kept as fine as possible.

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

Flap 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 direetion. If the paper is horizontal, the wash,
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from remaining stagnant on ene spot, deposits some of the solid colouring
matter on the paper as a kind of precipitate, thus giving rise to unsightly
klotches and cut shades,

It is quite unnecessary to wet the paper hefore laying on a flat wash
if the following dircctions are dbserved :—

Sufficient colour should be mixed to last for the whole of the wash
required ; any sediment should then be allowed to settle, and the clear
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 used, and the colour kept running across the paper, working it
gradually down the slope, and no portion of the ““ working ” edge of the
colour be allowed to dry up cven for a second 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 cut shade (probably
from allowing that portion to dry), or it is required to take out lines, or
washes of colour, which are mistakes in the drawing, use a small soft
sponge dipped in water, but not too full, apply the sponge boldly but
lightly, and have a piece of blotting paper at hand ,with which to blot off
the moisture. 'Where the colour to be erased is near other colours which
the sponge might also touch, an aperture should be cut ina piece of
paper, of the exact dimensions of the extent to be washed, the paper is
then held firmly down upon the drawing, so that only required portion
of it is visible, and the sponge can then be applied without risk of soiling
the adjacent parts of the drawing. The sponge should never be used,
either for, or near to, thick ink lines ; the ink is sure to run. Ink lines
on tracing cloth 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 o 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-
fectly clean surface is obtained. The colour is then to be stippled in by
separate strokes ; not washed in ; as in this latter case, the rough surface
of the paper produced by rubbing would take the colour unevenly, 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 bold
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printing, while light shades, fine lines and unobtrusive printing - go
together.

Thick lines and shadows.—These will not be often used, but are
qseful 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 block plan of a building the dark lines will be on the
right hand and lower faces.

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

Lettering and printing.—The size and thickness of lettering and
printing should be in harmony with the size and boldness of the drawing.
All dimensions 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 required to make use of the drawing by its means
only. The scale should, however, be congidered by the draftsman as non-
existent except, for the measurement of a few exceptional points. Every
single dimension which an Engineer 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 give 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 information regarding a dimension either
to a scale, or to another portion of the plate. Dimensions should be
attached thus ;—

1‘ //// // ;4 e 3 —

the extent to which they refer being indicated by a dotted line terminated
at cach end by an arrow head. In printing, the letters are 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 nearest to him may be termed the lower cdge, that to his right hand,
the right edge : all printing must be when possible parallel to, and read-
able from, the lower edge : when this is impossible, the printing must be
parallel to, and readable from, the rightiedge.



PRINTING=—GENERAL RULES=——CONVENTIONAL SIGNS, ETC. 43

Drawings required.—The drawings usually required for the correct
representations of a building are Plans, Sections and Elevations. (For
Definitions, see Chapter V.)

The plan is most usually a horizontal scction of the building closo
above the ground floor ; the floor, staircascs, steps, ctc., alone are shown
in actual plan. By this means we obtain the positions and dimensions of
the walls and rooms of the house. The roof is gencrally 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 as we have
just explained, a horizontal section, must be furnished at cach different
level.

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

Door Window Arch.
B i BT

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

In a plan it is only nccessary to colour the section of the walls. The
floor, steps, cte., are drawn in outline only.

The number of sections will depend upon the regularity of the build-
ing ; gencrally it will be found that two-half scctions are sufficient for
most symmetrically constructed houses.

These two half-scctions are gencrally placed side by side, divided by
a single line.  The lines on which they are constructed 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,
etc., as the case may be.

Besides these sections, a partial clevation is sometimes constructed on
the same line, z.c., on the plane of section in question, the result is then
termed “ A Sectional Elevation” on AB, CD, ete. In some cases the
elevation of important parts of a building cannot 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 completed
as under ordinary circumstances, the outlines of the hidden elevation
being drawn in with dotted lines only,



44 CHAPTER 11

Detailed sections on larger scales are at times required for some' of
the details of construction, such as cornices, joints of rafters, etc., ete.
Longitudinal sections arc nccossary for giving information otherwise
unobtainable from the rest of the drawings.

Elevations gencrally ropresent the whole of one side of the building ;
cvery side which may differ from the others must have its own particular
clevation. The sides may either 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 ﬁhould first be drawn, then
the sections, and finally the clevations. Sections of the various walls
must of course be supplied before the plan can be constructed.

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

Only the most important 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
Conxentional charts. If any special signs or "abbreviations are used, a
table showing their meaning should be attached to the plan.

Tast or GENERAL CoLour CONVENTIONS IN USE.

Maps.
Hills oo v.o Brown.
Sand hills e «eo Brown.
Natural drainage ... «eo  Cobalt, if perennial, otherwise black.
Tanks or jhils ... ... Cobalt, if perennial, otherwise black.
Natural ravines and dry nalas... Black.
Rivers and streams ... Cobalt, if perennial, otherwise black.
{Brick houses ... Vermilion.

Village sites

T Mud houses ... Vermilion.
Roads, metalled ... ... Vermilion.
Roads, unmetalled «.. Vermilion.
Railways o v« Black,

Canals oo v Cobalt,
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For Prans oF WORKs.

Earthwork, natural

Do.

artificial

Earthwork, natural

Do.
Concrete

artificial

Brickwork, pucca, in mortar

prickwork, pucca, 1n mud ...

' Stone work

Rubble stone,
kunkar masonry in mortar.

Rubble stone,

kunkar masonry without

mortar.

boulder,

boulder,

or

or

Brickwork, kucha, in mud ...

Qast-iron

.

In section.

A light wash of Burnt Sienna with the
edges shaded with a darker tint of the
same.

A light wash of Burnt Sicnna with Indian
ink etching shown for the made carth.

In Plan.

Indian ink shading on slopes.

Green shading on slopes.

A light wash of Burnt Umber with fine
dots of the same colour in section. The
covered edges to be shown by thin
broken black lines in Plan. If the con-
crete used for the floor of a room is
plastered over, use the conventional
colour for the plaster used.

Lake flat wash in section. For archwork
vertical }@gb_q;;cs of Lake may be added.
Black outline plain in elevation.

A light wash of Light Red in section.
Black outline plain in clevation.

A light wash of Burnt Umber with
alternate firm and broKen haghures of
the same colour in section. A light
wash of Burnt Umber in elevation.

A light wash of Lake with broken hachures
of dark Lake in section. Black outline
with black broken hatching ip cle-
vation.

A light wash of Burnt Umber hatched
with Indian ink in_scction. Blaock
outline dotted with Indian ink in
elevation,

Indian ink light wash in section. Black
outline plaly in clevation,

Section—dark Indigo.

Elevation—=light Indigo,
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Wrought iron ...

Woodwork, Fir wood

Woodwork, hard wood

Doors and windows

Steel

Brass

Copper

Lead

Slate

file

CHAPTER 1L

Scction—dark Prussian Blue.

Elevation—light Prussian Blue.

A dark wash of Yellow Ochre with burnt
Sienna graining in scction. A light
wash of Yellow Ochre with Burnt
Sienna graining in clevation.

A wash of Burnt Sienna with Burnt
Umber graining in section. A light
wash of Burnt Umber in elevation.”

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

Purple (Crimson Lake and Cobalt) with
hachures of the same in section. A
light wash of Purple in clevation.

Chrome Yellow mixed with a little Lake
with hachures of the same in section.
A light wash of the same colour in
elevation.

Burnt Carmine mixed with a little Chrome
Yellow with hachures of the same in
section. A light wash of the same
colour in elevation.

Indigo and a litte 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. ILake and Burnt Sienna
mixed (light wash), shaded, if neces-
.sary, to represent a slope, with Neue
tral Tint in elevation,
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Corrugated iron eoo A light wash of Payne’s Grey with
hachures of the same in Section, A
light wash of Payne’s Grey in Eles
vation,

Thatch oo <.« Burnt Umber with hachures of the same

in Section. A light wash of Burnt
Umber in Elevation.
Pointing brickwork «.. A light wash of Light Red and a little
Lake mixed together in Elevation,
Lime plaster, ordinary «.. A wash of Light Red in Elevation.
Do. slate-coloured ,.. A wash of Neutral Tint in Elevation,
Lo. sand ... A wash of Payne’s Grey in Elevation.
Deo. Surkhi-coloured A wash of Light Red over a light one of
Neutral Tint in Elevation.

Cement-plaster ... «.. Alight wash of Payne’s Grey in Eles
vation. \

Whitewash ... A light wash of Neutral Tint in Eleva~
tion.

Colour-wash .. ... A tint of the same colour as the colour

wash in Elevation.

Plate V shows the conventional signs used in the Survey of India,



CHAPTER III,

CONSTRUCTION OF SCALES. ...

REPRESENTATIVE-FRACTIONS—PLAIN SCALES—COMPARATIVE SCALES
Di1AGONAL SCALES—VERNIER SCALES—EXAMPLES,

When anything which has to be represented on paper is so large that
it would be inconvenient to make a full-sized drawing of it, the drawing,
or map, is made to another scale, that is, egch line in the plan, using this
w‘ord as a general term, is made 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 in plan a wall 100 feet long. Then, if the drawing is
«drawn’ to scale,” every other detail of the house will be represented by
lines drawn in the same proportion. This proportion is called the scale of
“the drawing, and in this case the drawing is said to be drawn to a scale
of 100 feet to an inch. Further, it is evident that the actual length of
each piece of the building is 1,200 times the length.of the line which

represents it in the drawing; or every line in the drawing is ﬁth
part of the corresponding line in the object.
This fraction which represents the proportion of the drawing to the

object is called the « Representative _Fraction,’

be entered in a conspicuous place on every plan.
The student must clearly understand what is meant by the representa-

tive fraction, to find which he must reduce the number of units represent-

ed by 1 inch in plan to inches.
This will be the denominator of the fraction. The numerator will

* and this fraction should

invariably be 1.

For example—
Find the representative fraction of a scale of 1 furlong to an inch.
The denominator is then 12 x 3 x 220 = 7,920 and the representa-

tive fraction is 7"9156'

In addition to the representative fraction, some means must be given
by which any distance on the plan may be measured off, and the real
length of the object it represents may be ascertained. This is done by
means of a graduated straight line called the SoALE,
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Scales may be divided into—

(1) Plain Scales. (3) Diagonal Scales.
(2) Comparative Scales. (4) Vernier Scales.

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

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

From the point A in the given line AB, draw a line AC' making any
convenient angle with the line AB. This angle should not be toa_agute,
Along AC work off five equal divisions 1, 2, 3, 4, 5. Join 5B.
Through 1, 2, 3, 4 draw lines parallel to 5B, cutting AB in Py, P, P;
P,. These points will divide the line AB into five equal parts. Care
should be taken to arrange the length of the divisions taken along AC
in such a manner that the line 5B may be nearly at right angles to AB.
If the angle at which the line 5B meets AB is too acute, it will be difficult
to fix the points of intersection Py, Py, P3, Py exactly,

Plan Scales.

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

We will now give a few examples embodying the chief points to be
kept in mind in the construction of scales.

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

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

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

The left hand division is always used to show the smallest unit require
ed ; in this case 10 feet. Divide this division into 10 equal parts, These
will each represent 10 feet. Ink in two lines for the scale g;ths of an
inch apart, the bottom one being darker than the top one. Draw perpene
dicular lines ;ths of an inch high to show the primary divisions, and ¢;ths
of an inch high to show the secondary sub-divisions. The right hand
point of the left hand division is invariably marked 0 ; the secondary
sub-divisions starting from that point ave marked from right to left, and
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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 (feet) which the primary
and secondary divisions represent. On the right hand side of Fig. 2 are
shown convenient distances at which the various lines for construction
and printing may be drawn.

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

Here 60 inches, or 5 feet, represents once inch, and 6 inches on the
scale will represent 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.

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, ete., so that nothing can be conveniently measured on it, but proceed
thus, Here 13 yards equal 1 inch, thercfore 6 inches represent 78 yards.
The nearest next numbered scale to this will be 70 yards, i.e., 10 units
to loft, and 60 to right, of zero. So, as 78 : 70::6 : 5:39. Lay down

5'39 inches and divide intdo 7 parts, and the left hand part into 10.
Representative fraction 1—5-—;(—;——;—12= —4% .
For the method of laying off a distance of 5:39 inches, see Diagonal

Scalcs, Example 13.

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

Here 6 inches = 12 miles, but 1 mile to left and 11 miles to right
would not look well. Soas 12:11::6:5'5 inches. Lay down 5'5 inches

and divide into 11 spaces, and divide the left hand space into 8 for

1
12 X 5280 x 12 126720°

furlongs. Representative fraction

Example 5.—To draw a scale of 6 inches to a mile to read to yards,
(No figures are given for Example 5, 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,

Lay down 5-45 inches and divide as usual. Representative fraction
8 1
1760 x § X 13~ 10660°
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. Bxample 8 —To construct a scale of 8inches to the mile, in paces of 30
inches. ‘

Here 8 inches = 5,280 feet, or %%9 = 2,112 paces, Then say 1,600
paces is tho length chosen. As 2112:1600 :: 8 :  etc.
Example 7.—To construct a scale of 5535y showing chains of 100 feet.

Here 1 foot=20,000 feet, and 6 inches = 10,000 feet, or 100 chains.

Then 110 chains will be the length of the scale. So, as 100 : 110 ::
6 : etc,

Example 8.—The representative fractions of two plans of a Russian fort
are g3y and g%y, construct a scale of French toises for the former, and one
of Russian archines for the other. The toise = 2:1314R yards, the archine ==
1777 yards.

In the first, 1 toise or 2:13 yards represents 800 toises. Reduced to
inches, 76:68 inches on plan equals 800 toises, or 7:67 inches = 80 toises.
Thus 60 will be nearest suitable length for scale, and 80 : 60 :: 7-67 s
etc., etc. The other 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 horse is 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 (y434¢) 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 scale of 6
inches to a mile to show 2,160 yards. The length of this line will be
10,560 : 2160 x 36 :: 1 : 7-36.

Lay off a line 7-36 inches long and divide it into 9 equal parts. Each
part will represent the ‘distance over which the horse travels in a minute,
or 240 yards. Sub-divide the left hand division into 6, which will then
read to 10 seconds.

Comparative Scales.

When the given scale of a plan reads in a certain measure, and it be
desired to construct a scale for the plan reading in some other measure,
this new scale is called a Comparative Scale.

Thus if the scale of the plan of a French building reads in decimetres,
and it is desired to take measurements off the plan in feet, a comparative
scale must be constructed. The main point to bear in mind is that the
representative fractions of the two scales must be the same,
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Bxample 10.—The scale of an Indian plan is drawn in Haths. It is
found by measuring the scale that one inch represents 676 Haths. It is
required to draw a comparative scale of feet.

(1 Hath = 18 inches.) (Plate VI, Fig. 7.)

. . 1 1
The representative fraction is g g5 = 5, .5

Take a length of scale to show 60 feet, then
121:5 : 720 :: 1 : 592

Lay down a line 5:92 inches long and divide it into 6 parts, and the
left hand division into 10 parts. These now represent feet.

Example 11.—The scale of a map of France is in French leagues (1
French league — 4262:84 English yards.) It is found by measuring the
soale that 8-75 inches represent 25 leagues. Construct the corresponding
scale of English miles (Plate V, Fig. 8.)

B x 25 = 605 miles.

Consequently, 605 miles are represented by 3:75 inches, so the scale
may show 110 without being very long. So, 60-5 : 110 :: 3:75 : 6:81.
Divide then a line 6-81 inches long into 11 equal parts, to show
spaces of 10 miles ; sub-divide the first primary division into 10 equal
parts to show miles.
Example 12.—~A map is drawn to a scale of 2 miles to an inch (y544yy).
Construct a comparative scale of Russian versts. (No figure is given.)
1 Russian verst = 1166+6 English yards.
As the two scales must have the same representative fraction, this

Here 25 leagues =

question is at once reduced to that of making a scale of 154755 to show
versts. But it can also be found directly as follows :—

As one inch represents 2 English miles, and 2 English miles = 1760x2

ISV T
1760 % 2 __
e = 902 versts.

Russian versts, therefore one inch will represent

The scale will be best 21 versts long.

1760 % 2
11666

versts : 21 versts :: 1 inch : & inches.

L 2IXIX1I666 oo
S TR S = 696 inches.

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

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

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

Diagonal Scales,

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

Example 18.—To draw a diagonal scale of inches, to read to one hund-
redth of an inch. (Plate VIIL, Fig. 2.)

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

Then it is evident that each division we move along the bottom line
To
along one of the diagonal lines, say from zero to the first division to the
left on the top line, then every time a fresh line is crossed we have

from 0 to 10 we get —12(7, etc., further from zero, but if we move

moved 4 Isth of an inch further from zero.

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

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

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

Latitude and Longitude.—Diagonal scales are invariably used for
plotting data on Geographical maps, and since Geographical maps are
divided up into graticules of some integral part of degrees, a scale
of degrecs, minutes and seconds will be required. For example, a
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standard map of India drawn to a scale of 1 inchto a mile {s 15 minutes
in latitude and 15 minutes in longitude. Here the scales suitable for
plotting will be of 5 minutes each. To make these scales, take off one-
third of the length in latitude, and in longitude, divide it into five equal
parts, and sub-divide the left hand part into six parts of 10 seconds each.
To be able to read to one second, draw ten horizontal lines, and complete
the diagonal part. It must be remembered that the length of one degres
of latitudo and longitude varies and decreases from the equator north-
wards and southwards. Scale for each 5 minutes in length will be found
sufficient,

Vernier Scales.

Vernier scales are sometimes used instead of diagonal scales. The
principle on which they are constructed is as follows ;—

If we have any length of scale representing n units of measurements
and divide it into n equal parts, cach part will represent one unit. If
now we take a line equal to (n+ 1) of these units, and divide it also into

’ ce s . n+l . .
n parts, cach minor division will be equal to ~ - units, and the difference

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

. 1 - .
first will be n—:——l - % = — of the original unit. And, similarly, the

difference between two divisions of the one and two of the other will

be —i— of a unit—~between 3 of one and 3 of the other %:—, and so on.

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

Let the scale be drawn in the ordinary way, but sub-divided through-
out its entire length ; each sub-division shows one foot ; set off to the left,
on the upper line, a distance equal to 11 sub-divisions commencing from
the zero of the scale ; divide this into 10 equal parts as in the figure,
Since 11 sub-divisions of the plain scale have been divided into 10 equal

parts on the vernier scale, each division on the vernier will represent

% = 11 of the sub-divisions on the plain scale, and as these show feet,

each division on the vernier will show 11 foot ; consequently the several
distances from the zero of the scales to the successive divisions on the
vernier will show 1-1, 2:2, 3-3, 4+4, 55, 66, 7-7, 88, 9:9, and 11 feet.
The scale is used thus—

Let it be required to take off 26-7 feet.

Now the seventh division on the vernier will give us a reading of 7-7
.on the seale,
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Subtract 7:7 from 26°7, the remainder is 19 ; place one point of the
compass on the 19th sub-division on the upper line of the plain scale,
and the other on the 7th division of the vernier ; this distance represents
267 feet.

Vernier scales, when applicd to instruments, are constructed so that
the vernier can be made to slide on the main scale. In this case it is
more convenient if the vernier and scale read the same way, and for

this purpose it is necessary to take the n—1 units to divide n. The
n—1
n

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

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

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

When the top of the mercury falls between any two of the divisions
on the main scale, it is only necessary to slide the zero of the vernier to
fit with the top of the column, and read the number of the division that
coincides with one of the plain scale.  Here the reading is 28:97- inches.
The difference between the top of the mercury or zero of vernier, and
28°9, is that between 7 divisions on the fixed and 7 on the vernier scale,
or o If the student will just mark off the divisions of the vernier on
a separate slip of paper, and slide this about to fit any different height of
mercury, the process will be immediately clear,

Example 16.— Construct a movable vernier to read minutes to a sur-
veying instrument of which the arc is graduated to degrees and half de-
grees. (Plate VII Fig. 5.)

Here the smallest division on the graduated arc is 30 minutes.
Take a length of 29 minutes, and divide it into 30 for the vernier. In
reading read to nearcst: half degree, and add the number of minutes
shown by the vernier. In this case it is 2° 30" + 11/, or 2° 41,

ExamrLEs.

1. . Construct a scale of 13 to read to 20 feet.

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

3. Construct a scale of metres 5} (1 metre = 1:0936 yards).

4. Finding that the distance between two points on a Swedish map
is 7 inches, and the real distance on the ground 5,000 alners. Construct
a scale of feet (1 alner = *6493 yard).

5. Clonstruct a scale 22 yards to an inch, on which single yards can
bs measured.

6, Construct a scale of 6 inches to a mile, showing chains (100

feot).
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7. The distance between Roorkee and Saharanpur is 23 miles, and
measures on a map 13'57 inches. Draw the scale of the map showing
miles and furlongs, and mark off 7 miles 3 furlongs on it.

8. Construct a scale of 55444 to show versts (1 verst = 1,166'68
yards).
9. On a plan 3-21 inches represent 47 feet. Construct a scale.
10. The plan of a building is a square of 34 inches side, the length
of the diagonal represents 100 feet. Construct a scale to read to inches,
and mark off 63 feet 8 inches on it.

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

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

13. Construct a scale of 5 miles to an inch and a comparative scale
of Russian versts (1 verst = 1,166:68 yards).

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

15. A Prussian fathom contains 6 Rhenish feet, each equal to
1:0297 English feet. Construct a scale of fathoms 514, showing feet
diagonally.

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

17. Draw scales of 45 to represent English feet, French metres,
and Greek cubits. 1 metre = 3-27 feet, 1 cubit = *45 metre.

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

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

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

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

22. The distance between two points, 1 Austrian mile apart, is
represented on a map by 2:66 English inches. Construct a diagonal
scale of English miles, 1 Austrian mile =3:3312 English miles,
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23. Construct a scale of ﬁo to take off intervals of time adapted
to the trot of a pony, which goes over 180 yards per minute at a fast trot.
Show 10 minutes.

24. A horse passes over about 280 yards per minute at a gallop.
Construct a scale of 2'6'01066 adapted to time. Show 10 minutes.

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

26. The representative fraction of a scale on a Russian map is 1710—0'
Draw a comparative scale of French metres (1 metre = 39:37 inches).

27. A distance on a French map which is known to be 3 miles
measures 18 inches. Taking a pace to be 32 inches, construct a scale of
paces for the map.

28. Construct a vernier scale of ]Tl)(—) to show feet and inches, and
mark off 25 feet 7 inches on it.

29. Construct a scale of 2—;3 to show poles and yards, and by a ver-

nier to read feet.
. 1 .
30. Construct a diagonal scale of & to show metres, decimetres, and

centimetres (1 metre = 3:28 feet).

31. A scale of 4 inches to the mile is attached to a map. On this
I find the distance between two points to be 1 mile 5 furlongs. I measure
the same distance on the ground and find it to be 1 mile 3 furlongs.
Knowing the survey to be corrcct, construct a correct scale to the map
to read to miles and furlongs.

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

. 3 .
33, One degtree on a scale is represented by 1 of an inch. Cons-

ttuct a scale showing degrees and quarter degrees, with a movable vernier
to read minutes. On this scale mark off 4° 34/,

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

‘What are the representative fractions of the two scales ?

35. A map is 40 inches long and 27 inches broad j it represents an
arca of 50 square miles. Draw the scale of the map to show miles, fure

longs, and diagonally chains,
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36. A cavalry officer finds that his horse canters 16 miles an hour.
Construct a diagonal scale of 5533 adapted to time, and mark off on it
the distance he traverses in 7 minutes 42 seconds.

37. Two posts of the handrail of a staircase have their axes vertical,
and the top of the lower, and the base of the ppper are in a horizontal
line, 3 yards 1 foot 4 inches apart centre to centre. Draw a diagonal
scale F to read yards, feet, and inches. If the line joining the centres
of the tops slopes 1in 2, show it graphically on your scale, and write
down its length to the nearest inch.

38. A standard map of India in a certain latitude measures 13
inches in longitude and 17:1 inches in latitude. Construct a scale of
latitude and longitude for the map, and show 2 feet 37 inches both in
latitude and longitude. Standard maps of India are 15 minutes in
latitude and longitude.

39. Construct a scale of 3 inches to a mile, and add a vernier to
read in spaces of 60 feot. On this scale mark off a distance of 1 mile, 3
furlongs, 420 fect.

40. Illustrate by examples how you would enlarge or reduce a
drawing, (‘a) when the figure is regular, (b) when the figure is irregular.



CHAPTER IV.
PLANE GEOMETRY.

~ Plane Geometry deals with the representation of plane surfaces (having
length and breadth only) on a plane surface, such as paper.

RuLes For Drawing.

1. GIvEN lines to be THIN CONTINUOUS LINES.

2. RESULTING lines to be THICK CONTINUOUS LINES.

3. All construction lines to be FINE COMMON DOTTED LiNES.
DEFINITIONS.

1. A point is that which has position but not magnitude.

2. A line is that which has only length. Hence the extremities of a
line are points, and the intersections of one line with another are also
points.

3. A straight line is the shortest distance between its extreme
points.

4. Every line which is neither straight nor composed of straight
lines is a curve.

5. Straight lines which are in the same plane, and being produced
ever so far both ways, do not meet, are called parallel lines,

6. A plane rectilineal angle is the inclination of two straight lines
to one another, which meet together, but are not in the same straight
line.

