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PREFACE.

T'o those who have received a regular mathematical education, a
new book upon Practical Geometry, which forms the principal
part of the contents of this volume, may appear entirely super-
fluous; as the subject is simple in itself, as it has already been
illustrated by a great number of writers, and more particularly as
no new problem is now offered to the public.* 1 shall therefore
state the reasons, which have induced me to compose and publish
a work of this kind ; and as they canuot otherwise be clearly under- -
stood, I must commence by makimg some observations of a mili-

tary unature.

* The same remark will apply to almost every other book upen this sub-
ject, which bas heen publhished for many years back ; it being rare to find
a problemin any  of the common tiratises of Practical Geometry, which
has not previously appearcd ina greas number of other authors.  This is
the case with the whole of the contents of the first part of this velame,
three useful probleins only excepted ; namely, the third method of describ-
ing an cllipse. the second method of deseribing a parabola, and the method
of deseribing an oval.  These T have taken from one of Mr, P. Nicholson’s
architectural workys ; and they are not (at least to my knowledze) to be
found in any other writer upon Practical Geometry,

As far as regards the eoncluding part of this volume, which treats of the
Principles of Plan Drawing, it will be found more original. T have not
seen these principles clearly explained by any former author : indeed, it is
not usual to teach them av all, which to Fearners is a great disadvantage ;
for as they arc left to work at random, and to form rules for themsclves
from practice, they me of eourse frequently lable to error.
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In the imperfect state of the art of yaWERTTIZMEers were at
first a corps of -officers solely, witheut any troop¥ or even stores
lmder their own immediate commnnd or charge; but who, when
'ﬁqculon required, demanded men from the infantry, and stores
from the Astillen or Commssariat Departments.

There are most scrious evils and inconveniencies inseparable
from the above system, whicli could not tail to he discovered m
sourse of time, so that in all armies, it has ulumately been found
hecgssary to attach a permanent bady of non-commicsioned officers
and soldiers to the Engineer Departmient : and the exporience of
modern warfare has fully proved, that however great the saence m
talents of any officeis of Engineers may be, then exertions in the
field are in all cases much crippled, and must often be lable to
failure, unless supported by a proportignal degree of zeal, know-
ledge, and ability, on the part of the men, who act under theu
immediate orders.

- R ¢

In the British servic, this has been moie felt duning the present,
than in any of our former wars, owing to the increased scale of ow
late military effoits ; and il has therefore become an acknowledgzed
object, of the greatest public importance, to discipline, tram, and
instruct the non-commissioned officers and soldiers of the Roval
Engineer department, who have lately been distinguished by the
title of Royal Sappers and Miners, m lieu of their former less
martial appellation of Royal Mihtary Artificers®

In the year 1811, having the command of the Plymouth com-
pany of Royal Military Artificers, I was induced to embrace the
opportunity which the convenienty of a garnson life afforded, in
order to ascertain by experiment the best and most practicable mode

* They were at onc time called the Corps of Royal Military Artificers
#nd Labourers. Subsequently, the enlistment of fabourers was discon-
Mmued.
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of improving #i¥%bepe.ip geneml:i‘n p{omt of knowledge. It had
long been coﬂdﬁe&ﬂuﬁuﬂe,wmmﬂﬁm officery
and soldiers should ba able to mndérstavd-the natiire of £ Fough
sheteh, pian or section. Y6 this object ;my attention was couae~
quently directed, but I soon discovered that: the’ common methods
of teaching Practical Geometry and Plan Diawing, were by ne
means calculated for the purpose in view.

After instructing one or tuo individuals of the mosz‘pmmwn'
abilitics, books and manuscripts were put into their handy;: angd
they were employed to teach the others ; but althqugh they theme
selves perfectly understood what they jad learned, it was fopnd
that they were unable to communicate the knowledge which they
had acquired. 'The rcason of tus iy, that the common books of
Practical Geometry, &c, leave too much to the discretio of the
master; so that no man, however well qualified himself inﬂthis
stmple branch of learning, is capable of instructing a nimbep of
other men propeily, unless he possesses a superior degree of
Jundgemgnt, a tolerably good education, and some experience in
the art’of teaching.

To have carried on a general system of the proposed species of
instruction according to any of the books in commoén use, would
therefore have required an establishment of “regular mathematical
masters. But it must be evident, that the difficulty of finding qua*
lified persons willing to undeitake this oftice, added to the liberal
salary, which men of education must have been entitled to, would
have operated as almost insuperable objections to such an esta-
blishment. :

To surmount these difficulties; to lay down a Course of
Instruction suited to the most untutored minds, and capable of
being couducted by any man of good abilities, no matter how illi
terate or ignorant in other respects ; in short, to establish a Sygteny
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of Instruction, which might be perpetuated like the drill of
recruits, by the cxertions of steady non-commissioned officers em-
ployed as teachas, without the necessity of calling in the assist-
ance of scientitic masters of any kind : these are the points which
1 had i view in fiist commencing the present woik ; and the suc-

cess has fully equailed my es pectations. *

After the practicability of the System of Instruction had been
sufficiently ascertained by the improvement of the Plymonth com-
pany, it was, by order of Lieutenant General Mann, sabmitted to
a Committee of scentor officers of the Corps of Royal Engineers,
in the month of March, 1812, and having been honowed by their
approbation, it was soon after sanctioned by the authoiity of the
Master General of the Ordnance, and has since been conducted on

a much greater scale at Chathan

The Methods of Teuching are fully detailed in the course of the
work. It will be pereeived, that they are similar i pimciple o
those which have lately been mtroduced mto this country for the
edueation of the poor, by Dr. Beli and Mr. Lancaster.  Indecd,
there is no other principle, by which one Teacher can do justice to

any great number of pupils at the same time.

* Before the Comse was geadually reduced o its pesent state, which
renders the active interference of any oflicers of Lngineers unnecessaty ;
my first experiments at Plymouth, as it may easily be conecived, were
attended with some trouble, and would have heen still inore laborious, but
for the able assistance of Licutenant Rachell, who exerted himsell with
great zeal and persevaiance to forward the objeckin view.

+ At an Establishment which has heen institnted for the purposc of
training the Corps of Royal Sappers and Miners.  But the study now alluded
to, of course occupies only a very small portion of their time, which is chiefly
employed in exercises and operations of » military or practical nature, cal-
culated to prepare them for their duties in the ficld.
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This volume having been composed solely for the special pur~
pose above stated, I did not at first intend to publish it; but
have since been induced to take thiy step from the following consi-

derations.

In the fist place, a more general diffusion of some knowledge
of Practical Geometry amongst the lower classes, in this country,
might be of public henefit; inasmuch as it would tend greatly to
the perfection of the arts, by creasing the ingenuity of working
mechanics, such as masons, carpenters, &c. without whose aid
the designs of the architeet or civil engineer cannot be executed.
I1 this should be considered a desirable object, the present book
offers the ouly economical and therefore it may be said the only
practicable mode of carrying it into eflect.*

v

Secondly : owing to the prevailing system in Great Britain, |
often happens, that young gentlemen who have received a good
classical education, e allowed to enter the world totally unin-
structed in any branch of mathematics, excepting the common
vules of arithmetie. But theie are few situations in life, and very
few active professions, i which some knowledge of Geometry,
and of the nature of Plans, is not highly useful : in many it is
absolutely necessary. To those, however, who have not had the
advantage of early instruction in this science, the door of improve-
ment is almost alwavs shut; for the studies of Geometry, Xc.
the mamncr in which they we treated in the common mathematical
books, cannot be attained without the assistance of a master ; and
upon the whole, they genecally prove by far too formiduble a task
to persons who have ouce launched forth into active Iife.

* A person of very moderate acquitements and pretensions may scrve
for a 'Feacher, and it is not neeessary for the learners to be provided with
books, one copy #h the hands of the Tecacher being suflicient.
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" 'To uch persons, but particularly to officers of the army, who
‘nﬁy mot have had an early mathematical education, the present
Volimhe may therefore prove useful; it having been reduced to prin-
ciples of so much simplicity, that a master may be dispensed with;;
and the various opcrations contained in it may even be understood
%y inspection, without that cffort of mind which deserves the mame
+of study.

Anether volume, more especially intended for the use of
officers, is proposed to be published at some future opportumty, if
_circumstances will permit, in which the principles herein laid
dowrr will be practically applied to the construction of
the Plans and Sections of a regular Fortress; as also to gencral
- and detailed plans, &c. of the operations of a siege.  This will, in
short, comprehend the substance of what 1s usually taught as the
Elementary Part of Fortification. To stmplify that inportant
study as much as possible, by frecing it from those multiplied
details, superfluous discnssions, and even mathematical theorems
and algebraical calculations which are usuallv mixed with 1t, and
tend greatly to perplex the reader, will be my principal object in
the proposed volume; which, I conceive, if successtully executed,
may be of some public benefit, particularly as there 1s a gieat
scarcity of English books upon the subject.
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I\ order to go through this Course, the learners must be pro-
vided with the following instruments. ‘

. A pair of compasses having one shifting leg ; also a pencil-
point, and a short drawing pen or ink-point, occasionally to be
used in lieu of the moveable leg.

2. A flut ruler, and a wooden right-angled triangle. The
ruler may be about one foot long. The triungle should have &
small round hole through its middle: those two sides of it, which
Sorm the right angle, may be made equal in length, and may
each be about six inches long.

3. A slate and pencils. It will be convenient to have the
slates rather larger than those commonly used; but they wmust not
be framed.

Besides a common set of drawing instrunients, the Teacher
must provide himself with « very large pair of compasses, one leg
of which must be fitted so as to receive a piece of common chalk.
1le must also have a large triangle, and some long rulers of
different lengths. These instruments are intended for drawing
with chalk upon a large bourd painted black, the use of which
will be more particulurly described in the proper place. A spunge
and water must always be kept ready for cleaning the board.

Every thing necessary being provided, the Teucher will see that the
learuers are seated in proper order, with their slates and instru-

VoL 1. B
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ments before them. “Ile will then place himself in front of them,
and read as follows.*

“Geometry is the groundwork of almost all the arts and sci-
ences. Plan drawing, and Modelling in particular are entirely
founded upen the practical part of geometry.

Drawing is not only essentially necessary to men of scientific
professions, such as engineers, architects, &c.; but some know-
ledge of 1t is even required amongst the workmen, who act under
their directions. For instance, if a foreman of civil carpenters
or masons, or a non-commissioned officer in the royal «n-
gineer department cannot work from a plan or model, he is not
fit for his situation. Almost every ingenious artficer, in fol-
lowing his trade, must acquire some notion of the nature of a
plan, and may daily practisc some tule of geometry, although
he may not be aware of it; because all the mechanical aits are
founded upon geometrical principles: but the kind of know-
ledge, that is thus obtained by mere practice without education,
must always be very imperfect.}

The following Coursc of Practical Geometry has been reduced
to a system of so much simplicity, that a man having the book
before him may even teach himself without a master.  You will

thereforc find little difficulty in learning it, if you pay proper at-
tention. It contains a number of the most uscful rules, which

will give you a sufficient insight mto the principles of plan
drawing.

After going through this course, such of you as understand

® Those parts of the following Course, which are printed 1n 1tahes, being
intended as directions for the Teacher only, are not to be read alowl.

+ Thesc preliminary observations being caleulated chiefly for the use of
the pop-commissioned officers and soldiers of the Engincer department, any
Teacher who has pupils of a different description may omit such part of

4hem as he thinks proper.
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arithmetic will also be qualified to begin, and may easily learn,
Mensuration; which is a very desirable branch of knowledge to
men of all professions, but is above all most particularly useful
and necessary to persons employed in the management of works.

Having made these observations, we shall now commence with

our practical geometry.
Write the words PRACTICAL GEOMETRY.

After giving this order, the Teacher will write these words him-
self, in large characters, with chalk, upon the abovementioned
board, which must be placed in a convenient situation for the
learners to copy from.

This board must of course be of a sufficient size to admit of
every thing necessary being written or drawn upon it, on so large
a scale as to be eusily read or distinguished by the whole (lass.

When the Teacher observes that all the learners have finished
writing the words directed, he will examine and correct their re-
spective performances, before he proceeds further. The same must
be done after every subsequent order of a similar nature, but this
caution will not be repeated again in the following instructions.

A dcfinition in geometry, or in any other art, means an ex-
planation of some term, peculiar to that art.

Write the words DEFINITION OR EXPLANATION,

To define any thing is to explain it.
Write the words To DEFINE.

DEFINITION 1. A solid is that which has length, breadth,
and thickness.

For instance a brick, a log of wood, or a lump of iron are

solids,
B2
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Write the word soLID.

DEF. 2. The boundaries of a solid are called superficies or
surfaces,

Write the words SUPERFICIES OR SURFACE.

. For instance the top of a brick is a superficies: the bottom of
it is also a superficies; and so are the two ends, and the two sides of
it. In short a superficies is merely a part of the outside of a
solid.

A superficies has length and breadth only, but it is supposed to
have no thichness.

For instance take the outside of a brick: it has length and
breadth; but you cannot find any thichuess without cutting into
the substance of the brick, which would be going deeper than the
outside.

