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PREFACE TO THE ROORKEE TREATIRE ON CIVIL
ENGINEERING IN INDIA,

THE Roorkee Treatise was originally compiled by Lieut.-Cel. 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 beeun constantly revised and
re-written. It is found advisable now to publish the Treatise in separate
Sections, so that cach Section can be re-written or revised and brought
up-to-date whenever opportunity occurs, to kecp pacc with wmodern
methods and discoveries.

The Treatise now contains the following Sections :—

Scction I. Building materials ... Undcr revision,

»w Il. Masonry 1920.

» 1II, Carpentry . . 1910.

, IV, Earthwork (revised) ... ... In the Press.
» V. Estimating Ditto.

» VI. Buildings (revised) ... Ditto.

,» VIL. Bridges ... Ditto.

,, VIII. Roads 1920.

» IX. Railways e - 1919.

»  X. Irrigation Works «{V’:)I'I% }gig

» XI. Water-supply ... In the Press.
,» XII. Sanitary Engineering 1917.

, XUL Drowing {7 7 iy

,» XIV. Surveying 1911.

, XV. Surveying (revised) { P{tﬂ' I{ In th{agfg?ss'

Dated 4th April, 1922,






PREFACE 1 DRAWING,

FOR ENGINEER STUDENTS,
PARTI.

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

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

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

CHAPTER I.

DRAWING PAPER—INSTRUMENTS-~COPYING AND
REDUCING DRAWINGS.

Drawing paper.—The paper, of good quality but not too highly
glazed, should present as smooth a surface as possible. Anything that
tends to destroy the surfase, such as erasures, excessive rubbing with In.
dia-rubber, washing, etc., should be avoided as much as possible, If In-
dia-rubber is necessary, it should be uscd sparingly, and pressed very
lightly on the paper.

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

For survey work, or auy 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 i3 cut off.
Unejual expansion or contraction should above all things be guarded
against,

If the paper is buskled and requires flattening, the followiug method
should be employed :-—Mount the paper as deseribed 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 wecks at least, till they
are thoroughly seasoned,

During the time occupied in plottiag an exteasive survey, the paper
which receives the work is affected by the changsds which take place in the
hygrometrical state of the air, aad the parts laid dowa from the same
scale, at different times, will not exactly correspond, uuless this scale has
been first laid down upon the paper itself, and all the dimensions have
been taken from the scale so laid down.

For plotting an extensive survey, and accuratcly filling in the
minutis, a diagonal or vernier scalec 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 extiemely
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 strok:s of
oue scale separate from those of the other is some evidence of the truth of
both. The construction of scales will be treated of further on,

1



2 CHAPTER 1.

Drawing paper, properly so called, is made to certain standard size
as follows :—

Demy ... voe 20 inches by 15} inches.
Medium vee cor 22% ,, ,» 173 ’
Royal ... re 24 ,, . 19} ”
Super-Royal e 274, 19,
Imperial 30 ,, ,, 22 "
Elephant 28 , 23 "
Columbier 3 , » 233 "
Atlas ... re ves 34 . 26 ”
Double Elephant ... w 40 ,, 27 "
Antiquarian 53 ,, , 8l »”
Emperor ves 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,
cartridge paper may be used, It bears the use of India-rubber well,
receives ink on the original undamped surface freely, shows a good line,
but it does not take colours or tints very well. Cartridge paper can be
obtained in any length up to 200 yards and in width 53 or 60 inches, and
consequently i3 useful in certain cases. Wor delicate small-scale line-
drawing, the thick blue paper, imperial size, such as 1s made for ledgers,
ete., answers exceedingly well.

Tracing paper is a proparation of tissue paper, rendered transparent
and qualified to receive ink lines and tinting without spreading, When
placed over a drawing alrex ly 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 b 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 turpeutine. Five gills of
turpentine, and one of oil, will go over from 1} to 2 quires of twenty-four
shects.

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

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

Mounting Drawing paper on Drawing boards.--The edges of the
paper should be first cut straight, and as near as possible at right angles
with each other ; also the sheet should be o 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 opposite side from that on which the drawing is
to be mads. When the paper absorbs the water, which may be seen by
the wetted side becoming dim, asits surface is viewed slantwise against
the light, it is to be 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 inconveniencc may be
éxperienced.

This done, lay a straight flat ruler on the paper with its edge parallel
to, and about half an inch from, one of its edges. The ruler must now be
held firmly while the projecting 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 edge, after which by sliding the ruler over the pasted
border the paper will again be laid flat, and the ruler being pressed down
upon it, that edge of the paper will alhere 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
befors 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 enhancesthe adhesive properties of the paste, but the
drawing, when dry, is not su stiff as if paste only is used.

Mounting Drawing paper on Canvas or Linen.—Large sheets, destined
for rough usage and frequent reference, should be mounted on linen or
oanvas, The latter should be well stretched upon a smooth flat surface,
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such as drawing board or table, and its edges pasted down as recom-
mended in stretching drawing paper. The flat surface on which the
canvas is stretched must either be well varnished or well greased (all
superfluous grease being removed), for if this is not done, the subsequcnt
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 lin2n 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 shect, overlapping each other a small quantity. If the
drawing paper is strong, it is botter 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 ba laid on before the paste has moistened the paper, it will stretch after-
wards and rise in blisters when laid upon the canvas, When the paste
has soaked in, it 13 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 plac:d on the canvas as gently as possible, and the centre be
pressed down on to the canvas by means of a cloth or something soft ;
from that work outwards towards the edges, the lines of pressure exerted
always tending from the centre. Air bubbles between the canvas and
paper may be got rid of by puncturing the spot with a fine needle anld
then pressing it down with a handkerchief. The paper should not be
cut off until thoroughly dry, ncither should the drying be hastened, but
allowed to take place in a dry room.

The Pencil, either an 17 or an H, should have a moderately fine point
and when being usel, should be gently pressed upon the paper, and
slightly inclined in the direction in which the line is being drawn, care
being taken to keep it, throughout the operation, in the same position
with reference to the ruler.

The point shoull be cut chisel sh 1ped and not conical. The lead can
be best kept sharp on a small smooth file, or a piece of fine glass paper.

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

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

work and black lines.

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

Instruments.— A case of Instruments generally contains —

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

(b) Ink Bow Compass.

(¢) Pencil Bow Compass,

(d) A set of spring Bows—

(¢e) Drawing Pons,

() Plain Dividers,

(9) Parallel Ruler.

(h) Pricker.

(t) Protractor.

(j) Marquois’ Scales.

(k) Sector.

(1) Proportional Compass.
(m) Curves.

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

(1) Set squares.
(2) T-square.
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 equal distances on the divisions of a scale,
This necessitates a constant change of the hold by means of the finger and
thumb, which often causes the point of the compass to be forced into the
paper, or to be jerked off the point fixed altogether. To obviate this, the
points of the dividers should be worked alternately above and below the
line along which the divisions are being set off; by this means the
manipulation will be much more delicate, and there will be no liability
of the compasses shifting.

TaE DRAWING PEN.—In using a pen, first of all dip the blades in water
and them 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 lines,
work from the top of the paper towards the bottom ; this will prevent
any risk of smearing. The pen should be carefully cleaned and dried
before being laid aside.

PARALLEL RULERS, —Thes2 are of two kinds :—

(1) The Plain Parallel ruler. This should be tested to sce 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
eusure stability. It can be tested by running it in one direction and
ruling two paraliel lines and then reversing the run and noting the error,
if any, between the lines drawn at the end of each run.

For accurate werk it is best to'avoid all parallel rulers and to use
Marquois’ Scales,

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

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

The Protractor is generally a rectangular piece of ivory or boxwood
6 inches long by 1} inches to 8 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 860°. The method of using it to seb
off any required angle is easily seen by an example.
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Suppose we wish to draw from the point C in the line CA another
line making an angle of 40° with CA [Fig. 1, Plate I]. Place at C the
centre mark on the lower 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 scale
to the paper.

When the line CA is not long enough to admit of the above construe-
tion, it will be necessary to place the lower edge of the protractor on
that line, with the centre on C [ Fig. 2, Plate 1], then to make a mark
against the upper edge at the line indicating the required angle, and
removing the protractor, dgaw 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 1is
found when we have to employ for a drawing a scale such that onc of
these divisions represents a conveoient unit of measurement, sush as 1
foot, 1 yard, 10 feet, 10 yards, ctec., ctc.

The scales marked In. §,§, etc., etc., are also simple proportional
scales. The numbers &, §, cte., refer to the length of one division, which
13 divided into 12 parts. That marked In. being one inch long, that
marked §, §th 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 lincs , 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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various radii are the chords of the different arcs; ecousequently AB is
called a scale of chords. Each scale will vary Fu. 3,

with the length of the radias ; but Euclid IV,
15, proves that the side of a hexagon is equal
to the radius of the circumscribing circle; or, in
other words, the radius of the eircle=the chord
of 60°,

To use the Scale.—With centre C [Fig. 4,
Plate 1], and radius equal to the distance from
zero t0 60° on the scale of chords [Fig. 1, Plate
I], describe an arc HK, cutting CA in H, and
with centre H, and radius equal to the distance from zero to 40°, or
other given angle, on the same scale of chords describe an are intersect-
ing HK in K, join CK; KCH is the required angle.

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

The Military pattern protractor generally differs from the above in
having none of the above 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 szale of horizontal equivalents (for description
see Survey Manual). The protractor can also be used as a clinometer,
by boring a smll holo nexr the edg: of the protractor and suspending a
small weight by a thread.

MarQuols’ ScaLES..—=The box of Marquois’ Scales contains two
rectangular rulers and a right-angled triangle, of which the hypotenuse
or longest side is three times the length of the shortest. Each ruler
is a foot long, and has parallel to each of its edges, two scales, one
placed close to the edge, and the other 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 cqual parts having the
primary divisions numbered from the left hand throughout the whele
extent of the rule, In the artificiul scales the zero point is placed in the
middle of the edge of the rule, and the primary divisions are numbered
both ways, from the centre point outwards, Each division on this scale



PLATE 1.

270

Fig. 1.

N
80 ~ 4 30

N --\-- - .'.'.'}Q,_-------- -

~ Scale of Chords.

8

CAPRPR |

-

[ —

%
0

(ORI NG —

o1
oLt
L

.
|

i”'”;”'i I E
é 7 ‘ élvunvvr‘rfoo E

e e, c e et e —————-————- e - -
- -——— - - o S mEEm e Mmoo e e e e e e e e e E—— s = - o md

Photo.-Mechl. aad Litho. Dept., Thomason College, Roorkes.







DRAWING PAPER —INSTRUMENTS -~COPYING AND. REDUCING DRAWINGS, 9

is three times the length of a corresponding division on the natural scale.
The triangle has a short line drawn perpendicular to the hypotenuse,
near the middle of it, to serve as an index or pointer; and the longer of
the two sides has a bevelled edge.

The rectaungular rulers have numbers 25, 30, 35, 40, 45, 50, 54, 60,
marked on each scale : these numbers simply show how many divisions
the inch is divided into on the natural scale; the artificial divisions
being three times the natural division we are enabled by the method
shown below to draw parallel lines from ;'%th to §'5th of an inch apars,
or any multiples of these fractions.

To draw a line parallel to a given line at a given distaunce from it.

1, Having applied the given distance to one of the natural scales
which is found to measure it most convenieatly, 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 givea line, until the index coincides with the division or sub-division
corresponding to the number of divisions or sab-divisions of the natural
scale, which measures the given distance, and the line drawn along the
sloped edge in its new posntnon 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

. A
and, therefore AD contains as \
many divisions of the natural

as AA’ contains of the artifi- 8

/y
~---=d--q.
a

8
cial scale. ~

SecToR.—The Sector is a ruler 12 inches long and ubout half an
inch broad, jointed in the centre so as to allow of its being folded together,
in the direction of its depth. A sector either of wood or ivory is
generally supplied with ordinary instrument boxes. A more detailed
description of its construction is therefore necessary.

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

2



10 OHAPTER 1,

Line of Lines.~The principle of the use of the line of lines is as
follows :—Let the lines AB, AC, representa 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 bave the angle

at A common, and the sides ahout the equal 8 ¢
angle proportional (Eue. VI, 6); they are, 0 £
therefore, similar,
and AB : BC=AD : DE.
From the above, the use of the line of lines
is self-evident. For example :— X

To divide a line 3°11 inches long into 7
equal parts, Take the length of the line into the cowpasses, 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 tho line to
ascertain whether it may not require a small correction.

Example 1.—To determine %bhs of a line 8 inches long ; take that
length in the compasses and open the sector guntil it coincides with the
primary divisions 7, 7, when the distance between 2 and 2, is that
required. -

Example 2.—To find ;3rds of a line 4+09 inches long. [Fig. 7, Plate
1)

Since there are only ten primary divisions, recourse must be had to the
secondary divisions to solve this problem. In order to bring the con-
struction some distance from the centre, which will insure the accuracy of
the result, multiply the numerator and denominator of the fraction by
some number which will make the denominator when so multiplied near,
but not greater than 100 : in this case 4 is a convenient multiplier ; then
293=g—g. having taken off 409 inches in the compasses, make that length
a transverse distance at the secondary 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
» pa.ir of sectoral ljnes to the corresponding poinb in the other line.
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Line ot Chords.—This scale is similar to the one marked Cho. on the
protractor, and is used for the same purpose ; but the double scales of
chords on the sector are generally more useful than the single scale on the
protractor ; for on the secto: the radius with which the arc is to be de-
scribed may be of any length between the transverse distance of 60 and
60 when the legs are closel, and that of the transverse of 60 and 60
when the legs are opened as far as the instrument will admit of ; but with
the scale on the protractor, the arc described must always be of the same
radius,

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

1. When tho angle is less than 60°, say 46°.

Make the transverse distance of 60 and 60 cqual to the length of the
radius of the circle, and with vhat opening describe the arc BC [Fig. 8,
Piate 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 vo the transverse
distance of 60 and 6, as before. Take the transverse distance of } or
%, etc., of the given number of degrees, and lay this distance on the are
twice or thrice, as from B to a, @ to b and b to D. Join BA, AD ; BAD
is the angle required.

3. When the required anglc contains less than 5°, suppose 84°, it
will be better to proceed thus :—With the given radius, and from the
centre A, describe the arc D@, and from some poiut 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 syme direction the chord of 56}° (=260°—
33°), thus giving the point K such that the angle DAE=x56}°. Then
the angle GAE is the angle required.

Line of Polyyons.—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 polygonsin 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 square; that of
5 and 5 the inscribed pentagon, that of 7 and 7 the inscribed heptag on
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 distance between the points
upon the line of polygons, answering to the number of sides of which the
polygon is to consist ; as for a pentagon between 5 and 5, or an octagon
between 8 and 8, then the transverse distance of 6 and 6 will be the
radius of the circle which is to be described so as to contain the given
line, if now we set off the length of this line round the circumference of
the circle, we shall obtain a regular polygon of the required number of
sides.

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

They consist of two equal and similarly formed parts or limbs AE and
BD (see Fig. 9), opening upon a centre C, and forming a double pair of
compasses whose points are A, B, E, D. When shut up, the two limbs
appear as one, and a small stud fixed in one fits into a notch made in the
other, and retains the instrument in its closed position. The adjustment
of the instrument must be made when both limbs coincide ; as it is only
in this position that the centre piece C can be moved up and down, The

Fug. 9. chief 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 andl lengthening the other.
The distante on the original drawing is measured off
with one set of legs, and the distance shown by the
other pair will be the corresponding length, reduced or
enlarged from the original length in a ratio depending
upon the position of the centre C. As in the Sector,
various other geometrical constructions can be performed
by means of the different scales given .on either side of
the limbs; it will be sufficient, 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 each limb there are four sets of divi-
sions, one denominated ¢ Lines,” a second **Circles,” a
third *Planes,” and the fourth * Solids.” It is with
the first of these, viz., the Line, of Lines that we have
to do.
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When the zero of the centre on the dove-tuiled sliding piece is set to
the division marked I 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 ertremities. When the zero is in a similar manucr set to
2 on the line of lines, the proportions between the openings of the points
A, B, and the corresponding openings of the points D E will be as 2 to
1,in other words, any distance set off by D E will be half the distance
measured by A, B. Similarly if the zero be set to 3, the distance set off
will be to the distances measured as 1 to 3, and so on for the other
divisiens which extend up to 10.

CurvVEs.—For curves which are not circular, but variously 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, -

o=

“Freonoh ”’ Curve —Onc-fourth full size

Fig. 11,

SET-SQUARES.—A few Set-squares of
various sizes are useful. They consist of
triangular picces of wood, celluloid or val-
canite One angle is invariably a right
angle, and the other angles may be 45, 30
and 60 degrees. Set-squares are used IN . puon+ Gurvo—oOne-fourth fall sizs,
conjunction with a straight-edge for
drawing lines at right angles to each other, or for drawing parallel
lines,

T-sQUARE.—The T-square (Fig. 12) is a blade or  straight-cdge” a,
usually of mahogany, fitted at one end with a stock b, applied transversely
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at right angles. The stock being so formed as to fit and slide against
one edge of the board, the blade reaches over the surface, and presents an
edge of its own ab right angles to that of the board, by which parallel
straight lines may be drawn upon the paper. 'Tosuita 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 2} inches broad by 3% 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, iv is
heavier without being stiffer. The tip of the blad: may be se:ured from
splitting by binding it with a thin strip inserted in a saw-cut as shown,
The stock should be 14 inches long, to give sufficient bearing on the edge
of the board, 2 inchns broad, and § inch thick, in two equal thicknesses
glued together. With a blade and stock of these sizes a well-proportioned
T-square my be made, and the stosk will be heivy enough to act as a
balance to the blade, and to relieve the oporation of handling the square,
The blade should bessunk flush into the upper half of sthe stosk 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
¢he blade and adds nothing to the security. The lower half of the stock
should be only 1% inches broad, to leave a } inch check or lap, by which
the upper half rests firmly on the board, and secures the blade 'lying
flatly on the paper.

One-half of the stock ¢ (Fig. 18) is in some cases made loose, to turn
. upon a brass pin to any angle with the blade & and to b2 clenched by a
screwed nutand washer, The turning stock is useful for drawing parallel
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lines obliquely to the edges of the board, In most cases, however, the
sector, and the other appendages above described, answer the purpose, and
do so more conveniently. A square of this sort should be rather as an
addition to tke fixed square, and used only when the bevel edge is rcquired
as it is nob so handy as the other.

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

Fqig. 13. thereby work the morc freely, It is a mistake to chamfer

the edges —that is, to plane them down (o a very thin

% edge, as is sometimes done, with the object of insuring

™ the correct position of the lines; for the edge is easily

damaged, and the pen is liable to catch or ride upon
the edge, and to leave ink upon it.

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

L" way when not in use.
Drawing Squar No varnish of any description should be applied
with Swivelling \ . :
Stock. to the T-square, or indeed to any of the wood instru-

ments employed in drawing. The best an1 brightest varnish will soil
the paper. .The natural sarface of the wood, cleaned and polished occa-
sionally with a dry cloth, is the hest and cleanest for working with

BEaM CoMPASSES —Beam compasses arc used for setting off’ accurate-
ly 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.

electrum. Each beam head has a clamp to hold a pointer or pencil. One
of these hends is fixed at one end of the bar, and is provided with a
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vernier serew 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 ccale is given on the bar, it should never be used for accurate
work, but distances should be taken direct from a scale drawn on the
paper on which the plan has been plotted. Beam compasses are used to
test the rectangular margins of sheet, and the perpendicularity of the
central meridian line of a survey to a parallel of latitude, by the usual
method of checking right angle, viz., measuring 3 and 4 (or their multi-
ples) on the perpendiculars, and testing the hypotenuse with the distance
5 for its multiple.

" 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 sleeve, to which is attached a removable ink or
pencil point. It is by means of this sleeve that the pen or pencil point
revolves freely 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, aceuracy, and quickness in survey plots or other draw-
ings containing a large number of small circles, It is supplied in a
separate case.

Oopying and Reducing Drawings.—Copying Plans, 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 4¢ from behind and then tracing if off. Or by
placing a sheet of thin paper, having its under-side blackened (by rubbing
finely powdered black lead, or a soft lead pencil over it), on the sheet of
paper that is to reccive the copy, the original being placed over both, and
the whole made steady by placing weights thereon: all the lines of the
copy must now be carefully passed over with a fine tracing point, and
with a pressure proportionate to the thickness of the paper: the paper
beneath will reeive corresponding marks forming an exact copy, which
may afterwards be inked in. All these systems of copying hurt, in a
more or less degree, the original drawing. Tracing cloth is generally used
in Engincer’s office. This cloth admits of very fine detail work being
traced off, and will permit colour being 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 been entirely superseded by tracing cloth. In India, tracing
paper soon gets dry and brittle, and will not stand handling.

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

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

When the instrument is correctly set, the tracing point, pencil, and
fulcrum 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 cach com-
pounded of two circular motions, one about the fulcrum, and the other
about the joints at the ends of the rulers upon which they are respect-
ively placed. The radii of these motions form sides about equal angles
of two similar triangles, of which the straight line GC, passing through
the tracing point, pencil and fulcrum, 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 samec 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 tbis 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; and the fulecrum is fixed to that at G upon the
3
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ruler AB, 'The instrument being now ready for use, if the tracing point
at C be passed delicately and steadily over every line of the plan, a true
copy, but of one-half the scale of the original, will be marked by the pencil
on the paper beneath it. The fine thread represented as passing from
the pencil quite round the instrument to the tracing point at C, enables

Fig, 15,

the draftsman at the tracing point to raise the pencil from the paper,
whilst he passes the tracer from oue part of the original to another, and
thus to prevent false lines from being made on the copy. The penril
holdor 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 weighy is a short standard or fulcrum, atiached 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 centrs
ping of which revolve in sockets at the ends of the beam. Two steel
bands, T, I, attached to the pulley whesls, give them an exactly simulta-
neous motion, and those bands have a screw adjustment, L, by means of
which they may be tightened.

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

The arm B carrics 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, F, which passes over the central beam, and thence
to the tracing point, @,

The two arms and the beams are divided into 200 cqual parts, which
are figured 100 exch 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 thero is a great
difference in the proportions to which the instrument is being worked,

It will bo observed that the pulley wheels give the easiost possible
motion : these wheels should be of exactly equal diameter, and gs

Fig. 16,

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

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

The following is the ordinary rule for using the instrument :—* Multi-
ply the]difference between the deanominator and numerator by 100, and
divide the result by the sum.” For cxample, to reduce to } of the original

100 (2—1) __ 100 _ q,.
—_— = =33'3.

Set this number on all three arms,

Oopying 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 halfi the length and half the breadth, and consequently will occupy
but one-fourth the space of the original.

Draw the lines I'I, FQ, at right angles to each otker ; from the point
F towards I and G, set off any number of equal parts; as Fa, ub, be, etc,,
on the lines FI and F4, ¢k, ki, etc., on the line FQ, from the points in the
line FI, draw lines parallel to the other line FG, as aa, bb, cc, cte., and
from the points on FG, draw lines parallel to Fi, as 3, kk, U, ete., which
being sufficiently extended towards I and G, the whole of the original
drawing will be covered with a network of small but cqual 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, ete. (Fig. 17), be drawn in the corresponding squares in Fig. ’18 a‘
correct copy of the original will be produced, and of half the origiz;al
scales, Commencing then at A, observe wheroe in the original the angle
(A) falls, which is towards the bottom of the square, marked de in ths
line FI. In tho corresponding square, therefore, of the copy, and in the
same proportion towards the left hand side of it place the sa;ne point in
the copy ; from thence trace where the cyrved 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. 17,
r 0 Fig. 18,
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in the copy. Again, as it crosses the right hand lottom corner, in the
gecond square below de, describe it so in the copy; find the position of
the points similarly where it crosses the lines ff and gg, above the line I,
by comparing the distances of such crossings from the ncarest corner of
square in the original, and similarly marking the required crossings on
the corresponding lines on the copy, Lastly, determine the place of the
point B, in the third squarc Lelow gk on the top line; and a line drawn
from A in the copy, through these seveial points to B, will be a correet
reduced copy of the original line, Procced in like manner with every
other line on the plan, and its various details, and thus will be obtained
the plot or drawing, laid down to a small scale, 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 jrd of the origi-
nal, then the siz> will be 3th; and vice versa, if the drawing is enlirged.

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 reduced should be pinned
on .a vertical stand in strong sunlight, and when focussed to the required
scale the lincs thrown on the tracing paper can be followed with a fine
pencil. The process i3 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 is to
be of the same size as the original and only a small number of copies
required, the Ferrotype Process is suilable. For enlargements or reduc-
tions of scale, or when a Jarge number of copies are rcquired, no hand
work can cqual 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 propar method of preparing drawings for Photographic repro-
duction and the Ferrotype process is given below,

Perrotype and other Printing Processes.—The Ferro-prussiate, Positive Cyano-
type, Ferro-gallate, and other printing processes are employed for the copying of plans,
patterns, or other drawingsand consist of printing the required design on sensitised

papar or cloth, by the transmission of light through the design, by the methods explained.
Prints by those processes may be said to bs pormanont and to be unchangeable by

light or damp.
FERRO-PRUSSIATR PROCESS. (Whits lince on a blue ground.)

Methol of S:nsitising the Puper,—Tho fo'lowing solutioas have be:n found to give

gatisfuctory results i—

Ammonia citrate of iron (ferrio salt) ., . «. 100 grains.
{ Water o . . . . 1 ounco.
Potass.um fcrri-cyanide (Red Prussiat: of Potash) .« 70 grains.
' §Wat:r . v . . .e 1 ounosa.

The solutions nos, 1 and 2 will keep good for a long time, but should bo stored in
the dark. Mix equal parts of the two solutions immediately before use, and apply the
mixture to oae side of any suibiblo papor by mzans of a sponge, or large flat brush. The
sponge, which will b» founad more useful for tho purpose, should have an oven surfaco ;
if it i3 nobt even, the sponge should be cut with a knife or scissors to bring about thig
result, 8o that the surface may bear uaiformly on the paper,

Chargo thoe sponge as full as it will hold of the mixture, and apply the solution
liborally to the paper foc about two.minut3, which $ims myy ba mora or loss according
to the scason. In the hot dry siason a long application is necessary, about three
minutes ; during the rainy season a loss tim3 i3 requirad, gonerally about one minute.
Cover the surface of tho papar rapidly with the solution, using long, tree, light strokes of
the sponge, working in one diroction, until the surface i3 covered; then go over the whole
surfaco again, orossing tho strokes at about right angles to those frst applied, and so
on, ropenting the opirations until the piper has had a liberal application of the
mixture, Now take the sponge noarly full, and drag it, without applying pressure, over
tho surface of the paper, using long strokes t6 remove tho surplus solution, yet loaving a

thin film of it on the paper, the object being to obtain as even a coating as possible,
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During the operation of coating, the papor 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
a dark room and should not be used till it is thoroughly dry.