7. When a straight line, standing on another straight line, makes
the adjacent angles equal to one another, cach of these angles is called
a right angle, and the straight line which stands on the other is called
a perpendicular to it.

8. An obtuse angle is that which is greater than a right angle ; and
an acute angle is that which is less than a right angle.

9. The complement of an angle is that which it requires to complete
a right angle.

10. The supplement of an angle is that which it requiresto complete
two right angles.

11. A plane figure is a plane terminated everywhere by line..
If the lines be straight it is called a rectilineal-fignre, or a polygon,.
and the lines themselves constitute the perimeter of the polygom
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12. When a rectilineal figure has three sides, it is called a triangle ;
when it has four, it is called a quadrilateral ; when it has five, a pentagon ;
when six, a hezagon ; and so on.

13. An equilateral triangle is that which has three equal sides ; an
isosceles triangle is that which has only two equal sides ; and a scalene
triangle is that which has all its sides unequal.

14. A right-angled triangle is that whichj%s a right angle ; the side

opposite to the right angle is called the hy}ﬁenuse. An obtuse-angled

"trigngle is that which has an obtuse angle ; and an acute-angied tri;rvlgle
is that which has three acute angles.

15. Of quadrilateral figures, a square is that which has all its sides
equal and all its angles right angles. A rectangle is that, which has all
its angles right angles, but not all its sides equal. A “$k6mbus is that
which has all its sides equal, but its angles arec not right angles. A
parallelogram is that which has its opposite sides parallel. A trapezoid
is that which has only two of its opposite sides parallel. All other
four-sided figures are called ¢rapeziums.

16. The vertex of an angle is the point where the two lines forming
the angle meet.

17. A diagonal is a straight line which joins the vertices of two
angles which are not adjacent to each other.

18. An egquilateral polygon is that which has all its sides equal ; and
an equiangular polygon is that which has all its angles equal. If a
polygon be both equilateral and equiangular, it is called a regular polygon.

19. A circle is a plane figure contained by one curved line which is
called the circumference, and is such that all straight lines drawn from a
certain point within the figure, called the CENTRE, to the circumference
are equal to one another.

20. A diameter of a circle is any straight line drawn through the
centre and terminated both ways by the circumfercnce.

21. The radius of a circle is a straight line drwn from the centre
to the circumference.

22, A semicircle is half a circle, and a quadrant is a quarter of a
circle.

23. An arc of a circle is any portion of its circumference.

24. A chord is a straight line which joins the extremities of an arc.

25, A segment of a circle is the figure contained by an arc and its

chord.
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26. A sector of a circle is the portion of a circle contained by two
radii and the arc between them.

27. A tangent is a straight line which touches a circle in a point
btt which when produced does not cut it.

LINES AND ANGLES.

Unless otherwise stated, ““ a line ” means “a straight line.”

Problem 1.—To bisect a given line AB or regular curve AEB (Plate
VIII, Fig. 1).

With centres A and B and any convenient radius describe ares in-
tersecting at C and D.  Join CD, cutting AB in Fand AEBin E. Then
the given straight line is bisected at F, and the given regular curve
at E.

Problem 2.—Through a given point P to draw a line perpendicular to a
given line AB.

Case 1. 'When the point P is at or ncar the middle of the given line
(Plate VIII, Fig. 2). Make PA cqual to PB. With centres A and B
and any convenient radius, draw ares intersecting at C.

Join CP. Then CP is perpendicular to AB, and passes through the
point P.

Case 2. When the point P is at or near the extremity of the given
line (Plate VIII, Fig. 3). Take any convenient point C. With C as
centre and CP as radius, describe a semicircle cutting ABin D.  Join DC,
and produce the line to cut the semicircle in E.  Join EP. Then EP is
the required perpendicular.

Case 3. When the point P is not in the given line but opposite or
nearly opposite the middle of the line (Plate VIII, Fig. 4). With P as
centre and any convenient radius, describe an arc cutting AB in C and
D. With centres C and D and any radius, describe arcs intcrsecting at
E. Join EP. Then EP is the required perpendicular.

Case 4. When the point P is not in the given line but opposite or
nearly opposite an extremity ( Plate VIII, Fig. 5 ).

Draw any line PC cutting AB in C. On CP as diameter describe
a semicircle cutting AB in E. Join PE. Then PE is the required per-
pendicular,

Case 5. 'When the point P is beyond the extremity of the given line
(Plate VIII, Fig. 6).

With centres A and B and radii AP and BP, describe arcs intersect-

ing at P and C. Join PC. Then PC is the required perpendicular.
Problem 3.—To draw a line parallel to a given line AB. (Plate VIII,
Fig. 7).
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At any two points C and D in AB erect perpendiculars, and on thege
mark off equal distances CE and DF.  Join EF. Then EF is the required
line parallel to AB. ‘ '

Problem 4.—Through a given poiat P {0 draw a line parallel to a given

line AB (Plate VIII, Fig.8)
With P as centre and any radius draw the arc DC cutting AB in 0.

With C as centre and CP as radius, draw the arc PE cutting AB in E.
Make CD equal to EP. Join DP. Then DP is the required line paralle]
to AB.

Problem 5.—To bisect a given angle ABC. (Plate VIII, Fig 9.).
With centre B and any convenient radius, describe the arc DE cutting

BA in D and BC in E.  With centres D and E and any radius, draw arcs
intergecting at F. Join BF. Then the line BF bisects the angle ABC.
Problem 6.— To determine the direction of the line which wonld biseet
the angle contained by two given lines AB and CD, intersecting beyond the
limits of the paper. (Plate VIII, Fig. 10).
From any point B in AB draw a line EF parallelto CD. With E as

centre and any convenient radius EF, describe the arc FG cutting AB
in G. Join GF, and produce it to cut CD in H. Draw MN bisecting
GH at right angles ; this is the required line.

Problem 7.- -Throuch a given point P to draw a line which would, if
produced, pass through the angular point in which two given lines AB and

CD would meet if produced (Plate VIII, Fig. 11.)
Draw any line EF cutting AB in E and CD in F. Join EP and FP.

Draw GH parallel to EF and GK and HK parallel to EP and FP. Join
PK. Then PK is the required line. ‘
Problem 8.—To trisect a right angle ABC (Plate VIII, Fig. 12.)

Draw any convenient arc AC.  'With A and C as centres and BA as
radius, mark off points F and E on the arc AC. Join BE and BF.
Then the lines BE and BF trisect the right angle ABC.

Problem 9. - To trisect any given angle ABC. (Plate V111, Fig 13.).

Approximate method.

Draw any convenient arc DE. Biseet the angle ABC in BF.
Join DE. On DE describe the semicircle DFE, and with centres D and
E and radius equal to half DE, mark off points G and H on the semicircle
DFE. Make KL = DF. Join LG and LH, cutting the arc DE in M
and N, Join BM and BN. Then the lincs BM and BN trisect the angle
ABC.

Problem 10.—To find a point P and a given line AB equidistant from two
given points C and D. (Plate VIII, Fig. 14.)

Join CD and bisect it at right angles by the line EP, cutting AB in

P. Then P is the required point.
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Problem 11.—From two given points C and D to draw two straight lines
to make equal angles with a given line AB (Plate VIII, Fig. 15).

Draw CEYF perpendicular to AB, and make EF equal to EC. Join
FD cutting AB in P. Join CP. Then CP and DP are the two
required lines.

Problem 12.—Through a point P to draw a line making equal angles
with two converging lines AB and CD. (Plate VIII, Fig. 16.)

Through any point A jn AB draw the line EF parallel to CD.
Bisect the angle BAE by the line GA. Through P draw PH parallel to
GA. Then PH is the required line. -

Problem 13.—Through a point P between two converging lines AB and
CD to draw a line terminating in AB and CD and bisected in P. (Plate
VIII, Fig. 17.)

Draw PF perpendicular to ('D.  Produce FP and make PE equal to
PF. Draw EL parallel to CD cutting ABin L. From L draw LH,
passing through P, Then LH is the required line and is bisected in P.

ExERrcisEs—LINES AND ANGLES.

Compasses and rulers arc only to be used unless the use of set squares
is specified.

1. From onc extremity of a line 3 inches long draw a perpendicular
2 inches long without producing the line.

2. Divide a line 3 inches long into seven equal parts.

3. A line 5 inches long is divided into six equal parts, draw parallel
lines half an inch apart through the divisions of the given line,

4. Bisect a given line 3 inches long by use of sct squares with
angles of 45° and 60°.

5. Biscéet a given angle by the use of set squares.

6. Divide a given angle into cight equal angles,

7. Draw an angle equal to the sum of two given angles.

8. Construct angles of 60° 45° 105° 150° with the aid of com-
passes and ruler only.

9. Construct angles of 75° 120° 135° and 15° with the aid of set
squares (of 45° and 60°) only.

10. Divide a line 3 inches long into five equal parts with the use of
compasses and ruler only.

TRIANGLES,

Problem 14.—To draw an isosceles triangle, given the base AB and
the length of a side C. (Plate VIII, Fig. 18.)

With centres A and B and radius equal to (!, describe arcs intersceting
at D. Join AD and BD. Then ABD is the required triangle,

(It the base AB equals C, the triangle will be an equilateral
triangle.)
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Problem 15,—To draw an isosceles triangle, given the length of a side
C, and the angle at the base a. (Plate VIII, Fig. 19.)

Make the angle BAD equal to a. Make AD equal to C, and with
centre D and radius equal to C mark the point B on AB. Then ABD is
the required triangle.

Problem 16.—To draw an isosceles triangle, given the base AB and the
vertical angle bac. (Plate VIII, Fig. 20.)

Make ab equal to ar and Join be.  On AB make AE cqual to be, and
the triangle EAF equal to the triangle cba. Draw BC parallel to EF
and produce AF until it meets BC in C. Then BAC is the required
triangle.

Problem 17.—To draw an isosceles triangle, given the altitude AB and
the vertical angle a. (Plate VIII, Fig. 21.)

Biseet the angle a. At A lay off on each side of BA angles BAE
and BAF equal to half a. Through B draw GBH perpendicular to BA.
Then GAH is the required triangle.

Problem 18.—To draw an isosceles triangle, given the altitude AB and
a base angle a. (Plate VIII, Fig. 22.)

Through B draw CD perpendicular to BA. Make the angle DBE
equal to a.  Draw AC parallel to BE. Make BD equal to BC. Join
DA. Then DCA is the required triangle.

Problem 19.—To draw any triangle, given the base AB, the vertical
angle /3 and a base angle a. (Plate VIII, Fig. 23.)

At A make the angle BAD equal to a. In B make the angle abe
equal to a. At B make the angle ABD equal to bea. Then ABD is the
required triangle.

Problem 20.—To draw any triangle, given the altitude AB and.the two
base angles o and 8. (Plate VIII, Fig. 24.)

Through A and B draw lines EF and (‘D perpendicular to AB.
Make the angle EAC cqual to # and the angle FAD equal to a. Then
ACD 1is the required triangle.

Problem 21.—To draw any triangle, given the base AB, the altitude 0,
and the vertical angle a. (Plate VIII, Fig. 25.)

Bisect AB at right angles by the line FE. Make FE equal to C.
Make the angle FAO equal to a.  Draw AD perpendicular to AO cutting
FE in D. With centre D and radius DA deseribe the segment of a circle
AGB. Through E draw GH parallel to AB, cutting the circumference
of the circle in G, Join GA and GB. Then GAB is the required
triangle.

Problem 22.—To draw any triangle of perimeter equal to & given length
DE and similar to a given triangle ABC. (Plate VIII, Fig. R6.)
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On DE draw the triangle DFE similar to ABC. Biscet the angles
FDE and FED by lines meeting in G.  Draw GH parallel to FD and
GK parallel to FE. Then GHK is the required triangle.

Problem 23.— To draw a right-angled triangle, given the hypotenuse
AB and the length of one side C. (Plate VIII, Fig. 27).

On AB describe a semicircle.  With centre B and radius equal to C,
cut off a point D on the circumference.  Join AD and BD. Then ADB
is the required triangle.

(If the base angle ix given instead of the length of the side, make
angle ABD equal to the base angle.)

Problem 24.—To draw a right-angled triangle, given the length of the
hypotenuse AB and the perpendicular C let fall on to it from the opposite
angle. (Plate VIII, Fig. 28.) ’

On AB describe a semicircle.  Draw DE parallel to AB, and at a
distance from AB equal to (| cutting the semicircle in D and E. Join
AD and BD. Then ADB is the required triangle.

ExEerciseEs—TRIANGLES.

1. Draw a triangle, the sides of which are 3-5, 1:75, and 25 inches
respectively.

2. On a base of 1} inches construct an isosccles triangle with a
vertical angle of 45°.

Biscct the base AB by a perpendicular CD.  With C as centre and CA as radius cut DC
in E, With E as centre, and radius EA describe the arc AFB cutting CD in F. Join AF,
BF,

3. On a base of 2 inches, construct an isosceles triangle with a
vertical angle of 30°.

4. Construct a triangle, given the length of the altitude, one side
and the base.

5. COonstruct a triangle, given the length of the altitude and the
two sides.

6. Clonstruct a triangle on a hase of 2 inches having angles in the
proportion of 2, 3, 7.

Produce the base AB, With centre A and any radius, describe a semicircle, and divide it
into 14 parts. Join B3, Make the opposite angle BAC equal to 2A0,

7. Construct a triangle with a perimeter of 4 inches, the sides to be
in the proportion of 2, 3, 4.

~

Divide 4 inches into 9 parts, with centres 2 and & and radii 2, 0; 5, 9, describe arcs
intersecting in B ; then 2 5 B is the required triangle,

8. Construct a right-angled triangle with a hypotenuse of 2 inches
and an acute angle of 15°
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Construct a right-angled triangle having angles in the proportion
of 2, 4, 6.

10. Construct a right-angled triangle with a hypotenusc of 2 inches
and a side of # inch.

QUADRILATERAL FiGURrEs:

Problem 25.—To draw a square, given a diagonal AB. (Plate VIII,
Fig. 29

On AB as diateter deseribe a circle.  Bisect AB at right angles by
the line DE, cutting the circumference of the circle in D and E. Join
AD, DB, BE, and EA. Then ADBE is the required square.

Problem 26.—To draw a square, given the difference in length C between
the diagonal and side. (Plate VIII, Fig. 30.)

Draw any line AB and ercct a perpendicular AD.  Biscet the angle
BAD by the line AF. Make AE equal to . Draw EG perpendicular
to AB and cutting AF in G.  With centre G and radius GE describe an
arc cutting AF in F.  On AT describe the required square AFBH.

Problem 27.—To draw a rectangle, given the diameter AB and one side
C. (Plate VIII, Fig. 81.)

On AB as diameter describe a circle.  'With A and B as centres and

¥ as radius draw ares cutting the circumference in D and E. Join the
points ADBE. Then ADBE is the required rectangle.

Problem 28.—To draw a rhombus, given the diagonal AB and length of
gides C. (Plate VIII, Fig. 82.)

With centres A and B and radius equal to C draw arcs intersecting
at D and E. Join the points ADBE. Then ADBE is the required
rhombus.

Problem 29.—To draw a parallelogram, given the length of two!
diagonals C and D and the included angle «. (Plate VIII, Fig. 33.)

Draw any line AB cqual to (. Bisect AB in E. Make the angle
AEF cqual to a. Make EF and EG each cqual to half D. Join the
points AFBG. Then AFBG is the required parallelogram.

Problem 80.—To draw a square equal to a given rectangle ABCD.
(Plate VIII, Fig. 84.)

Produce DA to E. Make AE cqual to AB. On DE as diameter
describe a semicircle. Produce AB to cut the circumference in F. On
AT describe the required square.

PoLycoxs,

Problem 31.—~To describe a regular polygon (say a pentagon) of any
number of sides on & given line AB. First method. Plate VIII, Fig. 85.)
With B as centre and radius BA describe a semicircle cutting AB

produced in E. Divide the semicircle into as many parts as there are
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sides in the polygon ; in this case five. From B draw lines through each
division commencing from the sEcoXD from the right,

Make BL equal to BA and complete the pentagon ABLMN.

Second method (¥Fig. 36).—At A ecrect AC perpendicular and
equal to AB. Join BC. Biscct AB at right angles by the line DE, cut-
ting BC in 4. With centre A and radius AB describe tho are BC cutting
DE in 6. Bisect 4,6 at 5. Lay off the distance 4, 5 from 6 along
the line DE marking the points 7, 8, 9, etc.

Then 4 is the centre of the cirale described about a square of side AB,
and 5 the gentre of the circle described about a pentagon of side AB, and
50 on,

Third method.—The most accurate method is to use the Line of
Polygons on the sector (see Chapter I, page 12). The sector is opened so
that the distance between the two corresponding numbers representing
the number of sides of the polygon, on the two lines of polygons, is equal
to the given length AB. The transverse distance at 6 for this same
opening will give the radius of the circle to be described about the
required polygon. Fig, 37 a pentagon and a heptagon are drawn by
this method,

Problem 32.—To describe a pentagon on a line AB, Special method.
(Plate VIII, Fig. 38.) .

Bisect AB by the line CD drawn perpendicular to it. Make CE
equal to AB. Join BE and produce the line. Make EF equal to AC,
Cut off on CD a point D so that BD is equal to BF.  With centres A, B,
and D and radius AB draw arcs intersecting at G and H.  Then ABHDG
is the required pentagon.

Problem 33.—To inscribe a regular polygon in a given circle BGF (say
a pentagon). Plate VIII, Fig. 39.)

Draw a diameter AB and divide it into as many parts as there are to
be sides to the polygon required, in this case 5.

From A and B as centreg, with AB as radius, describe arcs intersect-
ing at C. Through C and the sEcoxp division draw the line (2D,
cutting the circle in D.  Join BD. Then BD is the side of the inscribed
polygon, which can be completed.

Problem 34.—To inscribe an equilateral triangle in a given pentagon
ABCHED. (Plate VIII, Fig. 40.)

Through E draw GF parallel to AB.  With E as centre and with any
radius, describe a semicircle FHG. From G and I as centres and with
the same radius, describe ares cutting the semicircle FGH in H and L.
From E draw the lines ELK and EHN meeting the sides of the pentagon
in K and N. Join the points ENK. Then ENK is the required inscribed
equilateral triangle.
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ExXERCISES—QUADRILATERAL FIGURES AND PoLYGONS,

1. Construct an equilateral triangle 2:5 inches high,

2. Construct a rhombus, the length of one side being 1 inch and one
angle being 30°.

3. Construct a rhombus, one side of which is equal to 1} inches and
the diagonal equal to 2 inches.

4. Construct a trapezium, diagonal 2 inches, sides 1 inch and 1}
inches.

5. Construct a heptagon with a side of 2 inches.

6. Construct an octagon with side of 1 inch.

7. Two sides of a pentagon AB and BC are given in position, com-
plete the pentagon.

8. Construct an irregular octagon, the adjacent sides being $, 4, 1
and 14 inches, the opposite sides are equal and parallel.

CIRCLES.
(For sake of brevity a given circle is usually referred to by the letter indicating its centre.)

Problem 35.—To find the centre of a given circle BAC. (Plate IX,
Fig. 1.)

Draw any two chords BA and AC. Bisect each chord by lines
intersecting at D which is the required centre.

(The same cpnstruction would be used to draw a circle through three
given points B, A and C or to complete a circle of which the arc BC is
given.)

Problem 36.—To draw a tangent to & circle from a point P. (I, in the
circumference. (Plate IX, Fig. 2.)

Find the centre A. Join AP. Draw BP perpendicular to AP,

Then BP is the required tangent.

(II) Outside the circle. (Plate IX, Fig. 3.)

Join the centre A with P.  Biseet AP in B. With centre B and
radius BP deseribe ares cutting the circle in C and D. Then PC and

PD are the required tangents.
Problem 37.—To draw a tangent to an arc through a point P in the
circumference when the centre is inaccessible. (Plate IX, Fig. 4.)

Draw any chord PA. Bisect it at right angles by the line CD,
meeting the arc in D, Join PD.  Make angle DPF equal to angle DPA,
Then PI is the required tangent.

Problem 38.—To draw a tangent to an are through a point P outside
the arc when the centre is inaccessible (Plate IX, Fig. 5.)

From P draw any line PAB cutting the arc in A and B and on PB
describe a semicirele.  Draw AC perpendicular to PB, meeting the semi«
circle in C.  On the arc cut off PD equal to PC. Join PD. Then PD
is the required tangent. ,
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Problem 39.—To dvaw an exterior tangent to two circles A and B,
Oase 1. When the ciroles are apart. (Plate IX, Fig. 6.)

Join the two centres A and B and bisect AB in C. With centre A,
the centre of the larger circle, and radius equal to the differonce between
the radii of the two given circles, deseribe a circle. With centre C and
radius CA mark off a point D on this circle. Join AD and produce the
line to cut the circle A in E. Draw BF parallel to AE. Join EF.
Then EF is the required tangent.

Oase 2 —-When the circles touch, (Plate IX, Fig. 7.)

Join the centres AB by a line cutting the circles in the point C. On
AB describe a semicircle. At ( erect CE perpendicular to AB cutting
the semicircle in E. With centre E and radius EC draw arcs cutting
the two circles in F and G. Join FG. Then FG is the required tangent.

Case 3.—When the circles intersect. (Plate IX, Fig. 8.)

Join the centres A and B. Draw any two parallel radii cutting the
circumferences in C and D. Join DC and produce it to cut the line BA
produced in E.  Describe a semicircle on BE cutting the bigger circle in
F. Join FE. Then FE is the required tangent.

Problem 40.—To draw an interior tangent to two circles A and B.
(Plate IX, Fig. 9.)

Join the centres A and B. With centre B-and radius equal to the
sum of the radii of the two circles, describe a circle, From A draw AC
a tangent to this circle. Join CB cutting the circumference in E.  Draw
ED the required tangent parallel to AC.

C1rcLE TOUCHING LINES AND CIRCLES.

Problem 41.—To describe a circle to touch a given line AB in a point P,
and to pass through any given point @ (Plate IX, Fig. 10.)

Draw PC perpendicular to AB.  Join PQ.  Bisect PQ at right angles
by the line DC cutting PC in C. Then Cis the centre of the required
circle.

Problem 42. —To descrike a circle of any given radius R to touch a line
AB, and pass through a given point P. (Plate IX, Fi.g 11.)

At a distance equal to R draw CD parallel to AB. With centre P
and radius R cut off a point E on CD. Then E is the centre of the
required circle.

Problem 43.—To describe a circle to pass through two given points P and
Q and to touch a given line AB. (Plate IX, Fig. 12.)

Join PQ and produce the line to cut AB in C. Bisect PQ at right
angles by the line DE.  With D as centre and DC as radius, describe a
semicircle. Draw PF perpendicular to PQ cutting the semicircle in F.
Make CG equal to PF. Draw GE perpendicular to AB cutting DE in
E, Then E is the centre of the required circle,
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Problem 44, - To describe a sircle to touch three given lines AR, OD,
and BF. (Plate IX, Fig. 18.)

Produce the given lines to meet in the points G and H. Bisect the
angles BGH and GHF by lines meeting in K. Then K is the centre of
the required circle. Irom K draw KL perpendicular to EF. Then KL
is the radius of the required circle.

Problem 45.—To describe a circle of given radius R to touch two eon-
verging lines AB and CD which do not meet on the paper.  Plate IX, Fig. 14.)

At distance R draw two lines parallel to AB and CD intersecting at
E. Then E is the centre of a required circle.

Problem 48—To deseribe a circle to touch two converging lines AB and
0D, and touching one in a given point P. (Plate IX, Fig. 15.)

Produce AB and ("D to meet in E. Bisect the angle AEC in EF.
Through P draw PF perpendicular to EC meeting EF in F.  Then F is
the centre of the required circle.

Problem 47.—To describe a cirele to touch two converging lines AB and
0D, and passing through a given point P. (Plate IX, Fig. 16.)

Procoed as in Problem 46 and draw any circle BGD touching the two
given lines.  Join EP cutting this circle in G.  Join the centre H to G.
Draw PK parallel to GH cutting the bisecting line EF in K. Then K
is the centre of the required circle.

Problem 48 —To describe a succession of circles touching two converging
lines AB and CD, and each other, (Plate IX, Fig. 17.)

By problem 6 draw a line GH bisecting the angle between AB and
(CD. At any point E draw EF perpendicular to AB, and with centre E
and radius EF deseribe the first circle cutting GH in J. At J draw JK
tangent to the circle.  With centre K and radius KJ deseribe an arc JL
cutting AB in L. Draw LM perpendicular to AB. Then M is the
contre of the second circle.  Proceed in the same way for the rest.

Problem 49.—To describe a circle of given radius R to touch a line AB
and & given circle C. (Plate IX, Fig. 18.)

At a distance equal to R draw a line DE parallel to AB. With
centro (! and radius equal to the radius of the given circle plus the
distance R draw an arc cutting DE in F. Then F is the centre of the
required circle. '

Problem 50.—To describe two circles of given radins A and B to touch
each other and a giveu circle internally. (Plate IX, Fig. 19.)

Draw CD any diameter of the given circle through the centre F.
Draw a circle of radius equal to A to touch this circle in C having its
centre at K and cutting the diameter in B. Make EG and DH equal
to B. With centre K and radius KG, and centre F and radius FH, draw
arcs intersecting in L. Then L is the centre of the third circle,
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Problem 51. - To describe a circle to touch a given line AB and a given
circle C in a point P. (Plate IX, Fig. 20, externally ; Fig. 21 internally.)