A shadow gives avery just notion of a superficies or su-face; for
you may mcasure its length and breadth, but it has no thickness or
substance.

DEF. 3. A plane superficies is that which is perfectly even; so
that if you lay the edge of a ruler upon it in any direction, the
ruler will touch it in every point.

For instance the outside of a marble slab properly polished is a
plane superficies.

The Teacher must have a solid piece of wood, with sir fuces
or sides, about the size of a brick or alittle smaller; five of the
sides of which must be planed rquite smooth lo represent plane
superficies; the other must be uneven.

After reading the above definition, he will take a ruler and
apply it to one of the smooth sides of his piece of wood in va-
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rious directions, in order to illustrate the nature of a plane su-
perficies. '

A plane superficics is sometimes simply called a plane.
Write the words PLANL SUPERFICIES OR PLANE.

DEF. 4. A curved superficies means a crooked or uneven
superficies; and is such as will not agree with the edge of a
straight ruler, laid upon it in any direction.

For instance the top of a well-made new table is a plane super-
ficies; but if the wood should get warped afterwards, it will be-
come a cunved superficies.

Here the Teacher will apply a ruler to one of the uneven
sides of his piece of wood, in order to illustrate this definition.

Write the words CURVED SUPERFICIES.

DI F. 5. 'The boundaries of a superficies are called lines.

Write the word LINE.

A line has length only, but it is supposed to have no breadth
nor thickness.

In order to illustrate this definition, the Teacher must produce
a durk-coloured board, with a half-sheet of paper pasted upon it;
the board being somewhat larger than the paper each way.

For instance let this half-sheet of paper representa superficies:
you sec that it is bounded by four lines which are the top, the
bottom, and the right and left sides of the paper.

You may measure the length of any of these lines, but you
cannot find any breadth or thickness, unless you cut into the
paper itself, which would be going deeper than the outside or
bouudary of it. |
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DEF.6. The boundaries or extremities of a line are called
potuts.

Write the word POINT.

A point being merely the end of a line is supposed to have
neither length, breadth, nor thickness.

For instance one of the corners of this half-sheet of paper is a
point, for it is the end of two lines; but it has no magnitude or
size, because if it had, you might measure its length or breadth ;
but you cannot do that without cutting into the paper, or cutting
off a piece of one of the lines that form the boundaries of the half
sheet.  This would be going deeper than the end of the line.

Magnitude and size being the same thing:
Write the words MAGNITUDE OR S1ZE.

DEF.7. A right linc is a straight line, or one that lics
even betwcen its extreme points.

Write the words RIGHT 11NE.

Draw a right line.

Here the Teacher will draw a right live upon the board, which
the learners will copy: he will then examine and correct their
performances before he proceeds further.

In like manner in the ensuing part of these instructions, when-
ever there is an order to draw any thing, the Teacher will re-
collect always to show the example himself; first executing upon
the board whatever is required to be done; and afterwards ea-
amining the performances of the learners step by step. This
caution will not be again repeated.

DEF.8. A curved linc is a crooked line, or one that does not
lie even between its extreme points.
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Write CURVED LINE.

Draw some curved /- NN L
lines. o \/‘\

DEF. 9. A mixed line is partly nght, and partly curved.

Write MIXED LINE.

Draw some mixed lines. ) Rm—\/\

DEF. 10. Parallel lines are lines that are always at the
same distance from each other, and will never meet, if you produce
them ever so far.

Write the words PARALLEL LINES.

Herethe Teacher will draw two parallel right
lines vn the board.

You see thatif I take my compasses and measure the distance be-
tween these two right lines in different parts it is always the same.

I shall now produce them or make them longer.

The Teacherwill produce his two parallel
lines. .

Now I shall measure the distance between the produced parts.
You see that it still remains the same; therefore these are pa
rallel lines.

Write the words PRODUCE A LINE.

Curved lines may also be parallel to each other.
Here the Teacher will draw two parallel

curved lines, and measure the distance between /_\

them, in like manner, at various parts, for the /_\

snstruction of the learners.
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When this is done, ke will rub out his parallel lines.

In geometry any thing which a learner is required to do prac-
tically, as well as to understand, is called a problem.

- Write the word PROBLEM.

I will now teach you the way to draw parallel right lines, which
shall be our first problem.

PROBLEM 1.

THROUGII A GIVEN POINT TO DRAW A RIGHT LINL
PARALLEL TO A GIVLN RIGHT LINE.

METIIOD 1. By a pair of compasses aud ruler.
Draw aright line to represent the given right - -
line.

Mark a point above it to 1epiesent the given
point.

This is the manner in which I shall always mark my points upon
the board.

_ In marking your points upon you slates you must not make them
large as I shall do; but let them be as fine as possible.  That 1
may know at first sight the position of these small points, you must
make a small O or circle round them, except when they are marked
in some part of a line. You will recollect, that this circle round
a detached point is of no use, except to guide my cve, when 1
examine your slates.

In the manner just directed mark a circle  ©
round your given points, thus.

Measure the distance between this point, and the nearest part
of the given line. The best way of trying whether you have got this
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distance correct, 15 to place one leg of your compasses in the
given point, and afterwards to make a sweep downwards, with the
other leg. If the sweep touches, but does not cut the given line,

your distance is true.

Make your swcep as directed. Recollect al-
ways in using your compasses, to hold them
light in your hand, and not to press hard with
either of the legs.

You will next place one leg of your com-
passes in some point, near the other end of the
given line, and with the same opening make a
sweep upwards.

Draw a right luie through the given point,
touching but not cutting the last made sweep.

Rub out your sweeps, and your problem is
executed; for the two lines are parallel to each
other, and one of them passes through the point
that was required.

A sweep made with a pair of compasses is called an Arc.

Write the word Arc.

When a person makes a sweep with a pair of compasses, he is

said to describe an arc.

Write the words DESCRIBE AN ARC.

The point where one leg of the compasses is fixed, whilst you de-

scribe an arc with the other, is called the center.
Write the word CENTER.

Recollect these terms in future.
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You will now execute the same problem, with the given point
below the given line.

Draw a new line to represent the given line. — ———-

e e o

Mark a point below the line to represent the
given point.

You are to draw a line through this point, parallel to your given
line.

Measure in your compasses the distance be-
tween the given point and the nearest part of the VAN

given line, as you were before directed. .

Then place one leg of your compasses in a

more distant part of your given line, and de- N

scribe an arc below it. —

Draw a right line through the given point, —
touching, but not cutting your last described

arc.

The problem is now executed ; the two lines are parallel, and
the last drawn line passes through the given point, as was re-
quired.

The Teacher will exercise the learners several times in per-
Sorming this problem, making them place their point in dif-
Jerent positions.

PROBLEM 1.

THROUGH A GIVEN POINT TO DRAW A RIGHT LINE
PARALLEL TO A GIVEN RIGHT LINE.

METHOD 2. By a triangle and ruler without compasses.



PARALLELS. .1

Draw a right line to represent the given right
line.

Mark a point above it to represent the given
point. '

You must now draw a right linc parallel to the given right line,
through the above poiut.

The long side of your triangles must be
placed upon the given line, with the body
of the triangle below the line. o S

Place triangles.

Here the Teacher will examine if the position of the triangles is
correct.

Keep your triangle steady with the right

hand, whilst you apply the ruler with your LN

left hand, to that short side of the triangle ,

which is towards the left of your slate. Y
L
»

Place rulers.

Here the Teucher must examine the position of every man’s ruler
and triangle.

Keep your ruler steady with your left hand, .- N
and slide the triangle up with your right hand, ™, ~.(2
till the long side of it meets the given point. ‘\__' "“-f\
Then draw a right line through the given ™, \-\
point, by means of your triangle, and your )

problem is executed.
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If the triangle is not large enough to draw the parallel as lang
as you wish, you may produce it afterwards by means of the com-
mon ruler.

The Teacher will then exercise the learners in repeating this prob-
lem, with new points, not only above, but below the given line.

Ihen the given point is below the line, the only difference is,
that the triangle must be slided dow nwards, after the ruler is placed.

When the learners are more crpert, they must be made to take
the ruler wn the left hand, and the triangle in the right, and to
place the triangle and ruler at the same time.

PROBLEM II.

AT A GIVEN DINTANCE TO DRAW A RIGHT LINE
PARALLEL TO A GIVEN RIGHT LINL.

METIHOD 1. By a pair of compasss and a ruler,

Draw a right line across your slate to —
represent the given right line.

Draw a second 1ight line at one corner
of vour slate, a good deal shorter than the ————
former, to represent the given distance at /
which a parallel i« to be drawn to the first /
line.

Take the length of the short line, or the
given distance, in your compasses; and
.with any point near one end of the given
line as a center, describe an arc, above /

(or below) it.

Then take some point near the other end —
of the given line, as a center, and describe

a second arc, on the same side of it as the

former. /

——— i
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<
Draw a right line touching both these
arcs, and your problem is executed. /

Rub out superfluous arcs.

PROBLEM 1II.

AT A GIVEN DISTANCE TO DRAW A RIGHT LINE
PARALLEL TO A GIVEN RIGIIT I.INEL.
METIHOD 2. By a triangle and ruler as well as a pair of

compasses.
Rub out vour former figure.

Draw a right line to represent the given
right line.
Draw another right line to represent the
given distance. /

Take the given distance in your com-
passes, and from any point near one end  _,
of the given line, as a center, describe an /
arc above (or below ) it.

Then place the long side of your triangle, upon the given line,
with the body of the triangle below it.

Take the triangle in your right hand; aud apply your ruler to the
left side of it.

Steady the ruler with your left hand, and slide the triangle with
your right, till it meets that part of the arc, which is at the greatest
distance from the given line.

After each of these orders the Teucher will examine the position
of the triangles, &c.
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Draw a line along the cdge of the —<——
long side of your triangle, touching but
not cutting the given arc.

This last drawn line will be parallel to your given right line, at
the distance required.
The problem is therefore executed.

The Teacher will make the learners perform this problem aswell
as the former several times over. He will also recollect to observe’
the same rule in respect to every succeeding problem, making them
do it repeatedly until he thinks they are perfect.

We shall now proceed with some more definitions.

DEF. 11. Any line which touches a curve or an arc, but does
not cut it, is called a tangent.

You have already drawn several tangents.

Write the word TANGENT.

\
Draw a curve. \—/

Draw a right line as a tangent to the curve '
through any point you please.

Rub out your figure.

One curved line may also touch or be a tangent to another.

Draw two curved lines -
touching each other. m

The Teacher may choose either or both of these kinds of vwrved
tangents.
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DEF. 12. When two lines incline towards each other, so as to
meet ina point, they are said to form an angle.

Write the word ANGLE.

Draw some angles.
An angle is measured not by the length of the two lines that

form it, but by the greatness of their opening, or as workmen would
call it, by their splay, or bevel.

DEF. 13. When one line standing upon another, does not
incline or lean more to one side than to the other, it forms two
angles, exactly equal to each other, which are called right angles.

Tke Teacher must draw this upon the board.
Write the words RIGUT ANGLES.

DEF. 14. When two lines form a right angle, or are at right
angles to each other, the one line is said to be perpendicular to the

other.
Write the word PERPENDICULAR.

I shall now teach you the method of drawing perpendiculars.

PROBLEM III

FROM A GIVEN POINT IN A GIVEN RIGHT LINE, TO
RAISE OR DROP A PERPENDICULAR, BY A RULER AND

COMPASSES.
METHOD 1. When the point is.supposed to be near the

middle of the given line.
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Draw a right line to represent the given

right line.

Mark a point near the middle of it, to repre-
sent the given point.

We shall first raise our perpendicular.

Placc one leg of your compasses in the given
point, and with any opening you please,-mark
new points upon the given line, on each side of
it, with the other leg.

Take a greater opening in your compasses,
and from one of the new points, as a center,
describe an arc above the given line.

With the same opening of your compasses,
from the second new point, as a center, describe
another arc, cutting the former.

From the point where these arcs cut cach

other, draw a right line to the given point, in
the given line.

Rub out superfluous arcs.

——— e o

<

The last drawn line is perpendicular, to the given line, and it
is raised from the given point. Your problem is therefore ex-

ecuted.

The angles on each side of your perpendicular, are equal to each
other, and are right angles, as was before explained.

When two arcs or two lines cut each other, they are said to in-

tersect each other.

An arc may also cut, or intersect, a line.
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Write the word INTERSECT.

The point where lines or arcs cut each other, is called the point
of intersection. .

Write the words POINT OF INTERSECTION.
Recollect these terms in future.

Rub out your figure. -

The Teacher will then make the learners drop a perpendicular,
from a given point in a given line, which is done exactly by the
same method, only that the two arcs must intersect each other,
below the given line.

PROBLEM III.

FROM A GIVEN POINT IN A GIVEN RIGHT LINE TO
RAISE OR DROP A PERPENDICULAR, BY A RULER AND
CUOMPASSES.

METHOD 2. When the point is near the end of the line.
Draw a right line, to represent the given

right line; and mark a point in it, near one
end of it, to represent the given point.

Mark another point above the given line, not
exactly over the given point, but more towards
the middle of the line. °

Take in your compasses the exact distance,
between the two points, and from the point
without the line, as a center, describe a small _° :
arc, intersecting the given line in another
‘point.