When using any hard, smooth-surfaced paper, the operations of coating and drying
may be repea.te?l 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 this season in preparing and storing sensitisod paper. Before
the paper is sensitiscd it should be well dried over a charcoal fire or stove to expel all
dampnoss, after which the sensitising solution is immediatcly applicd, This is to be
done in the manner already described, but in this case, should be carried out as quickly as
possible, to prevent too groat a penetration of the sensitising solutioffi#hto the pores of the
paper. Aftor sensitising, the papar may be dried over a charcoal fire or stove, or may be
hung up to dry in a room in which a charcosl fire is burning. Immeodiately the paper is
dry, it should be stored for subgequent ase in a cylindrioul tin box with a  take-off ” lid,
round which should be placed an India-rubbor band to exclude air and moisture, and the
box should always be kept in a dry place. In damp weather tho sensitised paper should
be dried over a charcoal fire before putting it into the printing frame,

The paper, when (reshly preparcd, should be of a yellowish orange, but will changs to a blue
colour by keeping, By adding a rmall quantity of gum arabie or of dextrine to the mixed sensitige

ing solution, and also bichromate of poetassium in.the propoition of 2 grains to each ounce of the
sonsitising mixture, the printing qualities of the paper remain intact, and the paper will not change

colour for some time.

The Ferro-prussiate paper of commerce is generally of a Dbluish tint, This, however, does not impair
the: printing qualitics of the paper to appreciable extent, but the prints preparcd on it will require
a more prolorged washing, than if made on freshly prepared paper,

Printing.—~Open the piessure frams and lay ths tracing, drawing downwards, on
the glass of the frame, and over it a sheet of the scnsitised 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 clcan smooth paper, which should have been previously dried in the tun, or
over a fire, and with both hands carefully smooth tho pad outwards from the centre.
Then put in the back board of the frame, care being taken that the paper below docs not
slide one way or the other, and cloce the cross-bars. If the frame has more than two
cross-bars, tho centre bar should first be closed and then the side ones. Unless the
glass, tracing, and g2nsitised paper are in closs and uniform contact all over, it will be
impossible to obtain sharpness ia tha finished print. The framo is then taken oulside
and exposed to the direct rays of the sun, which should strike the glass face perpendi-
oularly. It the paper is fresh and diy and the sun bright, from 6 to 8 minutes during
the cold scason will bo found sufficient. Aftor the rains, when the sky is clear
and the light very intense, the exposure will vary from about 3 to 6 minutes;
but at first it 18 recommended to make exact obgervations till the right length
of time to expose hag been agcortained. This ocan be done by trying diffexent
exposures on a small slip of scnsitised paper; expose one-hulf 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 balf. After this has
been done the paper is removed and washed in several changes of clean waler, when
the distinctness of the lines and the strength of the blue ground will indicate which
half of the slip gives the better rcsult. This will be a guide as to the exposure
required for the large sheet.
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As:uming that the corract length of time for exposure has bcen determined and
that the paper has beon exposed, then quickly take it out of the presure frame and
float in a dish or tray of clean water, moving it rapidly from side to side,and
ohanging the water sevaral timos 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 Sohull, and obtainable from Messrs, Treacher and Co.,, Bombay. Good results have
also been obtainod on ordinary lithogeaphic paper obtainable from the Government Sta-
tionery Office, Caloutta. The latbor papor is very much choaper that than of Schleicher
and Schull, and the results are nerly as good. With these two brands of paper the lines
show out of a pure vﬂe or bluish white, while with other papors tho lincg are more or
less of a brownish tinge.

Ready sensilised papei is an article of commareo, and is proparel by Messrs. Marion
and Oo., 22 and 23, Soho S8quare, London, W., and obtainable from most of the photogra«
phic firms in this country, Marion’s paper has bcen found to give very good results, and
will keep without deteriorating for a considerable time if stood in cylindrical tin boxes
and kopt in a dry placo, as bolore describad.

Specially prepa-ed tracitg cloth may also be obtained from Mossrs, Marion & Co. Prints
prepiwred on it require from four to six tima2s thae exposure that & print on paper would
require ; otherwise, other condit'ons being equal, the proc:dure in preparing prints on the
cloth is the same as for papor, When She print is dry, tho slight creascs in the cloth
may be ramovad by rolling it tightly round an ordinary offies ruler and kexping it so for
an hour or more.

1t is desirable that the drawings to be copicl shoull bo on a vory translucent material,
such as fine whits tracing piper or gool fins traciug cloth, the drawings to be made with
perfectly bliok ink, in firm fall lin)s, espacially the finor onos, so that they may be quite
opaque, A littlo burnt sienna may be added to the Indian ink to give it inoreased
opacity. Care should be taken to keep the back and surface of the tracing clean and freo
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 differont kinds, However, if the use of colour in the original is compulsory, red
linea should bs drawn in thick vermilion ; yellow lines with Indian yellow ; brown with
burat umber ; blue and green lines with a mixture of chrome yellow and dark prussian
blue in differont proportions. All washes of colour to be avoided if possible, but where
necessary they may ba 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, falrly
satistaotory prints are obtained,

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

the paper.
When the process is regularly used in workshops, ete., in England, it is a common practice to omit the

ipking in of the drawing on drawing paper, and to make a tracing on very transparent tracing oloth to setve
a¢ a standard drawing to be kept in the office. This tracing then sorves for the reproduction of blue copies for
the shop, eto.

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 blue mixed to the depth
of colour required.
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Additions in white of lines, figures or printing may be made with a clean pen dipped
in a solution of—

Ozxalate of potash - . . . oo 150 grains,
*Saturated solution of gum . . .. 40 minims.
Water .. T e . . . 1 ounce.

After applying the solution, wait till the lines, figures, or printing are quite white
and olear; then blot off with a piece of clean blotting paper and immerso the print
rapidly in clean water and wush it well, changing the water a few times.

In applying the solutions given on page 23 to sensitise the paper the fingers become discoloured. These
stains can be removed by applying a little of the abovo solution without tho gum arabio : rub the solution over
the fingers till the stains disappear, after which the hands should be well washed.

Thilsolution may be convenicntly kept in a wide-mouthed bottle, largo enough to be able to dip the
fingers into.

The pressure frame required will ba similar to those used for ordinary photographio
work, and should be large enough to take the largest tracing or drawing required, The
front will have a piece of good, thick, olear plate glass, and the back will have a board,
which should be jointed in two, thrce,or 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 it, or in place of the felt
several sheets of clean soft paper may be used.

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

Prossure frames of any required sizc are made up in the Canal Fouadry and Work-
shops, Roorkeo. The cost of a frame suitable for drawings up to 80"X22‘ i3 aboat
Rs. 16, Qood plato glass, 4+ inch thick, and of various sizes, cin be procured in the
Fatehpuri Bazar, Dolhi, or at Caloutta. A piece measuring 307X22°X}” can be ha 1for
abut Rs. 10, and the charga is proportionate for the obher sizes.

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

Take a drawing board, or any flvt board with a fairly oven surface, and on it place
a piece of any sort of soft clogh, ncatly folded o as to give a thickness of about an
inoh, the oloth to be frce from lumps or irregularities, and when folded to be some.
what larger than the drawing to bs copicd. On the cloth place the prepared paper
with the sensitised side upwards ; on the paper place the tracing or drawing with its
face upwards; and over the whole place a piece of good platc glass a little larger it_x
gizo than the drawing it is desirad to copy; the object being to bring the prepared
paper and drawing into close contact with each other, and to keep them in one posie
tion during exposare. The weight of the glass supplies the pressure, and the cloth,
being soft and yiolding, is pressed against the glass plate, and into any inequalities
that may exist, bringing tho prepared papor and tracing with it, and thus sccuring the
contact required. A small strip of wood might be put round the board in the form of a
ledge to prevent tho glass from sliding when it is tilted to bring the plune of its surface at
right angles to the sun’s rays. If the paper and tracing are in perfect contact, tilting
the board is not of much consequence, Good results have becen obtained whon the
board has baen in a nearly horizontal position, but if the board b2 not tilted towards the

* The function of the gum solution is to give consistenoy to the mixture and so provent spreading of the
-dines and figures
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sun a longer exposure will be required. The correct length of time may be ascertained
by means of a small slip of prepared paper, as already described,

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

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

Defeets in Ferro-Prussiale Prints.

When the print is weak-looking, with the back ground rather a light blue but lines
olear.—We conclude that the print is under-cxposod. Try another print and give a longer
exposure ; or if the defect is not very marked, immerse the print for a fow minutes in the
following weak acid solution, 10 drops of hydrochloric acid to 10 ozs, of w.ter ; or 100 grains
oitric acid to a pint of water. This intensifies the blue ground ani the white lines show
clearer by contrast, Another method, and onz which gives botter results, is to immerse
the print for a short time in a bath of 20 grains of carbonate of soda to one quart
of water. The print should be left in this bath only just long enough to change the blue
ground to a desper blue, after which it should be at once removed and quickly immersed
in a tray of plain water (tostop the further action of the soda), and then well washed, the
water to be renawed several times. Whon the print is put in the soda bath the lines
become clearer and the blue ground rapidly intensifies up to a cortain point, after which
it bogms to lose its blue colour and gradually changas to a light yellowish colour. Care
thercfore 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 deep blue colour, but lines not clear and of a bluish tinge,
the fine lines of the original drawing very indistinct and broken, or not seen at all.—~Print
has bacn ovor-exposed If theso defects are very decided, rcject the print and propare
another, giving loss exposure. If not too decided the print may be reduced by prolonged
washing in several changes of water, and then immersing it in the carbonate of soda
bath given above, till the desired reduction has taken placo, after which the print is
washed in several changcs of plain water.

Prints weak and having a somewhat * sunk-in’' appearance, ground of a dull blue
colour, with lines rather sndistinct and of a yellowish brown.—This is due to dampness
owing to insufficient care in preparing, drying or storing the paper, as already desoribed,
See remarks on preparing and storing paper during the rains, page 28.

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

Streaks of white and white spots in the blue ground of print,—These are due to want
of care in coating the paper with the sensitising solution. If the solution be applied
liberally as directed, the whole surface of the paper covered with it, and the exgess sojue
tion removed oarefully, these markings will not show,
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Markwng in print corresponding to the form of finger tips.—These are due to handling
the sensitivo surface of the paper when the hards are in 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 blue colour and lines of a Ught bluish tint, when it is known
that the print has not had more than the normal exsposure lo sunlight.—This is due to the
sensitised papor having deteriorated by keping, or tho paper may have been exposed to
white light, which would ocoasion a blua doposit over the whole surface. Nothing can be
done in this oase; the print will show a want of force and brilliancy due to the blue

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

Postrive OvANorypn Process, (Blue lineson a white ground.)

Papor 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 ba found more conves
nient to pu;chase the papor ready for use than to prepareit. Without proper applianees
and practico it is difficult to get an oven coating.

If, however, it is considered dosirable to preparc sensitive papor for this process, hard
and well-sized paper should be selected ; so,that the sensitising solution may be kept, as far
a8 possible, on its surfauce. Good ordinary drawing papor is suitable, also Rives’ or Saxe
paper genorally uscd for photographic prints, but tho papers Nos. 50 and 51 by Messrs.
Schlcicher and Schull, already describal, havoe baen found to give the best results.

The following solutions are required t'or:onsit;ising the paper (—

Gum arabic .. .. .. . .. 1 oz
Water .o . e . o by
. B *

Ammonia-citrate of iron.. .e e . 1oz
Water - . .. .e .e e 2,
C
Perohloride of iron .o . .e .o 1 0z

Water

Solution A can only bo kept for a fow days: solutions B and Q will koop for several
weeks in well-stoppered bottles. When required for use, they are mixed together in the
proportions of 20 parts of A, 8 parts of B, and § parts of, G, and in the order given, oe
the gum will be coagulated. Should this osour, the mixture may again be rondered
liquid by the addition of a few drops of glacial acetic acid.

Sensitising the poper.—This oporation and all the subsequent ones, exoept the.
exposure to sunlight, must be perform>d in a room illuminated by yellow light passing
through one or two thickuesses of ysllow paper or ocilico fastened over the windows, or -
weak lamp light. Tho papor is pinnel dowa 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 ba as even as possible, so a3 to avoid streaks. It is important
that the papar should dry quickly, so that tha solation may not sink into its substanca.
As soon as the paper is dry, it will by woll to put it away oarefully in an air-tight tia
case.

" Bzposure.—The exposure will vary with the intensity of the light. In direct
sunlight from 15 to 40 scconds will be found sufficicnt; in the shade or dull
light from 1 to 5 minutes; in cain from 5 to 15 minutes ; and in dull foggy
weathor as much as from 15 to 30 minutes or longer may be roquired. By practice one

oo e oo X3 .o 2 "
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soon learns to guess the proper exposure under ordinary conditions of working. It ia
important, however, that in this process the exposure should be exactly right, and
sherefore, 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-prussiata prints.

Development of the print.~~This operation must be performed in yellow light. The
developing solution to consist of & saturated solution of ferro-cyanide of potassium.

A sufficient quantiby of the solution should be poured into a dish or tray so as to fili it
to a depth of about an inch. Before commencing to develop, the pcint is laid face down-
wards on a table, and the edges turnad up carefully with tho aid of a straight-edge, so as
to form a sort of tray about § inch in depth. ‘The copy 13 now floated face downwards on
the developing solution; the turned-up edgcs provent any of the solution from getting
on the back of the copy, which would cause blua stains to appear. Any air bubbles must
be removed by quickly lifting cach of the corners of the eopy in turn by one hand and
gently lowering it agiin, 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 tho 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, immorse it in a8 bath of hydrochloric acid, 1 ounoce to 10 ounces of
water ; koop it ia this bath from 5 to 10 minules, aftac which remove and placaib face
upwards in a tray of oloan water, and well wash and rub the surfacs with a spongoe to
romove the blue mucilags ; then copioasly flush with clean water. The lines of the copy
will now be found to stand oub blue on a clear white ground.

For the developing and aocid solutions trays of laad in woodon frames will be required ;
the inside of tho trays to ba coated with Bates’ black photographio or shellac varnish, the
coating to be rencwed as necassary. For washwg the print, trays as described for the
Ferro-prussiate process will answer.

Causes of faséure.

The ground appears blus.—This arisos from undor-exposure to the light, or from thd
print haviag besn kept too long exposed to the action of the developing bath.

The ground remains white, while the linss are brokn ang pale. —This may be due to
over-exposure, ot to ths lines of the tracing not bing sufficiently opaque to stop the
passage of light through them.

When the print is pub in the acid dath, the linss tun a dark blus, which washes off
when being brushed.—This arises from insufficient developmant in tha prussiate bath. IE
the ground is also spotted blue, it is due to under-exposure.

To oblain prints showing blus linss on a olear ground by a modification of the ordi-
nary Ferro-Prussiate Process.—Place the drawing or tracing to be copied with its back
against the glass of the printing fram3 ; then place over the drawing or tracing a piece of
prepared sensitised tracing cloth, with its sensibised surface down against t he face of the
drawing ; olose the printing frams and give a prolongsd exposure to light, the exposure’
to be three or four times longer than would bs required for an ordinary Ferro-prussiate
eopy.

After exposure proceed as dessribad in the Forro-prussiate process, When dry., the
print may be treated with a woak solution of carbonate of soda, to iutensify tho blue
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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
oreases 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 semsitised paper or cloth, with the sensitised
surface down, on the face of the prepared nogative copy, and operate as already described
for obtaining an ordinary ferro-prussiate print. As the light is passed through a nega-
tive copy, a pusitive print—onc showing blue lines on a clear ground—will be produced.

Instead of preparing the negative copy onm tracing cloth, paper may be used ; the
paper print can be made transparent by rubbing it over with vaseline, or by applying a
mixtare 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 u clear ground of fac-simile copies of drawings, plans and tracings,)

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

Daveloping Trays.—Trays for developing should be made of wood, lined with sheet
lead, the lead to be protected with a coating of black Japan varnish. I'rays 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 zine or tin trays are quite suitable.

Sensilising the papers.—This operation must be carried out in a room illuminated
by yellow light passiag through ono or two thicknesses of ycllow paper, or cloth fastened
over the windows, or by cindls, or weak lamp light. The following formul® are recom-
mended for sensitising the papcr—either No, 1 or No. 2 may be used :—

No. 1.
Water . . .e .o .. 15 ounoces,
Gelatine .e .e . .e . «s % ounce.
Porohloride of iron . . . O
Tartaric acid . . . .o e &
Persulphate of, zinc . . . P T,
No. 2.
Water . . . . .. 380 ounces,
Gelatine . . . .e .« 1 ounce.
Perchloride of iron (solid) .. .- . .« 2 ounces.
Tartaric acid . oo . . « 10 drams.
Peorvic-sulphate .. . .e T e .. 10 ”

The paper is laid smoothly down on a drawing board, glass plate, or other flat sur.
face, 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 sponge, whigh
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, aftor which the solution should bs immediately applied, It
is important that the sensitised paper should dry quickly so that the solution may not
gink into its substance ; it should, therefore, be hung up to dry in a room in which a
gtove or charcoal fire is butning. This of course would not be necessary in the hot dry
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season. When thoroughly dry the sensitised paper should be stored for subsequent usd
in a tin cylindrical box with a take-off 1id, round which should be placed an India-rubber
band to exclude air and moisture.

Ezxposure.—The exposure to sunlight is about the same as for ferro-prussiate prints,
that is, from 5 or 10 minutes according to the intensity of the light. To ascertain if the
oxposure has been sufficient, open the pressure frame and lift up one corner of the
sensitised paper ; if the greenish-yellow tint has disappoared, except where covered by the
lines, it shows that the exposure has been sufficient, and the print should be removed

from the pressare frame.
Developing. —This operation must be carried out in yellow or red light, The copy is

floated face downwards on the following solution :—

Gallic acid . . . . .. 1 ounce,
Oxalic ,, . . . . .. b grains.
Methylated alcohol .. .e . .. 10 ounces.
Water, . .o . .e .e .. 60 »

Care is to bo observed in floating the paper. Hold two opposite corners of the paper,

and bring the hands nearly together, a convex form is thus given to the sheet, the
middle of which should firat touch the solution, the cormers held by the hands to be
gradually brought down till the sheet floivts on the liquid. The formation of air bubbles
is thus provented ; should, however, any be formed, they can be removed by tho aid of a
glass stirring rod.

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

up to dry.
The following can be recommonded also as giving satisfactory rosults :—
Senasilising mizture.
.+ 1 ounce.

A Gum arabic .. .e .o .e
* { Water . . .. .e .e .. 10 ounces.
B Tartario acid .. . .. . .. 1 ounce.
* { Water .. . .. . .. 4 ouncecs,
C. Bolution of Ferric chloride, 456° Beaume .e e 2 ”
D. { Ferrous sulphate . e . .. b drams
* { Water .o .. . .. .. 4 ounces

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

Tough smooth well-sized paper should be used. The sensitising mixture is applied
by mesns of a brush, and the paper quickly dried by heat. Exposurs is complete when
the ground of the print is nearly white, the parts protectad from the light being of a
light yellow colour, Development is effected by floating the print for about one minute

face downwards on—

Gallio acid e . . . .. 1 dram,
Oxalic ,, . . . . .. 3 grains,
Water ., .e e ve . .. 50 ounces.

The print is then removed from the developing bath and washed well in plaia

water.
Ready.sensitised paper.—Paper ready-sensitised (Ferro-gallic paper) is prepared by

J. R. Gotz, 19, Buckingham Street, Strand, London, and can ba purchased from Thacker
& Co., Boxbay,
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The following is a good developing formula for ready sensitised paper :—

Gallio acid . . . . .. 1 ounce.
Alum ., .. . o . W 1 »
Water .. . .. . . .. 8 pints.

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

To develop prints on this paper the copy is immersed in the doveioping solution till
the drawing shows up clear and the lines black, after which it is washed and hung up
to dry in the usnal way, °

Defects.—Ovor-ezposure is known by the lines being faink and broken, the thick
linos only to bs seen while the ground is white and clear,

When the ground of the print is dark and discoloured 1t 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 havicg 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 arc founded is that a ferric salt is reduced tv the ferrous state
by the action of Jight. Thus, taking ferric chloride (Fe C1?) as an example, this salt on exposure to light
throws off one atom of chlorine snd Locomes ferrous chloride (Fo Cly). II asolution of a ferric salt he
applied to one side of a smooth-surfacod paper, the surface of thy paper when dry will presor.t a yellowish coloar
inclined to oranga ; if the papor be placed in a pressure frame under a transparent drawing or tracing, and
exposed to sunlight for a fixed time, a change will bo found to have taken place ; th: parts of the paper immedi-
ately under tho transparent parts of the drawing or tracing will be of a light brownish ocolour, nearly white,
while the other parts of the paper immediately under the lines will be found unchanged, and on tho paper
we shall have a copy of the drawing or tracing in yellowish orange lines on a nearly white groand; this is the
visible change. The chemical change is that where the light has passed through the transparent parts of the
drawing to the preparod paper immediately below and in contact with it, the ferric salt on the paper has
been reduced to the forrous state in these parts by the action of light ; while, owing to the opacity of the ink
lines of the drawing or tracing, no light can reach the paper immediately helow the lines, and therefore no
change tikes place, consequently under tho lines we have the unchanged ferric salt, Thus, we have a ferrous
and a ferric salt on the paper; the ground of the drawing will be of a ferrous salt, while the lines will be made
up of a 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 potassiom (K, Fe Cys) be
applied, oll the parts acted upon by light become blue ; that is, whon ferri-cyanide of potassium is added to a
errous salt a deep-blue precipitate i8 produced of ferrous ferro-cyanide [Fe, (Fe Cy,),], called Turnball’s
9lue, and the blue matter thus produced is insoluble. The ferri-cyanide of potassium causes no chnge in the
ferric salt (which correspounds to the lines of the drawing or tracing), which being soluble can be washed out
in water, giving a print on the paper of whito lines on a blue ground. Prints thus produced are ocalled forro-
prussiato prints.

Perro-cyanide of potassium (K4 Fe Oy,) acts on the unexposed 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, (Fo Cy,)s], which
is insoluble. The ferro-cyanide of potassium occasions no chango in the forrous salt, which is therefore soluble
and can be washed out in water, thus giving a copy on the papor of blue lines on a white ground. Prints
produced by this method are called positive cyanotype prints.

Similarly, gallie acid (L, He O,) or tannio acid (C 4, H,y O,,) used in place of the ferro-cyanide of potas
gium, produces a black nearly insolable compound (ink) with a ferric salt (corresponding to tho parts not acteq
on by light), and causes no change to a ferrous salt (corresponding to the parts acted on by light), 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 white lines on a blue ground (ferro-prussiate prints), instead of
applying a soution of ferri-cyanide of potassium after exposure to light as described, in practice it hag been
found more convenient to mix the ferro-cyanide of potassium with ferric salt before exposure : the mixture ‘s
spread on a paper and dried in a dark room. It will be obser ved that the ferro-cyanide of potassium produf)ea no
change with a forrio salt, but if the papor o preparel ba placed in a pressure frame under s tnmpuout
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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 light, as already described, and conjointly with this reduction the
ferri-cyanide of potassium acts on the ferrous salt thus found and produces with it an insoluble blue matter, the
unchanged ferric salt on the paper ixi:modintely under the opaque lines of the drawing remains soluble and washes
off {n water, thus giving a drawing of white lines on a blue ground.

ANILINE PRINTING PROCESS.—(Réproduction in dark lines on a clear ground
from a tracing.)

This process is depcndent on the action of bichromates on organic matter, and tha
oxidation of aniline by chromic acid. Thus aniline galts have the property of
sticking certain colours when brought in contact with acidified bichromates. Sized
paper is sensitised by brushing over it an acidifiod 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 ol the tracing become deeply coloured by the action of
the aniline vapour which reacts on the cromic compouad not reduced by light, and causes
no action with the reduced chromium salts, as these acquire a neutral rcaction and will
not readily assimilate bases.

Sensitising solutions.

Potassium bichromate .. oo .« 160 grains,
1. < Phogphoric acid solution.. . . 2 ounces.
Distilled water .e .o . 5
( Ammonium bichromate .. .e .. i60 grains,
» chloride e . e 160 ,,
2. 4 Sulphate of copper . . .. 8 ,
Sulphuric acid . . . } ounce,
LWate: e .e .o .. 10 ounces,

Either 1 or 2 may be used.
The solutions keep in good condition for a long time, but it is advisable that they

be stored in the dark.

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

Sensitising.—The preparation of the paper may be carried out by lamp light, sub-
dued day-light, or yollow light, but the paper must be dried in the dark, orina
photographic dark room. It will be found more economic !l to apply tha sensitising
solution by means of a brush, which should be fairly large and flat. The solution
should be-applied as quickly and evenly as possible so that it may not penetrate too
far into the body of the paper. The surface of the paper only should be impregnated,
obtherwise the ground would be more or less disooloured, and thoe lines and figures being
imbedded would not ba sharp. After semsitising the paper should be dried as quickly
as possible, and should be used on the duy it is prepared, or, at most, tho next day, as
it does mot keop.

Printing.—The printing is carried out as described in the ferro-prussiate process ;
the paper, however, is more gensitive than ferro-prussiate paper. The print should be
exposed till the lines and figure of the drawing appear of a faint yellow colour on a
groenish-white ground. In bright sunlight the exposure is generally from ong to

two minutes,
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Development,—The print is put into the bottom of a shallow box with a close.
fitting lid. On the lid is fastened a piece of damp flanuel, and on this piece is
attached another bit of flannel on which a littls of tho following devaloping solution
is sprinkled :—

Aniline solution . . . .. 1 ounoce,
Benzole . . .. . .+ 12 ounces.

Development is completed in from five to ten minutos dependent ou the duration
of the exposurc to light. The best rosult is obtained by a fairly long exposuro and
prolonged development.

When a good dark toae is proluced, tho prinbtis washed in plain water and then
immerged for a short time in a bath of Sulphuric acid § ounce, wator 50 ounces.