Join the centre of the given circle (! with P and produce the line CP
or PC. At P draw a tangent to the circle cutting AB in D.  Biscet the
angle BDP by a line cutting CP or PC produced in E. Then E is: the
centre of the required circle.

Problem 52.—To describe a circle to touch a given circle C and a given
line AB in a point P.

Touching the given circle externally. (Plate IX, Fig. 22.;

Case 1. Through P and € draw PG and DC perpendicular to AB.
Produce DC to cut the circumference in E. Join EP cutting the circle
in F. Join CF and produce it to meet the perpendicular from P in G.
Then G is the centre of the required circle.

Touching the given circle internally. (Plate IX, Fig. 23).

Case 2. Through P and C draw PG and CD perpendicular to AB.
Join P with E the point where the perpendicular CD ecuts the circle.
Produce PE to cut the circle in F.  Join FC and produce it to cut the
perpendicular from P in G. Then G is the centre of the required circle.

Problem 53.—To describe a circle to touch two given circles A and B,
and one of them (A) in a given point P. (Plate IX, Fig. 24, to include both
circles ; Fig. 25 to include one circle only.)

Join PA and produce the line. Make PC equal to the radius of the
second circle B. Join (B and biscet it at right angles by a line ED
cutting PC or CP produced in D.  Then D is the centre of the required
circle.

Problem 54.—To describe a circle with a given radius R to touch twe
given circles A and B, (Plate IX, Fig. 26, externally ; Fig. 27 internally.)

Join AB and produce it if necessary,  Make CEF and DE equal to
R. With centres A and B and radii AF and BE describe ares intersect-
ing at G, which is the centre of the required circle.

Problem b55.-— To describe three circles touching each other when the
three positions of their centres A, B, and C are given (Plate IX, Fig. 28.)

Join the three points and bisect the angles BCA and CAB by lines
intersecting in D.  Draw DE perpendicular to AC.

With centres A and C and radii AE and CE, deseribe cireles ;
complete the figure.

Problem 56.—To describe three circles touching each other when the
lengths of their radii A, B, and C are given. (Plate IX, Fig. 29.)

Draw any line EF, and on thix as diameter draw two circles touching
oach other with radii oqual to A and B and centres at G and H.

With G as centre and radius equal to A plus C and with H as centre
and radius equal to B plus C, draw ares intersecting at K. Then K is
the centre of the required circle,
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ExercisEs—CIRCLES, ETC.

1. A and Bare 1 inch distant from C and 2 inches distant from
each other. Draw a circle to pass through the three points.

2. Draw two tangents to a circle which shall make an angle of 30°
with cach other.

3. A circle (! has a radius of 1} inches.  Find a line equal in length
to half its circumference.

4. Two straight lines intersect at an angle of 35°.  Draw a circle
of 2:25 inches radius touching both lines,

5. Given a circle of 2 inches radius. Draw a chord so that the
angle subtended at the circumference of the circle is equal to 25

6. AB 2 inches in length is a chord. (‘onstruct an arc of a circle
which shall subtend an angle of 30°.

7. From a point P 24 inches from the centre of a cn’cl(' of 1 inch
radius, draw a line cutting the circle in two points A and B, so that AB
shall be equal to % inch.

8. Centres of three circles of § 'inch diameter are 14, 2, and 1§
inches apart. Describe a cirele to enclose the three circles tangentially.

9. Trisect a right angle and describe three circles of 4 inch radius
to touch each pair of adjacent lines.

10. AC and BD, the extremities of two straight lines, each 3 inches
long, are § inch and 2 inches apart respectively. Draw a circle of 1 inch
radius which shall touch both lines.

INscrIBED FIGURES.
Problem 57.-In a given triangle ABC to inscribe a square. (Plate IX,

Fig. 30.)

From vertex B draw BD perpendicular to the opposite side AC.
Draw BE parallel to AC and cqual to BD.  Join EA cutting BC in F.
Draw FG parallel to AC and complete the required square FGHJ.

Problem 58.—In a given triangle ABC to inscribe a rectangle, one side of
given length L. (Plate IX, Fig. 31.)

Make AD equal to the length L. Draw DE parallel to AB. Draw
EF parallel to AC, and complete the required rectangle EHGF.

Problem 59.—In a given triangle ABC to inscribe a circle. (Plate IX,
Fig. 32.)

Biscct any two angles of the given triangle by lines meeting at D.
Draw DF perpendicular to AC. With D as centre and DF as radius
describe the required circle.

NOTE.—Any polygon can be inscribed in a triangle by first inseribing the circumseribing
cirele of the polygon,

Problem 60.—In a given equilateral triangle ABC to inscribe three
squal ciroles, each to touch one side and two circles. (Plate IX, Fig. 33.)
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Biscct cach angle of the given triangle by the lines UE, AF, and BD.
Bisect the angle FAD by a line AG cutting BD in G, Make EH and
FJ equal to DG.  Then H, J, and G are the centres of the three required
circles.

Problem 61.—In a given equilateral triangle ABC to irscribe three equal
circles, each to touch two sides and two circies. (Plate IX, Fig. 34.)

Biseet cach angle of the given triangle by the lines CE, AF, and BD.
Bisect the angle BDA by a line DG cutting AF in G.  Make BH and
CJ equal to AG. Then H, J, and G are the centres of the three required
circles.

Problem 62.—In a given equilateral triangle ABC to inscribe six equal
circles. (Plate X, Fig. 1.)
. Find the point G as in Problem 60. Draw LGM parallel to AC.
On LM describe an equilateral triangle.  Then N, J, M, G, L, and H are
the centres of the six circles required.

Problem 63.—1In a given isosceles triangle ABC to inscribe a semicirele.
(Plate X, Fig. 2.)

' Bisect the vertical angle AB(! by the line B).  Biseet the right angle
BDC by the line DE, meeting CB in K. Draw EF parallel to AC,
cutting BD in G.  With centre G and radius GD deseribe a semicircle.

Problem 64.—In any given triangle ABC to inscribe three circles, each
to touch one side and each other. (Plate X, Fig. 3.)

Bisect each angle of the given triangle by lines meeting at the point
D, called the centre of the triangle.  Then the given triangle is divided
into three triangles in each of which deseribe a circle by Problem 59.

Problem 65.—In any given triangle ABC to inscribe three circles, each
to touch two sides and each other. (Plate X, Fig. 4).

Find D the centre of the triangle and drop perpendiculars DC, DE,
and DF to the opposite sides.

Bisect the angles AFD, DFC, and DEB, by lines ¥G, FH, and EL,
meeting AD, (D, and BD, in the points G, H, and L respectively. Then
these three points are the centres of the required cireles, and their radii
can be found by dropping perpendiculars to the adjacent sides.

It should be noted that the triangle is divided into three trapezia in
which circles can be inscribed by Problem 68.

Problem 66.—In a given equilateral triangle ABC to inscribe three
semicircles each touching one sice of the triangle. (Plate X, Fig. 5.)

Find D the centre of the triangle, which is now divided into three
triangles, complete by Problem 63.

Problem 67.—In a given equilateral triagnle ABC to inscribe threg
semioircles, each touching two sides of the triangle. (Plate X, Fig, 6,
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Bisect cach side of the triangle in the points D, E, F, and join cach of
these points to the vertex of the opposite angle.  Draw DH perpendicular
to AB and on DA cut off DL equal to DH. Join LB cutting CF in G.
Draw GK parallel to AC, KM parallel to AB, and MG parallel to BC,
cutting BD, CF, and AE in P, Q, and O, which are the centres of the
required semicircles.

Problem 68.-—In a given trapezium ABCD having pairs of equal adjacent
sides to inscribe a circle. (Plate X, Fig. 7.)

Draw a diagonal AC.  Biseet the angle ADC by a line DE mecting
AC in E. Draw EF perpendicular to AB.  With E as centre and EF
as radius describe the required circle,

Problem 69.—In a given trapezium ABCD having pairs of equal adjacent
sides to inscribe a square. (Plate X, Fig 8.)

Draw the diagonal BD. Draw BE perpendicular and equal to BD.
Join EA cutting BC in ¥, which ix a corner of the required square.
Draw the sides of the square parallel to the diagonals of the trapezium.

Problem 70.—In a given trapezium ABCD having pairs of equal adjacent
gides to inscribe a semicircle. (Plate X, Fig. 9).

Draw the diagonals AC' and BD intersecting at E. On AC deseribe
a semicircle.  Draw EF perpendicular to BC meeting the xemicirele in F.
Join FD cutting BC in G.  Draw GH parallel to FE.  With centre H
and radius HG deseribe the required simicirele.

Problem 71.—It a given square ABCD to inscribe a circle. (Plate X,
Fig. 10.)

Draw the diagonals AC and BD intersecting at ¥, Draw FE per-
pendicular to AD.  With centre F and radius FE deseribe the required
circle.

Problem 72.—In a given square ABCD to inscribe an equilateral triangle.
(Plate X, Fig. 11.)

Draw a diagonal BD and on it deseribe the equilateral triangle BED.

Draw CF parallel to ED and CGt parallel to EB.  Join GF. Then
GCF s the required equilateral triangle.

Problem 73.—In a given square ABOD to insoribe an isosceles triangle, the length

of the base L being given. (Plate X, Fig- 12)
Draw a diagonal AC. Make CE cqual to L. Draw EF parallel to

BC and FG parallel to AC. Join GD and FD. Then FGD is the
requirea isosceles triangle,

Problem 74 —In a given square ABOD to insoribe the largest possible semioirole
(Plate X, Fig- 13)
Draw the diagonals intersccting in E, and on BD deseribe a semi-

circle. Draw EF perpendicular to AB cutting the semicirele in F,
Join FC cutting AB in G.  Draw GH parallel to FE. With centre H,
-ahd radius JG describe the required semicircle,
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Problem 75.—In a given square ABCD to inscrite two circles each to
touch each other and two sides of the square (Plate X, Fig. 14.)

Draw diagonals AC and BD intersecting at E. Bisect the angle
EAD by a line AF mecting ED in F. Make EG equal to EF. Draw
FH perpendicular to AD, With centres F and G and radius FH deseribo
the two required circles.

Problem 76.—In & given square ABCD to inscribe four equal semicircles
each to touch one side of the square, and to have their diameters adjacent.
(Plate X, Fig. 15).

Draw the diagonals which divide the square into four equal triangles;
complete by Problem 63.

Problem 77.—In a given square ABCD to inscribe four equal semicircles,
each to toush two sides of the square, and to have their diameters adjacent.
(Plate X, Fig. 16.)

Draw the diagonals AC and BD and the diameters EG and HF
intersecting in P. Bisect E(* and FD in J and K. Join JK cutting HF
in L. Make PM, PN, and PQ equal to PI,, and join the points L, M, N,
and Q. These lines are the adjacent diametors on which the required
semicircles may be deseribed.

Problem 78.—In any given regular polygon (say a pentagon ABCDE) to
insoribe a square. (Plate X, Fig. 17.)

Draw any diagonal BE.  Draw BF equal and perpendicular to BE.
Join FA cutting BC in H.  Draw HG parallel to BE and on it describe
the required square.

(Special methods for the hexagon and octagon can be worked out by
the Student.)

Problem 79.—In any given regular polygon to inseribe a similar figure.

Biseet each side of the given polygon, and join the points so obtained.

Problem 80.—In any given regular polygon (say a hexagon ABCDEF@) to
inscribe as many semicircles as the figure has sides, each touching one side and
having their diameters adjacent (Plate X, Fig. 18.)

Draw all the diameters of the polygon intersecting at E and dividing
it into a number of isosceles triangles.  In cach deseribe a semicircle by
Problem 63.

Problem 81.—In any given polygon (say a pentagon ABCDE) to inscribe
as many semicircles as the figure has sides, each to touch two sides of the
polygon, and have their diameters adjacent. (Plate X, Fig. 19.)

Draw the diameters intersecting in . The polygon is then divided
up into a number of trapezia, in which semicircles can be deseribed by
Problem 70.

Problem 82.—in a given hexagon ABCDEF to inscribe an isosceles
triangle of given hase L. (Plate X, Fig. 20.)
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Draw a diagonal CF. Draw FG perpendicular to CF equal to half
the given base L. Draw GH parallel to CF cutting AF in H. Draw
HK parallel to GF. Join HC and KC. Then CHK is the required
isosceles triangle.

Problem 83.—In a given hexagon ABCDEF to inscribe a rectangle,
having a given side M. (Plate X, Fig. 21.)

Draw a diagonal CF. Join AE, and on it cut off a length AG equal
to M. Draw GH parallel to AF meeting FE in H.  Draw HK parallel
to FC, and HJ and KL parallel to ABE. Join LJ. Then HKLJ is the
required rectangle.

Problem 84.—=In a given sector BCD to inscribe a square. (Plate X,
Fig. 22). B

Join CD, Make CE equal and perpendicular to CD. Join EB cut-
ting the arc DC in F. Draw FH paralle] to D and on it describe the
required square.

Problem 85.—In a given seotor ABO to inscribe a circle. (Plate X, Fig. 23)
Bisect the angle BA(! by the line AD. At D draw the tangent EDF.
Produce AB and A(' to mcet the tangent in E and F. In the

triangle EAT inseribe the required ecirele.

Problem 86.—In a given seotor ABQ to insoribe a semicirole. (Plate X, Fig. 24.)
In the same way as the last problem obtain the triangle EAI" and in

it inscribe a semicirele by Problem 63.

Problem 87.—In a given oircle to insoribe & square. (Plate X, Fig. 25)

Draw two diameters AC and BD at right angles to cach other. Join
AB, BC, CD, and DA. Then ABCD is the required square.

Problem 88.--In a given cirole to inscribe an equilateral triangle. (Plate X, Fig 26.)

Find the centre (! and draw any diameter AB.  With A as centre
and AC as radius deseribe an are cutting the circle in D and E. Join
DE, EB, and BD. Then DEB is the required equilateral triangle.

Problem 89—In a given oirole to inscribe a triangle similar to & given triangle
ABQ. (Plate X, Fig- 27)

At any point D in the circumference of the given circle draw a tan-
gent EDF.  Muke the angle EDG equal ACB, and the angle FDH equal
to the angle CAB. Join GH. Then GDH is the required triangle.

Problem 90 —In & given circle to inscribe any regular polygon, say a pentagon.
(Plate X, Fig. 28) e

Draw any diameter AB and divide it into as many parts as there are

sides to the required polygon—in this case 5. With A and B as centres
and AB as radius, describe,ares intersecting in C. Through C and the
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second division draw a line C2 D c:utting the circle in D. Join BD which
is a side of the inscribed polygon which can be completed. This is only
an approximate method but good enough for practical purposes.

When a regular polygon of any number of sides is inscribed in a
circle we may always inscribe a polygon of double the number of sides by
bisecting each of the former ares, and joining the points of biscction.
Thus from a square may be inscribed a regular octagon, a regular polygon
of 16, 32, etc., sides ; from a hexagon may be inseribed a regular polygon
of 12, 34, 48, etc., sides; from a decagon may be inscribed a regular
polygon of 20, 40, 80, etc., sides; and from a pentedecagon a regular
polygon of 30, 60, 120, etc., sides.

It was long supposed that these were the only regular polygons
which could be inseribed in a circle by the aid of elementary geometry, or
by the intersections of straight lines and circles only. Tt can, however,
be proved that a regular polygon of m sides can always be inscribed in a
circle by similar methods when m is a prime number and equal to
2 4+ 1.

2I;roblem 91.—In a given oircle, to inscribe a pentagon. Special method. (Plate X,
Fig. 29)

; Draw any two diameters at right angles AB and CD intersecting in
the centre E. Bisect EB in F. With centre F and radius FC draw an
arc cutting AE in G.  With centre (! and radius CG draw an arc cutting
the circle in H.  Join H(' which is a side of the required pentagon.

Problem 92.—In a given ocircle, to inscribe any number of equal circles (say five)-

(Plate X, Fig- 30)

Divide the circumference of the circle into twice as many parts as
there are to be circles, and through these points draw diameters. Let
AB and CD be two adjacent diameters. At B draw a tangent BF meet-
ing CD produced in F.  Bisect the angle BED hy a line FH meeting AB
in H. Then E is the centre of one circle and the rest can be drawn.

Problem 93.—In a given circle, to draw any number of equal semiciroles having
adjacent diameters (say five). Plate X, Fig. 31.)°

Divide the circumference of the given circle into twice as many equal
parts as there are to be semicircles and draw the diameters.

Let AB and CD be two adjacent diameters. At B draw a tangent
EB. Bisect the angle EBA by a line cutting DC in F.,

Let O be the centre of the circle. On the diameter GH mark off
OK equal to F. Join FK. On it describe one of the required semicircles,
and the figure can be completed.

This figure is called a Cingue-fed  1f there are four semicircles it is
called a Quarter-foil ; if three a Trefoil,
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Problem 94.—In & given cirole to insoribe any number (say four) of equal ciroles,
equidistant from egoh other and from the eiroumference of the given cirole- (Flate X,
Fig. 32)

Divide the oircle into three times the number of equal sectors, as
aircles required—in this case 12. Then join up into four equal triangles

and inscribe in them the required circles,
Exmnc;gmgr-INsdfiiBogtf F1eURES,

1. In a square, the sides of which are 2 inches, insoribe a rectangle
the length of onc side being £ inch,

2. Inscribe a circle within a trapezium having pairs of equal adjacent
sides 1 inch and 2} inches long,

3. Within & square, side 2 inches, inscribe eight equal circles,

4. Within a circle of 2 inches radius, inscribe a triangle the angles
of which are as follows :=—37°, 73° and 70°,

5. In a pentagon, side 1-75 inches, place a pentagon of 1 inch side
having a common centre with the first pentagon.

6. In a heptagon, side 1-25 inches, inscribe the largest and possible
equilateral triangle.

7. In a square, side 2 inches, inscribe a square a corner of which
shall lie on one side and £ inch from a corner of the first square.

8. In a hexagon, side 1 inch, inscribe a dodecagon.

9. In an isosceles triangle inscribe three circles, each touching two
sides of the triangle and two other circles.

CIRCUMSCRIBED KIGURES.

Problem 95.—About a given triangle ABO to desoribe & circle. (Plate X, Fig. 33

Bisect any two sides of the given triangle by lines EF and DF drawn
at right angles to the sides ; meeting each other in the point F. Then
F is the centre of the required circle.

Problem 96.-~About & given triangle ABQ to describe a triangle similar to a givew
triangle DEF. (Plate X, Fig. 3¢)

On one side AB of the given triangle describe a triangle ABG similar
to DEF. Through C draw a line HK parallel to AB.  Produce GA
and GB to meet HK in the points H and K. Then HGK is the required
triangle.

Problem 97.—About & given isosceles triangle ABQ, to desoribe & square. (Plate X,
Fig 35

On the base BC describe a semicircle. Bisect the angle BAC by a
line AD meeting the semicircle in D.  Join DC and DB and produce
them. Draw AE parallel to BD and AF parallel to CD. Then AEDF
is the required square.
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Problem 98- — About any given rectangle ABOD (say a square) to describe a circle.
(Plate X, Fig. 36).

Draw the two diagonals intersecting in E. Then E is the centre of
the required circle. The same construction holds good in the case of any
regular polygon.

Problem 99.—About a given square ABOD to construct an equilateral triangle.
(Plate X, Fig. 37) :

On BC construct an cquilateral triangle BE(!. Produce E(' and
EB to meet AD produced in I and G. Then FEG is the required
equilateral triangle.

Problem 100 —About & given square ABOD to construct a triangle similar to a
given triangle EFG- (Plate X, Fig- 38)

On BC construct a triangle similar to EFG, then procced as in the
lagt problem.

Problem 101.— About & given circle to describe any number of equal circles (say
five), touching each other and the ciroumference of the given oirole (Plate X, Fig. 39.)

Find the centre of the given cirele P, Divide the circle into twice
as many parts as there are circles required—in this case 10,  Let AB, CD
and EF be three adjacent dimmeters. At B draw a tangent BH meeting
CD produced in H.  Produce CH to G. Bisect the angle GHB by a line
HK meceting AB produced in K. Then K ix the centre of one cirele, and
the rest can be drawn in the same way.

Problem 102.—To draw an escribed circle to any triangle ABC. (Plate X, Fig. 40.)
Produce the sides AB and AC to D and E.  Biseet the angles DBC

and ECB by lines BF and CF meceting in F, which is the centre of the
escribed circle.

ExERCISES—CIRCUMSCRIBED FIGURES.

1. Deseribe a square about a circle of 14 inches radius,

2. About a circle of 1 inch radius describe a triangle having angles
of 65° 35° and 80°.

3. About a circle of 1 inch radius describe a pentagon.

4. About a circle of 1 inch radius describe an cquilateral triangle,
touching the cirele in a fixed point P.

5. A triangle ABC has sides of the following length :—-75, +6, and
12 inches. About a circle of 1 inch radius describe a triangle similar to
the triangle ABC.

6. About a circle of half inch radius to describe six equal circles,
each touching the given circle and two other circles.

7, About a pentagon of 1 inch side describe five equal circles, each
touching the pentagon and two other circles.
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RATIO AND PROPORTION.

Before attempting to work out the following problems, the student
should have an intimate knowledye of the Chapters on Ratio and Pro-
portion in Algebra, and should commit to memory the following pro-
positions of Fuclid :—Book 11, 14 Cor. ; Book V, Def. 3, Prop. 6 ; Book
VI, 2, 4, 13.

Problem 103.—To divide a given straight line AB proportionately to a given divided

line OD. (Plate XI, Fig- 1.
Place the two given lines parallel to each other. Join CA and DB

and produce these lines to meet in E. Join cach given division in CD-
with E.  These lines will divide AB similarly to the given line CD.

Problem 10¢.—To find a mean _proportional between two given lines AB and BO.

(Plate XI, Fig. 2)
Place AB and BC in one straight line.  On AC describe a smnicirclg.

AT B draw BD perpendicular to AC cutting the semicircle in D, Then
BD is the mean proportional, or
AB:BD: : BD:BC.
. Problem 105.—To find & third-proportional to two given lines A and B. (Plate XI,
“Tig. 3.
; ;)raw any two lines CD and CE making an acute angle with cach
other.
Make ('F equal to A and CD and CG equal to B, Join FG, and draw
DE parallel to FG. Then CE is the third proportional required, or
(F:(CG: :(D:CE,
ie.A:B: :B:CE.
(E is a third proportional greater. The student should by the same
method draw a third proportional less,
Problem 106.--To find & fourth proportional to three given lines A, B, and (.

(Plate XI, Fig. 4)
Draw any two lines HD and HE making an acute angle with each

other.

Draw HF equal to A, HG equal to B, and FE equal to (.  Join FG,
and draw ED parallel to FG. Then GD is the required fourth propor-
tional, or

HF :HG: :FE:GD,
ie.A:B: :C:GD.
Problem 107. —To divide a given line AB in extréme and mean Ratio. (Plate X,

Fig- 5)
Erect B(' perpendicular and equal to half AB. Join AC. With

centre C and radius CB, draw an arc cutting AC in D. With centre A
and radius AD draw an arc cutting AB in E.
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Then AB : AE:: AE : EB.

Problem 108.—To divide a given straight line AB harmonically. (Plate
XI, Fig. 6.)

Take any point C in AB and on (B deseribe a semicircle.  Draw
AE a tangent to the semicircle, and from E draw EF perpendicular to
AB.

Then AB: AC:: BF: FC.
Problem 109.—To determine the roots ~2, /3, &/ % AT, A6, AT,
N N, &0, (Plate XI, Fig. 7.)

Let AB cqual unity, with A as centre and radius AB deseribe a
circle and divide the circumference into six cqual parts at the points
B,C,D, E, F,and G. With centres B and E and radius BD draw arcs
intersecting at Hand J.  With Cand G as centres and radius CG, deseribe
arcs intersecting at K. Join IIJ cutting the circumference in L and M,
With centres L, E; and M and radius AB deseribe ares intersecting at
P and Q. Then AH = o7%; BD=y5:BE =44 PB=uy7;
JK = w53 DK=w7; Hl = v5; BK = v7; PK = vig.

ExEencisrs—RATIO AND PROPORTION.

1. Draw a third proportional to two lines whose lengths are 125
and 1-6 inches. What is its length?

2, Find a mean proportional between two lines 24 and 3-8 inches
long.

3. TFind a line which shall have the same ratio to a line 15 inches
long that 3 inches has to 1:75 inches.

4. Divide 54 inches so that the parts may be to each other in the
proportion of the numbers 7, 8, 9, 11.

5. A point I ix 2:75 inches from the centre of a circle of 1 inch
radius. From P draw a line to cut the cirecumference of the cirele in two
points A and B, so that PA is to AB as 2 is to 3.

AREAS.

Before working out the Problems on .ireas, the student should be
sufficiently advanced in Mensuration and Euelid to be able to prove each
Problem.  The following Propositions of Iuclid should le committed to
memory :—DBook I, 35, 36, 37, 38, 41, 47 5" Boolk VI, 1, 19, 20, 31.

Problem 110.—To draw a triangle ABC equal in area to a given regular
polygon, say a pentagon, (Plate XI, Fig. 8.)

Divide the polygon into a number of isosceles triangles, then the arca
of the triangle required is one with a base five times and an altitude equal
to onc of the isosceles triangles, or a base 2% times and an altitude double
of one of the isosceles triangles,  (The problem can also be worked by
Problem 123,)
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Problem 111.—To draw a triangle ABC equal in area to any given
parallelogram (Plate XI, Fig. 9.)