VOL. 1. c
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From the point without the line, as a center,
with the same opening of your compasses,
deseribe another arc, exactly opposite to the
former. ' X

From the point where the first arc intersects
the given line, draw a night line through vour
center, and produce it till it cuts the second \
arc. ‘ \

From the point of intersection on the second IR

arc, draw a right line to the given point in the A
given line. A4_~L

The line which you drew last is the perpendicular required.
Consequently the problem is executed.

Rub out superfluous or unnecessary lines, pointts and arcs ; leaviug
only the given line and the perpendicular. .

When a perpeundicular is to be dropped, it is done exactly in the
same manner, only that the point without the line must be placed
below it.

After reading this observation, the Teacher will cause the
learners to drop perpendiculars accordingly.

PROBLEM 1V.

FROM A GIVEN POINT TO DRAW A PERPENDICULAR TO
A GIVEN LINE BY A RULER AND COMPASSES.

METHOD 1. When the given point is supposed to be nearly
opposite to the middle of the line.

Draw a right line to represent the given line.
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Mark a point ;l;f:‘f, the line nearly opposite to the middle of

it, to represent the given point.

The Teacher will first cause the learners to
mark the point above the line.

From this point, you are now required to ;‘:; a perpendicu-
lar to the given line. )

From the given point as a center, with any

convenient opening of your compasses, de-
scribe an arc, intersecting the given line, in Z

two places.

From one of these points of intersection, as
center, with the same or any other convenient \ /
opening of your compasses, describe an arc

on the opposite side of the line.

From the second point of intersection, as a
center, with the same opening, describe an
arc, intersecting the last arc.
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Rub out that pait of this last drawn right
line, which passes beyond the given line, and
the remaining part of it will be the perpendi-
cular required.

L—
~
[N 4
v
-~
Rub out also superfluous arcs. I

Your problem is now executed.

When the pont, fiom whence the peipendicular is to be
drawn, is placed below the given hine, the problem will be per-
formed exactly by the same rule. .

Ifere the Teacher will cause the learners to raise a perpendicu-
lur to a given line from a given point below the line, according
to this method.

PROBLEM 1V.

FROM A GIVEN POINT TO DRAW A PERPENDICULLAR
TO A GIVEN LINE, BY A RULER AND COMPASSLS.

METHOD 2. When the point is nearly opposite to the end
of the line.

Draw a right line to represent the given line, and mark a point

m‘: it, nearly opposite to one end of it, to represent the given

point.

The Teacher will first cause the learners to
place their point above the line.

Mark a point in the given line towards the
middle of it. e
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From the last marked point, as a center,
with an opening, equal to the distance between -‘x_
the two points, describe an arc, which must ~———
commence at the given point, and cross the /
given line,

From the point where this arc intersects the
given line, as a2 center, with an opening equal
to the distance between this point and the __
given point, describe a second arc intersecting .
the former arc, on the opposite side of the o

line.

Draw a right line from the given point, to
sthe point of intersection of the two arcs.

This will be perpendicular t» the given line.

Rub out the superfluous part of this perpendicular.

Rub out also superflnons arcs; and your ]

problem is executed.

When the point from whence the perpendicular is to be drawn
is placed below the given line, the problem will be pcrformed
exactly by the same rule.

Here the Teacher will cause the learners to raise a perpendicular
1o a given line, from a given point below it, according to this
method. . A

The drawing of perpendiculars, which formed the subject of
the last two problems, may also be performed without a pair of
compasses, by means of a triangle and ruler. The mode of doing
this shall now be explained.
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PROBLEM V.

FROM A GIVEN POINT TO RAISE OR DROP A PERPEN-
DICULAR TO A GIVEN RIGHT LINE, BY MEANS OF A
TRIANGLE AND RULER.

METHOD 1. Draw a right line to represent the given right
above
line, and mark a point in it, to represent the given point.
below
The Teacher will first make the learners
mark their point in the given line.

——————— e Qe

Place the long side of your triangle upon the given line, with
the body of the triangle under it.

Hold the triangle firmly in your right .
hand, and with your left hand apply your ™. °

ruler to that short side of the triangle, which % 4
15 to the left of your slate, in the same man- \"\p
ner that was before directed, in drawing )

parallel lines.

Steady your ruler with the left hand, and with your right hand
tum the. triangle round, till the other short side of it touches the
ruler; the long side of the triangle will then become perpendicu-
lar to the given line.

Slide your triangle upon the ruler, till the <\ -
long side agrees with the given point; then 2.
draw a right line from the point to the given W
right line. AN

““This last drawn right line will-‘be the perpendicular required.
Rub out your figure.
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METHOD 2. The same problem may be performed without
turning your triangle.

Draw the given right line and the given
point as before.

Place one of the short sides of your triangle upon the given
line, and let the end of it be a good deal beyond the given point.

The;n apply the ruler to the long side of O
your triangle, and steady the ruler. g

Slide your triangle up the ruler, till the other short side of it
meets the given point.

Along this last-mentioned side of your
triangle, draw a right line from the given
point to the given line.

This last drawn right line is the perpendicular required. s

The Teacher will make the learmers perform this problem
repeatedly, placing their given point in various positions above,
and below, as well as in the given line; the same rule applies to
every case. _

The learners should also know how to wuse the triangle and
ruler, with either hand ; as it may not akways be most conveniont
to apply the ruler to the left side of the triangle.

We shall now return to our Definitions.

DEF. 15. Auny line, that is neither parallel nor perpendicular
to another, is said to be oblique to it.
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Write the words 0BLIQUE LINEs.

~
Draw some ob- ~ \
lique lines. _— \
Oblique lines if produced will meet and form an angle.

Produce your oblique lines till they meet, or as far as your
slate will permit.

> O\ o

DEF. 16. Any angle, that is not a right angle, is called an
oblique angle.

Write OBLIQUE ANGLES.
Oblique angles are of two kinds.

DEF. 17. An oblique angle which is less than a right angle,
is called an acute angle.

Writa ACUTE ANGLES.

Draw some acute - \
angles. /

DEF. 18. Any oblique angle which is greater than a right
angle, is called an obtuse angle.

Wrta ARTIKSE ANGLES.

2mr S NN
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Having defined the nature ‘of lines and _angles, we shall now
proceed to the various kinds of plane superficies.

A plane superficies was before defined.

It was stated that a superficies merely meant the surface of any
solid, and that the surface or outside of any thing has a shape or
figure, but no substance.

A superficies is therefore very often called a figure, because it is
a figure and nothing more, being in short exactly like a shadow,

.

as was before explained.
Write PLANE SUPERFICIES OR PLANE FIGURE.

A plane figure may either be bounded by right lines, or by curved
lines, or both.

DEF. 19. A plane figure bounded by right lines is called a
right-lined, or rectilinear figure.

Write the words RIGHT-LINED OR RECTILINEAR FIGURE.

DEF. 20. A plane figure bounded by curve lines is called a

curve-lined or curvilinear figure.
Write the words CURVE-LINED OR CURVILINEAR FIGURE.

A right-lined figure has exactly as many sides, as it has angles,
the least number beiug three.

DEF. 21. A right-lined figure of three sides and angles is
called a triangle.

Write A TRIANGLE.

/"'\\ »‘\.\ ~ S

Draw some triangles. N\ '\.\ \\ /

“When a figure of several sides is mentioned without specifying
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particuletly the nature of the lines which bound it, a right-lined
figure is always implied.

DEF. 22. An equilateral triangle is that which has all its
three sides equal. '

Write EQUILATERAL TRIANGLE.

PROBLEM VI

UPON A GIVEN RIGHT LINE, TO MAKE AN EQUILATERAL
TRIANGLE.

Draw a right line to represent the given line.

‘Take the length of the line in your compasses, ><
end from the two ends of it as centers, describe
arcs Intersecting each other above it.

line, to the point of intersection of the two arcs.

From each end of the given line, draw a right /

‘The triangle which you have just drawn has all. its sides equal;
and is therefore called an equilateral triangle : consequently your
problem is executed.

Any other plane figure, which has all its sides equal, is also
said to be ‘equilateral.

Write AN EQUILATERAL FIGURE.

DEF. 28. -'The undermost side of a triangle, or of any figure,
"is called the base.

Write the words BASE OF A TRIANGLE OR OTHER FIGURE.
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DEF. 24. When one side of a triangle is called the base, the
other two arc generally called the legs.

Write THE LEGS OF A TRIANGLE,

DEF. 25. The height of a triangle or other figure is called its
altitude.

Write the words ALTITUDE OF A TRIANGLE, &c. .

The altitude of a figure is measured by dropping a perpendicu-
lar, from the highest angle or top of it to the base.

Drop a perpendicular to show the altitude of your
equilateral triangle.

DEF. 26. The top or highest angle of any figure is called the

vertex.
Write the words VERTEX OF A TRIANGLE, &c.

DEF. 27. Anisosceles triangle is one that has two of its sides
equal.

Write 1SOSCELES TRIANGLE.

PROBLEM VII.

UPON A GIVEN LINE A3 A BASE, TO DESCRIBE AN
ISOSCELES TRIANGLE, WHOSE TWO OTHER SIDES SHALL
EACH BE EQUAL TO ANOTHER GIVEN LINE. ;

Draw a right linc to represent the base of your

isosceles triangle. I
* Draw another right line in a corner of

your slate, to represent the given length

of the two eqnal sides, observing only that

you must make this second line more than_

one half of the former.
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Take in your compasses the length of

the second line, and from the ends of your
base, as ceuters, describe two arcs inter-
secting each other above the base.

Draw right lines from the ends of your \
base, to the poims of intersection of the \

two arcs.

The triangle which you have just drawn is an isosceles triangle ;
that is to say it has two sides equal to each other, and also equal
to a given line; and its base is of a given length: consequently
your problem is executed.

DEF. 28. A triangle which has all its three sides unequal, is
called a scalene triangle.

Write SCALENE TRIANGLE.

PROBLEM VIII.

TO MAKE A TRIANGLE, WHOSE THREE SIDES SUALL BE
EQUAL TO THREE GIVEN RIGHT LINES.

Draw three right lines of different lengths,
at a corner of your slate, to represent the
three given right lines; observing only that
any two of these lines must be greater than S
the third, otherwise the problem will become
impossible.

I shall now mark the line, which I intend to take for my base,
with a point.

You will do the same. ) - —_—
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Draw a line near the middle of your slate, equal to the line
which you have just marked; and iet this be the base of your
triangle. '

Mark it also with a

point. ——

Mark another of your

three given lines, with two
points.

"T'ake the length of this
second line in your com-
passes, and from one \
end of your base, as a
center, describe an arc

over it.

Take the length of the
third given line in your
compasses, and from the ~

other end of your base, as

——
———————
e
—_———— e ——————
[SS—
——
emap—
+

a center, describe a second ——— e
arc intersecting the former.

Join both ends of your

base to the point of inter-

section, and mark with \~

two points that line which : ; -+ ‘
is drawn from the center —-{ —_—

of the first arc.

Your problem is now perfornied. You have made a triangle
whose three sides are equal to the three given right lines, and those
lines which are marked in the same way correspond or agree with
each other.

Triangles have slso different names according to the nature of
their angles. '
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DEF. 20. A triangle which has its three angles all acutc is
called an acute angled triangle.

Write an ACUTE ANGLED TRIANGLE.

Draw an acute angled triangle. : \

DEF. 30. A triangle which has one right angle, is called a
right angled triangle.

Write 2 RIGHT ANGLED TRIANGLE.
<z

~

Draw a right angled triangle. \}

DEF. 31. The longest side of a right angled triangle is called
the hypothenuse.

‘Write THE HYPOTHENUSE OF A RIGHT ANGLED TRIANGLE.

The hypothenuse of a right angled tnanglu, sometimes is the
base of it. .

Draw a right angled triangle, having the
hypothenuse for its base.

When the hypothenuse is the base, the other two sides of a
right angled triangle are called the legs.

Sometimes one of the short sides of 8 right angled triangle
is the base.

. Draw a right angled triangle, having a short
dide for its base.

In this case the three sides are not called the hypothenuse and
legs, but the hypothenuse, base, and perpendicular.
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Write the words HYPOTHENUSE, BASE, AND PERPENDICU-
LAR OF A RIGHT ANGLED TRIANGLE.

DEF. 32. A triangle which has one obtuse angle is called an
obtuse angled triangle.

Write AN OBTUSE ANGLED TRIANGLE.

Draw some obtuse angled triangles.

DEF. 33. Figures with four sides and angles are called
quadrilaterals or quadrangles.

Write the words QUADRILATERAL Or QUADRANGLE.

DEF. 34. A quadrilateral or four-sided figure, which has its
two opposite pair of sides parallel to each other, is called a
parallelogram.

Write the word PARALLELOGRAM.

ot /7 <[]

Here the Teacher will cause the learners, after he has examined
their first parallelogram, to draw a second, a third, &c. all of
different forms, such as are shown above; taking care to see
that each figure is correct, before he allows them to begin,
another. :

DEF. 35. A parallelogram which has all its angles right
angles ‘is called a rectangle. '

Write the word RECTANGLE.



se PRACTICAL GEOMETRY.