1t is again washed in a few changes of water and finally immersed for a few seconds
in a bath of—Liquor ammonia § ounce, water 40 ounces. The print is then removed,
washed and hung up to dry. 71he acid and ummoniy baths are not essential, but better
results are obtained by their use.

Moisture is absolutely necessary in the development of anilino prints, Care should,
therofore, bo observed that the flannel attached to the lid of the box is thoroughly
damp. 8hould the air in the box bo dry dovelopment will not be satisfactory.

Dovelopment muyy also ba evrried out by pinning tho exposed print to the lid of
the box, and having the damp flannel, with the picco on which the aniline solution is
sprinkled, at the bottom, Also, instead of sprinkling the doveloping solution on the
flanuel, the solution may ba placed in a shallow dish at the bottom of the box, and when
developmont is comploted, the solution removed and stored for future use in a well-
fitting stoppered bottle.

Farrio OHLORIDE AND GELATINE Pao0Ess.—(Dark linesand figures on a clear
ground from a tracing.)

This process is dopendent on the action of a forric salt on gelatine, in that ferrio
chloride has the proparty of rendering goelitine insoluble.

Paper is covted with gelatine to which a pigmoant is added as balow : —

Gelatine ,, .o .o . «» 300 grains.
Water . .o .o . .. 10 ounces.

The gelatine should first bo soaked in half tho given watber, uatil it is fairly soft,
then the remainder of ths wabar added, and the mixturo stirred and dissolved by
means of a gentle heit. Inlian ink or any suitable pigmint is then added in suficient
quantity to bring about the required colour.

Tho warm pigmented gelatine solution should ba applied to the paper by brushing,
care to bo obsorved that the coating is thin and uniform.

The paper ia then dried and should prasent a uniformly coloured surfage.

When dry the paper is sonsitised by émmension in a solution of—,

Forrio chloride . . . .e 2 ounces,
Tartario acid . . . «s 300 grains.
Water X} .o .o .o .o 20 ounces.

After scasitising the paper is dried in the dark or in & photographic dark room.
Printing is oacried out as desoribad in tho Ferro-gallate prooess : the cxposure to suglight
being about from 5 to 15 minutes according to the intensity of the light,

The part cxposed to light, that is, the ground of drawing, becom s soluble in hot
water, while the parts proteoted from light by the lines and figures of the tracing

5
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remain insoluble ; hence development is effected by immorsion ja hnt water, and a print
is obtained, according to the pigment used, showing dark or coloured lines on & clear
ground.

Actorrep INK ProcESS.—(Black lires on a clear ground,)
Paper is uniformly and thinly coated by brushing with—

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

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

Bichromato of potassium .o . .+ 150 grains,
Ammonia ,, . . . ev  }dram.
Water . . . .. .. 10 ounces,

Tho solution should bz allowed to thoroughly imbuo the paper ; to offect this a second
brushing should be resorted to, after which the paper is dried in a dark room, When
dry it is oxposed to light under a tracing in a prossurc frame until the lines and figures
of the drawing are well defined.

The pupor is then immersad in hot water and tio bichromatised golatine not ren.
dered insoluble by th2 action of light, that is, those parts protected by tho lines and
figures for the tracing, dissolved out, leaving bare paper at these parts,

The paper is then blotted and brushed ovor with—

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

Tho ink solution f :es itself only on the bare papor, which represonts the lin-s and
figures of the drawiag, aud a copy. showing black lines on a clear ground is produc~d.

Mopiriep CArbon Process.—(Black lines on a clear ground.)

Paper is coited with golatine apd s2nsitised with bichromate of potassium as des-
cribed in the Acidificd Ink Process. It isdried in a dark room, and when dry exposed,
in # prossure {rame, to light undar a tracing until tho lines and figures of tho drawing
are olearly visiblo. The paper is then imm rsed in cold water and sponged, the water
being changed several times to remove the chromium salt not reducsd by light. The
paper is now blotted fairly dry and its surfacc brushed over with—

Liquid Indiag ink . .e . s 1 ounoce.
Bichrothato of potash .. . . .. 10 grains.

Afterapplying the solution the papar is dvied in the dark or in a photographic dark
room. When dry it is placad in a pressurs fram», with the baek of tha paper next to
the glass of the frame, and ox)0s2d to sunlight for about two miautes. The paper is
then immersed in plain water, and the ground clearsd by mosani of a hard brush or
sponge until tho drawing shows up in black lines on a clear ground.

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

Nore,—The bichromates of po$is:ium and ammoniam are highly poisonous,

Preparation of Drawings for Photo-Mechanical Reproduction.—Phote-mechanical
processes for the roeproducticn of lino 'drawings are cconomical and rapid, in proportion to the com-
plexity of the drawing, or the amount of detail in it, or when tho drawing has tJ be reduced or enlarged.

An important point in favour of Photo-mechanical reproduction i3 that the result is a fac-simile of the
original in all but secale. Tho scalo, or rather tho 8izo of a copy of the original, can bo alterod without
any additiona) exponse, and this ronders the process peculiarly well adapted for Rocord or Type plans, which
can be roduced to a dimension suitable for binling in book form without gensiblo loss of clearncss and with
a great inerease in convenience.

Paper.—The papor should be perfectly whito or slightly bluish, but of no other tint; it should be of
good substance and of uniform texturc, anlth» surfaco smooth but nof too highly glazed. Hand-made is
preferable to machine-made paper ; tho ordinary white and blue [mperial, ayd white Doublo Elephant papers,
as supplied by Government, avo suitablo.

Ink.—The best quality of stick Indian ink should invariably be usad. Thé ink should be fresk iy mado,
boing evenly rubbod down, using a light pressurg on a smooth surfaco, till it is sulicicntly thick to give full
denso back lines. »

QGood ink should be perfectly froe from grit: a black, bronzy, shining appearance in the stick when
broken is generally indicative of good ink, while a dul fracture generally denotes an inforior quality,
Unloss thoroughly well groun1 black 1uk is used for a drawing, the reproduction will not ho perfect,

Inkéng.—The inking in of a drawing should bo dono, as far ag practicablo, evtirely in puro black lines, or
dots of uniform intensity. Tho lin23 to bo drmly ant clearly deawn, smoath, even, and unbroken, not too fine,
and not too close together ; the fAnest lines must be quite black with a good deposit of ink on them,

Lincs of soction, water-level, ote., ususlly shown in red or blue, should bo drawn in black dotted lines,

Wasghes or shading of any cobur ars iny Imissiblo ; ¢coss-hateching shauld bo ugol to distinguish different
materials or parts of structures,

All printing, figures, ete., should be boll ant op2u with the ¢ thin ** strokes mot too fine,

Drawings intonled for roproduction to a reduced scale sho ild, genorally, bo drawn in a much moro open
stylo than wonld be suitablo for finished drawings on tho same scalo, Care should bo observed not to crowd
in lines in tho shaded parts, nor to usy mo.9 lines, printing, and figures than are roally nocessary.

Tracings.—Drawings for reprodu:tivn may also boe exocated on tracing puper.

8pecial papors aro manufactured fo- u3s in connoetion with the reproduction of drawings by process work.
Theso papers are white or slightly bluish, and should bo used in proference to the ordinary kindg, which are
generally of a yellowish colour and quite unsuitable, ,

Scale.~The scales on drawings intended for re luction should genarally ho shown in torms of a single unit
of meesurement (ses Fig. 19) as ‘¢ Scale of miles, yards, foet, ete., ** ond not as relativo to any second unit, as
“ Scale, 20 fect to 1 inch,"’

Fig. 19.

10 5 0 10 20 30 40 ~ 50 Feel.
IR | ] | { {

General.—All drawings or tracings intonded for reproduction by photography should, when practicable,
be kept flat or rolled but not folded: caro should be obgorved to keep them ag cloan a3 possible on both surfaces,
and free from stains, creas:s and wrinkles,

In proparing flnishod drawings, with a view to reproduction, and subsequent publication, the greatest
caro should be takew to give them a high degreo of neatness and finish, Photography produces only a fac-
simile, and unless the original drawing bs woll finished in evory pirticular with good lines, vrinting, fgures,
ete., reproduced copy will not look well. Due caro, thorefore, should bo obsorved in preparing drawings,
so that after they aro copiod the results may be ft for immodiato issuo, and not require alterations and
working up, which mau dolay in carrying out work and add considorably to the oxpense.



OHAPTER I1.

PRINTING~GENERAL RULES APPLICABLE TO ALL
GEOMETRICAL 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
drawing cannot be produced without first class printing. Too much care
cannot be given to this malter, as a good style of printing is essential to
the production of a really good Engineering or Topographical Drawing,

more specially the latter, as the names of towns and villages are all over
the place.

o This perfection cannot be attained without a great dcal of practice,
care and perseverance, It must, however, be pointe 1 out that this perfec-

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

Engineers and superior officers should seldom waste their vime in
endeavouring to priut 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 ‘““clongated,’, in which the breadth is reduced to anything
down to one-third of the height.

The first thing to do is to decide the height of the letters it is proposed
to use for a heading. This must entirely depend on the size of the draw-
ing, and should be strictly in proportion. Having decided the height, it
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The most symmetrical in appearance and the easiest to exccute is an
alphabet in which the breadth of the larger number of the letters is four-
fifths of the height. Divide the height selected into five spaces (Plate II).

Then most of the letters are four of these spaces broad, The exceptions
are-1 =1,J =8 FL =38} MTW = 5. Thespaces bctween the
letters may be 2 or 14, and betwcen the words 5 or 6 according to taste,

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

‘ lAl N. ﬂ N. D) I 4’) |4SPJCGS——§2i

»

»

Total =87}

Take 874 spaces and place centrally. Then rule the boundary lines
of each letter, and ajter, if necessary, the single space lines within each
letggr. This gives as little ruling as possible, and also gives spaces
correct. If single space lines are ruled all along, one letter of the 3}
breadth throws out all those after it.

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

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

Ono of the difficultics of the beginner is to know what is bad and
what is good printing ; it will, thevefore, be useful to point out a few of
the mistakes to avoid, and points to be noted in the formation of
certain letters. Refer for each letter to Plate II.

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

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

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

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

In the letter G avoid all fancy forms.

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

The letter M requires to be trcated with a certain amount of discre-
tion ; if the strokes used arc broad the letter should be five svaces broad
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to avoid looking heavy; if the strokes used are thin the letter should
be only four spaces broad. .

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

The letter S is a very didicult letter to form; the upper halt 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 top-hcavy as may be secn
in the Plate.

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

ITALIC PRINTING (Plate III) is well adapted {or the information
to be entered onordinary plates and surveys, To execute this, the beginner
should rule three lines parallel to each other to regulate the heights of
the small letters and capitals Th> distance apart of these lines will
depend on the sizc of the printing desired, but lines three aud ggur-
sixtieths apart will be found convenient to slart on, Parallel lines should
thea bo raled 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 b:fore
inking in, avoiding the use of India-rubber. When he his gained
suffizient profizicusy through prastize, the pausil m vy be dispensed with.
Students should remember that it is impossible to print after taking any
violent exercise as the hand is not suflictently steady.

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

GENERAL RULES APPLICABLE To ALL GEOMETRICAL DRAWINGS.

1. Taostruments, especially ruling pens, should b: kept secrupulously
clean, Clean drawings cannot be cxecuted without clean hands. Keep a
piece of paper under the haud when working, Wooden and cbonite
rulers can b clecaned 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 necssary. Always
work with a sharp point to your pencil, Do not cub 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 or two
dashes ; but as a rule omit all corrections of pencil work with rudbber till
the plan is inked in, and then at one operation rub out all the pencil
lines. Every use of the rubber raises tho paper surface into a roughness
in which dust catches, and gets ingrained. '



PLATE 1l

ABCDEF GHIJELMNOPQRSTUVIWXY/Z
abecdefghijhlmnopgrstuvway:
1234567891011}

Buildings.  Bridges. Plan. Elevation. Section  Scale.
Scantlings of Rafters. Purlin. Tte Beamns. Strap.
Bolt 1" dvameter. Flat Arch. Relieving Arch.  Ground lne.

Bressummer. Slope Iin Q0. Wall-Plate. Rafier.
Weather- Boarding.  Ridge-Pole. Ventilator.  King post i uss.

Angle-Iron. Sheet-Iron. T'lron. Calcutta. Allahabad.
Roorkee.  Kashmere. Indus. Ganges. 1o Moradabad.
Fr. Baredly.

[talre printing is well adapted for the information to
be entered on ordinary Plates and Surveys.

To execute this, the beginner should rule three lnes
parallel to each other to regulate the heights of the small
letters and capitals. The distance apart of these lines will
depend on the sixe of the printing desired, but lnes three
and four sixtieths apart will be found corvenient to start
on. Parallel lines should then be rided 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 lng tn, avoiding the use of’ India  rubber. When
he has gained sufficcent proficiency through practice, the
pencil may be dispensed with. Students should  remember
that 1t is imposstble to print afler taking any violent exercise
as the hand will not be sulficiently steady.






PLATE 1V.

ABCEY 83‘93{5}3’5.@ JllN@’P:l’lRSﬂ’&V'W&‘lLJS.
a(;cDeft)ﬁijkfmuopqzotuowxnjj
128456178940

Buildiugs. 13)ti0: es.  WPlau.  Eevation. Section.  Scafe.
Scautﬁuﬂa or 1Ra|'tcz.s. Puctiu. Jie-Beams. Stmp.
Bolt 47 diaweter.  Ffat  Arch. met’icuiug Arch. gzounb tue.
Bressununer St’opc 1w 20, Wall-TPlate. 'U{a.ftcz.
Weather-Boazdury. Ridge-Pote.  Veutifator. :‘Ciu‘q—'ll')oot Jruss.
Jl.u:}fe-. von.  Sheet-Jrou.  T-Jeow.  Cafeutta.  Aflahabad.
Rootkee.  HWashuriz.  Judus. gaut)eo. Jo Moradabad.

S'ZOM %auit’ﬁj.

Jtalic Pziutiug 15 well aba.})tcb foz the iufouua.tiow to be eutered

ot ozbiuam{y Plates ad 5uwc1£p.

Jo exccute this, the fequiner shoufd zufe thice tines pazallet to
each other to zet}ufatc the ﬂeigﬂta of the swafl fetters aud caPita(3.
Jhe Odustance apart of these fines wifl depend ow the oi‘;c or' the
prutiug desized, but fines three- awd fom-aixtietﬁo apart wilt e
forund conventent to start ou.  Paratlef fiuce shoutd then Ge ruted
at iutewals of about ﬂa(’f anw  iuch to beﬁuc the ol’ope of’ the
Pziutiug. Jhe Begruner shoutd Peucit’ each fetter in with the
greatest cate Before iuki119 ur,  aoiding the use or Judia-rubber.
"Whew he has :)aiueb auﬂ'tcient Pwﬁciencw tﬁzougﬁ Pzactice, the
Peucit’ way fe Diapeuocb with,  Students should zemewmber that it
15 impoooiﬁfe to prust artcz, takiu? any viofeut exercise as the fand

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

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

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

7. Whenever il is practicable, lines should be drawn from a given
point and mot to it ; and if there are secveral 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 scalc 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 arcs 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 interscots another, as above, the
second arc or line need not be drawn, but the point of interseetion only
should be marked so as to avoid unnccessary lines.

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

12. Inlayiog off a length along a line with a scale, it is always
well to check, either by reading off the distance along amother part of
the same scale, or by applying the scale so that it shall read backwards,
This isa simple check, and a very useful one, as in plotting a survey it
may often prevent considerable unnecessary labour,
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13, Every drawing should have one or more long lines put in firs
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 guile 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 sile and that no mouldy spots exist. If any such
spots arc detested, the paper should be rejected, as it isimpossible 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 remived from the board, between the
measurements on the drawing and the corrrespinding ones on the s:ale.
Such disecrepancy i3 often very considerable whea scparats pieces of
paper are employed for tho s;ale and drawing : drawing paper is very
sensitive to atmospheric conditions, anl 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 be inked in with a fine drawing pen
and the best Indian ink. No thick ink lin2s are on any account to be
drawn till all the colours have been laid on, Care should be taken not
to overshoot the corners where two lines intersect, and the lines should
be kept as fine as possible.

Circles and arcs of circles should be inked in before straight lines,
In drawing circles, care must be taken not to allow the point of the
compass to penetrate the paper; the holes thus formed are liable to become
filled up with colour and cause an uasightly bl'emish, The fine outlines
of the drawiag having ben 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,

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

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

Sufficient colour should l'e mixed to last for the whole of the wash
required ; any sediment should then be allowed to settle, and the clcar
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 us:1, and the colour kept running across the paper, working it
gradually down the slope, and no portion of the * working” cdge of the
colour be allowed todry up even for a sccond till the whole wash is
completed. Red lines should not be washed over, or the colour will
run. When a flat wash is uncven, or contains a oub shade (probably
from allowing that portion to dry), or it is required to take out lines, or
washes of colour, which are mistakes m 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 1s near other colours which
the sponge might also touch, an aperture should be cut in a piece of
paper, of the exact dimensions of the extent to bo 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 to run.

When, as is often the case, a blot or small blemish in a flab wash of
colour has to be erased and fresh colour to be afterwards applied, it is
important to keep the texture of the paper as intact as possible ; the
India-rubber should, therefore, be passed very lightly over the previously
slightly moistened spot, and this operation should be repeated till a per-
feetly clean surface is obtained. The colour is then to bestippled in by
separate strokes ; not washed in ; as in this latter case, the rough surface
of the paper produced by rubbing would take the colour unevenly, aad
causc an unsightly blotch.

Choice of tints.—TFhe main point to bear in mind is to preserve
harmony in the drawing, Bright colours go with strong lines and bold

6
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printing, while light shades, fine lines anl unobstrusive printing go
together.

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

Thus in the 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 dctailed in Chapter XV, Part
II, must be followed.

Lettering and printing.—The size and thickness of lettering and
printing should be in harmony with the size and boldness of the drawing.
All dimeusions should be given ;they cannot be too full or too numerous ;
without them the drawing is almost useless, as even with a scale attached,
great labour will be required to make use of the drawing by its means
only. The scale should, however, be cousidered by the draftsman as non-
existent except, for the measurement of a few exceptional points. Every
single dimension which an Engincer is likely to require to know should be
written on the plate in large legible figures. The draftsman 18 not to con-
sider either, that it i 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 anarchitectural 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 showld be
attached thus :-—

¢ mmm-m 3 -

MNmnmims

the cxtent to which they refer being indicated by a dotted line terminated
ab cach end by an arrow hexd. 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 b: termed the lower edge, that to his right hand,
the right edge: all printing must be when possible parallcl to, and read-
able from, the lower edge : when this is impossible, the printing must be
parallel to, and readable from, the right edge.
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Drawings required.—The drawings usually required for the correct
representations of a building are Plans, Sections and Elevations. (For
Definitions, se¢ Chapter V.)

The planis most usually a horizontal section of the building close
above the ground floor ; the floor, staircses, steps, ete., 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 generally shown as a
separate drawing, containing full details of all its parts.

If there is more than one floor to the building, a plan, or as wo have
just explained, a horizontal section, must be' furnished at each different
level.

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

Door. Wandow. Arch,

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

In a plan it is only necessary to colour the section of the walls. The
floor, steps, etc,, arc drawn in outline only.

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

These two half-sections are generally placed side by sido, divided hy a
single line, The lines on which they are constructed must be drawn
very distinctly upon the plan, and lcttered with Block Capital Letters,
The section is then indicated as ““section’” or “half-section ” on AB, CD,
ete., as the casc may be.

Besides these scetions, a partial elevation is sometimes constructed on
the same line, ie, on the plane of sestion in question, the result is then
termed ““ A Scetional Elevation” on AB, OD, etc. In some cascs the
elevation of important parts of a building ocannot really be seen, from
the intervention of earth or other detail of structure, between it and the
plane of projection. In this case the section is to be coloured and com-
pleted as under ordinary eircumstances, the outlines of the hidden eleva-
tion being drawn in with dotted lines only,
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Detailed scctions on larger scales are at times required for some of
the details of construction, such as cornices, joints of rafters, etc., etc.
Longitudinal sections are neccssary for giving information otherwise
unobtainable from the rest of the drawings.

Elevations generally represent the whole of ono side of the building ;
every side which may differ from the others must have its own particular
elevation. 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 should first be drawn, then
the sections, and finally the clevations. Sections of the various walls
must of course be supplied before the plan can le construected.

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

Only the most 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
Conventional charts. If any special signsor abbreviations are used, a
table showing thoir meaning should be attached to the plan.

LisT oF GENERAL CoLOUR CONVENTIONS IN USE.
Mayps.

Hills

Sand hills

Natural drainage

Tanks or jhils ...
Natural ravines and dry nala
Rivers and streams

Village sites{

Roads, metalled...

Roads, unmetalled

Railways Vo oo
Canals

Brick houses...

Mud houses ...

Brown.

Brown,
Cobalt, if percnnial, otherwise black,

Cobalt, if perennial, otherwise black.
Black,

Cobals, if perennial, otherwise black.
Vermilion.

Vermilion.
Vermiliov.
Vermilion.
Black.
Cobalv,
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Sunwey of India

Conventional Signs to be used on Topographical Maps.
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CUty, Towmor VAlagw, _ . . _ _ _ _ . __ . .. ______.| YVermition b S e
Q Fa) H ’&‘ . 9 "
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(1) Deserted Village, Piantations, (3) walled, (3) open _ - . . ... oo ___ _| (1) Permttion (’1‘, ?F (3) Open Porest or Jungle, with Remrved Porest Boundary Symdol .. - . - - _ | Light green seash| m-*
3]
Ratlways —
Bro#d Gauge '8 Nouble Lind . _ . .. . . .o he it camaann. T (1) Bxtensive Grass Lands in the plains, (3) Sand Mlls . . _ _ _ _ . _ ___ _ . (3) Brown
~=wnder comstructlon _ __ . _ _ __ o ___________. ] wrm axean e (1) Lake, Taaks, (3) wiih Smbantmens, (3) excavated and bined _ _ _ . ___ __ | Oobale
W m ow Sngle , e e ] [ — Sreams—(1) perennial, (3) non-peresmial k1)2(4) Cobets
(3) Zim#t of Oultévation, (4) Swamp
—URder CORSTUCHION _ - _ @ . m e w e m e - = 'n o oo n Kares—showing depthatwell _ _ . _ _ ... ___ ___ ... Dv.
Other Gauges  Dowdle m - ] ——r—tt Weila ~(1) Masonry tined, (2) wnlined, (3) 8pring — - - — _ _ - _ - -~ — » |8 @ @
—under construction . — — o - - oo oo oo Nttt bttt et Telograph LA _ _ _ . . eee e e e — e - R L RPN N
. . Sngle . .o ___ e emmm ] [P 1. Trigl. Stattons~Principal, Seeonda™ . _ _ _ _ _ _ . o ——— e~ G T.8. A\ ARKRAARNari
—under construction _ __ _ _ .. e e e .- ettt bl et Tertiary Mationd Intersected PO _ ~ - - - _ o - e o mmmm =] A Sbait
Mineral Lines ani Tramwayl - — - = - = = <o o me em e m = o m e me o ettt Arights—Trigonometrical. Clinometric, Relative - _ . _ _ .. _ _ — _ ____ e e 1o
.
—under comstruction _ _ _ _ _ _ _ _ _ _ _ _ o .. e e b b Levelled BEREA-MEIR _ _ _ _ o e e e e e e e e mdmma—m—————— = B.M. 33821
22 .
Main Oart Road, inclalled, with mile-stowe 1nd Bridge, _ _ _ _ _ _ _ . . .| Vermilion = == Boundary- External of Indta, Province or Sate _ _ _ _ _ _ o oo _ [ — —
n w w o ummetalled _ . . . .. . . _ .. _. ca=- 9 Do. | TTTTTTI— o —— - Diviton _ _ _ _ _ _ . oo ok memm e cand | e - o~
Villane Oart tract wn the plains, Camel voad in Mils . . _ _ _ _ __ _ . .. Do, P g w Distriet__ . __ e mm—m e m oo - | memm—————— ——
Mulepath, Bridiepath (1) Pass _ _ _ _ . . _ _ oo e mm -] Do. ¢ » Bub-Diviston, Taksll, Pargana, &¢. - - - ~ « < v - = — e = tesetasssevenvanas
M
PootPath . . _ _ . o L e e e ] De. Post Offce, Telagraph Offce & P.0. & T.0. combined __ .. _ _ . _ - ... - B PO, TO,P. T, Q e
Canal seith (1) Distridutary, (3) Bridoe, (8) Lock _ _ _ . _ . . .. . . __. | Covalt mw.,mw,c\mpﬂv@"%h‘h&mn e mmmm e ] DB.RH,CG, PS.
(1) Cutting, (3) Kmbankment, (3) Tunnel . _ « . — - — — oo e R UOYRW L) Port, Frontier Waleh-towe? . - — - <o = = mmmm = — —mm = == of Vormidion 8 A
(1) Impenetrable Fores: or Junyle, with Forest Limtts .. _ _ _ _ .. . ___ _|Dark green wash Tempie or Pagoda, Mosque, Hponyyi Kyaung — _ _ e mae -~ De. -6- ﬁ-ll-
v L] .

Photo. Zinca,, Jane, 1931, —N0.2270-4.~700.
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For PLANS OoF WORKS.

In section.

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

Do arlificial ... Alight wash of Burnt Sienna with Indian
ink ctching shown for the made earth,
In Plan.
Earthwork, natural ... Indian ink shading on slopes.
Do, artificial ... Green shading on slopes.
Concrete A light wash of Burnt Umber with fine

dols 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.

Brickwork, pucea, in mortar  Lake flat wash in section, For archwork
vertical hachuresof Lake may be added,
Black outline plain in elevation.

Brickwork, pucca,in mud ... A light wash of Light Red in scction.
Black outline plain in elevation,

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

Rubble stone, boulder, or A light wash of Lake with broken hachures
kunkar masonry in mortar, of dark Lake in section. Black outline

with black broken hatching in ele-

Stone work

vation.
Rubble stone, boulder, or A light wash of Burnt Umber hatched
kunkar masonry without with Indian ink in scction. Black

outline dotted with Indian 1ink in

elevation,
Indian ink light wash in section. Black

outline plain in elevation.
{ Section—dark Indigo.

mortar.

Brickwork, kucha, in mud ...