Draw a triangle with a base equal to double the base of the rectangle
and the same altitude,

Problem 112.—To draw a triangle ABC of any given area (no figure given.)

Draw a rectangle equal to the given area and a triangle equal to the
rectangle.

Problem 113.--To divide & triangle ABO into any number of equal parts by lines
drawn from one corner (say three equal parts). (Plate XI, Fig. 10

Trisect one side AB in D and E.  Join D(' and EC. The triangle is*
now trisected into three equal parts.  (By the same method the triangle
can be divided in any given ratio.)

Problem 114.—To divide a triangle ABO into two equal perts by a line drawn
parallel to the altitude. (Plate X1, Fig. 11

Biscet AB in E. Draw the altitude CD. Find BF a mean propor-
tional between BD and BE.  Make BH equal to BF.  Draw HK parallel
to DC and bisecting the triangle.

Problem 115.—To divide & triangle ABO into any number of equal parts by lines
drawn parallel to one of the sides (say two). (Plate XI, Fig. 12.)

On AB describe a semicircle,  Divide AB into as many parts as it is
required to divide the triangle into. In this case bisect it in D. Draw
DE perpendicular to AB.  With B as centre and BE as radius describe
an arc cutting AB in F.  Draw FH paralle]l to AC bisecting the triangle.

Problem 116 —To divide a triangle ABQ into any number of equal areas by lines
drawn from a point P within the triangle, say three equal areas. (Plate XI, Fig. 13)

Divide AC into three equal parts in the points 1 and 2. Join these
points to P and draw the line PB.  Draw BD parallel to P 2 and join
PD. If we draw a line from B parallel to P 1, it would fall outside the
triangle. So join B 1. Draw I 1 parallel to AB. Join PA and draw
FG parallel to PA. Join PG. Then PD, PB, and PG divide the
triangle into three equal areas.

Problem 117.—To divide a triangle ABO into three equal areas by three lines drawn

from the angles meeting at & point P within the triangle. (Plate XI, Fig. 14
Divide AB into three parts in D and E. Draw DF parallel to AC

and bisect it in . Join AP, CP, and BP trisecting the triangle.

Problem 118.—To draw an equilateral triangle equal in area to a given triangle
ABO. (Plate XI, Fig- 15)

On AB construct an cquilateral triangle ADB.  From C draw CE
parallel to AB meeting DB produced in E. Find BF a mean proportional
between DB and BE. Then BF is one side of the required equilateral
triangle BFG,
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Problem 119.—To draw a triangle on a given base AB equal in area to &
given triangle CDE. (Plate XI, Fig. 16.)

Find EF the altitude of the given triangle. Find a fourth pro-
portional GH to AB, (D, and EF. Then BK is the altitude of the
required triangle having a base AB.

Problem 120.—To draw a triangle 4 the area of a given triangle ABC.
(Plate XI, Fig. 17.)

Produce AB to D making BD equal to 4 AB.  Find BF a mean pro-
portional to AB and BD. Make AG equal to BF and draw GH parallel
to BC. Then AHG is the required triangle.

Problem 121.—To draw a triangle equal in area to a given triangle ABU, but of &
given altitude H (Plate XI, Fig 18)

Draw EF parallel to AC at a distance from it equal to H. Produce
CB to cut EF in G. Join GA.  Draw BJ parallel to GA and join GJ.
Then GJ( is the required triangle.

Problem 122.—- To draw a triangle equal in area to and standing on the same line as
& given triangle ABO, but with its vertex in a point P. (Plate XI, Fig 19)

Draw BD parallel to AC.  Through P draw APD cutting BD in D.
Join PC. Draw DE parallel to PC cutting AC produced in E.  Join
PE. Then APE is the required triangle.

Problem 123 —To draw a triangle equal in area to any reotilineal figure ABODEF.
(Plate XI, Fig. 20.)

It is best to begin at the re-entering angle.  Join DF.  Draw EG
parallel to DF, and join DG and ('G. Draw DH parallel to CG, and
join CH. Join CA, and draw BJ parallel to CA, and join ('J. Then
JCH is the required triangle.

Problem 124.—To draw a triangle equal in area to any number of square units (say
five). (Plate XI, Fig 21,

Make the base equal to the given number of units—in this case five—

and the altitude invariably two units, ‘
Problem 125.—To draw an equilateral triangle equal in area to any number of given
square units (say four) (Plate XI, Fig 22)

Make AB equal to four units and draw BC perpendicular to AB equal
to two units. Make the angle ABH equal to 60°.  Draw CD parallel to
AB cutting BH in D. Join DA. Find the mean proportional BE
between AB and BD. Make BF and BG cqual to BE. Then BFG is the
required equilateral triangle.

o 231')oblem 126.— To draw a square equal in area to & given triangle ABO. (Plate XI,
1. @3
; Find the altitude (D of the given triangle.  ¥ind BE the mean pro-
portional between the base AB and half the altitude DC. This is the

side of the required square,
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(In the same way a square may be drawn equal in area to any given
rectilineal figure, by reducing the latter to a triangle.)

Problem 127—To draw a square equalin area to a given rectangle ABOD.
(Plate XI, Fig. 24.)

Find BE the mean proportional between two sides of the rectangle
AB and BC. Then BE is the side of the required square.

Problem 128.—To draw a square equal to the sum of two given squares, the sides of
which are equal to lines AB and BO. (Plate XI, Fig 25)

Draw AB and BC at right angles to cach other.  Join A(Y. Then the
square described on AC is the required square.

Problem 129 —To draw a square equal to the difference between two given squares
the sides of whioh are equal to Jines AB and AC. (Plate XI, Fig. 26.)

On AB describe a semicircle.  With centre A and radius AC cut off
a point C on the semicircle. Join B(. Then the square described on
BC is the required square.

Problem 130.— To construct a square, the area of which shall be any number of
times greater than the area of a given square ABCD (say six times’. (Plate XI, Fig. 27.)

Produce AB and make BE cqual to six times AB.  Find BF a mean
proportional between AB and BE. This is the side of the required
square.

(If BE were made equal to $th AB, then we would get a square equal
to #th of the given square.)

Problem 131.—To divide a square ABOD into any number of equal parts by lines
drawn from an angular point D (say five). (Plate XI, Fig. 28.)

Divide BC and AB into five equal parts by the points E, ¥, G, H, J,
K, L, and M. Join HD, FD, JD and LD dividing the square into five
equal parts. N

Problem 132 —To divide a square ABCD into any number of equal parts by lines
drawn from a point P in a side (say three). (Plate XI, ¥ig- 29.)

Divide AD into three parts in E and . Draw EG and FH parallel
to AB. Join ’G and PH. Draw EJ and FK parallel to PG and PH.
Join PJ and PK. These lines divide the square into three equal parts.

Problem 133.—To construct a square to contain any number of given square units
(say three). (Plate XI, Fig. 30.)

Draw a line AB equal to three units and BC equal to one unit.  Find
BE a mean proportional to AB and BC. Then BE is the side of the
required square.

Problem 134 —To construct a rectangle, with a side equal to a given line A, equal
in area to & given rectangle ODEF. (Plate XI, Fig. 31.)

Produce CD to G.  Make DG equal to AB. Join GE and produce
it to meet C'F produced in H, Then FHis the height of the required
rectangle,
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Problem 135.—To construct a rectangle equal in area to a given square ABCD and
having sides in a given ratio (say three to two*. (Plate XI, Fig. 32)

Produce AB and make BE cqual to three units and BF equal to two
units. Find BG a mean proportional to EB and BF. Join GE and GF.
Draw CH and CJ parallel to GE and GF. Make BK equal to BJ and
complete the required reetangle HBKI, which is equal to the given
square, and the side BH @ BK:13 : 2,

Problem 136 —To divide a given parallelcgram ABCD into two parts in any given
proportion (say three to two., through a point P in one of the sides (Plate XI, Fig. 33,

Divide AB at E o that AE : EB::3 : 2. Draw EI' parallel to AD
and biscct EF in G.  From P draw a line through G meeting one of the
opposite sides in H.  Then PH divides the parallclogram in the required
proportion.

Problem 137.—To divide a given parallelogram into three parts threugh a point P
in one of the sides. (Plate XI, Fig- 34).

Divide AB into three parts in E and F.  Draw EG and FH parallel
to AD. Make EJ equal to PG .and FL equal to PH. Join PJ and PL.
These lines trizect the parallelogram.

Problem 138.— To construct a rectangle of area equal to five square units, with sides
in the proportion of three to two. (Plate XI, Fig. 35

Make AB cqual to five units and BC equal to one unit.  Find a mean
proportional to them in BD. Make BH equal to three and BF to two
units. Describe a semicircle on HF cutting BD produced in . Join
GH and GF, and draw DE and DJ parallel to them. Then BE and BJ
are the sides of the required rectangle,

Problem 139.—To construct any regular palygon equal in area to a given triangle
ABO, say a pentagon  (Plate XI, Fig. 36)

Divide one side AB into five parts of which AD is one. Make the
angle BAE cqual to the angle at the centre of the required polygon. In
this case 72°0 Draw DF parallel to AC meeting AE in F. Find AG
a mean proportional between A(' and AF¥. Then G is the centre of the
circle in which the required pentagon can be inscribed.

Problem 140.—To construct any regular polygon which shall have a given area (say
a hexagon, with an area of five square units). (Plate XI, Fig. 37.)

Make AB equal to five units and the angle BAC equal to the angle
at the centre of the hexagon, in this case 60°.

Make the perpendicular height of the triangle ACB two units and
join CB. Then the triangle ACB has an arca of five square units. Make
AD equal to one-sixth of AB and find DE, a mean proportional between
AC and AD. Then DE is the radius of the circle in which the required
hexagon can be inscribed,
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Problem 141.—~To divide a circle into any number of equal parts by coneentric
ciroles (say four. (Plate XI, Fig. 33)

Divide a radius AB into as many cqual parts as the circle is to have
divisions, in thiy case (four). On AB describe a semicirele and erect per-
pendiculars to meet in from cach point of division. These pints ¢, D, E,
give the radii of the circles.

Problem 142 —To divide a circle into any number of equal parts, equal in perimete:
and area (say three). (Plate XII, Fig 1)

Divide a diameter AB into as many equal parts as the circle is to have
divisions (in this case three) in the points CCand D. On AC, AD, CB

and DB deseribe semicireles as in the figure.
EXERCISES~—AREAS,

1. Draw by construction a square of 5:36 square inches arca.

2. Draw a square equal to the difference of two squares whose sides
are 3'2) and 194 inches.

3. Describe a rectangle equal in arca to a triangle whose sides are
35, 1:75 and 2-5 inches respectively.

4. A right-angled triangle has a baxe of 2 inches and an area of 2:58
square inches ; construct it, and also a similar one of half the arca.

5. Draw a spare equal in area to a polygon ; side 1:25 inches.

6. Draw a roctangle on aline 2 inches long equal in arca toa square
of 2:75 inches side,

7. Construct an isosccles triangle with an area of 3 square inches,
and having a vertical angle of 30°

8. Divide a squarc of 2 inches side into three cqual arcas by lines
parallel to a diagonal.

9. Within a square of 2 inches side inseribe a square having its
angles in the sides of the first and its arca to the area of the first square
in the proportion of 2 to 3.

10. Within a circle of 14 inches radius inscribe a rectangle with
an area of 2 square inches.

11. Construct an equilateral triangle with any area of 4 square

inches.
12, Construct an cquilateral triangle equal in arca to the triangle

given in Question 3.
13. Construct a square which hax an arca cqual to half the area of

& given square whose side is 1475 inches,
14. Divide the triangle given in Question 3 into three parts by lines
parallel to one side,
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THE SECTIONS OF THE (CONE AND OTHER CURVES.
These problems will be found uscful to the Student when studying
‘onic Sections and Graphic Arithmetic.

Practical Methods.

The Ellipse is the section of a cone formed by an oblique plane pass-
ing through both sides of the cone.

THeE ELLIPSE.

Problem 143.—To draw an ellipse by means of a piece of string, given the major
and nminor axes AB and OD. (Plate XII, Fig. 2)
With centre ¢ and radius equal to the semi-major axis, deseribe an

arc cutting the major axis in points F; and Fy.  These points are the foci
of the ellipse. Place pins at F,, Fyand C, and tie a piece of string
tightly round the three pins, Take the pin at (! out, and insert the point
of a pencil in its place, keeping the string tight and the pencil upright ;
move the pencil round the foci and its points will trace an ellipse,

Problem 144.—To draw an ellipse by means of a paper trammel, given the major
and minor axes AB and OD. (Plate XII, Fig. 3)
Cut a narrow strip of paper with a straight edge. On this edge

make EF cqual to the semi-major axis and EG equal to the semi-minor
axis, This is called a trammel, and may he made of paper, wood or any
convenient material.  Place the trammel in such a position over the axes,
that G shall always rest on the major axis and F on the minor axis.
Then E is a point on the ellipse.  Mark as many points as are required,
and complete the ellipse by hand or by a “ French curve,”
Theovetical Methods.

Problem 145.— Given the mejor and minor sxes AB and CD to draw an ellipee.
(Plate XII, Fig. 4.

Describe coneentrice circles on each axis as diameter, and divide each
circle into any number of parts by radii. Irom the points where these
radii cut the smaller circle draw ordinates yuiallel to AB, and from the
points where the radii cut the larger circle, draw ordinates parallel to CD.
The points where these ordinates intersect are points on the ellipse which
must be completed by hand.

Problem 146.—@iven the major and mincr axes AB and OD to draw an ellipse.
(Plate XII, Fig. 5
Find the foci ¥y and I',. Between Fy and the centre of the ellipse
O, take any number of points 1, 2, etc., the distance between the points
being smaller as they approach F.
With the foci for centres and radii A1 and Bl draw arcs intersecting

at E;, E;, E;, and E,. With the same centres and radii A2 B2 draw
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ares intersecting at G, G,, Gy, and G, and so on. These are points on
the ellipse.

Problem 147.—@iven rny two conjugate axes AB and OD to draw an ellipse. (Plate
X1I, Fig. 6)

Complete the parallelogram EFGH. The sides being parallel to the
conjugate axes.

Divide AE into any number of equal parts (say four) in the points 1,
2, 3, and the semi-axis AO into the same number of equal parts in 4, 5,
6. Join C with the points 1, 2, 3. From D through the points 4, 5, 6
draw lines meeting ('1, C2 and (!3. The points of intersection are points’
on the ellipse. Repeat the process for each quadrant and complete the
ellipse by hand,

Approzimate Methods.
Problern 148 —Given the major axis AB to draw an ellipse approximately by arcs of
ciroles. (Plate XIT, Fig. 7)

Divide AB into four equal parts in C, O and D. With ¢ and D as
centres and CA as radius deseribe cireles, and with the same centres and
radius CD deseribe arcs intersecting at F and G.

Draw lines GC, GD, FC and FD, and produce them till they cut
the circles in H, J, L and K.  From F and G with radius FL, draw arcs
connecting L with K and H with J which will complete the figure.

Problem 149 —@Given the major and minor axes AB and 0D to draw an ellipse ap-
proximately by aros of circles. (Plate XII, Fig 8)
From B set off BF equal to ("D and divide FA into three equal parts.

Set of two of these parts on each side of O, the centre of the ellipse,
giving points G, and Gy With G, and G, as centres and radius Gy, G,
draw ares intersecting at H and J.

From H and J draw lines through G, G, and produce them. With
centres H and J and radius HD deseribe arex cutting these lines produced
in N, M, K, and L. With centres G and G, and radius G, A draw ares
to complete the figure.

Problem 150.-—@iven aun ellipse to find the major and minor axes and to draw a
tangent and uormal to the ellipse at any given point L. (Plate XII, Fig. 9)

Draw any two parallel chords EF and GH and bisect them. The
line joining the points of bisection will be a diameter, and the centre point
of the diameter O is the centre of the ellipse.  With centre O draw any
arc JK cutting the ellipse in J and K. Join JK. A line AB bisecting
JK at right angles will be the major axis, and a line CD drawn through
O at right angles to AB will be the minor axis.

To draw a tangent and a normal, find the foci Fy, Fy.
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Join F; T, and Fy, L and produce the lines to N and M. A line
drawn bisecting the angle MLF, is a tangent to the curve at L, and a line
drawn perpendicular to the tangent at L is a normal to the curve.

(The method of drawing a normal to any curve is useful for obtain-
ing the correct joints in arches,)

Problem 151—To construct an oval or egg-shaped figure, the width AB being
given. (Plate XII, Fig- 10.)

Bisect AB by the line C'D, cutting AB in E, and from E, with
radius EA, draw a circle cutting ('D in F.

From A and B, draw lines through F, and produce them indefinitely,

From A and B, with radius AB, draw ares cutting the last two lines
in H and G.

From F, with radius FG, deseriha the are GH, to meot the ares AG
and BH, which will complate tha oval.

THE PARABOLA.

The Parabola iz a curve formed by a plane cutting a cone parallel to
a side,

Problem 152.—To draw a parabola, the foous I and the director AB being give..
(Plate XII, Fig 11)

Draw the axis CD of the parabola through I perpendicular to AB.
Biscet F'C in B, which is the vertex of the curve,  Draw any number of
lines parallel to AB.  With F as centre and radii equal to the distance
of each line from the director AB cut off points on the line which will/l,,
give points on the Parabola. ‘

Problem 153 —The double ordinate AB and abscissa OD being given, to construct a
parabola. (Plate XII, Fig. 12)

Divide ('A and (‘B into any number of equal parts—»iz., 1, 2, 3, 4.

Divide AE and BE into the same number of equal parts.

From D, draw lines to the points in KA and FB.

From points 1, 2, 3, 4 in AC and OB, draw perpendiculars to meet
the lines drawn from D to the points in EA and FB.

The curve ix to be drawn through the point where the perpendicular
1 meets D1, where perpendicular 2 meets D2, ete., cte.

Problam 154 - To draw a normal and a tangent to a parabola at any given point 0.

(Plate XII, Fig. 13)
Draw an ordinate B(* through (*. Make DE equal to DB and join

EC. This is the required tangent, and the normal will be perpendicular
to the tangent.
THe HYPERBOLA.
The Hyperbola is a curve formed by a plane making a greater angle
with the base of a cone than the side of the cone makes with the base,
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‘ Problem 155.—@iven the diameter AB the abscissa BO aud double ordinate DE,
\to construot an hyparbeter (Plate XII, Fig- 14)

Through B draw a line parallel to DE, meeting the lines, DF, EG
drawn perpendicular to DE, in the points F and G.

Divide (D and (‘F into any number of equal parts 1, 2, 3.

Divide FD and GE into the same number of equal parts,

From B, draw linex to the points in D and GE.

From A, draw linex to the points in DE.

Draw the curve through the points where the lines correspondingly
numbered interseet one another.

Problem 156 —The major axis AB and the fooi F. and I, being given to draw an
hyperhola, and to draw a tangent and a normal at a point P. (Plate XII, Fig. 15)

In BA produced take any number of points 1, 2, 3, ete.

With I, and Iy as centres and radius AL draw ares at (Y, and with
the scame centres and radius B1 interseet these ares obtaining points on
the hyperbola.  Proceed in the same way for the remaining points 2, 3
ete.

To draw the tangent and normal, join I, P and Fy P. The line
bixeeting the angle ') PF, is the tangent at P, and a line perpendicular

to the tangent ix the normal.

TRACERY.

The preceding problems intelligently applied should enable the
Student to draw any Architectural tracery or any Ornamental pattern.
Plate XT1., Fig. 16 shows the Gothie trefoil, and Fig, 17 an example of
tracery applied to a window. -

ARCHES,

Problem 157.- To construct a segmental arch given the span AB and the rise 0D
(Plate XII, Fig 18)

Join DB and biseet it by the perpendicular EF cutting D(! produced
in F, which is the centre of the required are ADB.

Problem 158.—To construct an equilateral arch the span AB being given. (Plate
XII, Fig. 19)

With centres A and B and radius AB draw arcs intersecting at (!,

Problem 159.—To construot a pointed arch (two centres) the span AB and the rise
0D being given. (Plate XII, Fig 20)

Join DA and DB and hisect these lines at right angles by lines EF
and GH, cutting the span AB produced -in F and H, which are the
required centres.
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Problem 160 —To construct a semi-allipuical arch (three centres® the span AB and
the rise OD being given. (Plats XII, Fig. 21)
Join AD and make DE equal to A(* minu~ (‘D. Biscet AE by a

line at right angles cutting AC in F and DC' produced in . Then F is
the centre of the are AK and G the centre of the are KD, Complete the
arch.

Problem 161.—To construct a pointed arch (four centres) the span AB aud the rise
0D being given. (Plate XII, Fig 22)
Divide AB into four equal parts in E, (', . With centres A and B

and radius AF, deserile ares intersecting at H. Join FH and EH and
produce these lines to meet perpendiculars to AB let fall from K and F,
in the points K, L. Then E and F are centres of the ares AM and BN,
and K and L of ares ND and MD. This solution only holds good when
the rise is 4 of the span. ) ]
Problem 162 —To draw an Ogee arch, the span AB and the rise OD being given.

(Plate XIT, Fig. 23.)
Join DA and DB, and divide the lines into any required proportion

in the points E and F. Describe the ares AE and BF. With centres
E, D and F and radius ED describe intersecting ares at G and H.  With
centres G and H and radius GE complete the curve of the arch,

Problem 163.— To construct a Saiacepic arch (four centies' given the span AB and
the rise OCD. (Plate XII, Fig- 24) ————

Divide |AB into eight equal parts.  Through points 1 and 7 draw
lines perpendicular to AB, and with 3 and 5 a~ centres and radius 3A
draw ares AE and BE cutting the perpendiculars through 1L and 7 in E
and F. Join E3 and I3, and produce these lines to cut the perpendi-
culars through 7 and 1 in the points H and G which are the centres for
the rest of the arch. »

Problem 164.— To construct a sq\x_nﬁl]_ip_tjg@l‘arch given the span AB and th;/r‘faé‘
0D. Plate XII, Fig- 25.)

(i) By five centres—

Produce DC to E and muke DE cqual to AB.  Make BF cqual to
Lth of AB.  With 1" ax centre and radivs equal to Fths of AB, and with
E as centre and radius cqual to grds of AB, deseribe ares intersceting at
G. Join EG and produce it to K, and GF and produce it to H.  Then
F is the centre of the are BH, G of the are HK, and E of the are KD,

(ii) Proceed as in Problem 147.
Problem 165.— To construct a Lancet ar%;:'given the span AB. (Plate XII, Fig. 26.)

Produce AB both ways to K and . Make AE and BE equal to AC,
Then E and I are the required centres,

1t the rise is fixed, the methods shown in Problem 1569 can be used,
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MOULDINGS-

Mouldings may he divided into two classes, Roman and Grecian.

Roman mouldings are composed only of parts of cireles and straight
lines, and age severe in coptour.  Grecian mouldings are composed, as a
rule, of parts of the ellipse, parabola and hyperbola and are more ornate
and varied in contour.

“qﬁnitions.
Fillet is the rectangular part above or under a moulding. If this
. . ‘.
ends in a convex gemicirele it ix called a Bead.
~Torus, a cdlivex semicirele or semi-cllipse with a fillet above or below
it, as in Plate XITI, Fig. 1.

-Seotia, a concave semicirele or semi-cllipse, as in Plate X111, Fig. 7.

FEehinus ovolo, or quarter round,  When the cantour -of ‘the moulding
is convex, and a part of a cirele equal to or less thana quadrant of a
eirele or part of a conic seetion, ax in Plate XITI, Figs. 2 and 7 to 13.

Cavetto, or hollow, ix the reverse of the orolo, as in Figs. 3 and 4.

Cyma reversa, or ogee, a contour half convex and half concave, as in
Plate XII1, Figs. 6 and 16.

Cyma recta, or Cymatium, is the reverse of the eyma reversa, as in
Plate X111, Figs. 5 and 15.

Each moulding has its own proper enrichment, for which the enquiring
Student may be referred to Chambers’s treatise on the decorative part of
Civil Architecture, and other works of a like nature.

Romax MouLpINGs.

Problem 166.—@iven the depth of the moulding to draw a Torus. (Plate XIII,
Tig. 1)
Bixeet the depth of moulding in «, and draw a semicirele.

Problem 167.—Given the points « and & draw an Ovolo and a Oavetto (Plate XIII,
Figs. 2and 3)

With centres @ and #, deseribe ares intersecting at ¢, Then ¢ ix the
centre of the curve.
Problem 168.—@iven the lines terminating in ¢ and 2 to desoribe a curve to meet
them, and one of them in the point «. (Plate XIII, Fig. 4)
Produce the lines to meet in d. Make db equal to da and at « and b
ercet perpendiculars intersecting at ¢. Then ¢ ix the centre of the curve.
Problem 169.— Given the points « and & to draw a Oyma recta and a Uyma reversa.
(Plate XIII, Figs. 5 and 6)

Join ab and biscet the line in e. On be and ea erect equilateral
triangles.  The apex of cach triangle is the centre of the curve.
GRECIAN MOULDINGS.