Draw a rectangle.

Here the Teacher will make the learners draw several rect-
angles, examining only one figure at a time, as was before
directed.

DEF. 36. A rectangle which has all its sides equal is called

a square.

Write the word sQUARE.

PROBLEM IX.
UPON A GIVEN LINE TO MAKE A SQUARE.

Draw a right line to represent the given line, and
also the base of the square.

From one end of the base, raise a perpendicular,
equal to it in length.

Take the length of the base in your compasses,

and from the top of the perpendicular, and the +
farthest end of the base, as centers, describe arcs
intersecting each other above the base. | S

From the extremities of the base and perpendicu- :
lar, draw right lines to the point of intersection of /
these two arcs: This will complete .your square.

METHOD 2. Of making a square.

Rub out the two arcs and the two last drawn
Lines, leaving only the base and perpendicular.
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From the top of the perpendicular, draw a line
parallel to the base.

]

From the farthest extremity of the base, draw a line
parallel to the perpendicular, and your square will be
complete.

In Geometry, the word square signifies the four-sided figure
which you have just drawn, and gothing else. It is common,
however, amongst workmen to say, that two lines are square to
each other, instead of perpendicular. This is a very improper
term, which you will recollect never to use ; unless you happen to
mect with persons so very ignorant, as not to be able to under-
stand you otherwise.

DEF. 37. A rhombus is an equilateral parallelogram, whose
angles are oblique.

Write the word RHOMBUS.

You will now proceed to draw a rhambus.
First draw a right line to represent the base of at. _

Draw a second right line forming an oblique angle /
with the base, but equal to it in length. . ,

f S

From the top of this second line, draw a line
parallel to the base; and from the other extremity U
of the base draw a line, girallel to your second line.

This will form a parallelogram, which- has all its sides equal,
and all its angles oblique=: it i¥'therefore a thombus.

DEF. 38. An oblique angled punllelogm:, whose sides are
unequal, is called a rhomboid.

Write the ‘word R®HOMBOID.
VYOlL. 1. D



.4 PRACTICAL GEOMETRY.
Dmw a rhomboid.

Here the Teacher will make the learners draw some rhomboids.

The figures of parallelograms given in Definition 34 being all
rhomboids, he may refer back to these if he finds it necessary.

DEF. 39. A quadrilateral, which has none of its four sides
parallel, is called a trapezium.

Write the word TRAPEZIUM.

s ot e

-

DEF. 40. A quadrilateral, winch has one pair of parallel
sides only, is called a trapezoid.

Write the word TRAPEZOID.

et /N (] TN

DEF. 41. A diagonal is a line drawn across a quadrilateral or
other figure, between two opposite angles.

Write the word DIAGONAL.

Draw a dng:mnl across one of your trapezoids. KZA
Draw the other disgonal. E

DEF. 42. Any figure with more than four sides, is called »
polygon.

Write the word PoLYGON.

DEF. 43. A polygon of five gides is called & pentagon.
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Whrite the word PENTAGON.

Draw a pentagon. ( ]

DEF. 44. A figure with six sides is called & hexagon.

&

Write the word HEXAGON.

Draw a hexagon. ’ Q

The Teacher must direct the learners to make the following
figures as lurge nearly as their slates will hold.

DEF. 45. A figure with seven sides is called a heptagon.

Write the word HEPTAGON.

Draw a heptagon. Q

DEF. 46. A figure with eight sides is called an octagon.

Write the word OCTAGON.

Draw an octagon. . O

DEF. 47. A figure wish nine sides is called a nomagon.

Write the word NONAGON.

Draw a nonagon.

DEF. 48. A figure with ten sides is called a decagon.
DX
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Write the word DECAGON.

Draw a decagon.

DEF. 49. A figure with eleven sides is called an undecagon.

Write the word UNDECAGON.

Draw an undecagon.

DEF. 50. A figure with twelve sides is called a dodecagon.

¥Vrite the word popECAGON.

Draw a dodecagon.

DEF. 51. Polygons, that have unequal sides and angles, are
called irregular polygons.

Write the words IRREGULAR POLYGONS.

The polygons, which you have just drawn, were therefore all
irregular polygons.
" ‘DEF. 52. Polygons that have all their sides and angles oqual *
sre called regular polygons.

Write the words REGULAR POLYGONS.

The above definitions apply to plane figures bounded by right
lines.
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Plane figures may also be boundéd by curves, as was before
explained.

DEF. 53. A circle is a plane figure ‘hounded by a curved
line, every part of which curve is equally distant from a point
within it.

Write the word c1RCLE.

DEF. 54. The point within the circle, from whence all parts
of the curve are equally distant, is called the center.
Write the words CENTER OF A CIRCLE.
You will now draw a circle.
Open your compasses to any width, keep one
leg fixed, and with the other leg make a sweep all
round ; when you do this you describe a circle. The
point, where the fixed leg stood, is the center, as
was just explained.

DEF. 55. The sweep made with the moving leg, that is to
say the curve which bounds your figure, is called the circumference
of the circle.

Write the words CIRCUMFERENCE OF A CIRCLE,

DEF. 56. The radius of a circle is a nght line, drawn from
the center to the circumference.

‘Write the word RAD1US.

Draw a radius.
wi

DEF. 57. 'The diameter of a circle is a right line drawn
through the center, as far as thé circumference, on both sides.

Write the word DIAMETER.

Draw a diameter.
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The diameter of a circle is, as you may perceive, exactly
double the radius.

DEF. 58. An arc of a circle is any part of the circum-
ference. '

Write THE ARC OF A CIRCLE.

Rub out your diameter lnd%nrt of the circumfe-

rence, and an arc will remain ; the nature of which, /\
as you may remember, was explained before.

DEF. 59. A chord is a right line joining the extremities
of an ayc.

Write the words CHORD OF AN ARC.
Draw the chord of your arc. Q

DEF. 60. A segment of a circle is any part of it, which 1s
bounded by a chord and an arc; therefore the figure you have
just drawn is a segment.

Write the SEGMENT OF A CIRCLE.

Rub out your figure: describe a mew circle, and
draw a diameter to it.

DEF. 61. The diameter divides the circle into two segments,
which are equal to each other, and arc called semicircles or half
circles.

Write the word sEMICIRCLE. ©

DEF. 62. The half circumference of a circle is called the

LT

Write the word 8EMI-CIRCUMFERENCE.
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Rub out half your circle. { }.

The figure now remaining is a semicircle:* it is bounded by the
diameter and by the semi-circumference.

Rub out your figure.

Describe & new circle.

DEF. 63. Any part of a circle, which is bounded by two
radii, and an arc, is called a sector.

Write the word SECTOR.

Draw two radii to your circle, forming any angle
you please.

Rub out all the rest of the circumference of the
circle, except the arc, which is bounded by your two
radu, and the figure remaining will be a sector.

Rub out your sector.

DEF. 64. A quadrant or quarter of a circle is a sector
which has a quarter of the circumference for its arc; or whose
two radii are perpendicular to each other.

Write the words QUADRANT OR QUARTER OF A CIRCLE.

Describe a new circle.

Draw two radii perpendicular to each ethes. .
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Rub out all the circumference, except the arc con-
tained between your two radii; apd the figure that D
remains will be s quadrant.

I will now give you a full explmtum of the nature of angles,
.which could not have been well understood, if it had been in-
troduced before the properties of the circle were defined.

If a circle is described, with any radius, from the angular
point of a right-lined angle, as a center; the angle will be
measured by the arc, which is bounded by the two right lines
that form the angle.

Draw a right-lined angle. <
From the angular point, as a center, describe a <‘/
circle vith any radius. .

~
\__/
Dot every part of the circumference except the

arc that is comprehended between the two right | <r
lines, which form the angle. ™~

The proportion which this arc bears to the whole cu‘cnmfe
rence, determines the magnitude of the angle.

On examining this figure with attention, you will wmderstand
clearly the nature of an angle 2s it was formerly defined.

Produce your lines to a much greater b
length. » >

You see that this makes no difference in the proportional size of
. the arc which measures your angle.

From thé center of the same circle draw ,.f‘ -
two shorter lines, on contrary sides of your !

two former Lines. ‘ .
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‘You now see, that the arc, which is bounided by these two short

lines, is much larger, and censequently bears a much greater
proportion to the whole circumference; than the former arc.

This shows that the magnitude of an angle does not depend on
the length of the two lines that form it, but on their opening, or
bevel.

Rub out your two last drawn lines, and
your original angle will remain.

From the same center, with a greater

radius, draw apnew circle; and dot all * \ )
the circumference of it except the arc : {
which is contained between the two lines . ."“""-...m"",

that form the angle. \\‘

This figure now shows that the length of the radius, with
which you describe the arc, that is to measure an angle, makes no
difference ; because if you compare these two arcs together, you
will find, that the small arc bears the same proportion to the cir-
cumference of the small circle, as the large arc bears to the cir-
cumference of the large circle.

For instance, if you take the length of the small arc, in your
compasses, and apply it to the circumference of the small circle,
and it should take eight times in going round ; you will find that on
applying the length of the large arc to the circumference of the
large circle, it will also take exactly eight times to go round ; and
the same will happea in any other proportion greater or less than
one-eighth.

+ The Teacher will explain this practically on the board.

The usual mode of measuring angles, is by degrees, or equal
parts, into which the circumference of a circle is supposed to be
divided. This will afterwards be explained to you when you are
further advanced.
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DEF. 65. An angle at the circumference of a circle, s one
whose angular point is any where in the circumference.

Write AN ANGLE AT THE CIRCUMFRRENCE.

Describe a circle and draw an angle in it, whose
angular point is at the circumference.

DEF. 66. An angle at the center of a circle is one whose
angular point is at the center.

/rite AN ANGLE AT THR CENTER.
Draw an angle at the center, standing on the

same arc as the former angle.

Rub out your angle at the circumference, and
the angle at the center only remains.

DEF. 67. A right-lined figure is said to be inscribed in a
circle, when all the angular points are in the circumference of
the circle.

Write A FIGURE INSCRIBED IN A CIRCLE.

Rub out the angle at the center of your cirele.

Inscribe & pentagon in your circle.
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DEF. 68. A circle is said to be imscribed in a figure, when
all the sides of the figure are hngem&tlm circumference.

Draw a circle. .
.

Draw five lines touching, but not cutting, the
circumference in different points; and produce
these tangents till they meet and form a pen-
tagon.

The circle, which you first drew, 1is inscribed in the pentagon.

DEF. 69. One right-lined figure is said to be inscribed in
another, when all the angular points of the one figure are in the
sides of the other.*

Draw a pentagon.

Mark « point any where in each side of it.

Join the five points thus marked by as many
right lines, which will ‘give you a new pentagon.

The last drawn pentagon is inscribed in the former.

DEF. 70. A line that cuts a circle is called a secant.

* DEF. When one figure is inscribed in another, the latter figure is also
said to circumscribe the former.

This definition, which appeared in the original manuseript of this work,
has been amitted ; because it was found by experience, that almost all the
learners were apt to confound the terms “ inscribe” and “ circumscribe.”
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" Write the word secaNT.

Describe a circle.

Mark any point in the cir;:umference.

And from this point draw a line across the
circle, cutting the circumference in some other
point.

The line which you have just drawn is a secant.

In the directions for drawing the above, there are three distinct
orders or words of command, although only one figure has been
made to illustrate the whole of them. The same circumstance
will be observed in several other parts of this course, where
snstead of a distinct figure for every dislinct order, one figure
only will be given for two or three orders; whenever the nature
of the operation to be performed, afler such orders, is so excecd-
ingly simple, as to afford no room for mistake, on the part of
the Teacher, for whose guidance the figures herein contained are
principally intended.

The Teacher is recommended, however, in alinost all these
cases, to see and examine the figures of the learners, after every
#ndividual order ; observing always the general rule, of showing
them the example of every thing that is to be done, himself ; by
previously drawing, upon the board, such part of the figure con-
tained in this book, as each successive step of the operation
requires, wn conformity to its respective word of command.

Rub out your figures.

I will now explain to you the nature of some of the principal
solids.

The Teacher must have wooden solids of the proper form, in
order to illustrate the following definitions.
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The base of a solid is the undermost-side of it.

The vertex of a solid is the higheﬂ,oim, or peak of it.

The altitude of a solid is the perpendicular height of it, mea-
suring from the vertex to the base.

W&te the words BASE OF A BOLID.
VERTEX OF A SOLID.
ALTITUDE OF A SOLID.

All these terms, as you will recollect, were before applied in
the same sense to plane figures or superficies.

A solid is often called a body, to distinguish it from a superfi-
cies, which as was before explained has no substance but merely
shape or figure.

DEF. 71. A prism is a solid whose two ends are plane
figures, equal, exactly alike, and parallel to each other. The
sides of a prism must be parallelograms

A prism takes its name from the figure of its ends, which may
for instance be triangles, quadrilaterals, pentagons, &c.

This which 1 now show you is a triangular prism; observe its
two ends they are triangles, exactly alike, and placed parallel to
each other.

All its sides you may also perceive are parallelograms.

Write the words TRIANGULAR PRISM.