Qast-iron '
Elevation —light Indigo.
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Wrought-iron

Woodwork, Fir wood

Woodwork, hard wood

Doors and windows

Steel ves

Brass

Copper

Lead

Slate

Tile

(XX}

OHAPTER 11,
{ Section-- dark Prussian Blue.

Elevation—light Prussian Blue.

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

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

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

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

Chrome Yellow mixed with a little Lake
with hachures of the same in 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 elevabion,

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

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

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

Lime plaster, ordinary

Do. slate-coloured ..
Do. sand
Do. surkhi-coloured

Cement-plaster ...
Whitewash

Colour-wash

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

vation.

Burnt Umber with hachures of the same
in Section. A light wash of Burnt
Umber in Elevation.

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

A wash of Light Red in Elevation.
A wash of Neutral Tint in Elevation,
A wash of Payne’s Grey in Elevation.

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

A light wash of Payne’s Grey in Ele.
vation.
A light wash of 'Neutral Tint in Eleva-

tion.

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
—DIAGONAL SOALES— VERNIER SCALES—EXAMPLES,

When auythiug which has to be represeuted 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 scyle, that is, each line in the plan, using this
word as a gencral term, is mvle with a fixed and known proportion to
the line it represents.

Suppose, tor example, that ina drawing of a house a line one inch long
represents in plan a wall 100 fect 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 casc 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 ﬁ%ébh
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,” and this fraction should
be entered in u 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 represcnt-
¢d by 1 inch iu plan to inches.

This will be the denominator of the fraction. The numerator will
invariably be 1.

For ezample—
Find the representative frastiou of a scale of 1 furlong to an inch.
The denominator is then 12 X 3 X 220 = 7,920 and the represcnta-
. T |
tive fractionis Toae

In addition to the representative fraction, some meaus 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 ScALE.
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Scales may be divided into—
(1) Plain Scales.
(2) Comparative Scalcs.
(3) Diagonal Scales.
(4) Vernier Scales.

Before proceeding to consider the construction of scales it will be
necessary to show how a given line can be divided into any desired
number of parts, as this construction is frequently rcquired 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 too acute.
Along AC mark off five equal divisions 1, 2, 3, 4, 5. Join 5B,
Through 1, 2,3, 4 draw lines parallel to 5B, cutting AB in Py, Py, Py
P, These points will divide the line AB into fivo equal parts. Car,
should be taken to arrange the length of the divisious taken along AC
in such a manner that the linc 5B may be nearly at right angles to AB,
If the angle at which the line 5B mects AB i3 too acute, it will be difficult
to fix the points of interscction Py, Py, Py, Py exactly.

Plain Scales.

In all scales it is evident that if they fulfil the functions explained
above the unit of length of the scale must hear 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 cxamples 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. 2.)
Scales are usually made about 6 inches long. For this case 6 inches

will be found convenient as it represents 600 feet.

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

The left hand division is always used to show the smallest “init requirs
ed; in this case 10 fect. Divide this divisioninto 10 equal parts. These

will each represent 10 feet. Ink in two lines for the scale é%ths of an
inch apart, the bottom one heing darker than the top one. Draw perpen-
dicular lines Ge—oths of an inch high to show the primary divisions, and c—ﬁ:)t;h:s
of an inch high to show the secondary sub-divisions. The right hand
point of the left hand division is invariably marked O; the secondary
sub-divisions starting from that point are marked from right to left, and



50 CHAPTER I11,

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 eonstruction
and printing may be drawn,

Example 2.—The representative fraction of a plan is 61()’ construct a scale to
read to feet (Plate VI, Fig 3.)

Here 60 inches, or 5 feet, represenls ouc inch, and 6 inches on the
scale will represent 80 feet. Lay down 6 inches anl divide it into
three parts, and the left hand sub-division into 10 parts. Finish as in
Kxample 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 cqual 1inch, therefore 6 inches represent 78 yards,
The nearest next numbered seale to this will be 70 yards, i.c., 10 units
to left, and 60 to right, of zero. So, as 78:70::6: 539, Lay down
530 inches aud divide inio 7 parts, and the left hand part into 10,

1
XX 1z 458

For the method of laying off a distanze of 539 inches, seq Diagonal

Scales, Kxample 13.

Representative fraction

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

Here 6 inches=12 milcs, but 1 mile to loft and 11 miles to right
would not look well. So ay12 :11: : 6:5'5 inches. Lay down 55 inches
and divide into 11 spaces, and divide the loft hand space into 8 for
furlongs. Representative fraction —.° 1

12 X 6260 X 12— 126720

Example 5 —To draw a scale of 6 inches t ile
No figures are given for Examples 5, 6, 7 and 8.) ? 1 % mils to read to yards.

It will be most convenient to draw primary divisions to show 1,500
rards and secondary sub-divisions to show 100 yards, Six inches repre-
ent 1,760 yards, So, 1,760 :1,600: : 6 : 545,

Lay down 545 inches and divide as usual. Representative fraction

6 1
760 X ¥ X 12 = 10500 *
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Photo.-Mech!, and Litho, Dept., Thomason Oollege, Roorkes,
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‘Example 6,— To construct a scale of 8 inches to the mile, in paces of 30 inches.

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

Example 7.—To construct a scale of 20(1)00 showing chains of 100 feet.

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

6 : cte.
Example 8.—The representative fractions of two plans of a Russian fort are

%0 nd 1260 construct a scale of Y'rench toises for the former, and one of Russian
archines for the other. The toise=213142 yards, the archine="7777 yards.

In the first, 1 toise or 2:13 yards represents 800 toises, Reduced to
inches, 76:68 inches on plan oqnals 800 toises, or 707 inches=80 toiscs,
Thus 60 will be nearest suitable length for scale, and 80: 60 : :7:G7:
ete., ete.  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 horseis known, when trotting or at a gallop, ete., 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 (16%66) 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 linc wilL be
10,560 : 2160 X 36 ::1: 7°36.

Lay off & 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 scconds,

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 tako measurements off the planin 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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Example 10.—The scale of an Indian plan is drawn in Haths, It is found
by measuring the scale that one inch represents 675 Haths. Itis required to
draw a comparative scale of feet.

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

1 1
675X 18 121"

Take a length of scale to show 60 feet, then

1215 :720::1:5°92

Lay down a line 5'92 inches long and divide it into 6 parts, and the
eft hand division iato 10 parts. Thesc now represent feet,

Example 11.—The scale of a map of France i3 in French leagues (1 French
league=4262'84 English yards.) Itis found by mzasuring the scale that 375
inches represent 25 leagues. Construct the corresponding scale of Enelish miles.
(Plate V, Fig. 8.)

4262 84 .

Here 25 leagues=- - =X 25=60'5 miles.

Consequently, 60'5 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.

The representative fraction is

Example 12.—A mapis drawn to a scale of 2miles to aninch ( T2—6,17—2-(T).
Construct a comparative scale of Russian versts. (No figure is given.)
1 Russian verst=1166-6 Knglish yards.

As the two scales must have the same representative fraction, this

.. . 1
question is at oncoe reduced to that of making a scale of m=me  to show

versts, Bul 1t can also be found dircctly as follows :—

. L . . . 1
As one inch represents 2 English miles, and 2 English m1168=——;?10:g_%2~

17602
0X = 3:02 versts.

Russian versts, therefore one inch will represent 560

The scale will be best 21 versts long,
1760X2

errsbs : 21 veorsts ¢ : 1 inch : @ inches,

x:aé;(ﬁgggg =696 inches.
Set off a line 696 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. 1,1s 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 AG, then all lines parallel to BC will cut off lengths from A in
vhe 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
scale 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 hundreths
of inches. For this purpose a diagonal scale is used.

Example 13.—To draw a diagonal scale of inches, to read to one hundreth
of an inch. (Plate VII, 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
e
along one of the diagonal lines, say from zero to the first division to the
left on the top line, then every iime a fresh line ig crossed we have

moved I—:J-Obh of an inch further from zoro.

The cross marks on the figure show 3:69 and 5°32 inches respce-
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 line must be the same as the number of units there are of the
third dimension in a unit of the second dimension,

For example, if it was required to draw a diagonal scale of yards,
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 degrees, minytes and scconds will be required. For example, a

from 0 to 10 we get —1—20—, etc,, further from zero, but if we move
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standard map of India drawn to a scale of 1 inch to a mile is 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 cach.
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 latitude 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 somctimes used instead of diagonal seales, The
principle on which they arc constructed is as follows :—
If we have any length of scale representing n units of meisurements
and divide it into » cqual parts, cach part will represent one unit. If
now we take a line cqual to (n-F1) of these units, and divide it also into

. . s s . n41 . n
n parts, cach minor division will be cqual to j;A units, and the difference

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

first will be "F2 ™ =1 of the oricinal unit. And, similarly, the
y
11 n n o

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

be 73« 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
VIIL, Fig. 3.)

Let the scale be drawn in the ordinary way, but sub-divided through-
out its entire length ; cach sub-division shows one foot ; set off to the left,
on the upper line, a distance equal to 11 sub-divisions commencing from
the zcro 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 cqual
parts on the vernier scale, each division on the vernier will represent

1(1) =1"1 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 seales to the successive divisions on the
vernier will show 1°1,2%2, 33,44, 5°5, 6°6, 7°7, 8:8, 9°9, and 11 feet.
The scale 1s used thus— '

Let it be required to take oft 26°7 feet,

Now the seventh division on the vernier will give us a reading of 77

PUSSRRFT RPN
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Subtract 7+7 from 2647, the remainder is 19 ; place one point of the
compass on the 19th sub-division on the upper linc of the plainscal |,
and the other on the Tth division of the vernier; this distwne represents
26°7 feet,.

Vernier scales, when applied to instruments, are constructed so that
the vernier can be made to slide on the main scale. In this case it is
more couvenient if the vernier and s:ale real the same way, and for
this purposc it is necessary to take the m—1 units to divide =. The
difference is just the same; it is 1— nglz%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 nccessary to slile the zero of the vernier to
fit with thce top of the column, and real the number of the division that
coincides with one of the plain scale. Here the reading ts 28:97 inches.
The difference between the top ol the mercury or z:ro of vernier, and
289, is that between 7 divisions on the fixed and 7 on the vernier scale,
or »1ng: It the student will just mark oft 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 surveying
instrument of which the arc is graduated to degrees and half degrees. (Plate

VII, Fig- 5.)
Here the smallest division on the graduated are is 30 minutes.

Take a length of 29 minutes, and divide it into 30 for the vernier. 1In
reading read to nearest half degree, and add the num'ler of winutes
shown by thc vernier, In this case it is 2° 30’4117, or 2° 41/,
ExAMPLES.
1, Construct a scale of 1—;@ to read to 20 feet.
2. Construct a scale of 8'5 fect to an inch to read to single feet.
3. Construct a scale of metre 52—140 (mctre =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 alncers,  Construct
a scale of feet (1 alner =*6493 yard).

5. Construct a scale 22 yards toan inch, on which single yards can
he measured.

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

feet).
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7. The distance between Roorkece and Saharanpur is 23 miles, and
measurcs on a map 1857 inches. Draw the scale of the map showing
miles and furlongs, and mark off 7 miles 3 furlongs on it.

8. Construct a scale ofgé%m- 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 3} 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 « scale of 5 miles to an inch and a comparstive scale
of Russian versts (1 verst =1,16668 yards).

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

15. A Prussian fathom contains 6 Rhenish feet, each equal to

1

1:0297 English feet. Construct a scale of fathoms 337 Showing feet dia-

gonally,

16. An Eoglishman, wishing to cxamine a Spanish plan, finds only a
scale of Spanish palms, 20 to an inch ; supply him with a corresponding
scale of English fect, taking the palm as *634 of an English foot. Show
50 fcet.

17. Draw scales OfﬁlﬁJtO represcnt English feet, French metres, and
Greck 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 fect.

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

20. Rcquired a scale of Russian archines, for a plan on which the
breadth of a river, really 50 sachines, is representcl by 12 English
inches, 8 archines= 1 sachine = 2'3332 English yards.

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

22. The distance betwecn two points, 1 Austrian mile apart, is
ropresented ona map by 2:66 English inches. Construct a diagonal
scale of English miles. 1 Austrian mile = 8°3312 English milcs,
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23. Construct a scale of 1'6%00 to take off intervals of time adapted to
the trot «f a pony, which goes over 180 yards per minute at a fasberot,
Show 10 minutes.

24, A horse passes over about 280 yards per minute at a gallop.

Construct a scale of 200100 5 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 seale on a Russian map is ks
Draw a comparative scale of French metres (1 metre = 39-37 inchos).

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 ofl—:TO to show feet and inches, and
mark off 25 feet 7 inckes on it. R

29, Construct a scale of 2% to show poles and yards, and by a ver-
nicr to read feet.

30. Construct a diagonal scale of elo to show metres, decimetros, and
centimetres (1 metre = 3°28 fect).

31. A scale of 4 inches to the mile is attached t0 a map. On this
1 find the distance between two points to be 1 mile 5 furlongs. I measure
the same distance onthe ground and find it to be 1 mile 3 furlongs.
Knowing the survey to be correct, construct a correct scale to the map
to read to miles and furlongs.

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

33. One degree on a scale is represented by 1% of an inch, Construct
a scale showing degrees and quarter degrees, with a movable vernicr to
read minutes. On this scale mark off 4° 34/.

34. Youaregiven a survey of a portion of country drawn to a scale of
16 inches to a mile. The paper it is on measures 32 iuches long by
26 inches broad. Find the area of the country and the area of puper
required to copy the survey to a scale of 12 inches to a wile.

What are the representative fractions of the two scales ?

35. A map is 40 inches long and 27 inches broad ; it represents an
area of 50 riquare miles, Draw the scale af the map to show miles, fur-
longs, and diagonally chains.

/ 36. A cavalry officer finds that his horsc canters 16 miles an hour.
Counstruct a diagonal scale of ;53,7 adapted to time, and mark off ou if

the distance he trayerses in 7 minutes 42 seconds,
R




58 CHAPTER III.— OONSTRUCTION OF SOALES,

87. Two posts of the handrail of a staircase have their axes vertical,
ang the top of the lower, and the base of the upper are in a horizontal
line, 3 yards 1 foot 4 inches apart centre to centre, Draw a diagonal
scale ¢ to read yards, feet, and inches, If the line joining the centres
of the tops slopes 1 in 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 15 inches
in longitude and 17°1 inches in latitude. Construct a scale of latitude
and longitude for the map, and show 2 fect 37 inches both in latitude and
longitude. Standard maps of India are 15 minutes in latitude and
longitude.

39. Construct a scale of 8 inches to a mile, and add a vernier to read
in spaces of 60 feet, On this scale mark off a distance of 1 mile, 3 fur-
longs, 420 feet,

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



CHAPTER 1V.
PLANE GEOMETRY.

Plane Geometry deals with the representabion of plane surfaces (having

length and breadth ouly) on a plane surface, such as paper.
RuLes ror DRrawiNg.

1. GIVEN lines to be THIN CONTINUOUS LINES.

2, RESULTING lines to be THIOK CONTINUOUS LINES.

3. All construction lines to be FINE COMMON DOTTED LINES.

DEFINITIONS. -

1. 4 point is that which has position but not magnitude.

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

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

4. Every linc which is neithor 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 mect, arc called parallel lines.

8. 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, ewch 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 au angle i3 that which it requires to complete

a right angle, )
10. The supplemont of an angle is that which it requires to’complete

two right angles,
11. A plane figure is a plane terminated everywhere by lines.
If the lines be straight it is called a rectilineal figure, or a polygon,

and the lines themselves constitute the perimeter of the polygon.
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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 ig that which has three equal sides; an
isosceles triangle is that which has only two cqual sides ; and a scalene
triangle is that which has all its sides uncqual.

14. A right-angled triangle is that which Las a right angle ; the side
opposite to the right angleis called the hypotenuse. An obtuse-angled
triangle is that which has an obtuse angle ; and an acute-angled triangle
is that which has three acute angles.

15. Of quadrilateral figures, & 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 rhombus is that
which has all its sides equal, but its angles are 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 trapeziums.

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

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

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

19. A circle is a plane figurc 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
arc cqual to one another,

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

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

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

23.  An areof 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 figurc 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 hetween them.

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

LiNES AND ANGLES.

Unless otherwise stated, “a line”” means ““ a straight line.”
Problem I —To bisect a given line AB or regular curve AEB (Plate VIII, Fig. 1)
With centres A and B and any convenient radius, deseribe ares in-
tersecting at C and D. Join CD, cutting ABin Faud AEB in E. Then
the given straight line is bisected at I, and the given regular curve

at E.

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

Cuase 1. Whea the point P is at or near the middle of the given line
(Plate VIII, Fig. 2). Make PA equal to PB, With centres A and B
and any convenient radius, draw arcs intersecting at C.

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

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

Case 8. When the point P isnot in the given line but opposite or
nearly opposite the middle of the line (Plate VILI, Fig. 4). With P as
centre and any coavenicut radius, describe an arc cutting ABin C and
D. With centres C and D and any radius, describe arcs intersecting at
E. Join EP. Then EP is the required perpendicular.

Case 4. When the point P isnot 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 ABin 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 VII, Fug. 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.)



62 . CHAPTER 1V,

At any two points C and Din AB erect perpendiculare, and on these
mark off equal distances CE and DF. Join EF, Then EF is the required
line parallel to AB.

Problem 4. —Through a given point P to draw a line parallel to a given line

AB. (Plate VIII, Fig 8)
With P as centre and any ralius draw the arc DO cutting AB in C,

With C as centre and CP as radius, draw the are PE cutting AB in E.
Make CD equal to I, Join DP. Then DP is the required line parallel
to AB.

Problem 5.—To bisect a given angle ABC. (Plate VIII, Fig. 9.)

With centre B and auy convenient radius, describe the arc DE cutting
BAin D and BC in E. With castres D and E and any radius, draw arcs
intersecting at . Join BF. Then the line BF biscets the angle ABC.

Problem 6.—To determine the direction of the line which would bisect the
angle contained by two given lines AB and CD, intersecting beyond the limits of
the paper. (Plate VIII, Fig. 10.)

Keom any point K in AB draw o line EF parallel to CD. With E as
centre and any conveniens radius EF, describe the ave 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.—Through 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 Eand CD in ¥.  Join EP and FP.
Draw GH parallel to EF and GK and HK parallel to EP and FP.  Join
PK. Then PK is the require1 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, maurk off points F anl E on the arc AC. Join BE and BF,
Then the lines BE and BF triscet the right angle ABC.

Problem 9.—To trisect any given angle ABC. (Plate VIII, Fig. 13.)

(Approximate method.)

Draw any convenicnt are DK, Bisect the angle ABC in BF. Join DE.
On DE describe the semicircle DFE, and with centres D and K and
radius cqnal to half DE, mark ott points G and H on the semicircle DFE.
Make KL=DF. Join LG and LH, cutting thearc DE in M and N.
Join BM and BN. Then the linc: 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 CEF perpendicular to AB, and make EF equal to KEC. 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 in AD draw the line KIF parallel to CD. Bisect
the angle BAL 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 bisectad in P (Plate VIII, Fig. 17.)

Draw PF perpendicular to CD. Produce FP and make PE cqual to
PF. Draw EL parallel to CD cutting AB in L. From L draw LH,
passing through P.  Then LH is the required line and is bisceted in P,

EXERCISES —LINES AND ANGTES.
Compasses and rulers arc only to be used unless the use of set squares

1s specified.

1. TFrom one extremity of a linc 3 inches long draw a perpendicular
2 inehes long without produeing the line.

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

3. A line 5 inches long is divided into six cqual 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 set squares with
angles of 45° and 60°,

5. Bisect 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°) ouly.

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

TRIANGLES.

Problem 14.—To draw an isosceles triangle, given the base AB and the length
of a side 0. (Plate VIII., Fig. 18.) '
With centres A and B and radius equal to C, describe arcs intersecting

at D, Join AD and BD, Then ABD is the required triangle.
(If the base AB equals C, the triangle will be an equilateral
triangle.)
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Problem 15.—To draw an isosceles trianglé, given the length of a side O, and
the angle at the base . (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 tac (Plate VIII, Fig. 20)

Make ab equal to ac and join be. On AB make AE equal to be, and
the triangle EAF oqual to the triangle cba. Draw BC parallel to EF
and proluce 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.)

Bisect the angle n. At A lay off on each side of BA angles BAE and
BAF equil 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 « (Plate VIIIL, Fig. 22.)

Through B draw GD perpendicular to BA., Make the angle DBE
equal to @. 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 g

and a base angle a. (Plate VIII, Fig. 23.)

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

Problem 20. - To draw any triangle, given the altitude AB and the two base
angles a and @. (Plate VIII, Fig. 24.)

Through A and B draw lines EF and CD perpendicular to AB,
Make the angle EAC equul to B8 and the angle FAD equal to . Then
ACD is the required triangle.

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

Bisect AB at right angles by the line FE, Make FE cqual to C
Make the angle FAO equal to a. Draw AD perpendicular to AO outting
FE in D.  With centre D and radius DA describe 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.

Prot.:lem 22,—To draw any triangle of perimeter equal to a given length DE
and similar to a given triangle ABO. (Plate VIII, Fig. 26.)
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On DE draw the triangle DFE similar to ABC. Biscct 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 is 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 perpendiculac C let fall on to it from the opposite angle.
(Plate VIII, Fig. 28.)

On AB deseribe a scmicircle. Draw DE parallel to AB, and at a
distance from A B equal to C, cutiing the semicirele in D and K. Join AD
and BD. Then ADB is the required triangle.

EXERCISES-— TRIANGLES,

1. Draw a triangle, the sides of which are 3:5, 1'75, and 2'5 inches
respectively.

2. On a basc of 1} inches construct an isosceles triangle with a
vertical angle of 45°,

Biscet tho base AB by a perpendiculir CD With G as contre and CA as radius
cut DC in E. With E as centre, and radius XA deseribe the arec AFB cutting CD in P.
Join AF, BF.

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

4. Construst o triangle, given the length of the altitude, one side
and the base,

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

6. Construct a triangle on a base of 2 inches having angles in the
proportion of 2, 5, 7.

Producc the basc AB. With centre A and any radius, describo a semicircle, and
divide it into 14 parts Join B5. Make the opposite angle BAC cqual to 240,

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 5 aud radii 2,0; 5,9, desoribe arcs
intersccting 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°,

9
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9. Construet a right-angled triangle having angles in the proportion
of 2, 4, 6.

10. Construct a right-angled triangle with a hypotenuse of 2 inches
and a side of } inch.

QUADRILATERAL FIGURES.

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

On AB as diameter describe a circle. Bisect AB at right angles by
the line DE, cutting the circumnference 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 C. Draw EG perpendicular
to AB and cutting AF in G. With centre G and radius GE describe an
arc cutting AF in F.  On AF describe the required square AFBH.

Problem 27.—To draw a rectangle, given the diameter AB and one side C.
(Plate VIII, Fig. 31.)

On AB as diameter describe a circle.  With A and B as centres and
C as radius draw arcs cutting the circumference in D and . Join the
points ADBE. Then ADBE is the required rectangle.

Problem 28.—To draw a rhombus, given the diagonal AB and length of sides
C. (Plate VIII, Fig. 32)

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
Cand D and the included angle a. (Plate VIII, Fig 33.)

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

Problem 30.—To draw a square equal to a given rectangle ABCD.
(Plate VIIL|Fig 34.)

Produce DA to E. Make AE equal to AB. On DE as diamoter
describe a semicircle. Produce AB to cut the circumference in F, On
AF describe the required square,

PoLyaons.

.Problem 3}.- TO. describe a regular polygon (say a pentagon) of any number
of sides on a given line AB. First method. (Plate VIII, Fig. 35.)

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
sides in the polygon ; in this case five, From B draw lines through each
division commencing from the SECOND from the right.
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Make BL equal to BA and complete the pentagon ABLMN,

Second method (Fig. 36).—At A crect AC perpendicular and equal.
to AB. Join BC. Bisect AB at right angles by the line DE, cutting
BCin 4. With centre A and radius AB describe the arc 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 circle described about a square of side AB,
and 5 the centre of the circle described about a pentagon of side AB, and
S0 on, :

Third method. —The most accarate method is to use the Line of Poly-
gons on the sector (see Chapter [, p. 12). The sector is opened so
that the distance between the two corresponding numbers represcating
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 arc 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 intersesting at G and H. Then
ABHDG is the required pentagon,

Problem 33.—To inscribe a regular polygon in a given ci rcle 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 centres, with AB as radius, describe arcs intersect-
ing at C. Through C and the stcoND division draw the line C2D,
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 ABCED,
(Plate VIII, Fig. 40.)

Through E draw GF parallel to AB. With E as ccntre and with any
radius, describe a semicircle FHG. From G and F 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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ISXERCISES—(QUADRILATERAL I'IGURES AND POLYGONS.
L. 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 waich i is cqual to 1} inches and
the diagonal cqual 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 ostagon with side of 1 inch.

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

8. Construzt an irregular octagon, the adjacent sides being 1, 4, 1
and 1} inches, the opposite sides are cqual and parallel.

CIRCLES.

(For sake of brevity a given circlo is usually referrod 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. Biscet cach chord by lines inter-
secting at D which is the required centre.

(The same construction would be used to draw « circle through three
given points B, A aud C or to complete a cirele of which the are BC is
given.)

Problem 38. -To draw a tangent to a circle from a pointP. (I) in the circum-
ference. (Plate IX, Fig. 2.)

Find the centre A. Join AP. Draw BP perpendicular to AP. Then
BP is the required tangent,

(I1) Outside the circle. (Plate IX, Fig. 3.)

Join the centre A with P. Biscet AP in B. With centre B and
radius BP describe arcs cutiing the circlein 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 circumfer-
ence when the centre is inaccessible. (Plate IX, Fig. 4.)

Draw any chord PA. Bisect 1t at right angles by the line CD, meeting
the arc in D.  Join PD, Make angle DPF cqual to angle DPA. Then
PF is the required tangent,

Problem 38.—To draw a tangent to an arc through a point P outside the arc
when the centre is inaccessible. (Plate IX, Fig 5.)
IFrom P draw any line PAB cutting thearcin A and B and on PB

describe a semicircle. Draw AC perpendicular to PB, meeting the scmi-
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 draw an exterior tangent to two circles A and B. Case 1.
When the circles are apart. (Plate IX, Fig. 6.)