Problew 170. -Given the point of turn or quitk at B and the tangent OF at the
bottom of the moulding to draw it. (Plate XILI, Fige. 7,8, 9, 10, I1 and 12)
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Draw GF, a continuation of the upper line of the under fillet.
Through B draw BG perpendicular to GF, meeting GEF in (, and the
tangent CF in €. Through B draw BE parallel to GF, and through F,
draw FEDA parallel to BG, catting BE in B, Make EA equal to EF,
and ED to CG, and join BD. Divide BD and BC into an equal
number of parts. From A, through the points 1, 2, 3, 4, in BD draw
lines, and from F, through the points 1, 2, 3 4, in BC, draw lines cutting
the former, which gives points on the curve.

If (‘G be less than one half B, the mouldivg will be ELLIPTICAL,
Figs. 7 and 8.

If CG be one halt GB, the moulding will bhe raraborican, Figs. 9
and 10,

If CG be greater that half GB, the moulding will be hyperbolical
Figs. 11 and 12.

Problem 171.—Given the semi-transverse and semi-conjugate axes to describe the
moulding. (Plate XIII, Figs 13, 14, 15, 16 and 1D

Complete the rectangle and draw the portion of the ellipse by
Problem 147.

Problem’ 172.— Given the depth of & moulding OB and point of quirk at D. Des-
oribe an Echinus quirked at top and bottom. Plate XIII, Fig. 18.)

Make AL equal to DC. Join DL and biseet it in I. DL is a dia-
meter of the required ellipse and it ix necessary to find its conjugate to
draw the ellipse.  Draw IH parallel to OB which gives the dircction of
the conjugate.

With centre T and radius 1D deseribe a semicirele,  Draw any
ordinate to the diameter KE parallel to CB. Through K draw KF
perpendicular to DLomecting the semicirele in I, Make DP equal to
KF and PR parallel and equal to KE.  Join DR and produce it to cut TH
in H.  Then TH is the semi-conjugate diameter, and the ellipse may he
drawn by Problem 147,

Orders of Ancient Architecture,

Ancient Architecture is divided into the following orders :—Tuscan,
Roman Dorie, Greeian Dorie. Tonie, Corinthian and Composite.

Fiy. 19 gives an example of the Tonic order showing the method of
arranging the mouldings in the columns.

The scale is drawn in Modules.

A module is equal to hall the diameter of the foot of the column, and
is divided by French architects into 12 minute« for the Tuscan and DBr\ic
ordergpand 18 minutes for the Tonie, Corinthian and (‘ommﬁ, orders,
In England the module is eften divided uniformly into 30 minutes,
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/

The most characteristic point to be noted ix the Tonie valtitel the
method of drawing which will now be given.

SPIRALS.

A Spiral, strictly speaking, signifies a line drawn round the surface of
a cone, which line is continually approaching ncarer to the axis as it comes
nearer to the vertex of the cone.

It has, however, to he drawn on a plane such ax a sheet of paper, and
may be defined as follows :—

If round a fixed point another he suppoxed to move continually,
approaching or receding from the fixed point, according to some law, the
figure so deseribed ix called a Spiral.

If the moving point has gone onee round the fixed point, the spiral is
said to have one revolution, and if twice round, it is said to consist of
two revolutions, and so on.

The fixed point is called the centre of the Spiral.

Any straight line drawn from the centre of the spiral and terminated
by the curve is called an Ordinate.

If the greatest radius moves uniformly round the centre and at the
game time uniformly diminishes, <o that both motions begin and end
together, the curve is called the SpPIRAL 0F ARCHIMEDEN, (See Plate
X1V, Fig. 1)

If the curve be sueh that if it was everywhere cut by ordinates, the
angles made by the tangents at cach of these points with the ordinates
arc equal, then the curve is called the LocariTAMIC OR PROPORTIONAL
SriraL.  Plate X1V, Fig. 2.)

Problem 173 - To draw an Archimedian spiral of three revolutions, the centre O and
the greatest ordinate OA being given. (Plate XIV, Fig. 1)

Draw two lines intersecting each other perpendicularly at 0. With
radius OA describe a civele.  Divide the cireumference into any number
of equal parts (say, cight) and draw linex from cach point of division to
the centre.  Divide OA into three equal parts (the spiral having three
revolutions).  Divide cach of these parts again into cight equal parts,
Mark on the radius OB 23 parts, on OC 22, on OD 21, and ~o on, till the
centre is reached.  The curve drawn through the points ko obtained is
the required spriral,

If a string i~ twisted round a globe, in regular order, and a pencil
point fixed to its extremity. in unwinding the string, the peneil point,

held upright, will describe an Archimedian Spiral,
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Problem 174 —To draw a proportional spiral of three revolutions, the centre 0 and
the height AQ being given. (Plate XIV, Fig. 2)

Through O draw DB perpendicular to A('.  Find OB a mean propor-
tional between O(* and OA. Join AB and B('. Through C draw CD
parallel to AB cutting BD in D, and through D draw DE parallcl to
CB cutting (A in E. Through E draw EF parallel to D(' cutting BD
in F.  Proceed in this way to the end of the last revolution. To find
any number of intermediate points, bizect the angles AOB, BOU, (‘*OD
and DOE by the lines 31 and 42.  Make O 1 a mean proportional between
OA and OB, and 02 a mean proportional hetween OB and OC, Join
Al, 1B, B2, 2C.  Draw ('3 parallel to A1, 3D parallel to B1, D4 parallel
to B2, etc., that is, each parallel to the line subtending its opposite
angle. This will give a xecond set of points, and more may be obtained
according to the degree of accuracy required.

If a string be wound round a cylindrical body, one roll outside
another, the pencil point will deseribe thix spiral, the thickness of the
string determining the greater or less increase of the revolutions of the
spiral.

These two spirals are not, however, very graceful, and a more attrac-
tive spiral ix that known as the Tonic volute.  There are several methods
among which may be mentioned De Lorme’s, Goldman’s and Palladio’s.
Examples of the first two methods are given,

Preblem 175.—To draw the Lonic volute, the total height being given by De Lorme's
method. (Plate XIV, Figs 3 and 4) :

Divide the total height AB into cight parts. On 3, 4 as diameter
describe the cye. In the eye place a square with one diameter coineident
with AB.  (See enlarged centre Fig. 4.)  Biseet the sidex of the square
in the points 1, 2, 3 and 4, thus placing a smaller xquare within the first
square.  Divide the diagonal 1, 3 and 2, 4 cach into six equal parts, and
number the points so obtained as in Fig. 4. These 12 points are the
centres from each of which a quadrant of a circle may he drawn. I

To draw the inner fillet, divide the distance 1, 5 in Fiy. 4 into four
parts, and mark off one part so obtained on the diagonals from each of
the centres, thus obtaining 12 new centres for drawing the fillet.

Problem 176.—To draw the Ionic volute, given the diameter of the eye AB, and the
greatest ordinate or cathetus OF, by Goldman's method. (From 8ir W. Chambers)
(Plate XIV, Figs. 5 and 6)

The cathetus should be half a module and the diameter of the eye 2ths
of a module,

Divide the eye into four equal parts by the diameters ABand DE (the
operation' is enlarged in Fig. 6). Biscet the radii (‘A and (B in 1
and 4, and on the line 1, 4 construct a ~quare 1, 2, 3, 4. From the
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centre C to the angles 2, and 3 draw the diagonals C2, C3. Divide the

side of the square 1, 4 into six equal parts at 5, 9, C, 12, 8.  Through the

points 5, 9, 12, 8 draw the lines 5, 6, 9, 10, 12, 11, 8, 7, parallel to the‘
diameter ED which will cut the diagonals in 6, 10, 11,7 and the points

1,2,3, 4,5 6,7,8,9, 10, 11, 12 will be the centres of the volute.

From the first centre 1, with radius 1, I, describo the quadrant FG.
From the sacond centre 2, with the radius 2, G, describe the quadrant
GH. Continuo the operation for all 12 centres, The volute should
finish at the point A.

The centres for the fillet are found in this manner :—Clonstruct the
triangle of which the side AF is equal to the partof the cathetus contained
between A and F, and the side TV equals (1. On the side AR place
the distance FS, from F towards A, equal to the breadth of the fillet
(}th of a module).

Through S draw ST parallel to FV.  Then ST is to C1 in the same
proportion as AS is to AF. Place the distance ST on each side of the
centre C on the diameter of the eye AB. Divide it into three equal
parts, and through the points of division draw lines parallel to the dia-
meter ED which will cut the diagonals (12, C3 and 12 new centres are

obtained for tho interior contour of the fillet.



CHAPTER V,
ELEMENTARY SOLID GEOMETRY.

The last four chapters have dealt with the representation of plane
surfaces (having length and breadth only) on a plane surface, such as
drawing paper. But all objects in nature have not only length and
breadth, but thickness, so that the points, lines, and surfaces of which they
are composed will not lie in one plane only. but in various planes. Some
means are obviously desirable hy which these ohjects may he represented
on a plane surface, such as drawing paper, in such a manner that they
can he accurately measured to scale.

The position of an object in space may evidently be fixed by its rela-
tion to, or distance from, certain fixed planes. Take two pieces of wood
fixed at right angles to each other, representing two planes, the position
of which is known, and let us see how the position of any point in space
A can be fixed in relation to these planes.  Attach two pieces of wire to
the point A, at right angles to each other and drive them perpendicularly
in the two pieces of wood.  The position of the two planes represented by
the pieces of wood being known, if the length of the two wires is mea-
sured, the position of the point A in space is known in relation to the
two given planes.

The wires may be taken to be lines representing rays of light
supposed to be thrown or projected, from every point in the object on to
cach plane.

These lines or rays are termed ¢ Projectors,” and the planes are
called the ¢ Planes of Projection.””  The outline of the object traced by
the projectors on the plane of projection is called the « Pprojection” of
the object on that plane.

There are three important methods of projection—

1. Perspective or Natural Projection, which will be dealt with in
detail in Chapter XVI.

Note—A great deal of this chapter is quoted from the Text-Book of Practical Solid
Geometry for the use of the Royal Military Academy, Woolwich, by Capt. E H deV
Atkinson, R.E, by kind pernussion of E. and F. N Spon. Limited, 125, Strand, London.

2. Orthographic or perpendicular Projection.

3. Isometric Projecti~n, which will be dealt with in Chapter IX.

Perspective Projection is a geometrical method of obtaining on paper
a drawing representing objects as¢ actually seen by the eye. As all the
projectors or rays of light from cvery point in the object converge in
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the eve, it follows that there must he distortions, the principles of which
are—

(a) The lengths in the drawing, of lines of equal length in the
object, vary with the distance of the lines from the eye. If
you look down a receding line of railway, in which the
sleepers are at right angles to the rails, although the sleepers
are really all the same length, yet they scem to get smaller
and smaller the farther distant they are from the point of
vision.

(b) Various lines are more or less foreshortened as they are more
or less oblique to the plane of projection.

It is, thercfore, impossible to take actual measurements from a per-
spective drawing, and it ix to enable this practical necessity to be carried
out that we resort to Orthographic Projection.

ORTHOGRAPHIC PROJECTION,

In Orthographic Projection the first distortion mentioned (a), is got
over by imagining that the eye ix at an infinite distance from the object.
Then the rays from every point in the object, instead of converging to the
eye, become parallel to each other and perpendicular to the plane of
projection.  In other words, the eye is supposed to move into a position
perpendicular to cach point in the object at the same time,  This is, of
course, physically impossible, and it is important to remember that an
object can never he seen ax represented in an orthographic projection.
Now in Fig. 1, Plate XV, we have the orthographic projection of a ree-
tangular box obtained by projecting the buse down on to the horizontal
plane, the eye heing supposed to be above the hox (ax at A), and the exact
dimensions of the base of the hox can be measured.  We, however,, see
that all lines not parallel to the plane of projection are still foreshortened
(distortion b), thoxe at right angles to the base being foreshortened
to a point, and to obviate this we introduce another plane of projection,
called the Vertical plane, at right angles to the first or Horizontal plane.
Shifting the eye to B, we can now make a projection on the vertical
plane, and by using ax many vertical planes as are necessary parallel to
the various sides of the box, we obtain full information as to the size of
each side.

The projection on the Horizontal plane, or H. P., is called a ¢ Plan,”
and the projections on the Vertical planes, or V. P.s, are called ¢ Ele-
vations.”

It may be noted that ax the object is supposed to be fixed in space
there can be but one Plan ; but there can be any number of Elevations,
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because vertical planes can be crected all round the object and projections
made on them, the objeet being viewed from any point required. It
must be remembered that the objeet always remains between the observer’s
eye and the V.P. 1t is very important to note that ax the object is in a
fixed position, each point will be the same height above the 1. P. in all
elevations.

In Figs. 1 and 2, y vepresents the height of the box above the horizon-
tal plane, and . the distance from the vertical plane.  The Student may
now remark that the box is rectangular, and the side being at right
angles to the base, it is possible to obtain all necessary dimensions from
the H. P. and V.P. If, however, the object wax a pyramid with a
square base, how would the dimensions of the sloping side be obtained ?
Would you take a plane parallel to this sloping side and making an
angle with the H. P.? No. It is very important to remember that in
all cases a V. P.and an H. P, are at right angles to cach other.  In this
case the pyramid would be votated on one edge of the base till the slop-
ing ~ide wax vertical, and a projection would then be made ona V. P,
parallel to it, and the necessary dimensions obtained.  This will he dealt
with in detail further on. A practical difficulty now occurs.  The object
is to be represented on paper, but it i« not possible to keep hending the
paper up at right angles to get the V.. Suppose the two planes in £9¢. 1
are hinged, and that the vertical plane is allowed to drop back a quarter
of a circle till it lies in the same plane with the horizontal plane as shown
by dotted lines,  Viewed from the front the two planes will be as repre-
sented in Fig. 2. The two projections remain as before, except that they
are now in onc plane, and it can be seen that cach point in plan is
exactly under the corresponding point in elevation.

Tt will be shown in Problem 177 how to go to work in practice to get
the two projections of the box on one plane, such ax a sheet of drawing
paper, but before doing so it is necessary to give a few definitions and
rules for lettering.

Depinitions.

A Prax i~ the orthographic projection of an object on the horizontal
planc or H. P. which ix represented by the drawing paper,

An Brevarios ix the orthographic projection of an ohject on any
vertical plane or V. P,

A Sgcrtox ix the representation of the surface that would be exposed,
supposing the object to be cut by a plane passing in any required direction,
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This imaginary cutting plane is usvally vertical, and every part Jof
the solid between the eye and the cutting plane is assumed to be removed.

The ProriLE of an object is a section made by a V. P. cutting the
object in a dircction perpendicular to its length. A profile shows the true
breadths, and is the only section that does so.

A CoNTour is the plan of the intersection of a surface by a horizontal
planc.

If it is required to draw the plan and clevation of an object in a
certain position, it may sometimes be necessary to draw plans and elevations
of the object in other positions first, in order to obtain the required projec-
tions. These plans and clevations are called ¢ Auxiliary ” or ¢ Construc-
tive. ”’ ’

Rules for Lettering Irawings.

It is essential in the more complicated problems to letter distinetly
ecach point in plan and elevation, and, morcover, to do so in a systematic
way. The Student should get into the way of doing this by never drawing
anything, however simple, without lettering it.

1. For all original points in space use capital letters, A. B, (', ete.

2. An original point A, cte., will have a plan « and an eclevation o',
If more than one plan be drawn, the corresponding points will be lettered
ay cte., if more than one clevation ', ¢, cte.

If a point‘ in plan represents two points in the object (as the point %
in Fig. 3, Plate XV ), and consequently has to be marked with two letters,
put the letter representing the point nearest vour eye above the other
lotter.  Deal in the same way with a point in clevation representing two
points in plan (as the point —Z-: in Fig. 9, Plate XV),

Thesc letters should be printed in black italics dths of an inch high,

3. Given lines to be THIN CONTINUOUS BLACK LINES.

4. Resulting projections to be shown in THICK CONTINUOUS BLACK
LINES.

5. All construction lines and projectors to be FINE COMMON DOTTED
1aNes.  In a finished drawing, only the outer projectors need be shown.,

6. All auxiliary clevations and plans to be chain=dotted.

7. Elevations projected from plans, ewcept auxiliary elevations, to be
shown as “results” or new views of the object.

8. The interscction of the co-ordinate planes, commonly called the
XY ling, to be invariably marked with the letter< XY in block capitals
¢oths of an inch high,
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Problem 177.—To draw the plan’and elevation of a ‘rectangular box, z inches long,
¥ inches wide, and = inches high, whep one of the long sides malkes an angle of 30° with
the V. P., and one of the faces «bcd lies in the H. P. (Plate XV, Fig- 3)

Draw the plan of the box, which will be a rectangle . inches long and
y inches wide. Draw a line representing the hinge of the V. P. making
30° with the plane of one of the long sides. Now this line represents
both the plan of the V. I.and the elevation of the H. P. 1t ix com-
monly called the “ XY line” the * ground line ™ or the ** datum line. ™

Each angular point in the plan actually represents two points in the
box, niz., the top and bottom corners.  Letter then «, b, ¢, d, represent-
ing the bottom of the hox, and e, f, ¢, h, representing the top of the box.
From each of these points draw projectors at right angles to the XY
line. As the base of the box rests on the H. P, «, b, ¢, d, must, in cleva-
tion, be in the XY line, and can be lettered o', #'y ', d'. Draw a line
parallel to the XY line at a distance from it equal to the height of the
box (2 inches'.  Continue the projectors till they cut this line, and letter
the points obtained ¢' /' ¢ &' representing the top of the hox. The

result is the required elevation.



CHAPTER VI.
ELEMENTARY PROJECTION OF SOLIDS.

A “Nolid ™" is that which has length, breadth, and thickness (Euclid,
Book XI, Def. 1.

Geometrical solids may be classed—

1. Regular solids which are contained by equal and regular surfaces,
Each of them can be inseribed in a sphere, and all their regular points
are equidistant from the centre of the sphere, Tt can he proved that five, _
and only five, solids can fulfil these conditions, These are—

i) The Tetrahedron, contained by four cqual and cquilateral
triangles.  (No. 1, Plate XV, Fig. 4.)
(ii) The cube, contained ny six equal squares.  (No. 2, Plate
XV, Fiy. 4.)
(1)  The Octahedron, contained by eight cqual and equilateral
triangles, (No. 3, Plate XV, Fig. 4,)
(iv)  The Dodecahedron, contained by twelve equal pentagans, which
are equilateral and equiangular,  (No. 4, Plate XYV, Fia. 4.)
(v) The Icosahedron, contained by twenty equal and cquilateral
triangles,  (No. 5. Plate XV, Fig. 4.)
2. Solids of Revolution, three in number—
(i) The Sphere. (No. 1, LPlate XV, Fig. 5.)
(i)  The Cone.  (No. 2, Plute XV, Fiy. i.)

(iii) The Cylinder.  (No. 3, Llate XV, Fig. 5.)

3.  DPrisms, which are solids having two parallel polygonal ends, equal
in size and shape.  The sides which unite these ends are parallelograms.
If these sides are perpendicular to the ends. the solid is a vight prism,
Prisms are called after the shape of their ends,  Thus, if the solid has
a pentagonal base it ix called a pentagonal prism, (No. 4, Plate XV,
Fig. 5.).

4. Pyramids, which are solids having one polygonal base, From
ench of the angles of the base a seriex of edges converge to a point called
the apex. 1f the line drawn from the apex to the centre of the base is
'porlwmlicu\m' to the base, the solid is a right pyramid. Pyramids are
named in the game way ax prisms.  (No. 5, Pluate XV, Fig. 5.)

The object of the exercises in this chapter ix to give a Student the
groundwork of knowledge which will enable him to produce projections
of objects he may meet with in hix daily work as an Engineer, in howa
gver complicated or difficult position they may be placed,
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Solids are assumed for purposes of drawing to be transparent, and the
invisible edges are represented by dotted lines. It is sometimes a matter
of difficulty to the beginner to decide which lines should be continuous
and which dotted.

If you are projecting an elevation from a plan, try and imagine that
the V. P. actually rises from the XY line at right angles to the H. P,
Get your eye down, and look at it with the object placed in imagination
between you and the V. P.

The lines of the solid represented in the plan by lines nearest your
eye will be continuous in elevation, and those further away or behind the
solid will be dotted,

In the same way, if you are projecting a plan from an elevation,
imagine you are looking perpendicularly down on to the object from a
point above it. Those lines which are uppermost in elevation will be
continuous in plan, and those nearest the XY line in clevation, which
represent lines in the object which cannot be seen from above, will be
dotted in plan,

Although in many cases the casicst method of obtaining the required
projections of a solid will only be recognized hy the light of experience, yet
all the more important positions can be grouped in the following cases i—

Case 1. One face in or parallel to the H. P.

Case 2. One edge of a face in or parallel to the H. P, the inclination
of one of the faces containing that edge being given.

Cuase 3. One edge of the base in or parallel to the I, P., the inclina-
tion of the base being given.

Case 4. One point in or in a plane parallel to the H. P., the inclina-
tion of the edge or diagonal passing through the point being given.

Case 5. The inclination of one face, and of a line in that face being
given.

Cuse 6. The inclination of two edgex or diagonals being given,

Case 7. The inclination of two adjacent faces heing given,

Only the first four cases will be dealt with in this chapter. The
remaining cases require some knowledge of the projection of Lines and
Planes, and are dealt with in Part 11, Chapters XT and XTI,

Case 1.
One face in or parvallel to the I1. P,

Problem 178 —To draw the plan and elevation of a tetrahedron (1 inch side), when
one face rests in the H. P, and to find the true size of ite sloping sides (Plate XV,
.Fige 6,7, 8>
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The required plan ix the equilateral triangle abe of 1 inch side, The
centre of the triangle d is the plan of the apex. (Fig.7.)

To obtain the elevation project each of the points a, b, ¢, d, up to the
XY line. We must now find the height of the tetrahedron. By
examining Fig. 6 it will be seen that the inclined edges of the solid are
really equal in length to the edges of the base, being each sides of equal
equilateral triangles. Tt can further be seen that their length in plan is
the distance from the angles of the base to the plan of the apex. If a
right-angled triangle is constructed with Ad, the foreshortened plan of
an inclined edge AD as bhase, and the real length of the inclined edge
AD as hypotenuse, then the perpendicular d) represents the height of
the solid.

In Fig. 7 the plan of the solid with one face resting in the H. P. has
been obtained. On ad as base erect a perpendicular di. With centre
a and radius «c cut off on this perpendicular a length al equal to ae,
The required right-angled triangle is now obtained, and dl is the height
of the tetrahedron. Set it off on the projector from d and complete the
elevation,

We have already remarked, on page 106, that in order to obtain the
true measurements of a sloping face of an object, we must obtain an
elevation of the object on a V. P. at »ight angles to one edge of the face,
and then, using that edge as a hinge, rotate the elevation till the face is
perpendicular.  Tn this case, Fig. 8, obtain the elevation of the solid on
a V. P. at right angles to the edge ¢b.  Rotate the clevation till the face
edb is vertical. To prevent confusion thix elevation has been moved to
one side and is «" d" ¢" b, From this project down a plan. Then from
this plan projoct up an elevation on an XY line parallel to the face cdb,
and we obtain the true measurements of a sloping face, which is of course
an equilateral triangle of 1 inch side.  This system of “rotating” is
most important, and should be thoroughly grasped, and will again be
referred to later on.

Problem 179.—To draw the plan and elevation of an ootahedron when lying
with one face in the H P. (Plate XV, Fig 9
Thisx is a good example of the method of obtaining the plan and ele-

vation required by means of an auxiliary plan and elevation.

The Student must, in the case of cvery problem, examine the data,
and see what is the easiest thing to draw first to obtain the required
result.

In this case take a model of an octahedron, and place it with one
diagonal vertical, We sce then we can draw its plan which is a square,
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Its elevation can also be projected, as the height in this position is equal
to the diagonal of the square abed.

This clevation, however, must he drawn on an XY line perpendicular
to one of the sides of the square, because we must rotate the elevation
80 that the octahedron lies with one face in the H, P, '

Rotate the elevation, so that each point moves in a plane parallel to
the V. P., keeping the point ¢’ fixed till the face o' B’ ¢/ rests in the XY
line, This is an elevation of the solid in the required position. Drop
projectors from each point in the clevation, and draw lines parallel to the
XY line from the corresponding points in the auxiliary plan to meet
these projectors,  Join the points thus obtained.  The result ix a plan of
the octahedron with the face ¢/, 4, ¢/, Iying in the H, ., and is a regular
hexagon,

Case IT.

One edge of a fuce in or pavallel to the I. P., the inclination of one
of the faces containing that edge being given.

When the base is at right angles to the faces, as in a right prism,
the easiest thing to draw first will be an auxiliary clevation of the base,
so that the elevation of the face of which the inclination is given ix repre-
sented by a line, Draw the XY line making the given angle with this
line, and project the solid. When the base of the solid it not perpendi-
cular to the faces ax in the octahedron, pyramids, ete., the method given
for Case ITT must he employed.

Problem 180.—A pentagoral prism rests on one long edge which is 1 inches long.
The inolination of one of the faces containing that edoe is 15°. The sides of the base are
linch long. Draw the plan. (Plate XV, Fig 10)

Draw an ausiliary elevation of the base which will be a pentagon of
1inch side. Draw an XY line making 257 with one of the sides,
Project down the plan.

Case TII.

One edge of the base in or yarallel to the H. P., the inclination of
the base heing given.

In this case we must first draw an auxiliary plan of the solid resting
on its base in the H. P.  Project up an auxiliary elevation of the solid in
this position, on an XY line af rivht angles to the plan of the edge of the
hase on which the solid is to rest. The base is now represented in this
auxiliary elevation as a line, and the edge of the base on which the solid
is to rest by a point. Keeping this point fixed as a pivot, rotate the
solid till the elevation of the base makes the required angle with the XY
line (representing the H. P.).
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The solid is now in the required position agd its projections can be
ohtained.