I will now show you a quadrilateral prism.
Observe its two ends, they are quadrilateral figures, exactly
alike, and placed parallel to each other.

Its sides are also paraﬂelograms

Wnte the words gmnnlurnu PRISNM.

I wnll now show you a pentagonnl prism.
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Its ends as you pentagons, exactly alike, and are
placed parallel to each . And its sides are all parallelo-

grams,

Write the words PENTAGONAL PRISM.

In like manner, there may be hexagonal prisms, heptigonal
prisms, &c.

An upnight or rectangular prism, is that which has all its sides
perpendicular to the base.

An oblique prism is that whose sides are not perpendicular to
the base.

‘Write the words UPRIGHT OB RECTANGULAR PRISM :
OBLIQUE PRISM.

Obsetve these two prisms: they are both tnangular prisms:
this is an upnght prism : the other is an oblique prism.

DEF. 72. A parallelopiped is a solid body wath six faces or
sides, 4ll of which are parallelograms; and every two opposite
sides of which are equal, exactly alike, and parallel to each
other.

Write the word PARALLELOPIPED.

A rectangular parallelopiped is that whose six sides are all
rectangles.

Write the words RECTANGULAR PARALLELOPIPED.

A brick for instance is a rectangular parallelopiped.

An oblique pemllelopiped is that whose six sides ape nos
rectangles.
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Observe these two parallelopipeds : of them is a rectangu-
lar parallelopiped; the other is an oblifie parallelopiped.

DEF. 73. A cube is a solid, whose length, breadth, and
thickness, are equal: it has six faces or sides, each of which isa
square, and all these faces are equal.

A ;mr of dice for instance are cubes.

‘Write the word cuBE.

DEF. 74. A cylinder is a regular solid whose two ends are
circles, and the sides of which are perpendicular to the euds.

A rolling-stone for instance is a cylinder.
Write the word cYLINDER.

DEF. 75. The axis of a cylinder is a right line, supposed to
pass through the centers of the two circles which form the ends

of it.

Write AXIS OF A CYLINDER.

In a rolling-stone or in any cylinder which you wish to move
about, the pivots, by which you move it, must pass through the
axis, or it will not move regularly.

When a cylinder or any other solid body moves round upon an
axis, like a wheel upon its axle-tree, it is said to revolve.

Write A SOLID BODY MAY REVOLVE.

When a solid body moves round or revolves, one turn round is
called a revolution.

‘Write REVOLUTION OF A SOLID BODY.
DEF. 76, A pyramid is a solid which has any right-lined

plane figure for its base, and whose sides are triangles, that termi-
nate in the same point or vertex above the base.
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Write PYRAMID.
A pyramid is called after its base like a prism: the pyramid
which I now show you, is for instance a triangular pyramid.

Write TRIANGULAR PYRAMID.

I will now show you a square pyramid.
The pyramids of Egypt, which you may have heard of, are
square pyramids.

Write SQUARE PYRAMID.
I will next show you a pentagonal pyramid.
Write PENTAGONAL PYRAMID.

Thus there may be hexagonal pyramids, heptagonal pyra-
mids, &ec.

DEF. 77. A cone is a round pyramid, being exactly the
same kind of solid, only that it has a circle for its base.

Write the word conEe.
A sugar-loaf for instance is a cone.
A tile-kiln is also shaped like a cone.

.

The axis of & cone is a right line supposed to be drawn from
its vertex to the center of the circle which forms the base.

‘Write AX18 OF A CONE.

DEF. 78. A globe or sphere is a regular solid body perfectly
round, every part of the surface of which is equally distant from
a point within it, which is its center.

Write the words GLOBE OR SPHERE.

A cannon-ball for instance is a globe or sphere.
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DEF. 79. The diameter of a globe or sphere is any right
line supposed to pass through the center of it, from one side to the

other.

Wiite the woirds DIAMETER OF A GLOBE OR SPHERE.

DEF. 80. The anis of a globe or sphere is the diameter or
right lme passing through the center, about which the globe or

sphere is supposed to 1evolve.

Wiilte THE AXIS OF A GLOBL OR SPHLRE.

A ¢globe or sphere may have many diameters, but it has only
one als.

DLF. 81. Any line or surface which is quite level is said
to be horizontal.

Write a HORIZONTAL LINE.

Write also 2 HORIZONTAL PLANE OR SUPERFICIES.

The surface of water in a lake for instance is horizontal.

DEF. 82. Any line or plane, which is perpendicular to a

honzontal swface, is called a vertical line or plane.

Wiite VERTICAL LINE.

Write also VERTICAL PLANE OR SUPERTICIES.

If you hang a plummet by a striug, as soon as it shall leave off
swinging, the string will form a vertical line.

In short a vertical line and a plum line are the same thing.

The side of a house, being bwlt according to the plum line, is
a vertical plane.

DEF. 83. Tigures or solids which are exactly like each
other in form, but differ in size, are said to be similar.

VOol. I. B
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Write SIMILAR FIGURES OR SOLIDS.

Similar figures have the same number of sides, and all the cor-
responding sides of the one figure are proportional to those of the
other.

Here the Teacher will draw two
rectangles upon the board, making ——
the base of the one double that of the [‘—“
other, and making the first also dow- ‘—- ——— -— -
ble in height.

The two rectangles which I have just drawn are similar
figures; for every side of the laige onc is exactly double of the
corresponding side of the other.

By corresponding sides, I mean those sides which have the
same position. For instance, the base of thc one rectangle cor-
responds to the base of the other. The top ot the one, in like
maunner, corresponds to the top of the other. The left aud right
sides of each ere also corresponding sides.

I will now show you two similar solids.

Here the Teacher will produce two rectangular parallelopipeds ;
the length, breadth, and thickness of one of which must be exactly
double of the same dimensions in the other.

The height of the large solid is double that of the small one.
Its length and breadth are also in the same proportion.

They have each the same number of fuces or sides, and their
corresponding faces are all similar rectangles.

The above definitions are as many as appeai necessary at present.
We shall now proceed with some more problems, in addition to
those which it was thought convenient to intermix with the defini-
tions.



BISECTION. 51

PROBLEM X.
TO BISECT A GIVEN LINE.
To bisect any thing is to divide it into two equal parts.
Write BISECT OR DIVIDE INTO TWO EQUAL PARTS.

Draw a right line to represent the given line. —_—

From the two ends of it, as centers, describe
arcs intersecting each other both above and below
the line.

~ 7
Join the points of intersection of these arcs by / 1\
- i

vl

~

a right line.

This right line will bisect your given right line, or divide it into
two oqual parts, as was required.

Rub out superfluous arcs, and your problem is performed.

PROBLEM XI.

TO BISECT A GIVEN ANGLE.

Draw two right lines forming any angle you
please, to represent the given angle.

From the angular point, as a center, with any
convenient radius, describe an arc intersecting
both your lines.

2\

EQ
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“
From the two points of intersection, as cen-
ters, with any convcment radius, describe arcs _—
intersecting each other, opposite to the angular ~—
point.

Draw a right line from the angular point, to //Y <)

the point of intersection of the two last

described arcs.

This right line will bisect your given angle, or divide it into two
equal parts: your problem is therefore performed.

PROBLEM XIL

AT A GIVEN POINT, IN A GIVEN RIGHT LINE, TO MALIL
AN ANGLE EQUAL TO A GIVEN ANGLEL.

Draw an angle to represent your given angle.
Draw also a 1ight line to re-
present your given right line, and
mark a pomt, in any part of i,
. . - - —
to represent your given poiut.

It was before explained that angles =re always measured by the

arc of a circle.

From the angular point of

your given angle, with any radius, —/j

describe an arc to measure it. ——
From the given point in the

given line, as a center, describe
an arc on one side of the line L )

with the same radius.
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Take the length of your first arc
in your compasses, aud from the e
point where the second arc meets / \ )i.
the given line, as a center, desciibe o~/ ———-
a third arc intersec ting the second.

—_— L

Draw arightline from the given
point, thiough the point of inter-

Vs
- 37
section of these two ares; and / i !
< [ S

vour problem will be performed.

PROBLEM XIII.

TO DIVIDE A GIVEN LINE INTO ANY NUMLLER OF
LQUAL PARTS.
Draw a 1ight line to represent your
anven hme.  We shall suppose that it 15 —_—
to be divided mto five equal paits,

Diaw another hine forming an angle -~

with 1t an acute angle 1s bost, -

Tuke any opening in yow compasses, such as you imagine will
nearly be equal to one of the proposed divisions, and fiom the
angular point, sct oft this distance upon the second le, as many
times as there are to be equal paits in the given aight line,

In the prcsent instance we must /
mark it five times.

Trom the last of these points, draw a

right line to the extremity of your given _— —
right line ; this will form a triangle. -
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Through all the former points draw right lines parallel to the
last drawn line.

The points where these parallels mect
the given right line, will divide it into the
required number of equal paits. e

Rub out superfluous lines ; and your problem is performed.

This is a problem proper for you to know : but vou must take
notice, that unless it is very accurately performed, it 15 always
better to divide any lme into equal parts by your compasses,
making a numba ot trials till you gt the exact distance.

PROBLEM XI1V.
TO FIND THE CENTER OI' A GIVEN CIRCLE.

Draw a circle to represent your given circle, the center of
which we shall suppose to be lost.

R
Draw also any chord. \ )
N
Bisect your chord, and draw a perpendicular T
through the middle of it, which you will produce as l
far as the circumference on both sides. i/

Bisect the last drawn perpendicular, and mark the /’
middle of it by a puint. - \ }
~ ~

The point last marked is the center of the circle, which you
were required to find : your problem is therefore performed.
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PROBLEM XV.

TO DESCRIBE A CIRCLE, THE CIRCUMFERENCT. OF WHICH
SHALL PASS THROUGH THREL GIVEN POINTS.

Mark three points to represent the given points.

Connect them by two right lines. / \\

Bisect these 1ight lines by perpendiculars, -
which must be produced till they meet and form S0 ﬁ

an angle. 1N
From the angular point as a center, with the |
distance of any of the given points as a radis, ’@"/K N

~
deseribe a arcle; and the circumfaence of it ( ?‘"1
will pass through all the three given pomnts . con-
sequently your problem is performed. \

PROBLEM XV

THROUGH A GIVEN POINT TO DRAW A TANGENT 70 A
GI1VEN CIRCLI.

METHOD 1. We shall first suppose the given point to be

in the circumference of the ciicle.

Draw a circle to represent the given circle, and
mark a point in the circumference of it to represent | .
the given pomt.

] ~
From this point draw a radius. ’ >
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Through the given powmt, i the circumference
of the ciicle, diaw a nght line perpendicular to
this radius.

The last diawn line 13 the taugent required: your problam s
therefore pertormed.

Rub out radius and tangent, leaving only your ongmal circle.

METHOD 2. We shall now suppose the given pomt, from
whence the tangent must be diawn, to be without the crcumfe-
rence of the cucle.

Mark a pomt without your circle to represent /\ N
the ginven powt. N : /
From tlis pomnt draw a nght line to the L,/
center of your gnen cucle \
N
/

Bisect this nght Le. —_—

\C /
From the middle of 1it, as a center, with a

radius equal to half the lme, describe an arc

intersccting the circumference of the circle m
two places. -

From the gien pomnt, draw right lnes
through these poimnts of ntersection.
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Both of these lines are tangents to your given circle, and they
aie drawn from the given point.

Rub out superfluous lines and arcs, as also
ouc of your tangents; and your problem is
performed.

PROBLEM XVII.

IN A GIVEN CIRCLE TO INSCRIBE AN EQUILATERAL
TRIANGLE.

Draw a circle to represent the given circle, and mark [
a pomt in the cncumference of it. k}

I'tom this point as a center, with the radius of your
circle, make two tersections on the circumference.

Join the two last poiuts by a right line, which will / /W

be one side of the required triangle.

Take the length of this line in your compasses,
and from one of the ends of the line, as a center,
deseribc an arc intersecting the circumference in a

new point.

From this last point draw two right lines to the /
extremities of the first line, which will form a L,
N

-
/\
triangle.

This triangle 1s an cquilateral triangle, and it is inscribed in the
given circle : your problem is therefore executed.
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PROBLEM XVIII.
IN A GIVEN CIRCLE TO INSCRIBE A SQUARE.

Draw a circle to represent your giveu circle.
L]

Draw a diameter.

T~
Draw another diameter perpendicular to the former.
. . . /“
Connect the extremities of your diameters by four N
right lines. T 7
o 7

Rub out your two diameters; and the four remaining right lines
will form a square inscrfbed in the given cucle: vour problem 18
therefore executed.

PROBLEM XIX.

IN A GIVEN CIRCLE TO INSCRIBE A REGULAR
PENTAGON.

Draw a circle to represent the riven circle.

. / ~
Divide the circumference of itiato five equal parts, | \
by trials with your compasses. \ )

R

Join the points marked on the circumference by 3
_five right lines. \: ) f/

The above five lines form a regular pentagon. Your problem
is therefore performed.
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PROBLEM XX.

IN A GIVEN CIRCLE TO INSCRIBE A REGULAR
HEXAGON.