Join the two centres A and Band bisect AB in C. WIth centre A, the
centre of the larger circle, and radius equal to the difference between the
radii of the two given circles, describe 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 BI parallel to AE. Join EIY, Then
EF is the required tangent.

Case 2. —When the circles touch. (Plate IX, Fig. 7.)
Join the centres AB by a line cutting the circles in the point C. Oa

AB describe a semicircle. At C erect CE perpendicular to AB cutting
the semicirele in E.  With centre E and radius EC draw aves cutting
the two circles in FF and G.  Join I'G. Then IFG is therequired 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 Joia DC and produce it to cut the line BA
produced in E. Describe a scmicircle on BE cutting tho 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 ccntres A and B, With centre B and ralius equal to the sum

of the radii of the two eircles, deseribe a civele. From A draw AC
a tangent to this circly. Join CB cutting the circimference in E.  Draw
ED she required tangent pavallel to AC.

CIRCLE 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 Q. (Plate IX, Fig. 10.)

Draw PC perpendicalar to AB.  Join PQ  Bisest PQ at right angles
by the line DC cutting PCin C. Tacn C is the centre of the required
circle.

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

At a distance equal to Rdraw CD pualled to AB. With centre P
and radius R cus off a point E on CD. Then Eis the centre of the
required circle,

Problem 43.—To describa 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. Biscct PQ at right
angles by the linec 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 requircd circle.
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Problem 44 —-To describe a circle to touch three given lines AB, CD, and EF.
(Plate IX, Fig. 13.)

Produce the given lines to meet in the points G and H. Bisect the
angles BGH and GHF by lincs meeting in K, Then K is the centre of
the required circle. From 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 converging
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 46.—To describe a circle to touch two converging lines AB and CD,
and touching one in a given point P. (Plate IX, Fig. 15.)

Producc AB and CD to meet in E. Biscct 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 circle to touch two converging lines AB and CD,
and passing through a given point P. (Plate IX, Fig. 16)

Proceed 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 circele.

Problem 48.—To describs 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 print 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 describe an are JL
catting AB in L. Draw LM perpendicular to AB. Then M is the
centre of the sccond circle. Proceed in the sime way for the rest.

Problem 49.—To describ2 a circle of given radius R to touch a line AB
and a given circle C. (Plate IX, Fig. 18.)

At a distance equal to R draw a line DE parallel to AB. With
centre C 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 radius A and B to touch each
other and a given 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 E. Make EG and DH equal
to B. With centre K and radius K@, and centre F and radius FH, draw
ares interscoting 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 Cin a point P. (Plate IX, Fig. 20, externally ; Fig. 21 internally.)

Join the centre of the given circle C with P and produce the line CP
or PC. At P draw a tangent to the circle cutting AB in D. Bisect 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 C draw PG and DC perpendicular to AB.
Produce DC to cut the circumnference 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 perpendicuiar CD cuts 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 CB and bisect 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 two given
circles A and B. (Plate IX, Fig. 26, externally ; Fig. 27 internally.)

Join AB and produce it if necessary. Make CIT and DE equal to R,
With centres A and B and radiit AF and BE describe ares interseeting
at G, which is the centre of the required circle.

Problem 55.—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 biscct 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, describe circles;
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 this as diameter draw two circles touching
each other with radii cqual to A and B and centres at G and II.

With G as centre and radius equal to A plus C and with H as centre
and radius equal to B plus O, draw arcs interseeting at K, Then K is
the centre of the required circle,
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ExERCISES—CIRCLES, ETC,

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

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

3. A circle C has a radius of 1} iaches. Find a line equal in length
to half its circumfercunce

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 ralius  Deaw a chord so that the angle
subtended at the circamference of the circle is equal to 25°.

6. ADB 2 inches in length is o chord. Construct an arc of a circle
which shall subtend an angle of 30°.

7. From a point P 2} inches from the centre of a circle 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. Ceutres of tarce circles of § inch diameter are 11, 2, and 1§ inches
apart. Describe a circle to enclose the threc cireles tangentially.

9. 'Trisect a right angle and describe three eircles of 3 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 FraunREs.

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 equal to BD. Join EA cutting BC in F.
Draw FG parallel to AC and complete the required squarec FGH.J.

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
EY parallel to AC, and complete the required rectangle EHGF.

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

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

Notr.—Auny polygon cun be inscribed in « triangle by fest inscribing the circum-
scribing circle of the polygon.

Problem 60.—In a given equilateral triangle ABO to inscribe thrse equa)
circles, each to touch one side and two circles. (PlateIX, Fig. 33.)
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Bisect each angle of the given triangle by the lines CE, AT, and BD.
Bisect the angle FAD by a line AG cutting BD in G. Make EH and
¥J 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 inscribe three equal
circles, each to touch two sides and two circles. (Plate IX, Fig. 34.)

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

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 cquilateral triangle. Then N, .J, M, G, L, and H are
the centres of the six circles required.

Problem 63. -In a given isosceles triangle ABC to inscribhe a semicircle.
(Plate X, Fig. 2.)

Biscct the vertical angle ABC by the line BD.  Tiscet the right angle
BDC by the line DE, meeting CB in Ii. Draw EF parallel to AC,
cutting BD in G.  With centre G and radius GI) deseribe a semicircle.

Pr oblem €4.—In any given triangle ABC to inscrite three circles, each to
touch one side and each other. (Plate X, Fig. 3.)

Biscct each angle of the given triangle by lines meeting at the poing
D, called the centre of the triangle, Then the given triangle is divided
into threc triangles in each of which describe a circle by Probiem 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 FG, FH, and EL,
meeting AD, CD, and BD, in the points G, H, and L respectively. Then
these three points are the centres of the required circles, and their radii
can ke found by dropping perpendiculars to the adjacent sides.

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

Problem 66. In a given equilateral triangle ABC to inscribe three semicircles
each touching one side 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 triangle ABC to inscribe three semi-
circles, each touching two sides of the triangle. (Plate X, Fig. 6.)

10
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Bisect cach side of the triangle in the points D, E, F, and join each ot
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.
Deaw GX parallel to AC, KM parallel to AB, and MG parallel to BC,
cutting BD, CF, and AE inP, 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. Biscct the angle ADC by a line DK meeting
AC in E. Draw EIF perpendicular to AB Wish E as centre and EF
as radius describe the required eirele.

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 F, which 1s a corner of the required square,
Draw the sides of the cquare parallel to the diagonals of the trapezium,

Problem 70.—In a given trapezium ABCD having pairs of equal adjacent sides

to inscribe a semicircle. (Plate X, Fig. 9.)
Draw the diagonals AC and BD intersecting at E. On AC describe

a semicircle. Draw EF perpendicular to BC meeting the semicircle in F.
Join FD cutting BC in G.  Draw GH parallel to FE. With centre H
and radius HG describe the required semicircle.

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

Draw the diagonals AC and BD intersceting at F. Draw FE per-
pendicular to AD.  With centre I and radius FE describe 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 describe the cquilateral triangle BED.

Draw CF parallel to ED and CG parallel to EB. Join GF. Then
GC¥ is the required equilateral triangle.

Problem 73.—In a given square ABCD to inscribe an isosceles triangle, the
length of the base L being given. (Plate X, Fig. 12.)

Draw a diagonal AC. Make CE equal to L. Draw EF parallel to
BC and FQ parallel to AC. Join GD and FD. Then FGD is the required
isosceles triangle.

Problem 74.—In a given square ABCD to inscribe the largest possible semi-
circle. (Plate X, Fig. 13.)

Draw the diagonals intersecting in E, and on BD describe a semi-
circle. Draw EF perpendicular to AB cutting the semicircle in F,
Join FC cutting ABin G Draw GH parallel to FE. With centre H
and radius J& describe the required semicircle.
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Problem 75.—In a given square ABCD to inscribe 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 linc AF mecting ED in F.  Make EG cqual to EF. Draw
FH perpendicular to AD. With centres F and G and radius FH
describe the two required circles.

Problem 76.—In a 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 touch two sides of the square, and to have their diameters adjacent.
(Plate X, Fig. 16.)

Draw the diagonals AC and BD aud the diameters EG and HF
intersecting in P, Bisect EC and ¥'D in J and K. Join JK cutting HF
in L. Make PM, PN, and PQ equal to PL, and join the points I, M, N,
and Q. These lines are the adjacent diameters on which the required *
semicircles may be deseribed.

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

Draw any diagonal BE. Draw BE equal and perpendicular to BE.
Join FA cu'ting BC in H.  Draw HG parallel to BE and on 1t deseribe
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 inscribe a similar figure

Bisect cach side of the givea polygon, and join the points so obtained,

Problem 80.—In any given regular polygon (say a hexagon ABCDEFG) 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 each descrihe 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 F, The polygon is then divided
up into a number of trapezia, in which semicircles can be described by
Problem 70,

Problem 82.—In a given hexagon ABODEF to inscribe an isosceles triangle
of given base L. (Plate X, Fig 20.)
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Draw a diagonal CF, Draw FQ perpendicular to CF equal to half
the given bwe L. Draw GH pairallel to CF cutting AFin H, Draw
HK parallel to GF. Join HC and KC. Then CHK is the required
1sosceles triangle.

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

Draw a diagon\l CF. Join Ali, and on it cut off a length AG equal
to M. Draw GH paralle! to AF meeting FE in H. Draw HK parallel
to FC, and I1J and KL parallel to AE. Join LJ. Then HKLJ is the
required ractangle.

Problem 84,—In a given sector BCD to inscribe a square. (PlateX, Fig.

22.)
Join CD. Make CE cquil and perpendicular to CD,  Join EB cut-

ting the arc DO in F.  Draw FH parallel to CD anl ou it describe the
required square.
Problem 85.—In a given sector ABC to inscribe a circle. (Plate X, Fig. 23.)
Bisect the angle BAC by the line AD. At D draw the tangent EDF,
Produce AB and AC to meet the taugent in E and I, Inthe triangle
EATF inscribe the required circle.
Problem 86.-1In a given sector ABC to inscribe a semicircle. (Plate X, Fig.

24)
In the snme way as the last problem obtain the triwgle EAF and in

1t ins:ribe a scmicircle by Problem 63,

Problem 87.—In a given circle to inscribe a square. (Plate X, Fig. 25.)

Draw two diamcters AC and BD at right angles to each other, Join
AB, BC, CD, and DA, Tic1 ABCD is the required square,

Problem 838. =In a given circle to inscribe an equilateral 'triangle. (Plate X,

Fig. 26.)
Fin'l the centre C and draw any diameter AB.  With A as centre an

AC as ralius describe an arc cutting thecirelein D and E. Join DE,
EB, and BD. Tac1 DEB is the required cquilateral triangle.

Problem 89.—In a given circle to inscribe a triangle similar to a given triangle
ABC. (Plate X, Fig. 27.)

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

Problem 90.—In a given circle to inscribe any regular polygon, say a pentagon.
(Plate X, Fig. 28.)
Draw any diameter AB and divide it into 23 many parts as there are

sides to the required polygon—in this case 5. With A and B as centres
and AB as radius, deseribe arcs intersecting in C. Through C and the
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second division draw a line G2 D cutting the circle in D. Join BD which
is a side of the inseribed 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 bisect-
ing cach of the former arcs, and joining the points of bisection. Thus
from a square may be inscribed a regular octagon, a regular polygon of 16,
32, etc., sides ; from a hexagon may be inscribed a regular polygon of 12,
24, 48, ete., sides; from a decagon may be inscribed a regular polygon of
20, 40, 80, ete., 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 inscribel in a circle by the aid of elementary geometry, or by the
intersections of straight lincs and circles only. Itvcan, however, be
provel 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" 41,

Problem 91.—In a given circle, to inscribe a pentagon. 8pecial method.
(Plate X, Fig. 29.)

Draw any two diameters at right angles AB and CD intersceting in
the centre E. Bisect EB in ¥, With centre ¥ and radius FC draw an
arc cutting AE in G. With centre C and radius CG draw an arc cut-
ting the circle in H, Join HC which is a side of the require 1 pentagon.

Problem 92.—In a given circle, 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 BFD by a line FH mceting AB
in H. Then H is the centre of one circle and the rest can be drawn.

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

Divide the circumference of the given circle into twice as many equal
parts as therc 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 Cinque-foil. If there are four semicircles it is
called a Quater-foil ; if three a Trefoil.
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Problem 94.—In a given circle, to inscribe any number (say four) of equal
circles, equidistant from each other and from the circumference of the given
circle. (Plate X, Fig. 32.)

Divide tho eircle iat» three times the numb:r of cqual sectors, as
sircle required —in this case 12, Then join up into four cqual triangles
and inscribe i them the required circles.

EXERCISES—INSCRIBED FIGURES.

1. Inasquarc, the sides of which are 2 inches, inscribe a rectangle
vhe lengsh of one side being § inch.

2. Inscribe acircle within a trapeziun having pairs of equal adjacent
sides 1 inch and 2} inches long.

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

4. Within a circle of 2 inches radius, iuscribe a triangle the angles
of which are as follows :=387°, 73° and 70°,

5. In a pentagon, side 1+75 inches, plac: a pentagon of 1inch side
1aving a common centre with the first pentagon,

6. Ina heptagon, side L*25 inches, inscribe the largest and possible
equilateral triangle.

7. In asquare, 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 L iuch, inscribe a dodecagon.

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

CIRCUMSCRIBED FIGURES,

Problem 95.—About a given triangle ABC to describe a 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 cach other in the point F. Then
F is the centre of the required cirele.

Problem 96.—About a given triangle ABC to describe a triangle similar to
a given triangle DEF. (Plate X, Fig. 34.)

Oan 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. Taco HGK is the required
triangle.

Problem 97.—About a given isosceles triangle ABC, to describe & square,
(Plate X, Fig. 35.)

On the base BC deseribe a semicircle. Bisect the angle BAC by a
line AD mecting tne semicircle in D. Join DC and DB and produce
them. Draw AE parallel to BD anl AF parallel to CD. Then AEDF

18 the required square,
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Problem 98.—About any given rectangle ABCD (say a square) to describe
& circle. (Plate X, Fig. 36.)

Draw the two diagonalsintersecting 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 ABCD to construct an equilateral
triangle. (Plate X, Fig. 37.)

On BC construct an cquilateral triangle BEC. Produce EC and
EB to meet AD produced in F and G. Then FEG is the rcquired
cquilateral triangle.

Problem 100.—About a given squ re ABCD to construct a triangle similar

to a given triangle EFG. (Plate X, Fig 38.)

On BC construct a triangle similar to EFG, then procecd as 1 the
last problem.

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

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

- I"ll(')o})lem 102.—To draw anascribed circle to any triangle ABC. (Plate X,
ig. 40.

Produce the sides AB and AC to D and E. Bisect the angles DBC
and ECB by lines BF and CF meeting in F, which is the centre of the
ascribed circle. .

EXERCISES—CIRCUMSCRIBED FIGURES.

1. Describe a square about a circle of 1} inches radius,

2. About a circle of 1inch radius describe a triangle having angles
of 65°, 85°, and 80°.

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

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

5. A triangle ABC has sides of the following length:—*75, 6, and
1'2 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 descrihe five equal circles, each
touching the pentagon and two other circ'es.
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RATIO AND PROPORTION.

Before attempting to work out the following problems, the student
should have am intimale knowledge of the Chapters on Ratio and Pro-
portion in Algebra, and should commit to memory the following pro-
positions of Buclid:—Book I1, 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 CD. (Plate XI, Fig. 1.)
Place the two given lines parallel to each other. Join CA and DB

and produce thesc 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 104.—To find a mean proportional between two given lines AB and

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

At B draw BD perpendicular to AC cutting the semicircle in D. The
BD is the mean proportional, or
AB:BD ::BD : BC.

Problem 105—To find a third proportional to two given lines A and B.
(Plate XI, Fig. 3.)

Draw any two lines CD and CE makinz an acuie angle with cach
other.

Make CF equal to A and CD and CG equal to B. Join TG, and draw
DE parallel to FG.  Thaen CE is the third proportional required, or

CF:CG::CD:CE,
we. A:B::B: CE.

CE is a third proportional greater. Tho studeat should by the same
method draw a third proportional less,

Problem 106. - To find a fourth proportional to three given lines A, B, and C.
(Plate XI, Fig. 4.)

Draw any two lines HD and HE making an acute angle with cach
other.

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

HF: HG: :FE: GD,
t.e. A: B::C:GD.
Problem 107.—To divide a given line AB in extreme and mean Ratio. (Plate
X, Fig. b.)
Erect BC 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 anarc 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 CB describe a semicircle. Draw AR

a tangent to the semicirole, and from E draw EF perpendicular to AB.

Then AB: AC: :BF: FC.

Problem 109.—To determine the rootsV'2, /'3, ¥4, V5, &/, &7,
V8, v/ 9, +/T0. (Plate X1, Fig. 7.)

Let AB equal unity, with A as centre and radius AB describe a
circle and divide the eircumference into six equal parts at the points
B,C,D,E, F, and G. With centres B and E and radius BD draw arcs
intersecting at H and J. With C and G as centres and radius CG, describe
arcs intersecting at K. Join HJ cutting the circumference in I, and M.
With centres L, E, and M and radius AB describe arcs intersecting at
Pand Q. Then AH = 4/ 23 BD = /3 BE=y7T; PB=4V7;
JK=NT;DK=yT;Hl =45, EK = 4/9; PK= y/T0.

ExERCISES—RATIO AND PROPORTION,

1. Draw a third proportional to two lines whose lengths are 1:25
and 1°6 inches. What is its length ?

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

8. Find a line which shall have the same ratio to a line 15 inchee
long that 3 inches has to 175 inches.

4, Divide 5°4 inches so that the parts may be to each other in the
proportion of the numbers 7, 8, 9, 11,

5. A point P is 275 inches from the centre of a circle of 1 inch
radius. From P draw a line to cut the circumference of the circle in two
points A and B, so that PA is to AB as 2 is to 3.

AREAS, -

Before working out the Problems on Areas, the stud.nt should be
suficiently advanced in Mensuration and Euclid to be able to proveeach
Problem. The following Propositions of Buclid should be committed to
memory :—Book 1, 35, 86, 37, 88, 41, 47; Book VI, 1, 19, 20, 31.

Problem 110.—To draw a triangle ABO equal in area to a given regular poly-

gon, say pentigon. (Plate XI, Fig, 8.)
Divide the polygon into a number of isosceles triangles, then the area

of the triangle required is one with a base five times and an altitude equal
to one of the isosceles triangles, or a hase 2} times and an altitude double
of one of the isosceles triangles. (The problem can also be worked by
Problem 123.)

11
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Problem 111.—To draw a triangle ABC equal in area to any glven parallel-
ogram. (Plate XI, Fig. 9.)

Draw a triangle with a base cqual to double the basc of the rectangle
and the same altitude.

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

Draw a rectangle cqual to the given area and a triangle equal to the
rectangle,

Problem 113.—To divide a triangle ABC 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 DC and EC. The triangle is
now trisected into threc equal pts. (By the same method the triangle
can be divided in any given ratio.)

Problem 114.~-To divide a triangle ABC into two equal parts by a line drawn
parallel to the altitude. (Plate XI, Fig. 11.)

Bisect ABin 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 biseeting the triangle.

Problem 115.—To divide a triangle ABC 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 triingle into. In this case hisect it in D, Draw
DE perpendicular to AB.  With B as centre and BE as radius describe
an arc cutting ABin F. Draw FH parallel to AC bisecting the triangle.

Problem 116.—To divide a triangle ABC into any number of equal areas by
lines drawn from a point P within the triangle, say three equal areas. (Plate X1,
Fig. 13.)

Divide AC into three equal parts in the points 1 and 2. Join these
points to P and draw the linc 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 B1. Draw F 1 parallel to AB. Join PA and draw
FG parallel to PA, Join PG. Then PD, PB, and PG divide the
triangle into three cqual areas.

Problem 117.—To divide a triangle ABC into three equal areas by three lines
g‘rav;r: )t‘rom the angles meeting at a point P within the triangle, (Plate XI,
18

Divide AB into three parts in D and E. Draw DF parallel to AC

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

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

On AB construct an equilateral 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 a given
triangle CDE. (Plate XI, Fig. 16.)

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

Problem 120 —To draw a triangle } the area of a given triangle ABC. (Plate

XI, Fig. 17.)
Produce AB to D making BD cqual to 3 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 ABC, but
of a given altitude H. (Plate XI, Fig. 18.)

Draw EF parallel to AC at a distance from it cqual to H. Produce
CB to cut EF in G, Join GA. Draw BJ parallel to GA and join GJ.
Then GJC is the required triangle,

Problem 122.—To draw a triangle equalin area to and standing on the same
line as a given triangle ABOC, but with its vertex in a point P. (Plate XI, Fig.

19,
' )Draw BD parallel to AC. Tarough 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 areato any rectilineal figure
ABCDETF. (Plate XI, Fig. 20.),

It is best to begin at the re-entering angle. Join DF. Draw EG
parallel o DF, and join DG and CG. Draw DH parallel to CG, and
joint CH. Join CA, and draw BJ parallel to CA, and join CJ. 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 vo four units and draw BC perpendicular to AB equal
to two units. Make the angle ABH cqual to 60°  Draw CD parallel to
AB cutting BH in D. Join DA, Find the mcau proportional BE
between AB and BD. Make BF and BG equal to BE. Then BFG is the
required equilateral triangle,

Problem 126.—To draw a’square equal in area to a given triangle ABC.
(Plate XI, Fig. 23 )

Find the altitude CD of the given triangle. Find BE the mean pro-
portional between the base AB and half the altitule 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 equal in area toa given rectangle ABCD-
(Plate XI, Fig 24.)

Find BE the mean proportional between two sides of the rectangle
AB and BC. Then BE is the eide of the required square,

Problem 128.—To draw a square equal to the sum of two given squares, the
gides of which are equal to lines AB and BC. (Plate XI, Fig. 25.)

Draw AB and BC av right angles to each other. Join AC. 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 which are equal to lines AB and AC. (Plate XI, Fig. 26.)

On AB describe a semicirele, With centre A and radius AC cut off
a point C on the semicircle, Join BC, 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 mak: BE equal 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 3th AB, then we would get a square equal
to 3th of the given square.)

Problem 131.—To divide a square ABCD 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, F, G, H, J,
K, L, and M. Join HD, FD, JD, and LD dividing the square into five
equal parts.

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, Fig. 29.)

Divide AD into three parts in K and F. Draw EG and FH parallel
to AB. Join PG 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-130.)

Draw a line AB equal to three uuits and BC equal to oue 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 a given rectangle ODEF. (Plate XI, Fig. 31.)

Produce CD to G. Make DG cqual to AB. Join GE and produce
it to meet CF produced in H.  Then FH is -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 equal 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 rectangle HBKL, which is cqual to the given
square, and the side BH: BK ::3: 2.

Problem 136.—To divide a given parallelogram 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 so that AE: EB::3:2. Draw EF parallel to AD
and bisect EF in G. From P draw a line through G mecting one of the
opposite sides in H. Then PH divides the parallelogram in the required
proportion,

Problem 137.—To divide a given parallelogram into three parts through a
point P in one of the sides. (Plate XI, Fig. 34.)

Divide AB into three parts in E and ¥, Draw EG and FH parallel
to AD. Make EJ equal to PG and FL equal to PH, Join PJ and PL.
These lines trisect 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 equal to five units and BC equal to one unit. Find a mcan
proportional to them in BD. Make BH equal to thre: and BF to two
units  Describe a semicircle on HF cutiing BD produced in G. Join
GH and GF, anl draw DE anl DJ parallel to them. Then BE and BJ
are the sides of the requirced rectangle.

Problem 139.—To construct any regular polygon equal in area to a given
triangle ABC, say a pentagon. (Plate XI, Fig. 36.)

Divide one side AB into five pwts of which AD is one, Make the
angle BAE equal to the anglc at the centre of the required polygon, In
this case 72°. Draw DF parallel to AC meeting AE in F. Find AG
a meau proportionl botween AC and AF, Tnen G is the centre of the
circle in which the required pentagon can be inscribed.

Problem 140.—To construct any rezular polygon which shall have a given
area (say a hexagon, with an area of five square units). (Plate XI, Fig. 37.)

Make AB cqual 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 area of five square units, Make
AD equal to one-sixth of AB and find DE, a mean proportional betwcen
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 con-
centsic circles (say four). (Plate XI, Fig. 38.)
Divide a radius AB into as many equal parts as the circle is to have

divisions in this case (four). On AB describe a semicircle and erect per-
pendiculars to meet iv from each point of division. These points C, D,E,
give the radii of the cireles.

Problem 142.—To divide a circle into any number of equal parts, equal in
perimeter and area (say three). (Plate XII, Fig. 1.)

Divido o diameter AB into as many cqual parts as the circle is Lo have
divisions (in this ce three) in the points C and D. On AC, AD, CB
and DB describe semicircles as in the figure.

EXEROCISES— AREAS.

1. Draw by a cinstruction a square of 5°36 square inches area.

2. Draw a square equal to the difference of two squares whose sides
are 3°25 anl 1°94 inches.

3. Describe a rectangle equal in area to a triangle whose sides are
35, 175 and 25 inches respectively.

4. A right-angled triangle hasa base of 2 inches and an area of 258
square inches; construct it, and also a similar one of half the area.

5. Draw a square equal in arca to a polygon ; side 1+25 inches.

6. Draw a rectangle on a line 2 inches long equal in area to a squarc
of 2°75 inches side.

7. Construet an isosceles triangle with an area of 8 square inches,
and having a vertical angle of 30°,

8. Divide a square of 2 inches side into three equal arcas by lines
parallel to a diagonal.

9. Within a square of 2 inches side iuscribe a square having its
angles in the silcs of the first and its area to the area of the first square
in the proportion of 2 to 3.

10. Within a circle of 1} inches radius inseribe a rectangle with
an area of 2 square inches,

11.  Construct an equilateral triangle with any area of 4 square
inches.

12, Coastruaet an cquilateral triangle equal in area to the triaungle
given in Question 3.

13. Construct a square which has an area equal to half the area of
e given square whose side is 1°75 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 useful to the Student when studying
Counic Sections and Graphic Arithmetic.
Practicul Methods.
The Ellipse is the scction of a cone formed by an oblique plane passing
through both sides of the conc.
' THE ELLIPSE.