This is a most important principle, and should be tried with various
solids till the Student thoroughly graspsit. Tt must he clearly borne in
mind that the auxiliary clevation must be made on an XY line at right
angles to the plan of the edge of the base on which the solid is to rest,
this edge being used ax a hinge,

Problem 181.—The letter I is 1 inch high and 4} inch in section. The top and lower
arms are § inoh apart, and the former projects 3 inch. Draw the projections of the
solid when the letter rests on the edges of the hase and projecting arms (Plate XV,
Fig. 11)

According to the instruetions given above, first draw an auxiliary
plan and elevation of the letter resting on its base, on an XY line at right
angles to the edge of the base on which it is eventually to rest. Now
rotate the auxiliary clevation on this edge as a hinge till the projecting
arms lie in the XY line.  Then project down the plan.  The elevation is
moved to one side in /g, 11 so as not to confuse the plans.

(ase TV.

One point in or in a plane pavallel to the H. P., the inclination of
the edge or diagonal passing through the point being given,

The method to be followed in dealing with this caxe ix the same as m
Case TT1. with the following important difference.  7'he VX line must he
drawen parallel to the plan of the edge or diagonal of which the inclination
is given.  The point on which the solid is to rest will now he the hinge.
The XY line being parallel to the plan of the edge or diagonal of which
the inelination is given, that cdge or diagonal will now move in the V. P,
The elevation must he rotated till the given edge makes the required
angle with the H. P, and the projections can then be drawn,

Problem 182 —Draw the plan of a square pyramid (1 inch side and 1 inch height),
resting on one point in the H.P., an edge passing through that point being vertical.
(Plate XV, Fig 12)

Let it be required that the edge ce shall he vertical.  First draw an
auxiliary plan, project up an auniliary clevation on an XY line parallel
to the plan of the edge ce, keeping the point ¢, on which the solid ix to
rest, as a pivot, rotate the auxiliary elevation till the edge ¢" ¢" is vertical.
Project down the plan.  The elevation ix here again moved to one side,
in order that the plans may not be confused.

Sorips oF Revorurion,

The only point of difficulty likely to avise in the projection of solids
of revolution is the projection of a circle when the plane containing the
cirele makes an angle with one or other of the planes of projection.
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If the plane containing the circle'is parallel to the V., P., the plan
will be a staight line parallel to the XY line, and equal in l(:ngth to the
diameter, and the clevation will be a civele.  Tf parallel to the H. P. the
plan will be a circle and the elevation a straight line.

It the plane containing the circle makes an angle with either plane of
projection, one projection will he a straight line equalin length to the
diameter, but inclined at the given angle to the XY line 3 the other pro«
jection will be an ellipse, the major axix of which is equal to the diameter
of the cirele, and will be the projection of that diameter which ix parallel
to the plane of projection. The direction of the minor axis will vary with
the conditions, but having obtained that diameter, whose projection is the
major axis, the minor axis can he obtained by finding the corresponding
projection of the diameter at right angles tait. The major and minor
axis being fixed, the ellipse can be drawn by any of the methods given in
Problems 145, 146, cte., or by the method given under (‘ase TV, as in
the following cxample.

Problem 183.—Draw the projections of a circle 1} inches ‘diameter, when the
plane ocentaining it is perpendicular, to the V, P., but makes an angle of 45° with the
H. P. (Plate XVI, Fig. 1)

This problem can be treated under Case IV, First draw an auxiliary
plan and elevation of a circle parallel to the H. P. and perpendicular to
the V. P.  The plan as explained above will be the circle «cbd, and the
clevation a straight line ' ' equal in length to the diameter of the circle.
{The auxiliary plan is shown in continuous lines in this case to show the
points of contact with the projectors more clearly.)

Divide the clevation «' ¢’ into any number of points 1/, 2y 3, ete.,
and project these points down to the auniliary plan.  With the point o’ as
pivot, rotate the elevation into the required position «" 8 making an angle
of 45° with: the I, . Project down each of the points 1", 2", 3",
and the points where these projectors meet lines, drawn parallel to the XY
line, from the points where the projectors from 1, 2') 3, cte., cut the
auxiliary plan, are points on the required plan, an cllipse.

Froblem 184—Draw the projections of a cone (diameter of base 1j inches, height

13 inches) when the base is inclined to the H. P. at 30°. Also a second elevation ona
V. P. inclined at an angle of 60° to the original V. P. (Plate XV1I, Fig. 2.)

The first plan and elevation required can be drawn by problemn 183,

To get the second elevation, draw an XY line making 60° with the
first XY line. Project up from the plans of the extremities of the major
and minor axes. Measure above the new XY linc the heights of the
corresponding points above the first XY line.

The lines joining the points thus oltained will be conjugate axes of
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the second ellipse, which is the elevation of the base of the cone in the
fequired position.

. From the pointx 1, 2, 3, cte., on the plan, draw projectors to the ~econd
XY line, marking on them heights above the XY line, equal to the heights
of the clevations of the corresponding points ahove the first XY line. By
this means a number of points 1", 2%, cte., on the new cllipse are obtained,
and it can be drawn. 1f the parallelogram fhjy is drawn about the
plan of the base of the cone, and ity angular points are projected up to the
new elevation, the parallelogram £ 2" /" " is obtained.  The ellipse must
lic in this parallelogram, and must touch it in the points «" " b" d',
which are the extremities of the conjugate axes.

Examples.

1. Draw the projections of a cube (1 inch side) one face of which is
inclined at 35° to the H. P., and an adjacent face being parallel to the
V. P.

2. Draw the projections of a cube (1 inch side) one face of which ix
~inclined at 35° to the H. P. and an adjacent face at 45° to the V. P,

3.° Draw the projections of a hexagonal prism (£ inch edge of base,
2 inches length), the axis of which is inclined at 65° to the H. P,

4. Draw the projeetions of a pentagonal prism (§ inch edge of base,
2 inches length), the base of which is inclined at 25° to the H. P. and
‘one face at 18° to the V. P,

5. Draw the projections of an octahedron (1 inch side) with one
edge resting in the H. P., and the face containing that cdge inclined at
20° to the H. P

- 6. ¢« Draw the projections of a pentagonal prism (edge of hase 4 inch,
length 2 inches) resting on one edge of the base, the face containing that
edge inclined at 30° to the H. P. Also an clevation on a V. P, making
20° swith the plan of the cdge.

7. Draw the plan of a cube when one of its diagonals is vertical
(edge 14 inches).

8. Draw the projections of a xquare prism (height 2 inches, breadth
1-inch) when a diagonal of a face is horizontal and it is resting with one
of the shorter edges in the H. P,

9. The letter T is § inch in scction, the projecting arms are half the
length of the stem, which is 24 inches long.  Draw the projections when
‘one face of the stem is inclined at 45° to the V. P., and an edge of that
Tace is inclined at 30° to the H. P,

10." A hollow cylinder (height 24 inches, diameter 2 inches, diameter
of hole 1 inch) stands on one end and supports a sphere of 24 inches
diameter, Draw the projection, '
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I1.  Four spheres (1 inch diameter) lic on the ground in a pyramid.
Draw their projections.

12, Draw the plan of a cylinder (radius of base 1 inch, length 3
inches) resting on a point in the edge of the base, which ix inclined at 30°
to the H. P., also an clevation when its axis i~ inelined at 40° to the V.P.

13.  The upper face of a cube (1% inches edge) forms the base of a
regular pyramid (2 inchex high).  One edge of the cube remote from the
pyramid is in the H. P., and the vertex of the pyramid is 2 inchex above
the H. P, Draw an clevation of the compound ~olid on a V. P, parallel
to one of the slant edges of the pyramid.

14, Draw the plan of a double pentagonal pyramid, consisting of
two right pentagonal pyramids each of the following dimensions :—Side of
base 1} inches, height 14 inches, the line joining their vertices being
inclined to the H. P, at 35°.

15. A hexagonal prism height 2 inches, edge of base 1 inch) sup-
ports a tetrahedron, three of whose corners rest on three of the top corners
of the prism. Draw the projections.

16.  Draw the projections of an octahedron (14 inches side) when an
axis is inclined at 60° to the H. P, and one edge at 30° to the V. P.

17.  Draw the projections of a tetrahedron (2 inches edge) when one
of its faces is vertical,

18. A cylindrical bolt (§ inch diameter, 1 inch height) has a hexa-
gonal nut (edge of base 1 inch, thickness § inch).  Draw the projection
when the aais is inclined at 30° to the H. ., and one side of the nut
makes an angle of 20° with the V. P,

19, A cylinder (3 inches Jong, diameter 2 inches) lies on its sxide in
the H. P., with its axi~ inclined at 30° to the V. P A hoop 3 inches
diameter liex with one point touching the edge of the base of the eylinder
and in a plane perpendicular to the V. P., and making 30° with the H. P,
Draw the projections.

20. A rectangular block of wood (5" x 2" x 1") rests on the H. P,,
its long side parallel te the V. P. A cylindrical ruler 1" diameter and 3"
long rests centrally against the block with one point of the basc on the
H. P. and 1 inch projeeting over the block.  Draw the projections.

21, Draw the projections of a hollow octagonal prism under the

e
following conditions :—

Axis of prism inclined at 30° to the H. P., and 45° to the V. P,
Length of prism 6 inches, side of octagon 1§ inches, diameter of hole 3
inches. The lower end of the prism to be to the front.

Note.—Scale for all the questions, full size



CHAPTER VII,
SECTIONS OF SOLIDS.

In most lngineering Drawings, unless of a very simple nature, tlro
plan and clevation alone will not give suflicient information to enable the
objeet to he constructed. Tt will usually be necessary to have details of
the interior arrangements, the design, thickness, cte., of walls, floors,
beams, ete.  These details are obtained by means of sections,

Tf the object is cut into two portions and the portion neavest the eye
removed, the form of the freshly cut surface is ealled a < Section.” The

plane by which the object wax cut is called the ¢ Secant Plane.”

If any
portion of the exterior of the object can be seen in clevation or plan as
well as the section, according as the sccant plane is Vertical or Horizontal,
the result s termed a ¢ Sectional Elevation™ or a “ Sectional Plan.”

The Sceant Plane may be either—

1. Perpendicular to one planci and parallel to the other plane of
projection. ‘

This is the section most useful in practice, as it gives the true form
of the scetion from which actual measurements may e taken.

2, Perpendicular to one plane and inclined to the other plane of
projection.

The seetion thus obtained is of little practical use, as it does not show
the true form of the section 3 but the latter can be readily obtained by
uxing a new XY line parallel to the secant plane, as shown in Problem
188.

3. Inclined to both planes of projection.

The scctions obtained are seldom of any practical use, and will not he
dealt with in this chapter.

A seetion by an inelined =ecant plane is more uxeful as an academical
exercise than for any other purpose, ax it does not <how the truc shape of
the object., Zo obtain the true shupe, the plane of projection must be
parallel to the secant plane,

The simpler cases of intersections of planes with solids and the resulte
ing sections will ouly be treated of in this chapter,
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Sections by planes perpendicular to one and parallel to the other plane
of prajection according to the conditions given,

The secant plane is represented in plan or elevation by a line, called
the Section Line, usually represented hy the letters LM. The problem
is usually stated thus—*To draw a scction or sectional plan or elevation
of a given object on a line LM.”  This means that it is required to show
the section or sectional plan or clevation of the object made hy a hori«
zontal or vertical plane LM.

It must be remembered, firstly, that the XY line must bhe drawn
parallel to the section line if it is required to obtain the true form of
the section ; and secondly, that the portion of the object hetween the
observer’s eye and the secant plano ix assamed to be cut off and removed.
No part of it, therefore, can possibly appear in the result.

Problem 185.—The plan of a tetrahedron (1 inch side) is given, one face resting

in the H. P, and one edge making 15’ with the V. P, Draw a section on a line

parallel to the V. P, and } inch froin the nearest corner of the plan of the tetrahedron,
(Plate XV], Fig. 3)

Draw the XY line making 15° with the edge b, and LM, the section
line, parallel to the XY line and half-inch from the point . Projoct
up the elevation, Mark each point where LM cuts cach edge of the plan
of the tetrahedron by numerals; going round the solid upwards from
left to right. (It is most important to follow some principle in this
letjering, as in more intricate figures it is easy to get confused.y  Now
LM cuts «c in 1. Project up from 1 till the projector cuts «' ¢ in 1,
LM cuts de in 2. Project up from 2 till the projector cuts d' ¢ in 2,
Do the same for 3. In the elevation join the points 17, 2’03’ and the
result is the required section, showing the true shape.  As only the
section is axked for, nothing else should appear in the result, but to show
the working, the rest of the solid is shown dotted.  This would, however,
he shown as a “result 7 if a sccetional clevation had been asked for,

Problem 186.— A pentagonal prism (; inch edge of base, 1} inches long) rests
with one edge of the base in the H. P, and perpendicular to the V P., the side con-
taining that edge being inclined at 20” to the H. P. Draw a sectional plan on a line
LM about 1 inch above and parallel to the H, P. (Plate XVI, Fig, 4.)

In the same way as in the last problem, number consecutively cach
point where the section line cuts an edge of the =olid in elevation, going
round the solid from left to right. Project cach point down on to the
plan of the correxponding line and obtain the section as shown in Fig. 4.

Problem 187.— A cylinder (base 1 inch diameter, height 2 inches) has its axis
parallel to the V.P. and rests on a point of the edge of the base in the H. P. ‘The base
is inclined at 60’ to the H. P, Draw a sectional plan on a line LM, parallel to the
H. P., and passing through the corner of the upper base of the cylinder as shown in
elevation. (PlateB{V!, Fig.5) -



112 OHAPTER VII,

On one em‘l/ of the base in clevation, draw a semi-circle. Draw any
number of genefators as @', ', ', I, ote., and produce these to meet the
circumference of the semi-cirele in £/, I, ete.

Y

Figure each point where the line LM cuts a generatrix with the
numerals 1', 2', 3/, ate., and projoct these points down on to the plan of
the axis of the c¢ylinder, LM cuts »' +' in 1'. Project down 1' on to the
p]ﬂx, and mark the point, obtained 1, LM cuts ¢’ @' in 2, ' ' in 3,

etc. Project cach point down to the axix and lay off on each side of the
axis the heights «', &/, V', I, etc,, obtaining the points 2, 3, ete. The
cgmpleted seation is an ellipse

Seetions by planes perpendiculay to one plane and ipelined 1o the other

plane of projection,

The procedure in this case ix exactly the same as that already do-
seribed.  Great care should be taken to number the secant po_intﬁ"gonsncu..
tively, going round the solid from left to right.  The result, however, does
not show the true form of the solid, and to obtain this a second elevation
must bo made on an XY line parallel to the secant plane,

Problem 188.— An octahedron (1 inch side) lies with one face inthe H, P, Draw
a sectional elevation on a line LM making an angle of 45° with the V. P, Also show
the true shape of the section, (Plate XVI, Fig. 6.)

Draw the olevation,  Number the secant points in plan, in accordance
with the principles laid down, and obtain the sectional elevation. The
loft hand portion of the solid as shown in dotted lines in the elevation
should not appear at all, and is only shown so that the construction may

be followed caxily,

To obtain the true form, draw an XY line parallel to LM. Project

. 3 . \‘_

up cach of the sccant points 1, 2, 3, ete.  Now as the ~ame point in every

olevation of an object will always be the same height above the XY line,

the height above the XY line of each point 1", 2", 2", ete., can be obtain-

ed by measurement from the first elevation, and the true form of the
section obtained.

Problem 189.-- A hexagonal pyramid (1 inch edge, 1} inches height) rests on its
base in the H. P. Draw a sectional elevation on a line LM parallel to an edge of the
base, and also show the true form of the section. (Plate XVI, Fig. 7.)

This example is worked in exactly the same way as the last, and is
only introduced to show ¢in the next problem, that the section of a cone
can be obtained by considering the cone a pyramid of an infinitesimal/

number of sides,
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Problem 190.—A oone (diameter of base 14 inches height 14 inoh) rests on its base
in the H- P. Draw a section on & line LM making 22° with the V. P., and show the true
form of the seotion. (Plate XVI, Figs 8 and 9.

Method—Regard the cone as a pyramid with an infinyesyuar_num-
bor of sides, and ‘proceed ax in last problem. Draw the projections _of
any number of generatrices ha, kb, he, cte.  Project! “up the point where
LM cuts the plan of cach generatrix, till the projector cuts the elevation
pf the generatrix. These will give any number of pz)g}]fs oirthe. curved
outline of the section.

Method IT.—Regard the cone as composed of any number of concentrie
circles of various size.

Draw the plans of these cireles and projeet up the pointsa, b, ¢, where
they cut the plans of the outside generatrices, vs and oh, to the clevations
of the generatrices, obtaining the points « b ¢, Through o, ¥', ¢/, draw
lines parallel to the XY line.

These lines are the elevations of the circles of which the plans have
been drawn ; and the points where the scction line LM cuts the plans of
the circles, viz, 1,2, 3, ete., may be projected up to the corresponding
clevations and the points 1, 2, 3, on the curve obtained.  The vertex of
the parabola is obtained by drawing a circle a, 4 to touch the line LM.
The true shape of the section may be now obtained in the usual way by
taking an XY line paralle] to the secant plane.

Problem 199/~ A oone ‘diameter of base 1 inoh, height 1} inches) rests on its bage
in the H. P. Draw the sectional plan made by a pane perpendicular to V P, and
parallel to one generatrix. Show the true shape of the section (Plate XVI, Fig 10)

Proceed by the method shown in Method TI, problem 190, Draw
the plan and clevation of any number of concentric circles «, b, ¢, ete.
Project down on to the plan of cach circle the point where LM cuts the

clevation and obtain the required sectional plan.

To obtain the true shape strictly in accerdance with the « Principle of
Rotation ” as laid down on page 113, we should now rotate the elevation,
keeping the point 1’ fixed as a hinge till the line LM rests in the H. P.,
and obtain the true shape of the section by the method used in Preblem
181. This, however, is a cumbersome method for the more advanced
Students, who should now have grasped the yrinciple. Take a line by &
parallel to LM to represent hs in its new position. Project down from
1, 2', 3', etc., on to Iy s and lay cff on cach side of 7y s the distances
1, 2, 3, etc., from hsin the plan. The results are points on the curve

showing the true section a parahola.
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EXERCISES,

1. A cube (1 inch edge) rests on one face in the H. P. with one face
inclined at 20° to the V. P. Draw a sectional clevation on a line passing
through the centre points of two adjacent edges of the hase.

2. A pentagonal prism (edge of base 1 inch) rests on one long edge
(3 inches long). The inclination of one of the faces containing this edge
is 20°0  Draw a sectional elevation on a line passing through the centre
of the edge on which the solid rests, and making 45° with that edge.

3. A pentagonal pyramid (edge of base 1inch, height 2 inches) rests
on its base on the H. P. with one edge of the hase perpendicular to the
V.P. Draw a sectional plan on a line passing through this edge and
inclined as 40° to the H. P.  Also show the true form of the scction.

4. A square (2 inches cdge) is the base of a pyramid. Three faces
of the pyramid are inclined at 40° 70° 55°.  The pyramid rests with its
largest face in the H. P., one edge of that face heing inclined at 45° to
the V. P. Draw a scctional elevation on a line parallel to the V. P,
passing through the centre of one of the long edges of the face on which
the pyramid is resting.

5. A cone (diameter of base 2 inches, height 24 inches) has one
generatrix vertical.  Draw a sectional clevation on a line passing through
the centre of the base and perpendicular to the V., P,

6. A cylinder (diameter of base 2 inches, length 3 inches® rests on
the H.P., on a point of the edge of a base, which is inclined at 20° to the
H. P. Draw a sectional plan on a straight line parallel to the H. P. and
passing through the centre of the upper base.

7. An octahedron (1 inch side) has one diagonal vertical. Draw
the section on a line parallel to the H. P. and passing through the other
diagonal.

8. A cone (diameter of Fase 2 inches, height 2 inches) rests on its
base in the H. P, Draw the sectional plan on a line passing through the
edge of the base and cutting the outer generatrix in clevation § inch
trom the vertex.  Show the true shaye of the section.

9. A pentagonal prism (side 1 inch, height 3 incheg) liex on one side
in the H. P., and one long edge parallel with the V.P. Draw a sectional
elevation on a line hiseeting the axisx at 50° and show the 1rue form of
the section.

10. Draw from measurcment, all plans, scetions, and elevations
required for the working plans to enable a carpenter to make one of the
tables in your class room,
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11, A hollow pentagonal prism composed of two concentric pentae
gonals (edges 2 inchex and 14 inches) is 3 inches long. It is cut into two
equal portions by a plane perpendicular to one face and inclined at 45° to
a base.  Draw the plan of one-half when it ix resting on the section end.

12, The base of a pyrvamid (2§ inches high) is a square (1 inch edge).
The pyramid rests on one of its triangular faces in the H. P.  Draw the
sectional elevation on a line hisceting the plan of the axix and making
an angle of 50 with it.

13. A cylindrical pillar (diameter 1 inch, height 4 inches) rests con-
centrically on a hexagonal prism (edge 1 inch, height 1 inch).  Draw the
sectional plan on a line passing through the edge of the upper end of the
pillar and the opposite lower edge of the prism, and ~how the true shapo
of the section.

14.  Draw the =ectional plan of a sphere (2 inches diameter) on a
line & inch from the centre and inelined at 453° to the H. P. Show the
true shape of the section.

15, A reetangular block, 4 inches long, 2 inches wide, and 3 inches
high, has on cach face a circle deseribed with centre at the middle point
of the longer side and diameter equal to the shorter side. The block
rests so that the projection on the H. I’. makes an angle of 35° with the
V. P., and the axis of the block makes an angle of 30° with the H. P,
Draw the plan and clevation of the block, and also, in a separate figure,
a sectional clevation on a plane making an angle of 15° with the V. P,
and bisecting the axis of the block.

16. Two cquilateral triangular prisms (side of base 14 inches, length 3
inches) stand on the H. P., cach on an edge of the triangular end.  Tf these
edges are perpendicular to the V. I’ and the faces containing them make
60° with the H. P., and meet at their top edges so as to contain a space in
the form of an equilateral triangle in elevation, draw the plan and elevae
tion of the prisms, also a ~ectional elevation on a plane parallel to the
cutting plane, which bisects the line of intersection, and makes an angle
of 30° with the V. P. in plan.

17. A cylinder (diameter 2 inches, length 3% inches) supports the
apex portion of a pentagonal pyramid (edge 1} inches, height 34 inches) in
the centre of its length, which ix perpendicular to the V.P.  If the pyramid
rests on an edge of the base in the H. P., and the face containing this edge
makes 45° with the H. P., draw the plan and clevation, also a scctional
elevation paralle] to a cutting plane, which passes through the centres of
the pentagonal base of the pyramid, and the front circular end of the
cylindeor,
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18, An octagonal slab (side 14", thickness §") rests with its base
in the H. P., and supports a cone (diameter 24 inches, height 3 inches)
“concentrically.  If a pair of the opposite xides of the slab are parallel to
the V. P., draw the plan and eclevation, also a sectional plan parallel to a
plane, which bisects the axis of the cone, and makes 30° with the H. P. in
elevation.

19. A cylindrical rivet (diameter of cylinder 2 inches, length 24
inches) having a hemispherical head, diameter 24 inches, rests on a point of
‘the vertical eircular face of its head in the H. P., so that the axis of the
eylinder is perpendicular to the V. P. Draw a sectional clevation™of
the solid parallel to a cutting plane, which passes through the left hand
oxtremity of the front circular face of the cylinder, and makes 30° with
its axis.

20. A cone (diameter of base 3 inches, height 2 inches) rests on ity
base in the H.P., and supports a pentagonal pyramid (side of pentagon 1}
inches, height 24 inches) having its base parallel to the H. I, with one
side of the base perpendicular to the V. P. If the apices of the two
solids meet, and their axes are in one vertical line, draw a sectional plan
parallel to a cutting plane, which is perpendicular to the V. P., and
intersects the bases of the cone and pyramid at points 4 inch right and
left of their left and right hand extremities respectively.

N.B.—Scale for all the questions other than question 10 to be full size,
question 10 to be 1 Loot Lo 1 inch,

Scale for



CHAPTER VIII.
ELEMENTARY- PROJECTION OF POINTS,
LINES, AND PLANES.

The Student being now familiar with the meaning of Orthographte
Projectioq, the use of the Planes of Projection and the more elementary
problems in the Projection of Solids, may now procced to investigate the
more complicated problems which arise in representing on a plane surface
objects consisting of a number of intersecting planes and lines of varigus
inclinations.

There are two systems of working out problems in Orthographic x 1os
jection—

(i) Tue Trace Sysrev.—In this system ecach line and plane is
represented by its traces in the H. P. and V. P,

The * Traces of @ Line™ are the points in which the original line cuts
the Planes of Projection. The point of intersection with the H. I, Ls
called the  horizontal trace,” that with the V. P. the ¢ vertxc’tl d trace.’ ,),’

The * Traces of a Plane™ are the straight lines in which it
interscets the co-ordinate planes. As in the case of lines, they are
distinguished as the horizontal and vertical traces of the plane.