Draw a circle to represent the given circle.
Take the radius of this ciicle in your com;

and apply it round the circumfcrence as often as it |
will go.  This will be exactly six times. '

. . . . ’ N
Join the six points upon your circumference by

six right lines; and your problem is performed. K\ ?

PROBLEM XXI.

IN A GIVEN CIRCLE TO INSCRIBE A REGULAR
HEPTAGON.

Diaw a circle to represent your given circle.

Divide the circumference of it into seven equal ‘, \
parts, by trials with your compasses. X

f
Join the points upon your circumference by //

|

seven right lines; and the problem is performed. \
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‘ PROBLEM XXII.
IN A GIVEN CIRCLE TO INSCRIBE A REGULAR OCTAGON.

Draw a circle to represent the given circle.

'l »
Draw two diameters perpendicular to each other, / .
which will divide the circumference into four equal -
t \

parts. *#s-

- — .

;|
Bisect each of these four cqual parts. t “~——>

The circumference of vour given circle 1s now subdivided mto
eight equal parts, which ate maiked by pomts. *

-~ a~
‘1
\
\
5
/
/

You will join the above pomts by as many ) ‘[_

right lines. ]

e
The eight right lines, which you have just drawn, form a

regular octagon : your problem is therefore performed.

PROBLEM XXIII.

IN A GIVEN CIRCLE TO INSCRIBE A REGULAR
NONAGON.

Draw a circle to represent the given circle; and divide the
circumference of it into three equal parts.
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The length of one of these parts is found in the
way explained in a former problem, by applying
the radius twice to any part of the curve.

Subdivide cach of these parts also into three
equal parts, by trials with your compasses.

Join the nine points marhed on the circumfe-
rence of your circle by as many right lines, which
will form a regular nonagon: consequently the
problem is executed.

OO,

PROBLEM XXIV.

IN A GIVEN CIRCLE TO INSCRIBE A REGULAR
DECAGON.

Draw a circle to represent the given circle; and draw e
diameter, which will divide it into two semicircles.

Divide each of your two semicircles into
five equal parts.

Join the ten points now marked on the circum-
ference by ten right lines; which will form a
regular decagon: your problem is therefore per-
formed.

OWD
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In like manner a regular undecagon, dodecagon, or any other
kind of polygon, may be inscribed in a given circle; by previously
dividing the circumference into as many equal parts as the required

figure has sides.

PROBLEM XXV.

TO DESCRIBE A REGULAR POLYGON, WHOSE SIDES
SHALL EACH BE EQUAL TO A GIVEN RIGHT LINE.

Draw a right line to represent the given right
line, and also the side of the proposed polygon.

Let us suppose that the polygon required to be made is a regu-
lar hexagon.

From the left extremity of the given line, as a
center, with the length of it as a radius, describe
a semicircle ; complete the diameter of tlus semi- /\
circle by producing the line; and dot the pro- ' - ——

duced part.

Divide the semicircle into as many equal parts as the proposed
polygon has sides.

Your proposed polygon in the present instance " "
being a hexagon, six equal parts will be required.  ° _ \

From the left extremity of yow given liue, ) .
which corresponds with the center of your scmi- N
circle, draw a right line to the second point, \ 3

which is marked on the left side of the semicircle.

The last drawn line, and the given right line, will form two of
the sides of your proposed polygon.
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From the center of your semicircle draw
right lines cutting the curve, through all the
points that are comprehended within the
angle, which is formed by these two sides.

From the outward extremities of the two
finished sides of your polygon, with a radius
equal to one of the sides, describe arcs inter-
secting the two nearest right lines which cut
the curve.

From the center by which these arcs were
described, draw right lines to the two points
of intersection thus found: and these lines
will give you two new sides of your proposed
polygon.

From the outward extremities of the two
Tast finished sides of your polygon, with a
radius equal to one side, describe arcs inter-
secting the nearest remaining line or lines
which cut the curve.

From the center by which these a:cs were
described, draw right lines to the points of
intersection found ; which will give you two
new sides.

In the hexagon this will complete your figure.

Rub out your superfluous semicircle, lines, and ares; and the

problem is performed.

Rub out your figure.
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Here the Teacher will exercise the learners in performing this
problem several times, choosing other polygons, suck as « penta-
gon, a heptagon, an octagon, &c. observing to make such varia-
tions, in giving his directions, as the nature of the polygon may
require.

In the pentagon, the figure will be completed, before he hus
given the whole of the ubvve orders which are necessary for a
hexagon.

If, on the contrary, the proposed figure is a heptagon, an
octagon, or other polyzon of more sides than siz; the figure
will not be completely closed in, after the whole of the aboze
orders have been issucd.

In this case, the Teacher will again repeat the two following
orders, being the same which were used at the end of the con-
struction of the heaagon.

From the outward extremities of the two last finished sides of
your polygon, with a radius equal to one side, describe arcs inter-
secting the nearest remaimng line or hines, which cut the cunve.

From the centers, by which these arcs were described, draw
right lines to the poiuts of intersection thus found; which will

give you two new sides.

These two orders, being repeated us often as proves mecessary,
will serve for the largest polygons.

There is a more correct method of performing this problem,
by drawing a circle, whose radius shall have a certain proportion
to the given line, according to the nature of the required polygon ;
and afterwards inscribing the polygon in this circle.

. But the proportion which the side of any polygon bears to a
circle, in which it is inscribed, is more properly to be found by
mensuration, than by practical geometry.
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PROBLEM XXVI.
IN A GIVEN TRIANGLE TO INSCRIBE A CIRCLE.

Draw a triangle to represent your given triangle.

Bisect any angle of it, for instance the
angle at the left extremity of the base, by %
a right line. )

In like manner bisect by a right line any AN
other angle of it, for instance the angle at _A/\T‘/\/’\
the right extremity of the base. P R AN e

Rub out superfluous arcs, and every part
of the two bisecting 1ight lines, except
the point where they intersect each other. ~—
The above point will be the center of your
proposed circle.

From this point, drop a perpendicular
to any of the sides of your given triangle,
for instance to the base; and with this per- !
pendicular, as a radius, describe a circle.

Your problem is perfornied : you have inscribed a circle in the
given triangle.

PROBLEM XXVII.
IN A GIVEN SQUARE TO INSCRIBE A CIRCLE.
Draw a square to represent the given square.

Draw two diagonals intersecting each other, in a point, which
will be the central point of the square.

voL. d. F
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< —
From this point drop a perpendicular to any side of 1’ N7
your square. |/ ‘\\

Rub out vour diagonals; and from the central point
of your square, with the perpendicular just drawn, as
a radius, describe a circle.

g

Y ow problem is performed.

PROBLEM XXVIII.
IN A GIVEN REGULAR POLYGON TO INSCRIBE A CIRCLE,

A regular polygon must fist be drawn to represent the given
polygon. The best way of doing this 13 by first drawing a circle.

Let us suppose, for instance, that the given polygon is a
hexagon.

Draw a circle; and inscribe a 1egular hexagon in it. < 1
k;y
Rub out your circle, and the regular hexagon only N
remains.

This hexagon represents the given polygon in which you are
required to inscribe a circle.

Bisect any angle of your given regular polygon by a right line.

If the polygon has an even number of sides, a diagonal drawn
from any angle, to the angle which is directly opposite to it, will
bisect either of these angles, at once, without the trouble of
measuring them by an arc, &c.
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The hexagon having an even number of sides, you / ~ N\
may therefore bisect any angle of it, in this manner. / // /
Draw a diagonal accordingly. Vo

Bisect in like manner any other angle of your given
polygon (no matter which) by a second diagonal inter- /
secting the former. 'The point where they intersect \ A
vach other will be the central point of the figure.

Rub out cvery part of the two bisecting lines except the above
point of intersection; and from this point, drop a perpendicular

1o any side of your given polygon.

From the central point of your given polygon, as a
center, with the perpendicular as a radius, describe a

circle.

This circle is inscribed in your given polygon: the problem is

therefore performed.

This rule applies to all other kinds of regular polygons, as well
as hexagouns; and 1s in fact the same method as that which was
used in the two last problems, in respect to the triangle and the

square.

Here the Teacher may cause the learners to inscribe a circle in
a regular pentagon, heptagon, &c. if’ he thinks proper, making
such variations in his orders as the nature of the mew polygon

may require.

It is impossible to inscribe a circle properly in an irregular
polygon ; because all the sides of an irregular figure cannot be
made to touch a circle.

F 2
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PROBLEM XXIX.
ABOUT A GIVEN TRIANGLE TO DESCRIBE A CIRCLE.

Draw a tnangle to repiesent yow given tnangle.

Bisect any two sides of it, for instance the base /\
and the left leg. .

Thom the middle pomts of the two biscected
sides, draw peipendiculars which you must pro- 4 \
duce until they intersect each other, either withm ’ \
or without the triangle.

Fiom the point of intersection of these two per- s ’\\
pendiculars, as a center, with the distance between - \

this pomt and any of the angular pomts of you \:\ ! .

figure, as a radius, describe a cucle. y

Your problem 15 now performed 1t 15 sumlar to a former
problem, wherein you were taught to describe a circle thiough

three given points.

PROBLEM XXX.

ABOUT A GIVEN EQUILATCRAL TRIANGLE, SQUARE, OR
REGULAR POLYGON, TO DESCRIBE A CIRCLEL.

5 an equilateral triangle )
Draw { a square to represent the given figure.
l a regular polygon 5

If the Teacher should think proper to direct the learners to
draw a regular polygon, he must of course specify what kind of
polygon he requires.
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Tind the central point of your given figure, by the method
shown in the former problems; that is to say, if it is 2 square,
draw two diagonals intersecting each other: but if it is an equi-
lateral triangle or a regular polygon, bisect any two angles by right
lines intersecting each other.

This process is so very simple, that it has mot been judged
necessury lo insert figures for the guidunce of the Teacher, who
may be able to draw the necessary fizures on the board, according
to his own judgement, without having uny copy before him.

If an equilateral triangle is chosen, he may however, if he

thinks proper, refer to the two or three first figures of Problem

*° 26, because the method there used, in finding the central point of
the given triangle, will of course also apply to this problem.

If a square is chosen, he may, in like manner, refer to the first
Sigure of Problem 27, which, provided the perpendicular were
rubbed out, would serve for this problem.

If a resular polygson ( for instance a hexagon) is chosen, he
may refer to the four first figures in Problem 28, the method for
drawing which will equally apply to the present problem.

Having found the central point of your given figure, rub out all
superfluous lines, &c. leaving only the given figure and the said
point.

Fiom the central point of vour given (square
polygon
center, with the distance from this to any of the angular points of

your figure, as a radius, describe a cicle.

s equilateral triangle
as a

The fiqures to correspond with this order will be exuctly or
nearly the same, as the last figures in Problems 17, 18, 19, 20,
21, 22, 23 and 24, to which the Teacher may refer, if he thinks
proper; bul this can hardly be necessary, the thing being so very
simple.

<
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* PROBLIEM XXXI.

ABOUT A GIVEN CIRCLE TO DESCRIBL AN TQUILATERAL
TRIANGLE.

Draw a cucle to represent your given circle, .
and divide the circumference of it into three equal / )
v

parts. L

Through the points marked on the circumference draw three
tangents, and produce them till they form a tiangle.

The mode of finding tangents, as was formerly
explained to you, is first to draw right lines or

radii to the center of the circle from the given £ v
points, and then through these points to draw per- | i \
pendiculars to the above radii.
Rub out vour radii and the problem is per-
formed; the triangle which you have made being / \\
an cquilateral triangle, and being described about \ \
\ .

the given circle, as was required.

PROBILLEM XXXII.

ABOUT A GIVEN CIRCLE TO DESCRIBE A SQUARE.

Draw a circle to represent the given circle; and //4’\

draw two diameters intersecting each other at night ! —5 -

angles. s
Through the citremities of these two diamcters, [~

draw four tangents to the circumfercnce, which must (‘- |

of course be made perpendicular to the diameters. [ /

Rub out your diameters ; the four tangents just drawn will form
a square : your problem is thercfore executed.
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PROBLEM XXXIII.

ABOUT A GIVEN CIRCLE TO DESCRIBE A REGULAR
POLY GON.

Draw a circle to represent your given circle.

The circumference of the given circle must be divided into as
many equal parts as the proposed polygon has sides.

Let us suppose that it is required to desciibe a regular hexagon
about the given circle.

You will in this case divide the circumference of //\\ \

your circle into six equal parts. \

Through cach point marked on the circumference
draw a tangent to the curve, and produce these tan- [
gents till they meet and form a polygon.

e

Rub out the 1adii by means of which you found your tangents.

Your problem is now performed : the polygon which you have
just drawn i a regnlar polygon of the nature required; and it is
described about the given circle.

Here the Teacher may cause the learners lo describe some other
polygons (not hexagons) about a given circle.

This mode of describing a polygon about a given circle, unless
it is executed with the greatest care, is not likely to prove so accu-
rate, as another method which more properly forms a part of men-
suration; and depends upon a knowledge of the proportion which
the radius of a circle hears to a regular polygon of any kind either
inscribed within the circle or described about it.
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PROBLEM XXXIV.

TO MAKE A RECTANGLE SIMILAR TO A GIVEN
RECTANGLE.