Problem 143.—To draw an ellipse by means of a piece of string, given the
major and minor axes AB and CD. (Plate XII, Fig. 2.)
With centre C and radius equal to the semi-major axis, describe an

arc cutting the major axis in points F, and Fy. These points are the foci
of the cllipse. Place pins at F, F, and C, and tie a piece of string
tightly round the threc pins. Take the pin at C out, and insert the point
of a pencil in its plice, keeping the string tight and the pencil upright ;
move the pencil round the foci and its point will trace an ellipse.
Problew 144.—To draw an ellipse by means of a paper trammel, given the
major and minor axes AB and CD. (Plate XII, Fig. 3.)

Cut a narrow strip of a paper with a straight edge. On this edge
make EI equal to the semi-major axis and EQ equal to the scmi-minor
axis. This is called a trammel, and may be 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.”

Theoretical Methods.

Problem 145.—@iven the major and minor axes AB and CD to draw an
ellipse. (Plate XII, Fig. 4.)
Describe concentric circles on each axis as diameter, and divide

each circle into any namber of parts by radii, From the points where
these radii cut the smaller circle draw ordinates parallel to AB, and from
the points where the radii cut the larger circle, draw ordinates parallel
to CD. The points where these ordinates in‘ersect are points on the
ellipse which must be completed by hand.

Problem 146.—Given the major and minor axes AB and CD to draw an

ellipse. (Plate XII, Fig. 5.) )
Find the foci F, and F,. Between F, and the centre of the ellipse O,

take any number of points 1, 2, etc., the distance between the points
being smaller as they appioach F.

With the fozi for centres and radii Al and Bl draw ares intersecting
at E,, E;, E, and E, With the same centres and ralii A2 B2 draw
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arcs intersecting at G,, Gg, G, and G, and so on. These are points on the
ellipse. ) :

Problem 147. Given any two conjugate axes AB and CD to draw an ellipse.
(Plate XII, Fig.6)

Completo the parallelogram EFGH. The sides being parallel to
~he conjugnte axes.

Divide AE into any number of cqual parts (say four) in the points 1,
2, 3, and the scmi-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 C1, C2 and C3. The points of interscction are points on
the ellipsc. Repeat the process for each quadrant and complete the
ellipse by hand.

Approximate Methods.

Problem 148.--Given the major axis AB to draw an ellipse approximately
by arcs of circles. (Plate XII, Fig. 7.)

Divide AB into four equal parts in C, O and D. With C and D as
centres and CA as radius describe circles, and with the same centres and
radius CD describe arcs interseeting at F and G.

Draw lines GC, GD, FC and FD, and produce them till they cut
the circlesin H, J, L and K. From F and G with radius FL, draw ares
connecting L with K and H with J which will complete the figure.

Problem 149.—Given the major and minor axes AB and CD to draw an ellipse
approximately by arcs of circles. (Plate XII, Fig. 8.)

From B sct off BF equal to CD 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 Gy as centres and radius G, G,
draw arcs 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 describe ares cutting these lines produced
in N, M, K, and T.. With centres G, and G, and radius G, A draw arcs
to complete the figure.

Problem 150. -Given an ellipse to find the major and minor axes and to draw
a tangent and normal 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 linc 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 F,, F,.
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Join F, L and F,; 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 obtaining

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 CD, cutting AB in E, and from E, with radius

EA, draw a circle cutting CD in F.

From A and B, draw lines through F,an1 produce them indefinitely.

From A and B, with radius AB, draw ares cutting the last two lines
in H and G.

From I, with radius FQ, describe the are GH, to mect the ares AG
and BH, which will complete the oval.

THE PArRABOLA.

The Parabola is a curve formed by a plane cutting a cone parallel to
a side.

Problem 162.—To draw parabola, the focus F and the director AB being

given. (Plate XII, Fig. 11.)
Draw the axis CD of the parabola through F perpendicular to AB.

Bisect FC in E, which is the vertex of the curve. Draw any number of
lines parallel to AB  With I as centre and radii equal to the distance
of each line from the director AB cut oft points on the linc which will
give points on the parabola,

Problem 153.—The double ordinate AB and abscissa CD bheing given, to
construct a parabola (Plate XII, Fig. 12.)

Divide CA and CB into any number of equal parts —wiz., 1, 2, 3, 4.

Divided AE and BF into the same number of equal parts.

From D, draw lines to the points in EA and FB.

From points 1, 2, 3, 4 in AC and CB, draw perpendiculars to meet
the lines drawn from D to the pointsin EA and IB.

The curve is to be drawn through the point where the porpendicular
1 mneets D1, where perpenlicular 2 meets D2, etc., etc.

Problem 154—To draw a normal and a tangent to a parabola at any given

- point C (Plate XII,'Fig. 13.) .
Draw an ordinate BC through C. 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 planc making a greater angle
with the base of a cone than the side of the cone makes with the base,

12
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Problem 155.—CGiven the diameter AB the abscissa BC and double ordinate
DE, to construct an hyperbola. (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 CD and CE into any number of equal parts 1, 2, 3.

Divide FD and GE into the same number of equal parts,

From B, draw lines to the points in FD and GE.

From A, draw lines to the points in DE.

Draw the curve through the points where the lines correspoadingly
numbered intersect one another.

Problem 156.-~The major axis AB and the foci F, and T, being given to draw
an hyperbola, and to draw a tangent and a normal at a point P. (Plate XII,

Fig. 16.)
In BA produced take any number of points 1, 2, 3, etc.

With F, and ¥, as centres and radius A1 draw ares at C, and with
the same centres and radius Bl intersect thesc arcs obtaining points on
the hyperbola. Proceed in the same way for the remaining points 2, 3

ete.
To draw the tangent and normal, join F, Pand F, P, The Jine

bisecting the angle F, PF, is the tangent at P, and a liue perpendicalar
to the tangent is the normal,

TRACERY.

The preceding problems intelligently applied should enable the
Student to draw any Architectural tracery or any Ornamental pattern.
Plate X1I, Fig. 16 shows the Gothic trefoil, and Fig. 17 and example of
tracery appliel to a window.

ARCHES

Problem 157.—To construct a segmental arch given the span AB and the
rise CD. (Plate XII, Fig. 18.)

Join DB and bisect it by the perpendicular EF cutting DC produced
in ¥, which i3 the centre of the required arc 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 ares intersecting at C.

Problem 159.—To construct a pointed arch (two centres) the span AB and
the rise CD being given. (Plate XII, Fig. 20.)

Join DA and DB and bisect these lines at right angles by lines EF
and GH, cutting the span AB produced in F and H, whi L arc the
required centres,
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Problem 160.—To construct a semi-elliptical arch (three centres) the span
AB and the rise CD being given. (Plate XII, Fig. 21.)

Join AD and make DE equal to AC minus CD. Biscet AE by a
line at right angles cutting AC in F and DC produced in G. Then I is
the centre of the ate A and G the centre of the are KD. Complete the
arch .

Problem 161.—To construct a pointed arch (four centres) the span AB and the
rise OD being given. (Plate XII, Fig. 22.) ,

Divide AB into four cqual parts in B, C, F. With centres A and B
and radius AF, describe arcs interse:ting at H. Join FH and EH and
produce these lines to incet perpendiculars to AB let fall from E and F,
in the points K, L. Then E and F are centres of the ares AM aud 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 CD being given.
(Plate XII, Fig. 23.)

Join DA and DB, and divide the lines into any required proporiion
in ths points E aad F. Describe the arcs AE and BF. With centres
E, D and F and radius ED des:ribe intersecting ares at G and H.,  With
centres G anl H and ra lius GE complete the curve of the arch.

Problem 163.—To construct a Saracenic arch (four centres) given the span AB

and the rise CD. (Plate XII, Fig. 24.)

Divide AB into eight equal parts, Through points 1and 7 draw
linag perpanliznlar to AB, and with 3 and 5 as centres and radius 3A
draw arcs AE and BF cutting the psrpendiculars through 1 and 7 in E
and F.  Join K3 wnd F5, and produze these lines to cub tho perpondi-
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 semi-elliptical arch given the span AB and the
rise CD. (Plate XII, Fig. 25)

(i) By five centres-—

Produce DC to E and make DE equal to AB. Makce BF equal to
Lth of AB. With F as ceatre and radius equal to 3ths of AB, and with
E as centre and radius cqual to §rds of AB, describs aves intersecting at
G. Join EG and produce it to K, and GEF and produce it to H. Then
F is the centre of the arec BH, G of the are HK, and E of the arc KD.

(ii) Proceed as in Problem 147,

Problem 165.—To construct a Lancet arch,given thespan AB, (Plate XII,
Fig. 26.}

Produce AB both ways to E and F. Make AE and BF equal 1o AC.
Then E and F are the required centres,
If the rise is fixed, the methods shown in Prohlem 159 can Le used.
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MOULDINGS.

Mouldings may be divided into two classes, Roman and Grecian,
Roman mouldings are composed only of parts of circles and straight
lines, and arc severe in contour. Grecian mouldings are composed, as a
rule, of parts of the ellipse, parabola and hyperbola and are more ornate
and varied in contour.
Definitions.

Fillet is the rectangular part above or under a moulding. If this
cnds in a convex scinicirele it 1s called a Bead.

Torus, a convex semicircle or semi ellipse with a fillet above or below
it, as in Plate XIII, Fig. 1.

Scotie, a concave semicircie or semi ellipse, as in Plate XIII, Fig. T.

Echainus ovolo, or quarter round. When the contour of the moulding
is convex, and a part of a circle equal to or less than a quadrant of a
circle or part of a conic sestion, as in Plate XIII, Figs. 2 aud 7 to 13.

Cavelto, or hollow, 1s the reverse of the ovolo, as in Figs. 3 and 4.

Cyma reversa, or ogee, a contour half convex and half concave, as in
Plate X1II, Figs. 6 and 16,

Cyma recta, or Cymatium, is the revers: of the cyma reversa, as in
Plate X111, Figs. 5 and 15.

Each moulding has its own proper eurichiment, for which the enquiring
Stu lent may be referred to Chambers’s treatise on the decorative part of
Civil Architecture, and otbher works of a like nature,

RoMaN MouLDINGS.

Problem 166 — Given the depth of the moulding to draw a Torus. (Plate
XIII, Fig. 1.)

Biseet the depth of moulding in @, and draw a semicircle,

Problem 167.—Given the points « and b draw an Ovolo and a Cavetto. (Plate
XIII, Figs.2and 3)

Wich centres ¢ and b, describe arcs intersecting at ¢ Then ¢ is the
centre of the curve,

Problem 168. —Given the lines terminating in  nd a to dsecribe a curve to
meet them, and one of them in the point a. (Plate X111, Fig. 4)

Produce the lines to> meet n d. Make di cqual to da and 39 q and )

ercct perpendiculars intersecting at ¢. Then ¢ is the centre of the curve,
Problem 169.—Given the points a and b to draw a Cyma recta and a Cyma
reversa. (Plate XIII, Figs. 5and6.)

Join ab and bisect the line in e. On be and ca erect equilateral
triangles. The apex of each triangle is the centre of the curve.
GRECIAN MOULDINGS.

Problem 170.-- Given the point of turm or quirk at B and the tangent CF at
the bottom of the moulding to draw it. (Plate XIII, FPigs, 7, 8, 9, 10, 11 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 GF in G, and the
tangent CF in C. Through B draw BE parallel to GF, and through F,
draw FEDA parallel to BG, cutting BE in E. Make EA equal to EF,
and ED to CG, and join BD. Divide BD and BC into an equal
number ot 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 CG be less than one half GB, the moulding will be ELLIPTICAL,
Figs. 7 and 8.

If CG be onc half GB, the moulding will be PARABULICAL, Figs. 9 and
10,

If GG be greater than half GB, the moulding will be hyperbolical
Figs. 11 and 12.

Problem 171.—Given the semi-transverse and semi-conjugate axes to des-
cribe the moulding. (Plate XIII, Figs. 13, 14, 15, 16 and 17.)

Complete the rectangle and draw the portiou of the ellipse by Problem
147.

Problem 172.—Given the depth of a moulding CB and point of quirk at D.
Describe an Echinus quirked at top and bottom. (Plate XIII, Fig. 18.)

Make AL cqual to DC.  Join DL and bisect it in I. DL is a dia-
meter of the required ellipse and it is necessary to fiud its conjugate to
draw the ellipse. Draw IH parallel to CB which gives the direction of
the conjugate.

With centre I and radius ID describe a semicircle, Draw any
ordinate to the diamecter KE parallel to CB. Through K draw KF
perpendicular to DL meeting the sowicircle in F. Make DP equal to
KF and PR parallel and equal to KE  Join DR and produce it to cut IH
in H, Then IH is the semi-conjugate diameter, and the ellipsc may be
drawn by Problem 147.

Orders of Ancient Architecture.

Ancient Architecture is divided into the following orders :—Tuscan,
Roman Doric, Grecian Doric, Ionie, Corinthian and Composite.

Fig. 19 gives an example of the lonic order showing the method of
arranging the mouldings in the columns.

. The scale is drawn in Modules.

A module is equal to half the diameter of the foot of the column, and
is divided by French architects into 12 minutes for the Tuscan and Doric
orders, and 18 minutes for the Ionic, Corinthian and Composite orders.
In England the module is often divided uniformly into 80 minutes.
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The most characteristic point to be noted is the Ionic volute, the
method of drawing whi:h will now be given.

SPIRALS

A Spiral, strictly speaking, signifies a line drawn round the surface of
a cone, which line is continually approaching nearer to the axis as it comes
nearer to the vertex of the cone.

It has, however, to be drawn on a plane such as a sheet of paper, and
may be defined as follows :—

If round a fixed point another be supposed to move continually,
approaching or receding from the fixed point, according tosome law, the
figure so described is called a Spiral.

If the moving point has gone once round the fixed point, the spiral is
gaid to have onec revoludon, and if twies round, it is sald to consist of
two revoiutions, 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
same time uniformly diminishes, so that both motions begin and end
together, the curve 1s called the SPIRAL or ARCHIMEDES. (8 ¢ Plate
XIV, Fig. 1.)

If the curve be such that if it was everywhere cut by ordinates, the
angles made by the tangents at each of these points with the ordinates
are cqual, then the curve is called the LouaARITuMIC OR PROPORTIONAL
SeiRAaL.  (Plate XIV, 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 cach other perpendicularly at O. With
radius OA describe a circle. Divide the circumference into any number
of equal parts (say, eight) and draw lines from each point of division to
the contre. Divide OA into three equal parts (the spiral having three
revolutions). Divide each of these parts again into ecight equal parts.
Mark on the radius OB 23 parts, on OC 22, on OD 21, and so on, till the
centre is reached. The curve drawn through the poin.s so obtained s
the required spiral.

If a string is twist>1 rounl a globe, in regular order, and a pencil
point fixe1 to its extremity, in unwinding the string, the pencil point,
held upright, will describe an Archimedian Spiral.
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Problem 174.—To draw a proportional spiral of three revolutions, the centre
O and the height AC being given. (Plate XIV. Fig. 2.)

Tarough O draw DB perpendicular to AC. Find OB a mean propor-
tional between OC and OA. Join AB and BC. Through C draw CD
parallel to AB cutting BD in D, and through D draw DE parallel to
OB cutting CA in E. Through E draw EF parallel to DC cutting BD
in F, Proceed in this way to the end of the last revolution. To find
any number of intermediate points, biscct the angles AOB, BOC, COD
and DOE by the lines 31 and 42. Make Ol a mcan proportional betwe n
OA and OB, and O2 a mean proportional between OB and OC. Join
Al, 1B, B2, 2C. Draw C3 parallel to Al, 3D parallel to B, D4 parallel
to B2, etc., that is, each parallel to the line subtending its opposite
angle, This will give a second 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 ruil outside
another, the pencil point will deseribe this spiral, the thickness of the
string determining the greater or less increase of the revolutions of the
spiral,

Tnes: two spirals are not, however, very graceful, and a more attrac.
tive spiral is that known as the Jonic volute. There are several
methods among whick may be mentioned De Lorm:’s, Goldman’s and
Palladio’s, Examples of the fir:t two methods are given.

Problem 175.—To draw the Ionic volute, the total height being given by De
Lorme's method. (Plate XIV, Figs. 3 and 4)
Divile the total heigat AB into eight pirts. On 3, 4 as diameter

deseribe the eye  Inthe ey place a square with one diameter coincident
with AB. (See enlarged ceatre Fig. 4) Bisect the sides of the square
in the points 1, 2, 3 and 4, thus placing a smaller square within the first
square. Divide the diagonal 1, 3 and 2, 4 each into six equal parts, and
number the points so obtained as in Fig. 4. These 12 points arc the
centres from cach of which a quadrant of a circle may be drawn.

'To draw the inner fillot, divide the distance 1, 5 in Fig. 4 into four
parts, and mark off onc 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 CF, by Goldman’s method. (From 8ir W.
Chambers.) (Plate XIV, Pigs. 5 and 6.)

The cathetus should be half a module and the diameter of the eye 2ths
of & module.

Divide the eye into four equal parts by the diameters AB and DE (the
operation is enlarged in Fig. 6). Bisect the radii CA and CB in 1
and 4, and on the line 1,4 construct a square 1, 2,8,4, 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
peints 5, 9,12, 8 draw the lives 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, F, describe the quadrant FG,
From the second centre 2, with the radius 2, G, describe the quadrant
GH. Continue the operation for all 12 centres. The volute should
finish at the point A,

The centres for the fillet are found in this mauner :— Construst the
triangle of which the side AF is equal to the part of the cathetus contained
bétween A and F, and the side FV equals Cl. On the side AF place
the distance IS, 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 Cl 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. Divile it into three equal
parts, and through the points »f division draw lines parallel to the dia-
meter ED whien will cut the diagonals C2, C3 and 12 new centres are
obtained for the 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 plano only, but in various planes,
Some means are obviously desirable by which these objects may he
represented on a plane surface, such as drawing paper, in such a manner
that they can be accurately measured to scale.

The position of an object in space may evidently be fixed by its rela-
tion to, or distance from, certain fized planes, Tako two pieces of wood
fixed at right angles to each other, representing two planes, the position
of which is known, and let us sec 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 porpendicularly
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
each 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 ‘¢ Projection” 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 Toxt-Book of Practical Solid
Gleomatry for the use of the Royal Military Academy, Woolwich, by Capt E. H. deV
Atkinson, R,E,, by kind permission of E. and F. N, Spon, Limited, 125, Strand, Lordon,

2. Orthographic or Perpendicular Projection.

8. Isometric Projection, which will be dealt with in Chupter IX.

Perspective Projection is a geometrical method of obtaining on paper
a drawing representing objects as actually seen by the eyc. As all the
projectoi-s or rays of light from every point in the object converge in

13

)



98 CHAPTER V.,

the eye, it follows that there must be 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 seem to get smaller
and smaller the further 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, therefore, impossible to take actual measurements from a
perspective drawing, and it is to cnable this practical necessity to be
carried out that we resort to Orthographic Projection,

OrTiouRAPHIC PROJECTION.

In Orthographic Projection the first distortion mentioned (a), is got
over by imagining that the eye is 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 ard perpendicular to the plane
of projection, In other words, the cye is supposed to. move into a
position perpendicular to each 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 be seen as represented in an orthographic
projection. Now in Fig. 1, Plute XV, we have the orthographic projec-
tion of a rectangular box obtained by projecting the base down on the
horizontal planc, the eye being supposed tc be above the box (as at A),
and the exact dimensions of the base of the box can be measured. We,
however, see that all lines not prallel to the plane of projection are still
foreshortened (distortion b), those at right angles to the base being
foreshortened to a point, and to obvinte 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 as manyg vertical planes as are neces-
sary parallel to the various sides of the box, we obtain full information
a3 to the size of each side.

The projcction 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 as 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 erected all round the object and projections
made on them, the object being viewed from any point required. It
must be remembered that the object always remains between the
observer’s eye and the V.P. It is very important to note that as the
object is in a fixed position, each point will be the same height above the
H. P. in all elevations.

In Figs.1 and 2, y represents the height of the box above the horizon.
tal plane, and @ the distance {rom the vertieal 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 was a pyramid with a
square basc, how would the dimcnsions of the sloping side be obtained ?
Would you take u plane parallel to this sloping side and making an
angle with the H. P. 7 No. It is very important to remember that in
all cases a V. P. and an H. P. ave at right angles to each other. In this
case the pyramid would be rotated on one edge of the base till the slop-
ing side was vertical, and a projection would then be made on a V. P,
parallel to it, and the neccssary dimensions obtained, This will be dealt
with in detail further on. A practical difficnlty now oceurs. The object
is to be represented on papcr, but it is not possible to keep bending the
paper up at right angles to get the V. P, Supposec the two plancs in Fig. 1
are hinged, anl that the vertieal planc is allowed to drop back a quarter
of a circle till it lies in the syme plane with the horizontal plane as shown
by dotted lines. Viewed from the front the tvo planes will be as repre-
sented in Flig. 2. The two projestions remain as before, except that they
are now in one plane, and it can he seen that oach point in plan is
exactly under the corresponding point in elevation.

It will be shown in Problem 177 how to go to work in practice to geb
the two projections of the box on one plane, such as a sheet of drawing
paper, but before doing so it is necessary to give a few definitions and
rules for lettering,

Definitions.

A PLAN is the orthographic projection of an object on the horizontal
plane or H. P., which is represented by the drawing paper.

An ELEVATION is the orthographic projection of an object on any
vertical plane or V. P.

-

A SECTION is the representation of the surface that would be exposed,
supposing the object to be cut by a planc passing in any required direction,
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This imaginary cutting plane is usually vertical, and every part of
the solid between the eye and the cutting plane is assumed to be removed.

The PROYILE of an object is a section made by a V. P. cutting the
object in a direction 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
plane,

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 elevations are called “ Auxiliary " or * Construc-
tive,”

Rules for Lettering Drawings.

1t is cssential in the more complicated problems to lotter distinctly
cach point in plan and elevation, and, moreover, 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, C, ete.

2. An original point A, ctc., will have a plan o and an elevation a’.
If more than one plan be drawn, the correspondiag points will be lettered
ag. etc., if more than onc clevation a”, a’”, eto,

If a point in plan represcnts two points in the object (as the point _3
in Fig. 8, Plate XV), and consequently has to be marked with two letters,
put the letter representing the point nearest your eye above the other
letter. Deal in the same way with a point in elevation representing two
points in plan (as the point z-', in Fig. 9, Plate XV),

These letters should be printed in black italics #ths of an inch high.

8. Given lines to be THIN CONTINUOUS BLACK LINES.

4. Rosulting projections to be shown in THIOK CONTINUOUS BLACK
LINES. ‘

5. All construction lines and projectors to be FINE COMMON DOTTED
tiNES. In a finished drawing, only the outer projectors need be shown.

6. All auxiliary elevations and plans to be chain-dotted.

7. Elevations projected from plans, ewcept auxiliary elevations, to be
shown ag ““ results '’ or new views of the object.

8. The intersection of the co-ordinate planes, commonly called the
XY line, to be invariably marked with the letbers XY in block capitals
¥gths of an inch high.
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-

Problem 177.—To draw the plan and elevation of a rectangular box, # inches
long, y inches wide, and z inches high, when one of the long sides makes an angle
of 30° with the V. P., and one of the faces abed lies in the H. P. (Plate XV, Fig. 3.)

Draw the plan of the box, which will be a rectanglc @ inches long and
y inches wide. Draw a line representing the hinge of the V. P. making
30° with the plane one of the long sides. Now this line represents
both the plans of the V P.and the clevation of the H. P. It is com-
monly called the **XY line,” the “ground lin¢” or the ‘““datum line.”

Each angular point in the plan actually represents two points in the
box, wiz., the top and bottom corners.  Letter them a, b, ¢, d, represent-
ing the bottom of the box, and e, f, g, &, 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. a, b, ¢, d, must, in eleva-
tion, be in the XY line, and can be lettered a’, V', ¢/, 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 e’ f/ g’ h' representing the top of the box. The
result is the required elevation.



CHAPTER VI.

ELEMENTARY PROJECTION OF SOLIDS.

A “Solid ”’ is that which has length, hreadth, 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 inscribel in a sphere, and all their regular points
are equidistant from the centre of the sphere. It can be proved that five,
and only five, solids can fulfil these conditions. These are—

(1) The Tetrahedron, contained by four equal and cquilateral
triangles. (No. 1, Plate XV, Fig. 4.)
(ii) The Cube, contained by six cqual squares. (No. 2, Plate
XV, Fig. 4.) '
(ili) The Octahedron, countained by eight cqual and equilateral
triangles, (No. 3, Plate XV, Fug. 4.)
(iv) The Dodccahedron, contained by twelve equal pentagons, which
are equilateral and cquiangular. (No. 4, Plate XV, Fig. 4.)
(v) The Icosahedron, contained by twenty equal and equilateral
triangles. (No. 5, Plate XV, Pig. 4.)
2. Solids of Revolution, three in number—-
(i) The Sphere. (No. 1, Plate XV, Fig. 5.)
(ii)) The Cone. (No. 2, Plate XV, Fig. 5.)
(iii) The Cylinder. (No. 3, Plate XV, Fig. 5.)

3. Prisms which are solids having two parallel polygonal ends, equal
in size and shape. The sides which unite these ends arc parallelograms.
If these sides are perpendicular to the ends, the solid is a right prism,
Prisms are called after vthe shape of their ends. Thus, if the solid has
a pentagonal base it is called a pentagonal prism. (No. 4, Plate XV,
Fig. 5.)

4. Pyramids, which are solids having ounc polygonal base. From
each of the angles of the base a series of edges converge to a point called
the apex. If the line drawn from the apex to the centre of the base is
perpendicular to the base, the solid is a right pyramid. Pyramids are
named in the same way as prisms. (No. 5, Plate XV, Fig. 5.)

The object of the exercises in this chapter is to give a Student the
groundwork of knowledge which will enable him to produce projections
of objects hc may meet with in his daily work as an Engineer, in hows
ever 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 cye 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 yon are projecting a plan from an elevation,
imagine you are looking perpendicularly down on to the ohjeet from a
point above it. Those lines which are uppermost in elevation will be
continuous in plan, and those nearest the XY linc in clevation, which
represent lines in the objeet which cannot be seen from above, will be
dotted in plan.

Although in many cases the easiest method of obtaining the required
projections of a solid will only be recognized by the light of experience, yet
all the more important positions can be grouped in the following cases :—

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.

Case 3. One edge of the base in or parallel to the H. 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 facs being
given,

Case 6. The inclination of two edges or diagonals being given,

Cuse 7. 'The inclination of two adjacent faces being 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 II, Chapters XI and XII.