As no two planes can have the same trace, it follows that if the
horizontal and vertical traces of a plane are given. the plane can be

S 1dont1hed
TGiy T Homizostan ok INDEX SystEM.—In this system objects
are fully represented on the horizontal plane, eclevations on vertical
planes heing used, a~ in the projection of solids, to work out problems
when necessary,  In buildings, irrigation works, and the representation
of ground, by far the greater part of the detail is required on the H. P.,
and thix system will be used in preference to the Trace System.

If an original point A ix projected on to the H. P., and the length of
the projector is measured, the height of the point above the H. P, is
determined, If the height of that point is marked against the plan of
the point, the position of the point in space is as fully indicated as if hoth
plan and clevation had been drawn,

In the same way with a line.  Suppose the plan «b of the extremities
of 4 line AB are obtained, and the lengths of the projectors measured and
found to be three uud s¢vew units, respeetivelys  1E we wark the plans ag,
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by, we can at any time obtain all information about the line, such as its
true length and its angle of inclination to the H. P., by drawing an cleva-
tion on an XY line parallel to the line itself, making the point « three
wnits and 4" seven units above the H. P, The elevation then gives the
true length of the line, and the angle of inclination the elevation makes
with the XY line ix the actual angle at which AB is inclined to the H. P.

Thus, in the Index System, a projection on the H. P. need only be
made.  The information with regard to the V. P. is supplied for each
point by numbers, representing the height of that point above the H. P.

These numbers are called Indiges.  They are generally written below
the letter they refer to, as az. If the point is above the H. P., no sign
is affixed to the index.  If it is below the H. P., the sign (—) is affixed.

If the indices are high numbers, it would be inconvenient in making an
elevation to refer them to an H. P. level oo The H. P. may he asxsumed
at any convenient level and figured accordingly 5 it is then called the
“ Datum Plane ” or ¢ Plane of Reference.”

In the actual working plans of a building, cte, these indices are
seldom used, except with reference to ground levels.  They would be
used in working out any complication in the interseetion of planes and
lines in the plan, by the methods given in the following problems.
Finally, from the indexed plan, all necessary eclevations and sections
would be drawn for actually working from, and the indices, being no
longer required, could be rubbed out.

Poxvrs,

The Horizontal and Vertical Planes of Projection, commonly called
the Co-ordinate Planes; are of indefinite extent, and sinee they intersect
in the XY line they form four quadrants (see Plate XVII, I'igy. 1.)

These four quadrants are known as the first, second, third, and fourth
dihedral angles.

So far in the preceding chapter we have only investigated the projec-
tion of an object in the first dihedral angle, but it ix obvious that portions
of the objeet might lic in any quadrant, according to the position in which
we fix the XY line.

Take two picces of paper and fit them together at right angles, to
represent the two co-ordinate planes, forming the four dihedral angles
(Plate XVII, Fig. 1.)

Take four points in space A, B, C, D, one in each dihedral angle and
draw their projections,
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If the two picces of paper are separated the projections will appear as
in Plate XVII, Fig. 2.

As explained on page 105, some method is required to show this result
on a plane surface such as a sheet of drawing paper. Join the two picces
of paper again at right angles. Rotate the sheet representing the V. P.
on the XY line as a hinge, in the direction represented by the arrow, till
it lies flat on the paper representing the H. P., and prick the points
obtained on the V. P, on to the H. P.  The result is ax shown in Plate
XVII, Fig. 3, and is the conventional method of obtaining on a horizontal
plane the projection of the four points A, B, (', D, shown in Fig. 1,
situated in the four dihedral angles.

We have, however, the power of fixing our co-ordinate planes, and
consequently our XY line, wherever it i most convenient. [n practice,
therefore, an object is usually regarded ax situated in the first dihedral
angle unless otherwise stated.  The Student should, however, work out
the following examples to sce that he thoroughly grasps the principle of
the four dihedral angles :—

FEramples.

1. A point A is 1 inch below the H. P, and } inch behind the V. P.
A point B is § inch above the H. P. and 1 inch behind the V. P,
3. A point Cis 1 inch above the H.P. and § inch in front of the

4. Aipoint D is 2 inches below the H. P. and § inch in front of the

LaNEs.

The projections of a line are made up by projecting each point of the
line.

If the line is a straight line, it lics evenly between its extreme points,
and if the projections of the cextreme points be obtained and joined up,
the projections of the straight line will be found.

If the line is not a straight line, the projections of a sufficient number
of points must be obtained in order to get the projections of the line.

The following are the various conditions under which the projections
of a line (AB) may be required :—

1. When the line is parallel to both planes of projection. *Plate
XVII, Fig. 4.) The plan and clevation will both be parallel to the XY
line and equal in length to the original line.

2. When the line is perpendicular to one plane and parallel to the
other plane of projection, (Plate XVII, Figs. 5 and 6,)
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One projection will he a point and the other equal to the original line
and perpendicular to the XY line.

3. When the line is inclined to one and parallel to the other plane
of projection, (Plate XVII, Figs. 7 and 8.)
Draw the plan or clevation as the case may be) inclined at the given
angle to the XY line, and project the other plan or elevation parallel to
the XY line,

4. When the line is inclined to one and in a plane perpendicular to
the other plane of projection. This is not so obvious and will be ex<
plained in the following Problem :—

Problem 192.- Draw the projections of a line AB (14 inches Jong) inclined to the
V. P. at 15° and in a plane perpendicular to the H. P. «Plate XVII, Figs. 9 and 10

First look at #Yy. 9 which represents the case graphically. It is
evidont, to got the true lengths of the plan and elevation «b and o' ¥, we
must get a right-angled triangle of which the hypotenuse ix the real
length AB inclined at 25° to the V. P.

Both projections will be perpendicular to the XY line. In Fig. 10
draw an indefinite straight line » @ ¥', perpendicular to the XY line,
cutting it in «. Draw « B making 25° with this line and equal in length
to AB. From B drop a perpendicular B 4" on to the line b « #’.  Then
B ¥ is the length of the plan and « b’ the length of the clevation of the
lino AB in the roquired poxition, and may be measured off on b « ' from
‘the point «,

In Fig. 9, the line CD is shown inclined to the H.P. at 20° and in a
plane perpendicular to the V. P.

PLANES.

" such that, if any two points

A plane may be defined as “a surface’
in it are taken, the straight line passing through them lies wholly in the
surface. A plane in space is determined, if we are given—

(1) two right lines parallel or intersecting lying in the plane.

(2) a point and a right line lying in the plane ;

(3, three points lying in the plane.

As a plane is indefinite in extent, to obtain both projections, a plane
must be inclined to one, or other, or both co-ordinate planes, otherwise
it is parallel to one of the co-ordinate planes and only one projection is
obtainable. Let us take a plane perpendicular to one planc of prejection
and see how we can obtain its projections.

Problem 193. ~Draw a plane inolined at 50° to the H P. (Plate XVIT, Figs. 11
and 12)
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Looking at Fig. 12, in which the problem is graphically represented,
the elevation is obviously an indefinite straight line inclined at 50° to
the XY line. Draw the clevations of a series of horizontal plancs inter-
secting the given plane at successive equal intervals above the H. P. (say
5 unity:, in the points 5, 10°, 15" ete.  These elevations will be straight
lines parallel to the XY line and 5, 10, 1), cte., units respectively distant
from it. In Fig. 11 project down the points representing the clevations
of the intersections of these planes with the given plane, »z. 5', 10', 15,
The plans will be indefinite parallel straight lines perpendicular to the
XY line and equidistant from cach other.  These lines are termed
“contours”” of the plane, and are shown conventionally as double chain-
dotted lines.  Now draw two parallel straight lines perpendicular to the
contours to represent a xcale, and figure 0, 5, 10, 13, etc., as in Fig. 11,
This scale is called the *“Scale of Slope,” and must always be at right
angles to the contours.  Conventionally the left-hand line, looking up the

scale, is always made thick, and the right-hand line thin.

We have now found a method of determining the projections of any
plance. 1f its Scale of Slope is given, its elevation and inclination to the
H. P. can be obtained by making an elevation on an XY line PARALLEL
to the Scale of Slope.

It must be remembered that the H. P is always the same ; we can
only alter its height, but its position is fixed. The V. P., however, can be
put up anywhere to suit our convenienee, so the only case we need take
into consideration is that of a plane of given inclination to the H. P.  Of
course a problem may be so stated that the plane is inclined at so many
degrees to the H. P, and o many to the V. ., thus fixing the V. P, for
that problem, but this will not assist us in our practical work, and will
not be considered in this Manual.

A plane ix, therefore, determined by its inclination to the H. P., as
shown by the vertical interval of its contours marked on its Scale of
Slope.  The distance apart in plan of the contours ix called the Horizontal
Equivalent of a plane inclined at so many degrees at so many units vertical
interval. In Plate XVII, Fig. 11, the perpendicular distance in plan
between the contours is the Horizontal Equivalent of a plane inclined at
50° at 5 units vertical interval. The Student should thoroughly grasp
the above, as he will find it very useful to him when commencing his
study of Survey.

A plane is not always expressed in degrees. It is sometimes referred
to as a fraction such as § tone in two). This means that for every ugit
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of vertical height, the horizontal equivalent is two units.  In other words,
the fraction represents the tangent of the angle of inclination.

In the Problems now given, when it 1§ required to “draw a plane,”
it is the Scale of Slope of that plane which is wanted.  In the same way
if it is required to draw a line, or find a point, it is the plan of that line
or point which is required.

In certain casex frechand drawings are given, showing practically the
methods of working out the problems.  These should be further explained
in Class by models.  Although a plane is of indefinite extent, in these
practical deawings it is shown bounded by a rectangle.

In all problems and exercises, a uniform scale of 10 units to an inch
is used unless otherwise stated.

Each of the ten clementary problems now given are so arranged as to
lead up to Problem 204, Plate XIX, which is a practical example of the
application of cach of these problems to a piece of work which any man
may be called upon to do in his daily work as an Engineer.

Problem 194.—Through a given line to draw a plane of given inclination, (Plate
XVI1I, Figs. 13 and 14.)

Let ayg, b, be the given line through which it is required to draw a
plane incline at 75°  Referring to £%g. 13, place a cone, the generatrix
of which makes 75° with the base, onan H. P.; level (10). Let the
height of the cone be 10 units (the difference in level between the two
ends of the given line AB).  Place the line AB so that the end A (10
units) rests on the H. P. (10), and the end B (20 units) on the vertex of
the cone. Then it is apparent that if we rest a; sheet of paper repre-
senting a plane so that it touches the line AB and rests against the cone
it will be the required plane as it is inclined at 75° and contains the line
AB.

For the practical construction of thix problem turn to £%g. 14,  Draw
an clevation of the line aiw b2 on an XY line, level (10), parallel to ay
byoe At the point bzg draw the plan and clevation of a cone, the height
of which is the difference in level between the two ends of the line
(10 units), the inclination being 75° and the vertex at .0'. Through ai
draw a tangent to the circle which represents the plan of the base of the
cone, and through dgy a line parallel to the tangent. These are the
contours of the required plane P, and the scale can be drawn.

It can further be scen from Fig. 13 that two planes can be drawn to
tulfil the conditions, one on ecither side of the cone, and the line AB is
the intersection of the two planes, The sccond plane Q is shown in

119‘ 14«



ELEMENTARY PROJEOTION OF POINTS, LINES, AND PLANES, 128

Problem 195. —To find the intersection of two planes—
(i) when the contours of the two planes are not parallel, (Plate XVII, Figs,
13and 14);
(li) when the contours of the planes are parallel, (Plate XVII, Figs. 15 and
16).

In the first case we have already seen in the last problem that the
intersection of two planes, the contours of which are not parallel, is the
line joining the interscetion of similarly figured contours of each plane.
The intersection of the two planex P and Q (Fig. 14) is the line ayy bg.

In the second case, by referring to Fig. 15, it will be evident that
the intersection of two planes, the contours of which are parallel, is a
straight line parallel to the contours. Tet the two planes ‘Fig. 16) be
P and Q inclined respectively at 56° and 76°. Draw an elevation of the
planes on an XY line parallel to the Scale of Slope, and find ¢’ the point
of intersection of the elevations, Project down «' on to the Scale of Slope
of the two planes and figure the point obtained, which is 18 on both Seales
of 8lope.

Problem 196.—Through a given point to draw—
(i) a plane parallel to a given plane;
(ii) a line parallel to a given line, Plate XVIII, Fig. 1.)

Let a; be the given point and P the given plane, and hyg ¢, the given
line.

It is evident that if a plane or line in space is parallel to another
plane or line, the plans and elevations must be parallel, therefore the
contours and scales of slopes of the planes are parallel, and the contours
of both planes are the same distance apart.  Further, the indices must
rise or fall in the same direction.

Through a; t Fig. 11 draw a plane Q the contours of which are the
same distance apart as those of the given plane P. Tndex the scale in
the same direction.

Secondly, through «; draw a line parallel and equal to b3 e, Then
since the difference in level between the extremities of the given line is
8, the extremity of the new line may he figured dy;.

Problem 197. - To pass a plane through two given intersecting lines, or through
three points not in the same straight line. (Plate XVI!I, Fig. 2.)

The two conditions are obviously identical. TLet ag by and az ¢z be
two straight lines which intersect at the point ag or let ag by ¢; be three
given points.  On ay Oy find a point ; by means of an clevation. Join
d; *¢;. This line is the (7) contour of the required plane. Another
contour can be drawn through «; and the scale graduated.

Problem 198 —Through a given point to draw a line perpendicular to a given
plane, and to find the distance of the point from the plane, (Plate XVIIl, Fig. 3.)
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Let a, be the given point and P the given plane inclined at 45°, It
a line is perpendicular to a plane, it is evident that its plan must be
perpendicular to the contours of the plane, therefore any straight line
drawn through a, perpendicular to the contours of the plane P will
represent the plan of the required line,

To find the distance of A from the plane P we must find the point
where the perpendicular from A intersects the plane P. Make an cleva-
tion of the point and the plane. Through «’ draw a line a' #' perpen-
dicular to the elevation of the plane P and intersecting it in the point ',
Then o' »' is the clevation of the perpendicular drawn from A to _th(:
plané P, and }' is the point of intersection. Project »' down on to the
plan of the line which can then be indexed #y5 from the elevation.

Problem 199.—To find the point in which a given line intersects a given plane,

This problem ix worked in the same way as the last by making an
elevation of the plane and line, and projecting down the point of inter«
section, It is loft as an exercise for the Student.

Problem 200.—In a given plage and from a given point in the plane to draw a
line of given inclination. (Plate XVIII, Figs, 4 and 5.)

Let P be the given plane inclined at 45° and ¢, a given point in the

plane. 1t is required to draw in the plane P from g, a line inclined
at 30°,

Turn to the sketch (Fig. 4).  In the plane P place a line AB inclined
at 30° to the H. P., and project down the point B where the line cuts
the 10 contour of the plane P. Then ¢, 5, is evidently the required
plan, and further a second line «, ), may be obtained fulfilling the same
conditionx.

To work the problem out on paper turn to #ig. 5. Make an eleva-
tion of the plane P and the point «, At «' lay off a line inclined at 30°
to the H. P., and where this line cuts the level (10) obtain the point ',
Project down 4/, then o' 4 jis the plan length of the required line and
may be laid off from «, between the 0 and 10 contours of the plane P,
giving the lines ay ), and a, ¢

It is evident that if the inclination of the line is greater than the
inclination of the plane, the problem is impossible.

If the inclination of the line is equal to the inclination of the plane
only one line will be obtained perpendicular to the contours of the plane,
To FIND THE TRUE FORM OF ANY PLANE FIGURE.
We now come to an important principle in Solid Gegmetry, how to
find the true form of any plane figure, and consequently hpw to measure
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the angle between any two right lines or two planes in space. (Compare
page 118.) Tha principle is to find any convenient contour of the plane
containing the figure, and using this as a hinge to turn the figure up or
down into the horizontal plane of the level of the hinge.

For instance, in Fig. 6, take th polygon A, B, C; D, Ei. Tn the
edge Cy Dy, find a point Fp. Join Ay Fy, and using this as a hinge,
turn the points E, and D, down, and the points B, C, up into the
H. Py, thus obtaining the true form of the polygon. Thix process is
termed ¢ Copstructing ” or « Rabattimg> - figare. All points in the true
form of any figure obtained by “ constructing” will be marked by capital
letters.

Problem 201. -To find the true form of a given polygon and to measure the
angles between the lines bounding the polygon. (Plate XVIII, Figs. 6 and 7).

Let ayy by ey dyy €4 be the given polygon.  In ¢y dy, find the point f,
by Problem 197. Join ay fj, representing the 10 contours of the plane
containing the polygon. Make an elevation of the plane and project up

each point obtaining tho points ¢ ' a' d' ¢'.

With centre a' (represent-
ing the hinge) and radii a' ', @' ¢, ecte., turn the points o' ¢, ete., up
and down to the XY line, obtaining 4" ¢" d" "+ From these points draw
projectors down till they intersect with lines drawn through ¢, b, dyq e)q
parallel to the XY line. Join the points so obtained, ., C, B, D, E,
and obtain the true shape of the polygon, and the angles between any

two lines hounding the polygon can be meaguared.

Problem 2032.—To measure the angle a given line makes with a given plane.
(Plate XV1II, Figs. 8 and 9.)

Let ag b be the given line and P the given plane inclined at 65°,

From a consideration of Fiy. 8, it is evident that if a perpendicular
AH is dropped from any point A in the line AB on to the plane, the
angle between the line and the plane is the angle AIH. T being the
point where the line intersects the plane.  In Fig. 9, draw an clevation
of the line and planc and find their point of intersection i.  From any
point, say @, draw a' %' a perpendicular to the plane.  The points
i and h can be figured iy.5 hy.s from the clevation.  Then ag 4.5 hys is the
angle the line makes with the plane, and if constructed down into the
horizontal plane level 2 (Problem 201), the true form of the angle a T H
is obtained and is found to be 67°. '

Problem 203.—To measure the angle between two given planes, (Plate XVIII,
Fig. r0.)

Let P and Q be the given planes.  If the Student makes a model he
will see that if we take any auxiliary plane R at right angles to the
intersection of the given planes, the intersection lines of the auxiliary
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plane and tha given planes will give the angle the two planes make with
each other, In Fig. 10 find @, by, the intersection of the given planes,
and draw its clovation, Draw the elevation of an auxiliary plane
perpendicular to a’ ', and draw its plan and scale of slope. Find i’ the
point of intersection of the auxiliary plane R and «' »' and find its plan <.
Then d i ¢ is the angle between the two planes P and Q and if constructed
into HP (o) gives the true angle d T ¢ = 31°.

Problem 204.—Draw the contoured plan of an earthen embankment under th(
following conditions. (Plate XIX,, Fig.1,)

Secale 1353 contours 1 foot vertical interval. The ground slopes up from the right-hanc
top corner of the paper which is lovel (+ 5) at y4*  The top of the embankment is 10 feet broad
and parallel to the ground. The left-hand odgoe of the top of the embankment may be drawn
2 inches from the bottom of the paper and is 74 feat above ground level. (Line AH.)

From this edge the earth slopes down to the left at 4 for a width of 10 feet. The slope
then continues at § till it meects the ground. From the right-hand edge of the top of the
ambankment the carth slopes at § till it meets the ground. A berm of 4 foet is left and then
comes a borrow pit. The near slope is §.  The bottom of the pit is 3 feet wide, parallel to the
ground and everywhere 2 feet deep. A point (, lavel &5 feet iy given where the further slope
of the borrow pit meets the ground.

Thore is a road loading perpendicularly throuzh the embankment, 10 feet wide at bottom,

with side slopes of }. The road crosses the bhorrow pit by a wooden bridge.

At a point D, level 20 in tho centre line of the roadway, a wooden pole is to be planted
perpendicular to the left side slope of the roadway. Show its point of intersection with the

]

slope.

A pipe line runs fron thy point E, level 19, to F, level 14, Show the points where it
enters and lewes the embankment, anl the anzles it makes with the slopes on entering and
leaving the embankment. From a point G, on the embankment a path inclined at 20, runs

down the further slope.

Farther, it is reuired to find the angle the left-hand side slope of the road makes with
the further slope of the embankment, and the angles the boundary lines of the left hand side
slope of the road make with each other.

The first thing to do is to draw a plane inclined at J¢ by problem 193,
No. 5 contour being at the right-hand top corner of the paper. This
represents the ground.  Draw the line AB for the near top edge of the
embankment 2 inches from the bottom of the paper.  As this edge is 74
feet above ground level, the points where it cuts the ground contours 11
and 12 will be levels 184 and 191, The levels 16, 17, 18, 19, 20, 21
may now be obtained and marked.

Dealing with the near slopes we now have to pass a plane inclined

at } through the line AB by Problem 194. The width for this slope is
10 feet which gives the terminating line of this slope. Through this line
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pass a planc of } by Problem 194 till it intersccts with the ground plane.

This intersection line will be obtained by Problem 195. The top of
the embankment is parallel to the ground plane and 10 fect wide.
Through AB pass a plane parallel to the given ground planc by Problem.
196, and obtain the further edge of the top of the embankment.

Through this line pass a plane inclined at 4 and obtain its intersection
with the ground plane.  The berm is 4 feet wide.  The near slope of the
pit may then be drawn at 4. The bottom of the pit is 3 feet wide,
parallel to ground aud everywhere 2 feet deep. The contours of the
bottom will, therefore, be continuations of the ground contours but marked
2 feet lower.

Now we are given a point level 84 on the upper edge of the further
slope. Take two points, say 7 and 8, on the further edge of the bottom
of the pit, and through these three points pass a plane by Problem 197,
Find the intersection of this plane with the ground.

Find the inclination of the plane by Problem 193.

The roadway is 10 feet wide at bottom and perpendicular to the
embankment and the side slopes are 1. Draw two lines representing
the bottom of the roadway 10 fect apart. Through any two points on
these lines obtained by the levels of the ground contours, pass planes
inclined at 4, and find their intersections with the embankment.

From the point D, level 20, a pole is to be placed perpendicular to
the left-hand side slope of the roadway. The plane of the pole will of
course be perpendicular to the contours of the plane, and its point of
intersection may be obtained by Problem 198,

The pipe line Ejy Fiy may now be put in and its intersection found by
Problem 199, and the angles it makes with the slopes by Problem 202,
A pathway leads tfrom G, level 17 down the further slope inclined at 20°
This may be done by Problem 200. From a point Giz place a line
inclined at 20° in a planc inclined at 4.

The angle between the left-hand side slope of the road agd the
further slope of the embankment is 132° and may be found by Problem
203.

The angles which the boundary lines of the left-hand side slope of
the road make with cach other may be found by Problem 201.  They are,
starting from the bottom of the paper and going round from left to right,
57°, 143° 158°, 150°, 32°.

ExErcises,

L. The plan of a line a5 by is 1§ inches long. Find its inclination

and true longth,
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2. Which is the largest, the horizontal equivalent of a plane of 75°
or a plane of 25° at 5 units vertical interval ?

3. a7 and by (2 inches apart) are the plans of two points in space.
Find the real distance between the two points in space.

4. Draw the plan of a line AB (2 inches long) when it is inclined
at 45° to the 1L P., and parallel to the V P., and also when it is inclined
at 90° to the 1L P.

5. Draw the scales of slope of planes inelined at 70°, 1 and 20°,

6. The contours of a plane are § an inch apart in plan at 5 units
vertical interval.  Find the inclination of the plane.

7. Draw the projections of a line (3 inches long) inclined at 45° to
the H. P., and in a vertical plane inclined to the XY line at 20°.

8. A cube 2 inches square rests with one edge in the H. P., the face
containing that edge being inclined at 30°. What is the inclination of
its diagonals ?

9. A rectangular box is 5" x 3" x 2. Find the length of its
diagonal.

10.  Through a line a; b7 draw a planc inclined at 1.

11.  The contours of two planes inclined at 45° and 60° intersect at
72°.  Find the interseetion of the planes,

12, Two planes inclined at 15° and 75° have their contours parallel
and their scales of slope rise in the same dircetion.  Find their intersec-
tiom

13.  Draw three parallel lines at intervals of 1inch. The outer ones
which are respectively at the levels 10 and 20 are contours of planes
which interseet in the third line.  The plane passing through the contour
10 is inclined at 60°.  'What ix the inclination of the other plane ?

14. A window shade, 10" x 15', slopes downwards from a wall at
40°.  Draw another window shade of the same slope 10 feet higher up
the wall.

15, The handrail of a straight staircase rixes at 30° from level 4 feet
to level 24 feet.  From a point level 22 feet immediately above the com-
mencement of the first handrail draw a sccond one parallel to the first.

16.  awo b3 er7 are points on the top of the walls of a house and are
at the corners of an isosceles triangle.  Base ab = 15', height of triangle
20'.  Draw the plane of the roof passing through these three points, and
find its inclination,

17. Three points as ba1 ¢s7 form in plan an equilateral triangle of 2}
jnches side, A point d lics in the same plane as the three given points aud
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is distant on plan 2 inches from o, and 1} inches from e. Determine the
index of d.

18, The base of a telegraph pole 10 feet high is 4 feet from the
lower edge of the slope of an embankment inclined at J. Draw the stay
of the telegraph pole which enters the embankment at right angles to the
slope.

19. The plan of a line ADB, inclined at 357, makes an angle of 65°
with the contours of a planc inclined at 60°. The point B in the line is 5
units vertically above the 0 contour of the plane.  Determine the point
of interscetion of the line and the plane when they are sloping in opposite
directions.