Draw a rectangle to represent the given rectangle.

The rectangle which you are to make, may be required to be
drawn, either on a larger or smaller scale, than your given
rectangle. The rule for drawing it is the same in both cases.

We shall first draw it on half the scale.

Draw a right line equal to half the base of your given rectangle.

This right line is to be the base of
your new rectangle.

e e

From the extremities of your new base raise perpendiculars,
and make cach of these perpendiculars half the height of the
given rectangle.

These perpendiculars will form the

pr——— - '

two sides of your new rectangle. o | L

Join the extremities of the above —
perpendiculars by a right line, which [ E —
—_— b

will complete your new rectangle.

Your problem is performed. You have drawn a rectangle
similar to a given rectangle on half the scale.

Here the Teacher muay cause the learners to draw some more
proportional rectangles on different scales, such as two thirds, &c.
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PROBLEM XXXV.

TO MAKL A TRIANGLE SIMILAR TO A GIVEN
TRIANGLE.

Draw a triangle to represent your given triangle.

Let us suppose that the new triangle, which we are to make, is
to be drawn on half the scale.

Hualf the scale 1s gizen here, and in some of the following
problems, merely as an example ; therefore the Teacher is not
bound down to thus proportion, but may pitch upon any other
he thinks proper, obsaving only not to make too great an
inequality i the scale of the tuo figures, lest the smaller one
should be wndistinct.

In this, and wn all the following problems, which relate to the
construction of sumilar figures, he must cause the learners to
diaw on as large a scale as their slates wall conveniently permit.

Draw a nght line equal R
to half the base of your
given triangle. s o

This right hine 1s to be the base of your new triangle.

Take in your compasses .
a distance cqual to one e
half of the left leg of your - \
gwven triangle, and with Z_____ _
this distance as a radius, from the left extremity of your new base,
as a center, describe an arc above it.
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From the other extre- /\
mity of your new base, as ! N
a center, with a radius 7 \ -

equal to one half of the 7 ___
right leg of your given triangle, describe another arc intersecting
the former.

The point of intersection of thesc arcs will be the vertex of
your new triangle.
Draw nght lines from

this point to the two ex- )
tremities of the base, and P i / \
complete your triangle. 7 . )

Your problem is now cxecuted. You have drawn a triangle
on a smaller scale, similar to your given triangle.

Rub out your figure.

ANOTHER METHOD OF PLRFORMING THE SAME
PROBLEM.

I will now teach you another method of drawing proportional
triangles.

Draw a triangle to represent your given tiiangle.

Draw also a right line

for the base of your new /\

triangle, cqual to one half ~
of the base of your given /
triangle.

At the left extremity
of your new basc, make
an angle, cqual to the
angle which is formed by
the base and the left leg of your given trlnnglc.

7\
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At the other extremity
of your new base make

an angle, cqual to the m
angle which is formed by -

the base and the right leg of your given triangle.
The lines which you have just drawn in order to form the

above angles will meet each other in a point.

This point will be the vertex of a new triangle of which the
above lines £ on the legs. .

T'his new triangle is similar to your given triangle: your problem

is therefore performed.

REMARRKS ON PROBLEM XX\V.

Upon this problem the art of Land-Surveying is principally
founded.

"The land-surveyor measures a long line as a base, on some con-
venicnt place, such as a large heath or common.  Trom one extre-
mity of this base he tahes an angle to some distant object, for
instance a stecple.  From the other extremity of his base he also
takes an angle to the same object.

This is gencrally done by means of an instrument called a
theodolite.

He then lays down the base upon his plan, on a small scale of
any number of inches to a mile that he thinks proper.  From the
two extremities of the right line which represents his base, he
draws two other right lines, forming angles equal to those which he
before measured on the ground, and he produces these lines till
they mecet. These two lines and the base will then form a
triangle, the vertex of which shows the point upon the plan
where the survevor must mark his steeple : because the small
triangle, drawn upon paper, will be proportional to the large
triangle, formed upou the ground, between the two ends of the
mcasured base and the steeple.
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Thus by measuring only one base, a great number of distant
objects may be luid down correctly in the map of a country ; for
a great many angles may be taken at the same time, from the two
ends of the base.

PROBLEM XXXVI.

TO MAKE A TRAPEZIUM SIMILAR TO A GIVEN

TRAPEZIUM.
-~ \

—
-

Draw a trapezium to represent your given / \
trapezium. / '

-

Let us suppose that it is required to make the new trapezium on
half the scale of your present figure.

Draw a diagonal which will divide your trapezium into two

triangles.

Mark that triangle, which has the same = N

base as the trapezium itself, with a capital A; >~ \“ \

and mark the other triangle witha capital B. |, A "~ A
By the rule given in o

the Yast problem draw a ~~_ B \

triangle, similar to the / S~ 0\ ~

triangle A, on half the /. _:}. BN b_‘

scale; and mark this new triangle with a small a.

Upon that side, of your
last drawn triaugle, which "
corresponds  with  the /
diagonal of your given /[ _ A X &
trapezium, draw a new triangle similar to the triangle B, also on
half the scale; and mark this new triangle with a small b.
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The two triangles, marked with the small letters a, b, form a
new trapezium similar to the given trapezium, on half the scale.

/i

Rub out the diago-
nals, and the superfluous // /\
letteis; and your prob- .
lem is performed. ——

PROBLEM XXXVII.

TO DRAW A FIGURE SIMILAR TO ANY GIVEN RIGHT-
LINED IRREGULAR FIGURE.

Draw an irregular figure of any number of sides to represent
vour given figure.

We shall for instance draw a /\/

figure of seven sides, or an irregular
!
heptagon. '

Draw as many diagonals as are
necessary to divide it into triangles.

Mark these triangles with the
capital letters A, B, C, D, &c.

Let us suppose that the proposed similar figure is to be drawn
on half the scale of your given figure.

Draw a triangle,
on half the scale,
similar to that part
of your given figure, I N L3N
which is marked by the letter A: and mark this new triangle
by a small a.
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Upon the proper
side of the small t11-
angle a, mahe an-
other triangle, on Lt ""\‘1_7&
the scale, similar to that pait of your given figuie, which 1s marked
by the letter 3

And mark this ncw triangle by a small b.

The trapezium formed by the two small triangles a and b, iy
similar to that part ot your gnen figwe, which 15 tormad by the
two larger tnangles A and B.

Upon the proper

side of the smull O

triangle b, draw an- (/' _ D g .
othertriangle, on half /\ B, o\ \ oo
the scale, simila to , b

that part of yow gnen figure, which 15 marked by the Ietter C:
And mark this new triangle by a small «

Upon the poper
side of the small tri-
angle a, make a tri-
angle, on half the
scale, similar to that part of your given figure, which is maiked by
the letter D :

And mark this new tnaungle with a small d.

Lastly, on the
proper sde of
your small tn-
angle d, make a
triangle, on half
the scale, similar to that part of your given figure, which is marked
by the letter E:

And mark this last triangle with a small ¢.
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All the triangles in the two figures which are marked with the
same letters are similar to each other.

Rub out diago- / R / \
nals and superflu- N N
ous letters. - g I/\
I N

Your problem is peiformed.  You have drawn a figure similar
to your given uregulam right-lined figure.

PROBLEM XXXVIII

TO DRAW A CULRVE SIMILAR TO A GIVEN CURVE,

Draw a curve to repre- \ /

sent your given curve. e

Connecct the two extre- \

mitics of your given curve \\/ - \J

by a right line.

Divide this right line
into any number of equal . N
parts, 8 for instance. N

-

Mark these paits by the
numeral figwes, 0, 1, 2,
S, 4, 5,6, 7, 8; and
from each point, upon
your right line, draw per-
pendiculars meeting the given curve.

Let us suppose that the proposed curve is to be drawa similar
to your given curve, on half the scale.
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Draw a right line equal to onc half of the first drawn right line
in your present figure.

Divide this new lme into eight equal parts :

And number cach of these parts in the same way as you did
those of vour former line.
0

. . raise .
From each point on your new line , °" perpendiculars.
M C l'()p

23456178
Tt =ttt

Let the perpendicular, drawn from the point 1 on your new lme,
be exactly half of the perpendiculu1, which 1s drawn fiom the point
marked 1 in your first figure.

Letthe perpendicular, drawn from the point 2 on your new line,
be alsowne half of the perpendicular, which is drawn from the
point 2 in your first figure.

In like manner, let all the perpendiculars drawn from the various
points on your secoud line, be exactly half of those perpendiculars,

which are drawn from the corresponding points in the first figure.
0123 45678

W T

Draw a curved line joining the extremities of all the perpendicu-

hnofyournewﬁgure
o 1 2 3 012345678

TR

Your problem is performed. You have drawn a curve on half
the scale similar to your given curve.



REMARKSE. 81

REMARKS ON PROBLEM XXXVIIL

This problem is very useful in Surveying, to which it may be
applied in two different ways.

In the first plnée, it serves for laying down in a plan the figure
of all irregular lines, or objects.

Supposing for instance that it were required to survey a crooked
hedge ; the land-surveyor would take any two convenient points in
the hedge, and measure the eact distance between them in a
straighteline. He would also, at certain intervals, measure the
perpendicular distance from this line to the opposite parts of the
crooked hedge.

He would then draw a right line, on his plan, to represent the
distance between the two leading points chosen in the hedge;
from which, at various party, he would also draw perpendiculars
to represent the above-mentioned peipendicular distances measured
upon the ground.

The right line and perpendiculars, thus laid down upon paper,
being regularly drawn, on a scale of so many yards or feet to an
inch as the surveyor thinks proper, and being made to correspond
exactly with his previous measurements; he has only to join the
extremities of all these perpendiculars, marked in his plan, by a
curved line; and he will have an exact representation of the
hedge, which he was required to survey: because the small curve,
drawn upon paper, will be similar to the large curve formed upon
the ground by the crooked hedge.

Secondly : upon this problem, that very useful and necessary
art, the art of Levelling, is also principally founded.

Let us suppose, for instance, that it were necessary to level
some hollow irregular ground between two hills, such as might be
represented by the original curve in this problem.

VOL. I. (3
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The land-surveyor, who was required to perform this operation,
would first, by means of his instruments, find out two convenient
points on these hills, that were exactly on the same level, which
may be represented by the points marked 0 and 8, in your figure.
The right line in the figure, which connects these points, will
therefore represent the true level or horizontal line in nature, the
same as would be formed, if a string could be stretched quite
tight, and on an exact level, between the points marked on the two
hills. The surveyor would also measure the exact distance between
these points ia a right line.

He would next ascertain, by means of his levelling instruments,
how many feet any particular part of the valley lay lower than
the two points chosen for his first level. As the difference of
height between the bhills and the valley would of course vary at
different parts of the low ground ; he would continue taking levels,
at certain intervals, between the two above-mentioned points,
uatil he had got as many as he judged necessary.

He would then draw a right line on paper to represent the dis-
tance between his original points chosen on the two hills, from
various parts of which line, he would diop perpendiculars to repre-
sent the length of his several levels,

The above right line and perpendiculars being Iaid down upon
paper, according to a regular scale of yards or feet, so as to cor-
respond exactly with the surveyor’s previous measurements and
obgervations ; he has only to join the bottom of all his perpen-
diculars by a curved line. This will give him a correct representa-
tion of the ground which he was required to level ; because the
small curve, thus delineated upon paper, will be similar to the
large curve, formed in nature, by the outline of the two hills, and
of the valley or low ground between them.

It is by po means necessary that a foreman of civil carpenters,
masons, &c., or a non-commissioned officer in the Royal Engineer
department should be able to take levels on a great scale, such as
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would be required in forming the planof a canal, that was to extend
a considerasble number of miles. But it will be usefal to you to
know a little of the art of levelling, in order that you may be able
to level any spot of ground on which a work or bullding is pro-
posed to be erected, or to lay out the same according to such slope

as your officers may direct.

The simple parts of levelling, to which I now allude, may be
learned by an intelligent man, in a few days’ practice.

When a finished plan is made, in which any crooked hedge
or other irregular object is represented ; the right line and perpen-
diculars, by means of which it was originally drawn, must be rubbed
out as soon as the curve is marked with ink.

Rub out the right lines and perpendiculars, by means of which
you drew your new curve in the present figure.

N\ \/“/_\// N\~

Two curved lines now only remain, which are similar to each
other; the smaller curve being on half the scale of the other.

PROBLEM XXXIX.

TO DRAW A FIGURE SIMILAR TO A GIVEN CURVE-LINED
FIGURE.

Draw a curve-lined figure to.
represent the given figure. . .

‘.

¢ 2
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Then a certain number of points must be marked in the curve,
as many as you judge convenient; and these must be joined by
right lines, which will form an irregular right-lined figure, corre-
sponding irmsome points with your given figure.

In our preseut figure four points
may be sufficient. Mark the curve /\/—\
with four points, and connect these " \,
points by as many right lines, which / P
will form a trapezium. '/\\ .

Let us suppose that the required figure is to be drawn on half
the scale of our given figure.

You will first make a trapezium similar to that which you have
just drawn, on half the scale.