Case L.
One face in or parallel to the H. 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 its sloping
sides. (Plate XV, Figs.6,7,8.) '
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The required plan is 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 longth to the edges of tho base, being each sides of equal
equilateral triangles. It 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 hase, and the real length of the inclined edge
AD as hypotenuse, then the perpendicular dD 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 basc erect a perpendicular dl. With centre
a and radius ac cut off on this perpendicular a length al equal to ac.
The required right-angled triangle is now obtained, and dl is the heiglt
of the tetrahedron. Set it off on the projector from J and complete the
elevation.

We have already 1emarked, 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 right ungles to cne edge of the face,
and then, using that edge as a hinge, rotate the elevation till the face 1is
perpendicular. In this case, Fig.8, obtain the elevation of the solid on
a V. P, at right angles to the edge cb. Rotate the elevation till the face
cdb is vertical, To prevent confusion this elevation has been moved to
one side and is a" d” ¢” b¥. From this project down a plan. Then from
this plan project 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 octahedron when lying
with one face it the H. P. (Plate XV, Fig. 9.)

"This 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 every 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. Wo see 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 elevation, however, must be drawn on an XY line perpendicular
to one of the sides of the square, because we must rotate the elevation
30 thav 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 6’ b’ ¢/ rests in the XY
line, This is an elevation of the solid in the required position. Drop
projectors from each point in the elevation, and draw lines parallel to the
XY line from the corresponding points in the auxiliary plan to mcet
these projectors. Join the points thus obtained. The result is a plan of
the octahedron with the face e/, b/, ¢’, lying in the H. P., and is a regular
hexagon,

Cask II,

One edge of a face in or parallel to the H. 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 elevation of the base, so
that the elevation of the face of which the inelination is given 13 repre-
sented by a line. Draw the XY line making tho given angle with this
line, and project the solid. When the base of the solid is not perpendi-
cular to the faces as in the octahedron, pyramids, etc., the method given
for Case IIT must be employed,

Problem 180.—A. pentagonal prism rests on one long edge which is 2 inches
long. The inclination of one of the faces containing that edge is 25°. The sides
of the base are 1 inch long. Draw the plan. (Plate XV, Fig. 10.)

Draw an auxiliary elevation of the base which will be a pentagon of
1 inch side. Draw an XY line making 25° with one of the sides.
Project down the plan.

Case IIL

One edge of the base in or purallel to the H. P., the inclination of
the base being 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 at right angles to the plan of the edge of the
base on which the solid is to rest. The base is now represented in thig
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.),

14
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The solid is now in the required position and its projections can be
obtained. .

This is a most{ important principle, and should be tried with various
solids till the Student thoroughly grasps it. It must be clearly borne in
mind that the auxiliary elevation must be mide on an XY lJine at right
angles to the plan of the edge ot the base on which the solid is to rest,
this edge being used as a hinge.

Problem 181.—The letter F is 1 inch high and } inch in section. The top and

lower arms are § inch apart, and the former projects }inch. Draw the projec.

tions of the solid when the letter rests on the edges of the base and projecting
arms. (Plate XV, Fig. 11.)

According to the instructions 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 elevation on this edge as a hinge till the projecting
arms lie in the XY line. Then project down the plan. The clevation is
moved to one side in Fig. 11 so as not to confuse the plaus,

Case 1V,

One point in or in a plane parallel 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 case is the same as in
Case I1I, with the following important difference. The XY line must be
drawn parallel to the plan of the edge or diagonal of which the inclination
i8 given. The point on which the solid is to rest will now be the hinge.
The XY line being parallel to the plan of the edge or diagonal of which
the inclination is given, that edge or diagonal will now move in the V. P,
The elevation must be 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 be vertical, First draw an
auxiliary plan, project up an auxiliary elevation on an XY line parallel
to the plan of the edge ce, keeping the point ¢, on which the solid is to
rest, as a pivot, rotate the auziliary elevation till the edge ¢"6” is vertical,
Project down the plan. The elevation is here again moved to one side,
in order that the plans may not be confused.

SoLIDS OF REVOLUTION,

The only point of difficulty likely to arise in the projection of solids
of rcevolution is the projection of a circle when the plane containing the
circle 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 straight line parallel to the XY line, and equal in length to the
diameter, and the elevation will be a circle. If parallel to the H. P.
the plan will be a circle and the elevation a straight line,

If the plane containing the circle makes an angle with either plane of
projection, one projection will be a straight line equal in length to- the
diam>ster, but inzlinad at the given angle to the XY line; the other pro-
jection will be an ellipse, the major axis of which is equal to the diameter
of the circle, and will be the projection of thit diamoter whih is parallel
to the plane of projection, Tio 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 be obtained by finding the correspoaling
projection of the diamcter at right angles to it. Tae major and minor
axis being fixed, the ellipse can be drawn by any of the methods given in
Problems 145, 146, etc., or by the method given under Case IV, as in
the following example,

Problem 183.—Draw the projections of a circle 1} inches diameter, when
the plane containing it is parpandicular 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 acbéd, and the
elevation a straight line a’ b’ equal in length to the diameter of the circle,
(The auxiliary planis shown in continuous lines in this case to show the
points of contact with the projectors more clearly.)

Divide the elevation a’ b’ into any number of points 17, 2/, 8/, ete., and
project these points down to the auxiliary plan. With the point a’/ as
pivot, rotate the elevation into the required position a” 4" making an
angle of 45° with the H, P. Project down each of the points 1", 27, 3",
and the points where these projectors meet lines, drawn parallel to the XY
line, from the points where the projectors from 1/, 2/, 8/, etc., cut the
auxiliary plan, are points on the required plan, an ellipse.

Problem 184.—Draw the projections of a cone (diameter of base 1} inches,
height 14 inches) when the base is inclined to the H P. at 30°. Also a second
elevation on & V. P. inclined at an angle of 60° to the original V. P. (Plate XVI,

Fig. 2.)

The firsy plan and elevation required can be drawn by Problem 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 line the heights of the
corresponding points above the first XY line.
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The lines joining the points thus obtained will be conjugate axes of
the second ellipse, which is the elevation of the base of the cone in the
required position.

From the points 1, 2, 3, etc., on the plan, draw projectors to the second
XY line, marking on them heights above the XY line, equal to the heights
of the elevations of the corresponding points above the first XY line. By
this means a number of points 1”, 2", ete., on the new ellipse are obtained,
and it can be drawn. If the parallelogram fhjg is drawn about the
plan of the base of the cone, and its angular points are projected up to the
ncw elevation, the parallelogram f”&” j” g” is obtained. The ellipse must
lic in this parallelogram, and must touch it in the points a” ¢" 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 is
inclined at 35° to the H. P. and an adjacent facc 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 projections of a pantagonal prism (f 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 edge inclined at 20° to
the H. P.

6. Draw the projections of a pentagonal prism (edge of base § inch,
length 2 inches) resting on one edge of the base, the face containing
that cdge inclined at 30° to the H. P, Also an elevation on a V. P,
making 20° with the plan of the edge.

7. Draw the plan of a cube when one of its diagonals is vertical (edge
1} inches).

8. Draw the projections of a square prism (height 2 inches, bread th
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 section, the projecting arms are half the
length of the stem, which is 2} inches long. Draw the projections when
onc face of the stem is inclined at 45° to the V. P,, and an edge of that face
13 inclined at 30° to the H. P.

10. A hollow cylinder (height 2} inches, diameter 2 inches, diameter
of hole 1 inch) stands on one end and supports a sphere of 2% inches
diameter. Draw the projection,
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11, Four spheres (1 inch diameter) lie on the ground in a pyramid.
Draw their projections,

12. -Draw the plan of a cylinder (radius of base linch, length 8 inches)
resting on a point in the edge of the base, which is inclined at 30° to the
H. P., alsoan elevation when its axis is inclined at 40° to the V. P,

18. The upper face of a cube (1% inches edge) forms the base of a
regular pyramid (2 inches high). One cdge of the cube remote from the
pyramid is in the H. P., and the vertex of the pyramid is 2 inches above
the H, P. Draw an elevation of the compound solid 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 cach of the following dimensions:—Side of
base 1} inches, height 1} inches, the line joining their vertices being
inclined to the H, P. at 35°.

15. A hexagonal prism (height 2 inches, ecdge of base 1 inch) supports
a tetrahedron, three of whose corners rest on thrce of the top corners
of the prism. Draw the projections.

16. Draw the projections of an octahedron (1} inches side) when an
axis is inclined at 60° to the H. P. and onc cdge 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 (3 inch diamcter, 1 inch height) has a hexa-
gonal nut (cdge of base 1 inch, thickness 4 inch ). Draw the projection
when the axis 1s inclined at 30° to the H. P., and one side of the nut
makes an angle of 20° with the V. P.

19, A cylinder (3 inches long, diameter 2 inches ) lies on its side in
the H. P., with its axis inclined at 30° to the V.P. A hoop 3 inches
diameter lies with one point touching the edge of the base of the cylinder
and in a plane perpendicular to the V. P., and making 80° with the H, P.
Draw the projections.

20. A rectangular block of wood (5”x2”x1") rests on the H. P,,
its long side parallel to the V. P. A cylindrical ruler 3 inches long rests
on and at right angles to the block, one end resting on the H, P. and
1 inch projecting over the block. Draw the projections.

21, Draw the projections of a hollow octagonal prism under the
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.
Nore. -Scale for all the questions, full size,
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SECTIONS OF SOLIDS.

In most Engineering Drawings, unless of a very simple nature, the
plan and clevation alone will not give sufficient information to enable the
object to be constructed. It will usually be necessary to have details of
the interior arrangements, the design, thickness, ete., of walls, floors,
beams, etc. Theso details are obtained by means of sections,

If the object is cut into two portions and the portion nearest the eye
removed, the form of the freshly cut surface is called a Section.” The
plane by which the object was eut is called the “ Secant Plane.”  If any
portion of the cxterior of the object can be seen in elevation or plan as
well as the scction, aczording as the secant plane is Vertical or Horizon-
tal, the result is termed a Sectional Elevation " or a “ Sectional Plan,”

The Secant Plane may be either—

1. Perpendicular to one plane and parallel to the other plane of
projection.

This is the section most useful in practice, as it gives the true form
of the section from which actual measurements may be taken.

9. Perpendicular to one plane and iuclined to the other plane of
projection,

The section thus obtained is of little practical use, as it does not show
the true form of the section ; bul the latter can be readily obtained by
using a new XY line parallel to the secant plane, as shown in Problem
188.

3. Inclined to both planes of projection.

The sections obtained are seldom of any practical use, and will not be
dealt with in this chapter.

A section by an inclined secant plane is more useful as an academical
exercise than for any other purpose, as it does not show the true shape
of the object. To obtain the true shape, the plane of projection must be
parallel to the secant plane.

The simpler cases of interseotions of planes with solids and the re-
sulting sections will only be treated of in this chapter,
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Sections by planes perpendiculur to one and parallel to the other
plane of projection according to the condttion given.

The secant plane is represented in plan or elevaiion by a line, called
the Section Line, usually represented by the lctters LM, Tho problem
is usually stated thus—* To draw a section 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 elevatioa of the object made by a
horizontal or vertical plane LM.

It must be remembered, firstly, that the XY line must be drawn
parallel to the section line if it is required to obtain tho true form of
the section; and secondly, that the portion of the object between the
observer’s eye and the secant plane is assumed to be cut off anl 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 j inch from the nearest corner of the plan of the
tetrahedron. (Plate XVI, Fig- 3.)

Draw the XY line muking 15° with the edge ab, and LM, the section
line, parallel to the XY line and halt-inch from the point ¢. Project
up the elevatiou. Mark each point where LM cuts each 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
lettering, as in more intricate figures 1t is easy to get confused.) Now
LM cuts ac in 1. Project up from one till the projector cuts a’¢’ in 17,
LM cuts dec in 2, Project up from 2 till the projector cuts d’¢’ in 2.
Do the same for 3. In the elevation join the points 1/, 2/, 3’, and the
rosult is the required section, showing the true shape. As only the
section 1is asked for, nothing else should appear in the result, but to show
the working, the rest of the solid is shown dotted, This would, howover,
be shown as a *“ result ”' if a scctional elevation had been asked for.

Problem 186.—A. pentagonal prism ( 2 inch edge of base, 14 inches long ) rests
with one edge of the base in the H. P. and perpendicular to the V. P., the side

containing 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 each
point where the section line cuts an edge of the solid in elevation, going
round the solid from left to right. Project each point down on to the
plan of the corresponding 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,



112 CHAPIER VIL

parallel to the H. P, and passing through the corner of the upper base of the
cylinder as shownin elevation. (Plate XVI, Fig. 5.)

On one end on the basc in elevation, draw a semi-circle. Draw any
number of generators as a’ a/, b’ b, ete., and produce these to meet the
circumference of the semi circle in %/, I/, ete.

Figure cach point where the line LM cuts a generatrix with the
numerals 1/, 2/, 3/, etc,, and project these points down on to the plan of
the axis of the cylinder. LM cuts »’ ¢/ in 1’. Project down 1/ on to the
plan, and mark the point, obtained 1, LM cuts a’ &/ in 2/, b in 8/,
etec. Project cach point down to the axis and lay off on each side of the
axis the heights a’ ¥/, b’ U/, etc., obtaining the points 2, 3, ete. The
completed scetion is an ellipse.

Sections by planes perpendicular to one plane and inclined to the
other plane of projection.

The procedurc in this case is cxactly the same as that already described.
Great care should be taken to number the secant points consecutively,
going round the solid from lefs to right, The rosult, however, does not
show the true form of the solid, and to obtain this a second elevation
must be made on an XY line parallel to the secant plane.

Problem 188. Anoctahedron (1inch side) lies with one face in the H.P.
Draw a sectional elevation on a line LM making an angle of 45° with the V. P.
Alsoshow the true shape of the section. (Plate XVI, Fig. 6.)

Draw the elevation. Number the secant points in plan, in accordance
with the principles laid down, and obtain the sectional elevation, The
left band 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 easily.

To obtain the true form, draw an XY line parallel to LM, Project
up each of thesccant points 1, 2, 3, etc. Now as the same point in every
clevation of an object will always be the same height above the XY line,
the height above the XY line of each point 17, 2", ", ete., can be obtain-
ed by measurcment fromn the first clevation, and the true form of the
section obtained.

Problem 189.—A hexagonal pyrawmid ( 4 inch edge, 1} inches height ) rests on

its base in the H.P. Dcaw 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 cone ( diameter of base 14 inches, height 1} inch ) rests on its
base in the H.P.. Draw a section on a line LM making 22° with the V. P., and
show the true form of the section. (Plate XVI, Figs. 8 and 9.)

Method I.—Regard the cone as a pyramid with an infinitesimal num-
ber of sides, and procced as in last problem. Draw the projections of
any number of gencratrices ha, kb, he, ete. Project up the peint where
LM cuts the plan of each generatrix, till the projector cuts the elevation
of the gencratrix. These will give any number of points on the curved
outline of the section.

Method 11.—Regard the conc as composed of any number of concentric
circles of various size.

Draw the plans of these circles and project up the points a, b, ¢, where
they cut the plans of the outside generatrioes, vs and wh, to the clevations
of the gencratrices, obtaining the points a b ¢. Through a’, ', ¢/, draw
lines parallel to the XY liue.

These lines are the elevations of the circles of which the plans have
been drawn ; and the points where the section line LM cuts the plans of
the circles, wviz, 1,2, 3, eiwc., may bo projected up to the corresponding
elevations 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 nows obtainel in the usual way by
taking an XY line parallel to the secant plane.

Problem 191.—A cone (diameter of base 1 inch, height 14 inches) rests on its
base in the H. P. Draw the sectional plan made by a plane 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 II, Problem 190. Draw
the plan and elevation of any unumber of concentric cireles a, b, ¢, ete.
Project down on to the plan of each circle the point where LM cuts the
elevation and obtain the required sectional plan.

To obtain the trug shape strictly in accordancs 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 linc LM rests in the H. P,
and obtain the true shape of the se:tion by the method used in Problem
181. This, however, is a cumbersome method for the more advanced
Students, who should now have grasped the principle. Take a line 4, s,
parallel to LM to represent hsin its new position. Project down from
1/, 2, 8, eto,, on to-h, s, and lay off on each side of h, 8, the distances
1,2, 8, etc, from hs in the plan. The results are points on the curve
showing the true section, a parabola.

15
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EXERCISES.

1. A cube (1 inch edge) rests on one face in the H. P. with ono face
inclined at 20° to the V. P. Draw a sectional elevation on a line passing
through the centre points of two adjacent edges of the base.

2. A pentagonal prism (edge of basc 1 inch) rests on one long edge
(8 inches long). The 1nclination of one of the faces containing this cdge
is 20°. Draw a sectional clevation on a line passing through the centrc
of the edge on which the solid rests, and making 45° with that edge.

3. A pentagonal pyramid (edge of base 1 inch, height 2 inches) rests
on its base on the H. P. with one edge of the base perpendicular to the
V.P. Draw a sectional plan on a line passing through this edge and
inclinel at 40° to the H. P, Also show the true form of the section.

4. A square (2 inches edge) 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.,onc edge of that face being iunclined at 45° to
the V. P. Draw a scstional elevation on a line parallel to the V.P.,
pussing through the centre of one of the long edges of the face on which
the pyramid is resting.

5. A conc (diameter of base 2 inches, height 2} inches) has one
geaeratrix vertical  Draw a s:ctional elevationon a line passing through
tho centre of the basc and perpendicular to the V. P.

6 A cylinder (diameter of base 2 inches, length 3 inches) rests on
the H.P., on a poiut of the edge of a base, which is incliuel at 20° to the
H.P. Draw g soctional plan oa a straight linc parallel to the H. P. and
passing through the centre of the upper basc.

7. An octahedron (1 inch side) has one diagonal vertical. Draw
the section on a line parallel to the H. P, aud passing through the other
diagonal.

8. A cone (diameter of base 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 gencratrix in elevation # inch
from the vertex, Show the true shape of the section.

9. A pentagonal prism (side 1 inch, height 3 inches) lies on one side
in the H.P., and one long edgc parallel with the V.P. Draw a sectional
elevation on a line bisecting the axis at 50°, and show the true form of
the sectiou.

10, Draw from measurement, all plans, sections, and elevations
required for the working plans to cnable 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 penta-
yonals (edges 2 inches and 1} inches) is 3 inches long. It is cut into two
aqual portions by a plane perpendicular to one face and inclined at 45° to
a base, Draw the plan of one-half when it is resting on the section end.

12, The base of a pyramid (2} inches high) is a square (1 inch edge).
The pyramid rests on onc of its triangular faces in the H. P, Draw the
sectional elevation on a line bisccting the plan of the axis and making
an angle of 50° with it.

18. A cylindrical pillar (diameter 1inch, height 4 inches) rests con.
centrically on a hexagonal prism (edge 1 inch, height 1 inch). Draw the
sectional plan on a line pissing through the edge of the upper end of the
pillar and the opposite lower edge of the prism, and show the true shape
of the section.

14. Draw the sectional plan of a sphere (2 inches diameter) on a
line § inch from the centre and inclined at 45° to the H. P, Show the
truc shape of the section,

15. A rectangular block, 4 inzhes long, 2 inches wide, and 3 inches
high, has on cach face a circle described 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. P. 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 elevation of the block, and also, in a separate figure,
a sectional elevation on a pline miking an angle of 15° with the V. P,
and bisecting the axis of the block,

16. Two equilateral triangular prisms (side of base 1} inshos, length 3
inches) stand on the H P., euch on an edge of the triangular end. If these
cdges arc porpendicular to the V, P., and the faces containing them make
60° with the H. P., and meet at their top e Iges so as to contain a space in
the form of an equilateral triangle in elevation, draw the plan and eleva-
tion of the prisms, also a sectional 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 inchds, leagth 3} inches) supports the
apex portion of a pentagonal pyramil (edge 1}iaches, height 3§ inches) in
the contre of its leagth, which is perpeadicular 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 se:tional
elevation parallel to a cutting plane, which passes through the centres of

the pentagonal base of the pyramid, and the front circular end of the
oylinder,
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18. An octagonal slab (side 1}" thickness }") rests with its bas
in the H. P., and supports a cone (diameter 2§ inches, heigh 3 inches
concentrically. If a pair of the opposite sides of the slab are parallel
the V. P., draw the plan and elevation, also a sectional plan parallel to :
plane, which bisects the axis of the cone, and makes 30° with the H, P. i1
elevation.

19. A cylindrical rivet (diameter of cylinder 2 inches, length 2
inches) having a hemispherical head, diameter 2} inches, rests on a point o
the vertical circular face of its head in the H. P., so that the axis of the
cylinder is perpendicular to the V. P. Draw a sectional elevation ol
the solid parallel to a cutting plane, which pisses through the left hand
extremity of the front circular face of the cylinder, and makes 30° with
its axis,

20. A cono (diameter of base 3 inches, height 2 inches) rests on its
base in the H. P., and supports a pentagonal pyramid (side of pentagon 13}
inches, height 2} inches) having its base parallel to the H, P. with one
side of the basc 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, whichis perpendicular to the V. P., and
intersects the hases of the conc and pyramid at poiats } 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 Scale for
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ELEMENTARY PROJECTION OF POINTS,
LINES, AND PLANES,

The Student being now familiar with the meaning of Orthographie
Projection, the use of the Planes of Projection and the more elementary
problems in the Projection of Solids, may now proceed to investigate the
more complicated problems which arise in representing on a planc surface
objects consisting of a number of intersecting planes and lines of various
inclinations,

There are two systems of working out problems in Orthographic Pro-
jection —

(i) Tar Trace SysTEM,—In this system each 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. P, is
called the “horizontal trace,” that with the V. P. the  vertical trace,”

The “ Traces of a Plane” are the straight lines in which it
intersects the co-ordinate planes. As in th: 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
identified.

(ii) THE HORIZONTAL oR INDEX SYSTEM,—In this system objects
are fully repreSented on the horizontal plane, clevations on vertical
planes being used, as 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 this system will be used in preference to the Trace System.

If an original point A is 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 indicatedl as if both
plan and elevation had been drawn.

In the same way with a line. Supposc the plan ab of the extremitics
of a line AB are obtained, and the lengths of the projectors measured and
found to be three and seven units, respectively, If we mark the plans oy,
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b,, 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 eleva-
tion on an XY line parallel to the line itself, making the point o/ three
units and b’ seven units above the H. P, The elevation then gives the
true length of the line, anl the angle of inclination the elevation makes
with the XY line is 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 Inlices. They are gen rally written below
the letter they refer to, as .  If the point is above the H. P., no siga
is affixed to the index. Ifit is below the H. P., the sign (—) is affixed.

If the jndices are high numbers, it would be inconvenient in making an
olevation to refer them to an H. P. level 0. The H, P. may be assumed
at any convenient level and figured accordingly ; it is then called the
“ Datum Planc " or “ Plane of Refercnce.’’

In the actual working, plans of a building, etc, these indices are
seldom uscd, except with reference to ground levels, They would be
used in working out any complication in the intersection of planes and
lines in tho plan, by the methods given in the following problems,
Finally, from the indexed plan, all necessary elevations and sections
would be drawn for actually working from, and the indices, being no
longer required, could be rubbed out.

Pornrs.

The Horizontal and Vertical Planes of Projection, commonly called
the Co-ordinate Planes, are of indefinite extent, and since they intersect
in the XY line they form four quadrants (see Plate XVII, Fig, 1),

These four quadrants are known as the first, s:coud, third, and fourth
dihedral angles.

So far in the prezeding chapter we have only investigated the projec-
tion of an objest in the first dihedral angle, bui it is obvious that portions

of the object might lie in any quadrant, accorling to the position in which
we fix the XY line,

Take two pieces of piper and fit thein together at right angles, to
represent the two co-ordinate planes, forming the four dihedral angles.

(Plate XVII, Fug. 1.)

Take four points in space A, B, C, D, one in each dihedral angle and
draw their projectioqs.



ELEMENTARY PROJECTION OF POINTS, LINES, AND PLANES. 119

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 pieces
of paper again at right angles. Rotatc the sheet representing the V. P.
on the XY liue a3 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 rcsult is as shown in Dlate
XVII, Fig 3, and is the conventional method of obtaining on a
horizontal plane the projection of "tha four points A, B, C, D, shown in
Fig. 1, situated in the four dihedral angles.

We have, however, the power of fixing our co-ordinate plunes, and
consequently our XY line, wherever it is most convenient. In practice,
therefore, an object is usually regarded as situated in the first dihedral
angle unless otherwise stated. The Student should, howcver, work out
the following cxamples to sce that he thoroughly grasps the principle of
the four dihedral angles :—

Examples.
1. A point A is 1 inch below the H. P. and § inch behind the V. P,
2. 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
V. P
4. A point D is 2 inches below the H. P. and £ inch in front of the
V. P

LiNEs,
The projections of a line are made up by projecting cach point of the
line.

" If the line is a straight line, it lies evenly between its extreme points,
and if the projections of the extreme 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 planc and parallel to the

other plane of projection. (Plats XVII, Figs. 5 and 6.)
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One projection will be a point and the other equal to the original line
and perpendicular to the XY line.

8 When the line is inclined to onc and parallel to the other plane
of projection. (Plate XVII, Figs. 7 and 8,)

Draw the plan or elevation (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 (1} inchses long) inclined to
the V.P at 25° and in a plane perpendicular to the H. P. (Plate XVII, Figs. 9
and 10.)

First look at Fig. 9 which represcnts the case graphically. It is evi-
deot, to get the true lengths of the plan and elevation ab and o’ b’, we
must get a right-angled triangle of which the hypotenuse is the recal
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 b @ 0’, perpendicular to the XY line,
cutting it in @. Draw @ B making 25° with this line and equal in length
to AD. From Bdrop a perpendicular B 4’ on to the line b ¢ b’. Then
B V' is the length of the plan and @ b/ the length of the elevation of the
line AB in the required position, and may be measured off on b o b’ from
the point «.

In Fig. 9, the linc CD is shown inclined to the H. P, at 20° and in a
plane perpendicular to the V. P.

Pranes.

A planc may be defined as “ a surface "’ such that, if any two points
in it arc 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 linc lying in the plane ;
(8) three points lying in the plane.