20.  The points « b ¢ form an cquilateral triangle of 3 inches side,
ago by is the plan of a line and 4 ¢ is the 20 contour of a plane inclined
at 45°.  Determine the interseetion of the line and the plane.

21.  The angular points of a square are marhed «y by5 ¢3 d;. Do the
diagonals really interscet ?

22, An embankment is 30 feet highand its side slopes are 1. Show
a road leading down from the top to the hottom inclined at 20°,

23.  The contours 0 and 10 of a plane are 1 inch apart in plan. In
the plane draw two lines cach really 2 inches long, one having the
greatest and the other the least possible inclination.

24, Two lines at vight angles in plan interseet at a point whose index
is 18.  One is inclined at 327 and the other at 487, Kach line is really 2
inches long.  Determine the inclination of the plane containing the lines,

23,  a——g; —yry diy ¢4 are the angular points of a pentagon of 2
inches side,  Find its true shape.

26.  The plans of two lines a; ¢ and by 3 are cach 2 inches long
and interscet at right angles.

Determine the real angle between the lines, and from a point ez draw
a line ¢d (making CD 3 inches long) perpendicular to the plane contain-
ing ABC.  Measure its length in plan.

27. ass bs ¢z ds are the four corner points of a square of 2 inches side.
bd is a contour of a planc inclined at 40°  Kind the angle the line ac
makes with the planc.

28.  The two side slopes of the nose of a stone breakwater are inelined
at 60° and 50°  The plan of the top ix an equilateral triangle 20 feet
side. I'ind the angle of inclination between the side slopes,

29. Two planes are cach inclined at 50° and their contours intersect
at 30° Determine the angle contained between the two planes,
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30.  The ground slopes from the left-hand upper corner (level 1) of
the paper diagonally across at !5 to the right-hand bottom corner.
Scale 5. Contours one foot vertical interval. A rectangle 12'x 15
in the centre of the paper represents the top of a mound. The level of
three of the corners is 9, 8, 10 in succession.  The slopes of the four sides
are %, 1, 30° 45°.  Draw the mound.



CHAPTER IX.
ISOMETRIC PROJECTION.

Tsometric projoection is a conventional manner of representing objects
which have their principal planes at right angles to cach other, such as
buildings, machinery, ote.  Tho result somewhat resembles a perspective
view, with the advantage that the lines situated in three vigible planes at
right angles to each other, retain their exact relative dimensions, and can
therefore bo measured by roference to the same scale.  For this projection
only one drawing is required instead of several, as is the case in
Orthographic Prejection.

In Isometric Projection the object is always in a fixed and constant
position with regard to the plane of projection which is the H. P.  This
position is such that the three prineipal rectangular axes or cdges of the
object (such as tho length, breadth, and height of a rectangular prism)
shall be equally inelined to the H. P.3 and all straight lines coincident
with, or parallel to, those axes are drawn in proportion to the same scale.
These axes are called Isometric Axes.

The position is best explained by the orthographic projection of a
cubae resting on a point O in the H. P., the diagonal passing through that
point being vertical. (Plate XX, Fig. 1).  The plan of the cube in this
position is the Isometric Projection of the cube, the three principal
rectangular edges, the length, breadth, and height being all equally inclin-
ed to the plane of projection.  These three edges OX, OY, and OZ are
now reprosented in plan by the lines ow, oy, o making 120° with cach
other, and are the three isometric axes.

To obtain the isometric projection of any object it must be placed in

this position, and the method ix best explained by the following problem :—

Problem 205.—To draw the Isometric Projection of a hollow rectangular prism

2 inches broad, 2} inches long, and 1 inch high, The prism is } inch thick. (Plate
XX, Figs. 2 and 3.)

First draw the plan of the hollow prism resting on one face and letter

it. Take any two convenient lines at right angles to cach other ; in this
case the length ab and the breadth ad, and mark them O, X, O, Y,
corresponding to two axes. The third axis OZ cannot be shown in this
orthographic plan but is an imaginary line O, Z; perpendicular to O, X,
and O, Y;, and corresponding with the height of the prism.  We must
now tilt the figure so that it rests on the point O and the axes O0X; OY,
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and OZ, are equally inclined to the H. P. Draw three lines (Fig. 3)
making 120° with dach other, and figure them OX, OY, OZ. Draw OZ
straight up the paper. These are the three isometric axes.  The line ab
being coincident with O, X; must be measured along OX, ad being coin-
cident with O, Y, must be meacured along OY. Draw DC parallel to
OB and BC parallel to OD, obtaining O B ! D the isometric projection
of the hottom of the prism.

The height 1 inch can now be set up along OZ and on lines drawn
parallel to OZ through B, C, and D. The top of the prism can now be
drawn parallel to the bottom. To obtain the hollow internal rectangle
shown in plan by the points e f g k, measure from O a } inch along OX,
and a 4 inch along OY, through the points co obtained draw parallels to
OY and OX obtaining the point E. The remainder of the points can,
be obtained in the same manner, and the isometric projection completed.

THE ISOMETRIC SCALE.

If the Student refers to Plate XX, Fig. 1, he will notice that the
edges of the cube in the isometric projection are somewhat shorter than
the real length of the edges. The square fX2E has become the rhombus
fa ke The diagonal £1 heing parallel to the plane of projection remains
its original length.

On sh ax diagonal deseribe a square fXAE, vepresenting the true form
of the face of the cube.  Then sinee the angle X £ is 45° and the angle
@ f his 30°

S Xfafisin 120° ¢ gin 45°,
SV ENIVE)

which is the relation between the real length of a line and its isometric
projection.  From this it ix apparent that the isometric projection drawn
to the natural or orthographic scale in F7g. 3 is somewhat larger than it
should be, and to obtain the true size of the prism, the original length of
each line should be reduced in the proportion of /3 : &2 when plotted
on to the isometrie projection. To enable us to do this we must have
an Tsometric Scale.

In practice this is seldom used, and if the natural or orthographic
scale i3 employed all measurements can he taken, and the projection will
only he slightly exaggerated.  The Student should, however, know how
to make an isometric scale if necessary.

Problem 236, To draw an Isometric Scale. (Plate XX., Fig. 4.)

Draw a right-angled triangle AB(Y, of which the side AB = the

side BC = one unit (say, 1 inch). Then, since AC? = AB? 4+ B(?, the
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hypotenuse AC = o7. Along BA produced measure BD =.AC.
Join DC.  Then, since DC? = DB? + B(? .. DC' = /3. Measure the
scale of the drawing (in this caxe 1 inch is taken) along DC, and project
cach of the divisions on to DB, and draw along DB produced the isometrio
scale proportional to the natural or orthographic scale mensured
along DC.,

LINES NOT PARALLEL TO THE ISOMETRIO AXxEs,

The position of these lines must be fixed on the original by means of
oco-ordinates or offsets referred to the principal axes, and these co-ordinates
transferred to the isometric axes as in the case of the point E, Problem
204,

Problem 207.—To draw the Isometric Projection of a pentagonal pyramid

(r'r inch edge of base, height 2 inches). (Plate XX, Figs. 5 and 6). (Natural
Scale),

Draw the plan of the pyramid (Fig. 5).  Choose any two convenient
directions for the axes O, Xy, O, Y,. To obtain the point B, from & drop a
perpendicatar b fon O, Xj.  Measure the distance a falong OX ( Fig. 6),
and obtain the point F. Draw FB parallel to OY and equal to f5,
and obtain the point B. In the same way the other points in the base may
be obtained. To find the vertex draw kv parallel to O, X,. Make KVt’
equal to kv, and parallel to OX. From V' draw V'V parallel to Q%
and equal to the height (2 inches). Join tha vertex V with the points
of the base.

If a certain corner, e.g. corner a, is required to be to the front, the
axes O; X, O; Y, must he so placed as to make the point O; coincide
with the corner a, and each of the axes O; Xy and O; Y, inclined at 45°
to av, the bisector of the angle e a b (Plate XX, Fig. 5). To obtain the
point B, from & draw a perpendicular 6 f'to O; X, Set oft AF equal
to a fon OX (Fig. 6). Draw F B parallel to OY and equal to /4, and
obtain the point B. Obtain the other points in the base in the same
manner.  To find the vertex V proceed ax above. ‘

Notks 1,—The same process will apply to the case of any resular polygon,

2. When w side of the base of any regular polyvgon is required to be to the

front, the point O, must coincide with the centre of that side, and cach of the axes 0, X, and
0, Y, make 45° with Yhe hisector of the sude.

('URVES.

We will now consider the application of Tsometric Projection to
curved lines.

The isometric projection of a circle ix an ellipse. In Plate XX,
Fig. 7, a b ¢ d is the plan of a cube in the faces of which cireles have been
inscribed, and Fig. 8 represents the isometric projection of the cube.
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Then, as the projection of one of the diagonals of each face of the
cube, and consequently ono of the diameters of the circle, is of the same
size as the original, we have at once the major axis of the ellipse, which
the projection of the circle forms, and as the circle touches each side of the
square, we have also four points in the circumference of the ellipse, and
we have only to find the isometric projection of its minor axis. From the
intersections of the diagonals of the faces of the cube, set off on the major
axes the radius of the circle at a, ¥, ¢, d, ¢, f, and through the points thus
obtained, draw isometric lines cutting the minor axes in 1, 2, 8, 4, 5, 6,
and we thus obtain the length of the minor axes. The ellipse can then ba
sketched by hand, or trammelled by a slip of paper. A gimilar method
to this can be employed for determining the isometrical projection of every
curve, The principal of the construction is the same as that already
indicated for lines not parallel to an isometric axis, and will be fully
understood by carefully examining the next problem.

Problem 208.—To draw the Isometric Projection of a padlotk with a square
staple, (Plate XX, Figs. 9 and 10.) (Natural Scale),

Choose any two axes Oy, X;, Oy, Y;, and by the aid of o convenient
number of co-ordinates sketeh in the ixometric projection of the base.
Each point so obtained must now be lifted the height of the padlock to
obtain the finished projection.

ExERrcisEs.

1. Draw the isometric projection of an octahedron (8 inches edge)
lying on one face. Scale, full size (orthographic).

2. Draw the isometric projection of a hollow hexagonal prism (edge
of base 2 inches, height 4 inches). The diameter of the bore is 2 inches.
Seale, full size (isometric).

3. A stone cross rests on a pedestal of two steps, The lower step
is 4 fect square and the next step 3 feet square. They are each 1 foot
high, The shaft of the cross is 6 feet high and 1 foot square. One foot
from the top the arms of the cross each project 1 foot and are 1 foot
square. Draw its isometric projection. Scale 1' to 1" (orthographic).

4. A box is 2 inches long, 1} inches wide, and 1inch high. Ithasa
lid semi-circular in section. Draw the isometric projection when the lid
is open at an angle of 30°. Scale, full size (orthographic).

5. A cube of 3 inches edge has its top edge bevelled off to an angle
of 45°, so that its top face becomes 1} inches square. Draw its isometric
projection. Scale, full size (orthographic).

6. A rectangular wooden case is 2 feet 6 inches high, the top being
1 foot 6 inches square, It is supported by four legs at the corners 1 foot
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long and 2 inches square. At the top is a circular hole 1 foot in diameter,
and in the middle of cach side is a rectangular opening 4 inches high and
6 inches square. Draw an isometric projection neglecting the thickness
of the wood. Secale, 1' to 17 (orthographic).

7. A carpenter’s tray is 7 inches long and 5 inches broad and 3}
inches high. The wood is § inch thick. There is a central partition
across it 4 inch thick. In the left-hand portion fits a tray 31" x 41" x 2"
deep, being let into the wood by cutting a quarter of an inch off as a
support to the tray. The tray is divided into two equal parts by a parti-
tion § inch thick. Draw an isometric projection. Scale, J size (ortho-
graphic).

8. Draw an isometric view of an ordinary steol from measurement.
Scale, ' to 1" (orthographic).

9. Make out an izometric view of the drawing table given in ques-
tion 10, page 114, Scale, 1’ to 17 (orthographic).

10. Draw an isometric view of.the solid given in question 1%
page 109 ; (a) when a corner of the hexagonal base is to the front, (b)
when a side of the hexagonal base is to the front. Scale, full size
(orthographic).



CHAPTER X.

THE APPLICATION OF CONTOURS TO THE DELINEATION
OF SLOPING GROUND.

Problem 204, Chapter VIIT, shows how to delineate by the means of
contours any object bounded by interseeting planes.  These  contours
may be regarded as the plans of the outlines traced on the object by a
series of horizontal secant planes at fixed cqual vertical intervals.  It,
therefore, follows that contours would be a usetul method of delineating
any object even though it i~ not, bounded by intersecting planes ; and
they are the foundation of most methods of delinepting hilly or sloping
ground. .

The use of contours to show the undulations of the ground can be
seen at a glance by reference to Plate XXI1, Fig. 1.

In practice, the contour lines of any portion of ground are obtained
by fixing a scries of points on the ground at certain levels by means of a
levelling instrument, the manipulation of which belongs to the study of
Surveying (see Survey Manual, page 2311, These points are then plotted
on paper, cach series being the requisite  vertical distance aparts Tt
follows then that by joining up these points, we obtain a xeries of curves,
approaching or receding trom cach other, according as the ground between
them is more or less steep 5 since, for the same vertical interval, the con-
tours will be evidently much closer together in plan, when the ground is
stecp, than when the slope of the ground ix gentle.  Further, the neaver
the horizontal sccant planes are taken to cach other, the more accurate
will be the representation of the ground in question. A contoured map
thus shows the absolute height of any point above a particular level and
its relative height with reference to any other point.  Besides this con-
tours show the shape of a hill, whether it is convex or concave in section,
and the exact degree of slope whether gentle or steep.

Plate XX1, Lig. 2, shows a contoured plan of a picce of country

It will be seen that it would be impossible to determine whether a
contoured plan represents a depression or an clevation unless the cona
tours arc numbered. It is, therefore, necessary to ~elect some convenient
level, called the datum line, from which all heights should be measured and
numbered. It is, thercfore, usual to assume a level as ¢ datum > which is
below the lowest point of the ground shown in the sketch, aud to draw
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all scetions with reference to this, so that all relative heights of the
ground may be compared. This is donc so that all altitudes on the
sketeh may be above the datum and positive, and not below and negative.

As contours are horizontal and at equal vertical intervals, it follows
that one contour cannot join another unless there is a vertical precipice.
In this case the contours which disappear or run into cach other will
reappear where the precipice ends as at €. (Plate XXI, Fig. 2.)

If a contour forms a ring which docs not enclose any other, it may be
assumed that it represents the top of a hill, as the only other form it
could represent would be the interior of an inverted cone, such as a crater
or bed of a lake.

In projects for roads and railways, it is generally necessary to mako
a section along the proposed line.

A scetion shows all the clevations and depressions, and whether one
point is visible from another, and the ampunt of cutting and filling
required.  In drawing scctions it is usual to exaggerate the heights so as
to show more strikingly the changes of a slope which in a true section
would hardly be perceptible.  In such a case a scetion does not give a
true picture of the height of the ground.  The exaggeration or proportion
of the vertical to the horizontal scale sheuld be stated underneath ke
section as “ heights to distances 5 to 1.”

Prot!em 2c9,— Draw the secticnal elevaticn cn the line AB of the grevnd stcwn
in Plgte XXI, Fig, 2. (Scale 1;4..) Heights to distances 4 to 1.

Take an XY or datum line parallel to AB of a convenient height (o.
The contours are 5 feet vertical interval, and are to Le exaggerated in the
section in the proportion of 4 to 1.

Draw a series of equidistant lines parallel to XY to represent the
contour plancs at intervals corresponding to the conditiens.  That is,
5 x 4 =20 fect. The scale is {345 or 120 feet to the inch.  Therefore—

120 : 20 :: 1 -166.

These lines must Le drawn 16 inch apart and figured frem 0 to 40,
Now project cach point where AB cuts the contours down to the XY
line, and mark the points where the projectors cut parallel lines of similar
index. Join these points up to obtain the scetion.  The clevation can be
ohtained in the sgme manner.  The standard method of drawing a scction
for a Road or Railway Project can be scen in the Survey Manual, Dllate
XV, and in more detail in Enclosure 1V of the Rules for the preparation
of Railway Projects obtainable frcm the Technical Seetion, Simla.
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The method of representing ground by means of contours is so similar
to the conditions investigated in Chapter VIII, that the problems thercin
given will be found constantly applicable to questions of contoured maps.
The practical application of Problem 200 is o important, in enabling us
to lay down at once on a contoured map, the direction of a road which is
not to exceed a certain gradient, that an example is given.

Problem 210.—From the point A (Plate XXI, Fig. 3) trace the course of a road
which shall not exceed the gradient of ;. (Scale, 35450).

The vertical interval being 10 feet.  The horizontal equivalent for -2,
will be 200 feet.  The scale is 400 feet to an inch, so we can take the
distance of half an inch on the compass and lay it off between contowrs.
The horizontal distance between A and contour 10 is more than 200 feet,
so we can draw Al perpendicular to the contours. From & draw an are
cutting contour 20. The arc will cut the contour in two points ; so there
are two directions the road may take. Continut the same procoss for
each contour till the top of the hill ix reached. It will be remarked that
there are probably two possible directions for the road as each contour ix
crossed, but the selection of the actual line will depend on the conditions

under which the road is being made and need not be discussed here.



INDEX.

A

Acidificd Ink Process, 34.
Aniline Printing Process, 32.
Areas, 86,

Arches, 43, 90.

Architecture, orders of, 93,
Archimedian Spiral, 94,

B

Beam Compasses, 15,
Bread, the use of, 1, 38,
Block Printing, 36.

c

Carbon, Modified Process, 34.
Cavetto, 92,

Circles, 68.
- Circles touching Lines and Circles, 69,
~Circumscribed Figures, 79,
Comparative Scales, 51,
.Compasses F.

Cone, 102,
~Bonstructing a figure, 125,
-Contour, 100.

Contours applied to ground, 136.
Conventional Signs, 44,
“Cube, 102.
-Curves, French, 13.
-Cylinder, 102.

Cymatium, 92,

Jyma recta, 92.

Cyma reversa, 92,

D

PDatum plane, 118, 136,

Pefinitions, Plane Geometry, 59.

Piagonal Scales, 53,

-Dodecahedron, 102,

Drawing Pen, 5,

Drawings, Copying and Reducing, 16,

, Geometrical, Rules for, 36, 59.

, Instructions for the preparation
40.

, requured, 43.

=———— Rules for lettering, 100,

Prawing Paper, 1, 40.

w0 flattering out, 1.

————, mounting on boards, 3.

, mounting on canvas, 3.

w———— standard sizes of, 2,

——, wetting, 1,

E

+ Echinus, ovolo, 92,
- Kidograph, 18,
+Hievations, 44, 100, 110.
- Elhpse, 87,
1_Exercises ov areas, 86,

- e (ivcles 72,
4o~ Circumscribed figures, 79.
Inseribed figures, 78.
Projection, 134.

Lines and Angles, 63%
Lines and Plancs, 127,
Points, 119, =~ --
Polygons, 68w __ |
Quadrilaterals, 68, ~
Neales, 35, == ==+
Sections of Solwds, 114~
Projections of Sohds, 108.
-———— Triangles, 65 |

F

Ferric-Chloride Process, 33.6—*
Ferro-Gallate Process, 29.

Ferro-Prussiate Process, 2%,

Ferrotype and other Printing Processes, 22
Fillet, 92w~

Flat washes, 40.,

.
+Tsometrice

- ————

G

Gelatine Process, 33.L—""
Geometrical Drawing, Rules for, 384~
Grecian mouldings, 92.

H

Horizontal system, 117
Hyperhola, 89.

I

=t-1cosahedron, 102

HIndex system, 117
4Andia-rubber, the use of, 1.
~Indian Ink, 4.

FIndices, 118

+-Hscribed figures, 72.
Hnstruments, Drawing, 5.
Tntersection of planes, 123.
*Tonic volute, 95.

+Isometric Axes, lines not parallel to, 133.
Jomr——— Curves, 133.
Projection, 97, 131.
1 ———— Scale, 132.

1

of,




i INDEX.

L Q

Yens for copying drawings, 21, 1~ Quadrilateral figures, 66.
Lines, 119.
Lines and angles, 61. R
Line of Chords, 11. N

Lines, 10. NRabatting, 125,
- Polygons, 11. 1+ Ratio and Proportion, 80.

—Representative Fraction, 48

—Roman Mouldi ngs, 92.

M “Rules applicable to all Geometrical drawings,.
Marquois’ Scales, 8. 38.

Modified Carbon Process, 34. S
Blouldings, 92

*Mounting Drawing paper on boards, 3. A Secant Plane. 110
M wWwine naner e \; . ¢ ¢ § !
Drawing paper on canvas, 3. “+Scctions, 43, 99, 110, 137.
-+~Sectional elevation, 43.
(o] + Sector, 9
#+ Sct-sq uares, 13
Octahedron, 102, +Neales, 40, 48.
~Ogee, 91 L + Scale of Chords, 7.
“Orthograplie Projection, Y8 p - Slope, 121,
-Ovolo, Y2, ==Ncotia, 92

Nhadows, e b

P - Solids, regular, 102
T of Revolution, 102, 106

=fantagraph, 17 -1 Sphere, 102,
Aarabola, 849 | Spirals, 94
Larallel Rulers, 6 ASSquares, copying drawings by means of, 20.
Len, Drawing, 5
“A’encil, 4 T
Lerspective 97.
lan Scales, 0. Uf-\'quzu'c, 13

rTetrahedron, 102
~1nts, chiowce ot, 41
- Torus, 92

Hfrace System, 117,
L-Lracery, 90

+ Tracing cloth, 2, 41.
- paper, 2.
—A'riangles, 63,

Planes, 120.

«Planc Geometry, 59.
Planes of Projection, 97.
Reterence, 118.
Plan, 43, 98, 94,

, sectional, 110
Points, 118

Polygons, 66.

1

15

\

1

i

Positive Cyanotype Process, 27. LArue form of any plane figure, 124
Printing, 36, 42.
Prisms, 102. v

£rocess work, copying plans by, 22,
{’rofile, 100.

Proportion, 80

Proportional Compasses, 12,
I'otractor, 6 X

Projectors, 97.
Pyramids, 102, r XY-line, 100.

™ Vernier Scales, 54,
™Volute, lonie, 95,

AN





















	00000001.tif
	00000002.tif
	00000003.tif
	00000004.tif
	00000005.tif
	00000006.tif
	00000007.tif
	00000008.tif
	00000009.tif
	00000010.tif
	00000011.tif
	00000012.tif
	00000013.tif
	00000014.tif
	00000015.tif
	00000016.tif
	00000017.tif
	00000018.tif
	00000019.tif
	00000020.tif
	00000021.tif
	00000022.tif
	00000023.tif
	00000024.tif
	00000025.tif
	00000026.tif
	00000027.tif
	00000028.tif
	00000029.tif
	00000030.tif
	00000031.tif
	00000032.tif
	00000033.tif
	00000034.tif
	00000035.tif
	00000036.tif
	00000037.tif
	00000038.tif
	00000039.tif
	00000040.tif
	00000041.tif
	00000042.tif
	00000043.tif
	00000044.tif
	00000045.tif
	00000046.tif
	00000047.tif
	00000048.tif
	00000049.tif
	00000050.tif
	00000051.tif
	00000052.tif
	00000053.tif
	00000054.tif
	00000055.tif
	00000056.tif
	00000057.tif
	00000058.tif
	00000059.tif
	00000060.tif
	00000061.tif
	00000062.tif
	00000063.tif
	00000064.tif
	00000065.tif
	00000066.tif
	00000067.tif
	00000068.tif
	00000069.tif
	00000070.tif
	00000071.tif
	00000072.tif
	00000073.tif
	00000074.tif
	00000075.tif
	00000076.tif
	00000077.tif
	00000078.tif
	00000079.tif
	00000080.tif
	00000081.tif
	00000082.tif
	00000083.tif
	00000084.tif
	00000085.tif
	00000086.tif
	00000087.tif
	00000088.tif
	00000089.tif
	00000090.tif
	00000091.tif
	00000092.tif
	00000093.tif
	00000094.tif
	00000095.tif
	00000096.tif
	00000097.tif
	00000098.tif
	00000099.tif
	00000100.tif
	00000101.tif
	00000102.tif
	00000103.tif
	00000104.tif
	00000105.tif
	00000106.tif
	00000107.tif
	00000108.tif
	00000109.tif
	00000110.tif
	00000111.tif
	00000112.tif
	00000113.tif
	00000114.tif
	00000115.tif
	00000116.tif
	00000117.tif
	00000118.tif
	00000119.tif
	00000120.tif
	00000121.tif
	00000122.tif
	00000123.tif
	00000124.tif
	00000125.tif
	00000126.tif
	00000127.tif
	00000128.tif
	00000129.tif
	00000130.tif
	00000131.tif
	00000132.tif
	00000133.tif
	00000134.tif
	00000135.tif
	00000136.tif
	00000137.tif
	00000138.tif
	00000139.tif
	00000140.tif
	00000141.tif
	00000142.tif
	00000143.tif
	00000144.tif
	00000145.tif
	00000146.tif
	00000147.tif
	00000148.tif
	00000149.tif
	00000150.tif
	00000151.tif
	00000152.tif
	00000153.tif
	00000154.tif
	00000155.tif
	00000156.tif
	00000157.tif
	00000158.tif
	00000159.tif