As a plane is indefinite in oxtent, 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 plane of projection’
and see how we can obtain its projections,

Problem 193.—Draw a plane inclined at 50° to the H.P. (Plate XVII,
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 elevations of a serics of horizontal planes inter-
secting the given plane at successive equal intervals above the H. P, (say
5 units), in the points 57,10/, 15/ ete. These elevations will be straight
lines parallel to the XY line and 5, 10, 15, ete., units respectively distant
from it. In Fig. 11 project down the points representing the elevations
of the intersections of these planes with the given plane, viz. 5/, 10/, 15/,
The plans will be indefinite parallel straight lines perpendicular to the
XY line and equidistant from each 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 scale, and figure 0, 5,10, 15, etc., as in Fig.
11. This scale is called the ** Scalc 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
plane. If 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 convenience, 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 so many to the V. P., 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 Mauual.

A plane is, 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 is called the Horizon-
tal Equivalent of a plans inclined at so many degrees at so many unit
vertical interval. In Plate XVII, Fig. 11, the perpendicular distance
in plan between the contours is the Horizontal Equivalent of a plane in-
clined 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 issometimes referred
%0 as a fraction such as § (one in two). This meuns that for every unip

16
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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 is 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 cases freehand 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 drawings it is shown bounded by a rectangle.

In all problems and exerciscs, a uniform scale of 10 units to an inch
is used unless otherwise stated.

Each of the ten elementary 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 XVII, Figs 13and 14)
Let a0, bao, be the given line through which it is required to draw a

plane incline at 75° Referring to Fug. 13, place a cone, the generatrix
of which makes 75° with the base, on an H. P,, level (10). Let the
height of the cone be 10 units (the diffcrence in level between the two
ends of the given line AB). Placo 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 i 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 this problem turn to Fig, 14. Draw
an clevation of the line @y by on an XY line, level (10), parallel to
ajp by At the point by draw the plan and elevation 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 ’. Through ay,
draw a tangent to the circle which represents the plan of the base of the
cone, and through by 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 seen from Fig, 13 that two planes can be drawn to
fulfil the conditions, one on either side of the cone, and the line AB is
the intersection of the two planes. The second plane Q is shown in

Fig. 14.
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Problem 195.—To find the intersection of two planes—
() when the contours of the two planes are not parallel. (Plate XVII,
Figs. 13 and 14) ;
(i) when the contours of the planes are parallel. (PlateXVII, Figs.15
and 16.)

In the first case we have already scen in the last problem that the
intersection of two planes, the contours of which are not parallel, is the
line joining the intersection of similarly figured contours of each plane,
The intersection of the two planes P and Q (Fig. 14) is the line ay g,

In the secoand 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 linc parallel to the contours. Lebt the two planes (Fig. 16) be
P and Q inclined ruspectively at 56° and 76°, Draw an elevation of the
planes on an XY line parallel to the Scale of Slope, and find a’ the
point of intersection of the elevations. Project down a’ on to the Scale
Slope of the two planes and figure the point obtained, which is 18 on
both Scalc of Sloge

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 a7 be the given point and P the given plane, and (43 ¢5 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 arc parallel, and the contours
of both planes arc the same distance apart. Further, the indices must
rise or fall in the same direction.

Through @, (Fig. 1) draw a plane Q the contours of which are the
same distance apart as those of the given plane P. Index the scale in
the same direction.

Secondly, through a; draw a line parallel and equal to by3 ¢, Then
since the differcnce in level between the extremities of the given line is
8, the extremity of the new line may be figured dys.

Problem 197.—To pass a plane through two given intersecting lines, or
through three points not in the same straight line. (Plate XVIII, Fig. 2.)

The two conditions are obviously identical. Let a; by and as ¢, be
two straight lines which intersect at the point as or let as by ¢; be three
given points. On ag by find a point d; by means of an elevation. Join
dycy. This line is the (7) contour of the required plane. Another
contour can be drawn through a; avd 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 XVIII, Fig. 3.)
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Let a; be the given point and P the given plane inclined ab 45°. If
a line is perpendicular to a plane, it is evident vthat 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 eleva~
tion of the point and the plane. Through a’ draw a line a’/ b’ perpen-
dicular to the elevation of the plane P and intersecting it in the point &'.
Then a’l’ is the elevation of the perpendicular drawn from A to the
plane P, and 0’ is the point of intersection, Project &’ down on to the
plan of the line which can then be indexed b3 from the elevation.

Problem 199.—To find the point in which a given line intersects a given plane.

This problem is worked in: the same way as the last by making an
clevation of the plane and line, and projecting down the point of inter-
section. It is left as an exercise for the Student.

Problem 200.—~In a given plane and from a given point in the plane to draw
a line of given inclination. (Plate XVIII, Figs. ¢ and 5.)

Let P be the given plane inclined at 45° and a, & given point in the
plane, It is required to draw in the plane a P from g, a line inclined
at 30°. '

Turn to the sketch (#ig. 4). In the plane P place a line AB inclined
at 30° to the H. P., and project down the point B wherc the line cuts
the 10 contour of the plane P. Then ao by, is evidently the required
plan, and further a second linc ag ¢io may be obtained fulfilling the same
conditions.

To work the problem out on paper turn to Fiy, 5, Make an eleva-
tion of the plane P aud the point a,. At a’ lay off a line inclined at 30°
to the H. P., and where this line cuts the level (10) obtain the puint &,
Project down ¥/, then @’ b is the plan length of the required line and
may be laid off from a, between the 0 and 10 contours of the plane P,
giving the lines ao by, and a, ¢y

It is evident that if the inclination of the line is greater than the
inclination of the plans, the problem is impossible,

If the inclination of the line is equal to the inclination of the plaue
only one line will be obtained perpendicular to the contours of the plane,
To FIND TEE TRUE FORM OF ANY PLANE FIGURE,

We now come to an important principle in Solid Geometry, how to
find the true form of any plane figure, and consequently how to measure
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the angle between any two right lines or two planes in space. (Compare
page 118.) The principle is to find any convenient contour of the plane
containing the figure, and using this as a hingc to tura the figure up or
down into the horizontal plane of the level of the hinge,

For instance, in Fig. 6, take the polygon A,y B, C5 Diy Eyq In the
edge Cy Dy, find & point Fy,. Join Ay, Fy, and using this as a hinge,
turn the points Ejq and Dy, down, and the points B, Cy up into the
H. Py, thus obtaining the true form of the polygon. This process is
termed ¢ Constructing ’’ or *“ Rabatting ’ a figure, 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 aio b, ¢s dis €16 bo the given polygon. In ¢g dyy tind the point fy,
by Problem 197. Join ay, fio representing the 10 contours of the plane
containing the polygon. Make an clevation of the plane and project up
each point obtaining the points ¢/ b’ a’ d’ e¢’. With ccutre «’ (represent-
ing the hinge) and a radii @’ b, @’ ¢/, etc,, turn the points b/ ¢/, etc., up
and down to the XY line, obtaining 0" ¢” d” ¢". Frowm these points draw
projectors down till they intersect with lines drawn through cy b, dys €46
parallel to the XY line. Join the points so obtained, wiz., C, B, D, K,
and obtain the true shape of the polygon, and the angles between any
two lines bounding the polygon can be measured,

Problem 202.—To measure the angle a given line makes with a given plane.
(Plate XVIII, Figs. 8and 9.)

Let ag bs be the given line and P the given plane inclined at 65°,

From a consideration of Fig. 8, it is evident that if a perpendicular
AH is dropped from any point A in the linc AB on to the plane, the
angle between the line and the plane is tho angle AIH, I being the
point where the line intersects the planc, In Fig. 9, draw an clevation
of the line and plane and find their point of intersection /. ¥rom any
point, say a, draw a’ h’ a perpendicular to the plane. The points
¢ and h can be figured i45 A5 from the elevation. Then @z 445 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 tho angle a I H
is obtained and is found to be 67°,

Problem 203.—To measure the angle between two given planes. (Plate
XVIIL Fig. 10.)

Let P and Q be the given planes. If the Student makes a model he
will see thatif we take uny auxiliary plane R at right angles to the
intersection of the given planes, the interseetion lines of the auxiliary
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plane and the given planes will give the angle the two planes make with
each other. In Fig. 10 find a, by, the intersection of the given planes,
and draw its elevation, 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 o’ b’ and find its plan .
Then d 4 ¢ is the angle betwecn the two planes P and Q and if constructed
into HP (o) gives the true angle d I ¢ = 51°.

Problem 204.—Draw the contoured plan of an earthen embankment under
the following conditions. (Plate XIX., Fig. I.)

1 . . .
Soalem; contours L {oot vertical interval, The ground slopes up from the right-

hand top corner of the paper whioh is lovel (4 5) at 112 The top of the embankment ig

10 feet broad and parallel to the ground. The left-hand edge of the top of the embank-
ment may be drawn 2 inches from the bottom of the paper and is 7} feet above ground
level. (Linc AB.)

From this edge the earth slopes down to tho left at § for & width of 10 fect. The
slope then continucs at } till it meots the ground. From the right-hand edge of the top
of the cmbankment the ecarth slopes at § till it mcets the ground. A berm of 4 fecet is
loft and then comes & borrow pit, The nexr slope is 3. The bobtom of the pit is 3 feet
wide, parallel to tho ground and everywhere 2 foct doep. A point O, level 8¢5 toet is given
whero tho further slope ot the borrow pit mects the ground.

There is a road leading perpendiculirly through the cmbankment, 10 feet wide at
bottom, with side slopes of §. The road crosses the borrow pit by a wooden bridge.

At a point D, level 20 in tho centre line of the roidwuy, a wooden pole is to be
planted perpendicular to the left sids slope of the roadway. Show its point of intersection
with the slope.

A pipo line runs trom the point E, lovel 19, to ¥, lovel 14. Show tho points where
it onters and leaves the cmbankment, and the anglos it makes with the slopes on entering
and loaving the embankment. From a point Gi7 on the embankmont path inclined at 20,
runs down the further slope.

Further, it is required to find the angle the left-hand side slopo of the road makes
with the further slops of the embankment, and the angles the boundary linos 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 '117;, 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
cmbankment 2 inches from the bo'tomn of the paper. As this edge is 7}
fect ubove grouni level, the points where it cuts the ground contours 11
and 12 will be levels 18} and 194, 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 4 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 plane of } by Problem 194 till it intersects 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 feet 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 } 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 3, The bottom of the pit is 3 fect wide,
parallel to ground and everywhere 2 feet deep. The contours of the
bottom will, therefore, be continuations of the ground contours Lut
marked 2 feet lower.

Now we are given a point level 8% 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, an1 through these thrce 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 feet apart. Through any two points on
these lines obtained by the levels of the ground contours, pass planes
inclined at }, and find their intersections with the embankment.

From the point D, level 20, a pole is to be placed perpendicular tc
the left-hand side slope of the roadway. The plane of the pole will of
coursc be perpendicular to the contours of the plane, and its point of
intersection may be obtained by Problem 198.

The pipe line E;y Fy4 may now be put in and its intersection founc
by Problem 199, end the angles it makes with the slopes by
Problem 202. A pathway leads from G, level 17 down the further slope
inclined at 20°, This may be done by Problem 200. From a point G,
place a line inclined at 20° in & planc inclined at .

The angle between the left-hand side slope of the road and the furthe:
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 o
the road make with each other may be found by Problem 201. They are
starting from the bottom of the paper and going round from left t
right, 57°, 143°, 158°, 150°, 32°,

EXEROCISES.

1. The plan of a line a, by; is 1} inches long. Find its inclinatio:

and true length,
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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 ?

8. a,and by, (2 inches apart) are the plans of two poiats 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 . P, and parallel to the V. P., and also when it is inclined at
90° to the H. P.

5. Draw the scales of slope of planes inclined at 70°, 3 and 20°.

6. The contours of a planc are } an inch apartin plan at 5 units
vertical interval. Find the inclination of the plane.

7 Draw the projections of a line (8 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 edgein the H, P., the face
coutaining that cdge being inclined at 30°. What is the inclination of
its diagonals ?

9. A rectangular box is 5”7 X 3” X 2". Find the length of its
diagonal,

10. Through a line a, b,, draw a plane inclined at }.

11, The contours of two planes inclined at 45° and 60° intersect at
72°,  Find the intersection of the planes.

12, Two planes inclined at 15° and 75° have their contours parallel,
and their scales of slope rise in the same direction, Find their intersec-
tion. .

13, Draw threc parallel lines at intervals of 1 inch. The outer ones
which are respectively at the levels 10 and 20 are contours of planes
which intersect in the third line. The plane passing through the contour
10 is inclined at 60°. What is 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 fect higher up
the wall.

16. The handrail of a straight staircase rises at 30° from level 4 feet
to level 24 fect. TFrom a point level 22 feet immediately above the com-
mencement of the first handrail draw a sccond one parallel to the first.

16. ay, by ¢, 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 a, by, ¢ form in plan an equilateral triangle of 2}
inches side. A point d lies in the same plane as the three given points and



ELEMENTARY PROJECTION OF POINTS, LINES, AND PLANES. 129

is distant on plan 2 inches from a, and 1} inches fiom ¢. 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 3. Draw the stay
of the telegraph pole which enters the embankment at right angles to the
slope.

19. The plan of a line AB, inclined at 35°, makes an angle of 65°
with the contours of a planc inclinedjat 60°, The point B in the line is 5
units vertically above the O contour of the plane. Determine the point
of intersection of the line and the plano when they are sloping in opposite
directions.

20, The points @ b ¢ form an equilateral triangle of 3 inches side,
@y by, 18 the plan of a line and b ¢ is the 20 contour of a plane inclined
at 45°. Determine the intersection of the line and the plane.

21, The angular points of a square are marked a, by ¢y d,. Do the
diagonals really intersect ?

22, An embankment is 30 feet high and its side slopes are . Show
a road leading down from the top to the bottom inclined at 20°,

23. The contours 0 and 10 of a plane are 1 inch apart in plan. In
the plane draw two lincs each really 2 inches long, one having the
greatest and the other the least possible inclination.

24. Two lines at right anglesin plan intersect at a point whose index
is 18. One is inclincd at 32° and the other at 48°, Each line is really 2
inches long. Determine the inclination of the plane containing the lines,

25. a—gs b—,c, d,, ¢ are the angular points of a peutagon of 2
inches side. Find its true shape.

26. The plans of two lines a, ¢,, and b, ¢,,are each 2 inches long and
intersect at right angles.

Determine the real angle between the lines, and form a point ¢y, draw
a line cd (making CD 3 inches long) perpendicular to the plane contain-
ing ABC. Measure its length in plan,

27. agy by ¢y d, are the four corner points of a square of 2 inches side.
bd is a contour of a plane inclined at 40°. Find the angle the line ac
makes with the plane.

28. The two side slopes of the nose of a stone breakwater are inclined
at 60° and 50°. The plan of the top is an equilateral triangle 20 feet
side. Find the angle of inclination betwecn the side slopes.

29. Two planes are each inclined at 50° and their contours intersect

8t 30°. Determine the angle contained between the two planes.
17
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80. The ground slopes from the left-hand upper corner (level 1) of
the paper diagonally across at y% 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 suczession. The slopes of the four sides
are §, 1, 30° 45° Draw the mound.



CHAPTER IX.
ISOMETRIC PROJECTION,

Isometric projection is a conventional manner of representing objects
which have their principal planes at right angles to each other, such as
buildings, machinery, ete. 'The result somewhat rescmbles a perspective
view, with the advantage that the lines situated in threc visible planes at
right angles to each other, retain their exact relative dimensions, and can
therefore be mecasured by reference to the same scale. For this projec-
tion only one drawing is required instcad of several, as is the case in
Orthographic Projection.

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 principal rectangular axes or edges of the
object (such as the length, breadth, and height of a rectangular prism)
thall be equally inclined to the H. P.; 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
cubo 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 boing all equally
inclined to the plaue of projection, Theso three edges OX, OY, and
OZ are now represented in plan by the lines ox, oy, oz making 120¢
with each other, and ar¢ the three isometric axes,

To obtain the isometric projection of any object it must be placed in
this position, and the method is 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 each other ; in this
case the length ab and the breadth ad, ani mark them O, X, O, Y,
corresponding to two axes, The third axis OZ cannot be shown in thi
orthographic plan but is an imaginary line O, Z, perpendicular to O, X
and O, Y,, and corresponding with the helght of the prism. We mus
now tllt the figure so that it rests on the poini O and the axes 0X, OY
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and OZ, are equally inclined to the H.P. Draw three lines (Fig. 8)
making 120° with each 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 measured along OY. Draw DC parallel to
OB and BC parallel to OD, obtaining O B C D the isometrie projection
of the bottom of the prism.

The height 1inch can now be set up along OZ and on line 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 h, measure from O a } inch along OX,
and a } inch along OY, through the points so 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 isometrie projection completed.

THE ISOMETRIC SCALE.

If the Student refers to Plate XX, Fig, 1, he will notice that the
edges of the cubein the isometric projection are somewhat shorter than
the real length of the edges. The square fXhE has become the rhombus
f @ h e. The diagonal f h being parallel to the plane of projection
remains its original length.

On fh as diagonal describe a square fXRE, representing the true form
of the face of the cube. Then since the angle X f h is 45° and the angle
@ f his 30° ‘

S Xfiaf:o:osin 120°: sin 45°,

S RRVe
which is the relation between the real length of a line and its isometrice
projection. From this it is apparent that the isometric projection drawn

to the natural or orthographic scale in Fig. 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 4/ 3 : v 2 when plotted
on to the isometric projection. To cnable us to do this we must have
an Isometric Scale. »

In practice this is seldom used, and if the natural or orthographic
scale is employed all measurements can be taken, and the projection will
only be slightly exaggerated. The Student should, however, know how
to make an isometric scale if necessary.

Problem 206.—To draw an Isometric Scale. (Plate XX., Fig. 4.)
Draw a right-angled triangle ABC, of which the side AB = the

side BC = one unit (say, 1 inch), Then, since ACt = AB* + BC?, the
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bypotenuse AC = 4/ 2. Along BA produced measure BD = AC.
Join DC. Then, since DC* = DB*+BC* ., DC = /75 Measure the

scale of the drawing (in this case 1 inch is taken) along DC, and project
each of the divisions on to DB, and draw along DB produced the isometuiic
scale proportional to the natural or orthographic scale measured
along DC,

LINES NOT PARALLEL TO THE ISOMETRIC AXES.

The position of these lines must be fixed on the original by means of
co-ordinates or offsets referred to the principal axes, and these co-ordinates
transferrel to the isometric axes as in the case of the point E, Problem
204.

Problem 207.—To draw the sometric Projection of a pentagonal pyramid
(1-1 inch edge of base, height 2 inches). (Plate XX, Figs. 5and 6.) (Natural
Scale.)

Draw the plan of the pyramid (Fig. 5). Choose any two convenient

directions for the axes O, X, O, Y,. To obtain the point B, from b drop a
perpendicular b fon O, X,. Mecasure the distance a f along OX (Fig. 6),
and obtain the point F. Draw I'B parallel to OY and equal to f b,
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 KV’
equal to kv, and parallel to OX. From V' draw V'V parallel to OZ
and equal to the height (2 inches). Join the vertex V with the points
of the base,

If a certain corner, e.g.corner g, is required to be to the front, the
axes 0, X, 0, Y, must be so placed as to make the point O, coincide
with the corner a, and each of the axes O, X, and O, Y, inclined at 45°
to av, the bisector of the angle ¢ a b (Plate XX, Fig. 5). To obtain the
point B, from b draw a perpendicular b fto O X,. Set off AF equal
toa fon OX (Fig.6). Draw T B parallel to OY and equal to f b, and
obtain the point B. Obtain the other points 1n the base in the same

manner. To find the vertex V proceced as above,
Nortes 1.-2The same process will apply to tho casoe of any regular polygon.
92, When a side of the base of any regular pulygon is required to be to the
front, the point O, must coincide with the centre of that side, and each of the axes O, X,
and O, Y, make 45° with the bisector of the side.

. CURVES.
We will now consider the application of Isometric Projection to curved
lines.
The isometric projection of a circle is an ellipse. In Plate XX,
Fig. 7, abc d is the plan of a cube in the faces of which circles havo 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 cub
and eonsequently one of the diameters of the circle, is of the same size a
the original, we have at once the major axis of the ellipse, which the prc
jection of the circle forms, and as the circle touches each side of th
square, we have also four points in the conference of the ellipse, and w.
have only to find the isometric projection of its minor axis, From th
intersections of the diagonals of the faces of the cube, set off on the majo
axes the radius of the circle at a, b, ¢, d, ¢, f, and through the poiats thu
obtained, draw isometric lines cutting the minor axesin 1, 2, 8, 4, 3, ¢
and we thus obtain the length of the minor axes. The ellipses can then b
sketched by hand, or trammelled by a slip of paper. A similar metho:
to thig can be employed for determining the isometrical projection o
every curve . The principal of the construction s the same as that alread;
indicated for lines not parallel to an isometric axis, and will be full,
understood by carefully examining the next problem,

Problem 208.—To draw the Isometric Projection of a padlock with a square
staple. (Plate XX, Figs. 9 and 10,) (Natural Scale.)

Choose any two axes O, X, O,, Y,, and by the aid of a convenien
number of co-ordinates sketch in the isometric projection of the base
Each point so obtained must now b lifted the height of the padlock tc
obtain the finished projection.

EXERCISES.

1, Draw the isometric projection of an octahedron (3 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
Scale, full size (isometric),

8. A stone oross rests on a pedestal of two steps. The lower stef
is 4 feet square and the next step 3 feet square. They are each 1 fuol
high, The shaft of the cross is 6 feet high and 1 foot square. One fool
from the top the arms of the cross each project 1 foot and are 1 fool
square, Draw its isometric projection. Scale 1’ to 1" orthographic).

4. A box is 2 inches long, 1} inches wide, and 1 inch high. It hase
lid semi-circular in section, Draw the isometrioc 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, Secale, 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 oircular hole 1 foot in diameter,
and in the middle of each side is a rectanguiar opening 4 inches high and
6 inches square. Draw an isometric projection neglecting the thickness
of the wood, Seale, 1 to 1" (orthographic). ’

7. A carpenter’s tray is 7 inches long aud 5 inches broad and 3%
inches high, The wood is 4 inch thick. THbre is a central partition
across it § inch thick In the left-hand portion fits a tray 3}" x44" x2"
deep, beiug 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 4 inch thick. Draw an isometric projection. Secale, % size (ortho-
graphic),

8, Draw an isometric view of an ordinary stool from measurement.

Scale, § to 1" (orthographic).

9. Make out an isometric view of the drawing table given in ques-
tion 10, page 114,. Scale, 1’ to 1" (orthographic).

10. Draw an isometric view of the solid given in question 15,
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 VIII, shows how to delineate by the means of
contours any object bounded by intersecting planes. These contours
may be regarded as the plans of the outlines traced on the object by a
geries of horizontal sccant planes at fixed equal vertical intervals. It,
therefore, follows that contours would be a useful method of delineating
any object even though it is not bounded by intersecting planes; and
they are the foundation of most methods of delineating 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 XX1, Fig. 1.

In practice, the contour lines of any portion of ground are obtained
by fixing a series of points on the ground at certain levels by means of a
levelling instrument, the manipulation of which belongs to the study of
Surveying (sece Survey Manual, page 231). These points are then plotted
on paper, each scries being the requisite vertical distance apart. It
follows then that by joining up these points, we obtain a series of curves,
approaching or receding from each other, according as the ground between
them is more or less steep ; since, for the same vertical iuterval, the con-
tours will be evidently muach closer together in plan, when the ground is
steep, than when the slope of the ground is gentle. Further, the nearer
the horizontal secant planes are taken to each othor, the more accurate
will be the representation of the ground in question. A contoured map
thus shows tho 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 XXI, Fig. 2, shows a contoured plan of a piece of country.

It will be seen thatv it would be impossible to determine whether a
contoured plan represents a depression or an elevation unless the con-
tours are numbered. It is, therefore, necessary to select some convenient
level, called the datum line, from which all heights should be measured and
numbered. It is, therefore, usual to assume a level as “ datum "’ which is
below the lowest point of the ground shown in the sketch, and to draw
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all sectlons with reference to this, so that all relative heights of the
ground may be compared. This is done 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 eontour cannot join another unless thereis a vertical precipice.
In this case the contours which disappear or run into cach other will
reappear where the precipice cuds as at C. (Plate XXI, Fig. 2.)

If a contour forms a ring which does not enclose any other, it may be
assumel 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 geaerally necessary to mak e a
section along the proposed line.

A scetion shows all the elevations and depressions, and  whether one
polut 1s visible from another, and the amount of cutsing and filling
required.  Indrawing sectlons it is usual to exaggerate the heights so as
to show more strikingly the changes of a slope which 1u a true section
would hardly be perceptible. In such a case a section does not give a
true picture of the height of the grounl. The exaggeration or propor-
tion of the vertical vo the horizontal ssale should be statel underneath
the section as ‘“ heights to distances 5 to 1.”

Problem 209. -Draw the section elevational ¢n the line AB of the ground
shown in Plate XXI. Fig. 2. (Scale ;,,, -) Heights to distances 4 to 1.

Take an XY or datum line parallel to AB of a convenient height (o).
The contours are 5 fect vertical interval, and are to be exaggerated in the
section in the proportion of 4 to 1.

Draw a scries ot equidistant lines parallel to XY to represent the
contour planes at intervals corresponding to the conditions, That is,
5x4=20 fect. The scaleis t74¢ or 120 feet to the inch. Therefore—

120 : 20 ::1: +166.

These lines must be drawn 16 iach apart and figured from 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 thesection. Th: elevation
can be obtained in the same manner, The standard method of drawing a
scetion for a Road or Railway Project can be seen in the Survey
Manual, Plate XV, and in morc detail in Enclosure IV of the Rules
for the preparation of Railway Projects obtainable from the Technical
Section, Simlu.
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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
therein given will be fourd constantly applicable to questions of contoured
maps. The practical application of Problem 200 is so important, in
etabling us to lay down at once on a contoured map, the direction of a
rcad which is not to excecd 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, ;445 )
The vertical interval being 10 feet. The horizontal equivalent for g4

will be 200 feet. The scale is 400 feet to an inch, so we can take the
distance of haif an inch on the cowpass and lay it off between contours,
The horizontal distauce between A and contour 10 1s more than 200 fect,
so we can draw Al perpendicular to the contours, From b draw an are
cutting contour 20. The arc will cut the contour in two points; so
there are two directions the road may take. Continue the same process:
for each contour till the top of the hill is reached. It will be remarked
that therc are probably two possible directions for the road as each con:
tour 18 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.
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