G,__/’;

|
\//

DI

In your given figure a part of the curve divides your first trape-
zium into two parts. Mark one of these parts (that which is next
the base) with a capital A, and the other with a capital B.

Mark also the remaining parts of your given figure by the
capital letters C, D, and E.

-
D N

Upon the base of your small trapezium, draw a curved line
similar to the curved line which bounds the figure A in the large
trapezium. This must be done according to the method explained
if the last problem.

_ 'This new curved line will divide your small tspezium into two
parts, which will be similar to the divisions of your large trapezium.
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Mark these parts with the small letters 2, b, 50 as to correspond

with the former.
D~

B E
_— A

On the top of your small trapezium, dravy a curved line, similar
to that which bounds the figure D, in the large trapezium. This
new curve will form a figure above your small trapezium, similar
to the figure ). Let this be marked with a small d,

On the left side of your small trapezium, draw a curve on half
the scale, similar to that which bounds the figure C.

Tlus will form a new figure to the left of your small trapezium,
sinular to C.  Let it be marked with a small c.

On the right side of your small trapezium, draw a curve on half
the scale, similar to that which bounds the figure E.

This will form a new figure similar to the figme E. Let this be
marked with a small e.

v N

D
d
B E AN e
C A a

All the parts of your new figure are similar to the correspond-
ing parts of your given figure, on half the scale.
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Ruyb out right lines and letters in both figures.

RPN

Your problem is performed. The small curve-lined figure
which remains is similar to your given figure.

REMARKS UPON THE LAST FIVE PROBLEMS.

The plan of any thing is nothing more than a figure drawn on
paper, on a small scale, exactly similar to the figure of the real
object, which it is intended to represent.

In like manner the model of any thing is merely a solid body on
a small scale, similar to the real object or solid body, which it is
intended to represent.

Hence if you understand thoroughly the foregoing problems,
which teach the mode of drawing figures similar to any hind of
given figures; you will find no difficulty in learning every thing
else, that may be required in plan-drawing or modelling.

It is not necessary for foremen of civil artificers, or for non-
commissioned officers in the Royal Engineer department, to know
any of the higher and more difficult branches of drawing: the
only thing required is, that they should be able to understand a
drawing or model of such buildings, works, or machines, as they
are generally employed in constructing.

Every one knows, that almost all works of this description are
lafd out at right angles; and even in earth-works, where there are
oblique angles in consequence of the slopes, every thing is marked
by right lines: consequently'the kind of p ing, which you
will be required to waderstand, depends upon the simplest of all
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the foregoing problems; namely, upon the being able to draw
parallels and perpendiculars, and to make a triangle similar to a
given triangle, or a rectangle similar to a given rectangle.

Although the knowledge of land-surveying is not by any means
necessary 3 it will be useful to you to know how to take the plan
of a singlefield, o1 of a small spot of giround, on which it may be
proposed to erect a work or building.  This may be done by simple
measurement, without any of the mathematical instruments used
by land-surveyors,

If the field 1» bounded by right lines, draw a rough sketch to
tepicsent the form of 1t as near a% you can guess.  This will be an
nregular right-lined figure.  You will next draw as many diagonals
1> will be necessary to divide the whole of itinto triangles, accord-
me to Problem 57, Afterwaids measure all the sides of vour
ficdd and Wl the diagonals, and mark down every measurement
thus found opposite to 1ts conesponding line in the rough sketch.

Tiom this roush sketch it will then be eusy to make a regular
and conect plan, by laying down the length of every line accu-
ratehy upon another picce of paper, according to a <cale of yards
o fet

Here the Teachor il diaic a tiapezuon ,
upon the board. ) o

Let us supposc for mstance that [ werc reguued to take the plan
of a field, shaped like the trapezium, which I'have juot drawn on
the bomd. This trapezium would then represent the rough shetch
of the field.

~ I'would first measure all the fow sides of g7

the ficld.  Supposing that the base proved to Qg-’: "_\q’o

be 176 yards long: 1 would put down the e

number 176 opposite to it.  Supposing that 176

the left side of the field prove to be 85 yards long : the upper side

of itto be 97 yards long; and the right side of it to be 70 yards
VOL. I, G 4
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long: I would in like manner put down the numbers 85, 97, snd
70, opposite to these scveral sides of the sketch.

I would then mcasure a diagonal between o 9 7——\
two opposite angles of the field. Supposing ¢z .3\ 0
that this diagonal proved to be 123 vards 16

long, I would draw a line in my rough shetch to represent it ; and
T would mark the number 125 opposite to this line.

"This divides the ficld, of which I am to draw the plan, into two
triangles, whose sides are all known, being marked by ceitain

numbers.

In drawing the finished plan, I should theicfore only have to
draw first one triangle, and then another, whose sides shall bhe
equal to given right lines. The length of these right hnes would
be found by measuring 176 vards, 85 yards, and 123 vads, fiom
a scale of yards for the first triangle. The spacc of 125 yands uiso
forms one side of the second triangle. For the two remaining side«
of the second triangle, I would take 97 yards, and 70 yaids, fiom
the same scale. Having constructed the two tiiangles by means of
the above distances, I would then rub out my diagonal; and a
correct plan or representation of the field would 1cmam.

If the field, of which it might be required to take a plan, should
be bounded by curved lines, it would be nccessary, after diawing
a rough shetch of it, to follow the 1ule laid down in Problem 39 :
dividing the whole field iuto portions, which would consist partly
of right-lined and partly of curted-lined figures. The plan of
the right-lined portions would be taken in the manner just described,
by measuring all the sides and diagonals necessary : the plan of
the curved portions of the field would be taken, by measuring right
dines and perpendiculars, in the manner explained in Problem $8.

All the right lines and perpendiculurs being marked upon the
rough sketch, with the length of each opposite to it; it will then
be very easy to make a correct plan, by first laying down the above
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dismensions accurately, according to a scale of yards or fect; after
which the curve may be drawn, by joining the extremities of all
the perpendiculars,

DEF. 84, When there are four lincs, and the first is to the
sccond in the same proportion, as the third is to the fourth; then
the last line is called a fourth proportional to the three former.

The same holds good in numbers.  For instauce 1 is to 2 in the
same proportion as 3 to 6: therefore the number 6 is called a
fourth proportional to the numbers 1, 2, and 3.

Write the words PROPORTIONAL LINEs, and FOURTH PRO-
TORITIONAL.

PROBLEM XL.

10 FIND A FOURTH PROPORTIONAL TO THREE GIVEN
LINES.

Draw aright live to represcut the first given
jare, and mark it with the number 1.

vight line forming auy angle with 1t (but an acute
angle 18 besty, to represent the second given line ;
and mark this new lwe with the number 2.

Produce the other extremity of your 2
first given line, to any distance, and let /
this produced pat represent the thnd 1 3
given line.  Mark it with the number 3.

From cither extremity of this lne, draw another
2
1

o P
Join the caticmitics of your first and i /\
secoud given lmes by asight linc. 1 3

»

YOIL. I, G )

L
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From the extremity of your third given
line, draw a parallel to the last diawn .1\ ‘
line. —_ ——
9
Produce your second given line until it meets the above parallcl.
The produced part of your <ccond given AN~
. . . . - \
line is the fourth proportional requited. L < \

problem is performed.

REMARK L
You have now found a fowth proportional to the thice given
lines, as was requicd.

That is to say; if the line marked 1, in yow figwe, 1 greate,
than the linc marked 2 the hne marked 3 will also he greata than
the line marked 4, inthe same proportion :

If the line marked 1 is equal to the line marked 2, the hue
marked S will also be equal to the line maiked 4 :

But if the line marked 1 is less than the ime marked 2, the
line marked 2 will also be less than the Line matked 4, m the
same proportion.

The Teacher will make the learners repeat this problemt, causing
them to draw their second given linein a certain proportion to the
first, such as one half of it, equal to it, or double of it ; which
being done, he will afterwards direct them to measure the propor-
tion that the third and fourth lines bear to each other, when the
problem is performed ; whichwill serve to illustrate the concluding
remark, and give them a clear notion of the nature of pro-
portionals.

REMARK IL

In the definition of similar figures, you will recollcet, that it_
was observed, that all the corresponding sides of similar figures
are porportional to each other.
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% your present figure there are two triangles, namely a large
triangle, which is equal to the whole figure, and a small triangle,
which has the first and second given lines for two of 1ts sides.

The small triangle, which forms a part of the large triangle, is
exactly similar to it ; andtheir corresponding sides are consequently
proportional.

It is for this reason that the first and second lines, which form
two sides of the small triangle, are proportional to the third and
fourth lines, which form part of the corresponding sides of the
large triangle.

DEF. 85. When there are three lines, the first of which is
to the second, in the same proportion, as the second to the third ;

then the last line is said to be a third proportional to the two
former.

The same holds good in numbers. For instance 1 is to 8, as 3
is to 9 : therefore the number 9 is called a third proportional to
the numbers 1 and 3.

Write the words THIRD PROPORTIONAL.

PROBLEM XLI.

TO FIND A THIRD PROPORTIONAL TO TWO GIVEN"
* LINES.
Draw two right lines forming an angle, to repre-
sent the first and second given lines, to which a Q_—
third proportional is required ; and mark these two ~ =—
lines with the numbers 1 and 2.

Produce the first given line, on that }
side which is farthest from the angular L

' point; make the produced part equal 1 2r
to the second given line; and mark it .with 27, to show that it
is the second line repeated.
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Join the extremities of your first and -
second given lines by a right line; to
which.yOu will draw a parallel, from ‘;/\\ \
the extremity of your second line re- i 3T
peated. .
Produce your second given line until
it meets the above parallel, and this pro- -
duced part will be the third propor- y
tional required. Mark it with the num- 1 or
ber 3.

If the line marked 1 in your figure is greater than the line
marked 2; the line 2 (or 2 repeated, which is the same thing)
will also be greater than the line marked S in the same pro-
portion:

If the line 1 is equal to the line 2; the line @ will also be

equal to the line 3:
But if the line 1 is greater than the line 2; the line 2 will also

be greater than the line 3, in the same proportion.

Your problem is therefore performed; you have found a third
proportional to the two given lines.

DEF. 86. When three lines are proportional to each other,
like the lines in this problem; the second liue is said to be'a mean

or middle proportional to the two others.

Write the words MEAN PROPORTIONAL.

PROBLEM XLII.
TO FIND A MEAN PROPORTIONAL TO TWO GIVEN LINES,

Draw a right line to represent the first given
line; and mark it with the number 1. .
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Produce this line to'any length, and let this .
produced part represent the second given line : 1 2
and mark it with the number 2.

Upon the whole line thus formed describe a
semicircle ; the center of which will previously
be found by bisecting the given line. I 5

From the common extremity of the two given lines, raise a
perpendicular meeting the circumference.

This perpendicular will be a mean propor- /
tional to the two given lines. Mark it with / Im }
the letter m. ] 3

Your problem is now performed: For if the line marked 1
is greater than the line marked m; the line marked m will be
greater than the line marked 2, in the same proportion:

If the line 1 is equal to the line m, the line m will be equal to
the line 2 :

And if the line 1 is less than the line m, the line m will be less
than the line 2, in the same proportion.

The line m is consequently a mean proportional between your
two given lines, as was required.

PROBLEM XLIIIL
TO MAKE A SQUARE EQUAL TO A GIVEN RECTANGLE.

Draw a rectangle to represent the given rectangle.

In another part of your ‘
slate, draw a right line [:
equal to the base of your rectangle :
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Produce this line, and -
make the produced part ——— i
equal to the height of your rectangle.

Find 2 mean propor-
tional between these two
lines, by describing a L l l

semicircle, &c. in the manner explained in last problem.

Upon this mean pro-

portional make a square. r—*']

Rub out every thing excepting
this square and the given rectangle.

The above square will be equal to the given rectangle: your
problem is therefore performed.

PROBLEM XLIV.

TO MAKE A RECTANGLE EQUAL TO A GIVEN TRIANGLE.

Draw a triangle to represent 4
the given triangle. or

The Teacher will only use one of the above figures at a time.

From the vertex of your given triangle drop 8 perpendicular to
the base. J '

If the vestex of the triangle should overhang the base, which
somefimes. happeus, you must proguce the base, nnd‘droPthe

perpendicllhl',to the base produced.
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Dot this perpendicular.

If the base should be pro- '
duced, dot also the produced /:\ ﬂ
part of your base. : orT H
Unless the vertex of the triangle, which the Teacher gives as

an example, should actually overhang; he will not read those

parts of the above instructions, which relate to producing the
base.

Draw a right Jine
equal to half the /\ o
base of your given < . — S OF ! —_—

triangle, to represent the base of the proposed rectangle.

From the two ?
extremities of this \ /
line raise perpen- /. __\ OT £
diculars, each equal to the altitude of your given triangle; and
join the top of these perpendiculars by a right line,. which will

complete a rectangle.

Your problem is performed: the rectangle, which you have
. ) . .
Jjust drawn, is equal to the given triangle.

PROBLEM XLV.

TO MAKE A TRIANGLE EQUAL TO A GIVEN QUADRI-
LATERAL. '

Draw a quadrilateral to represent the given quadrilateral.

From either extremity of the mbase daw a | -

- * /
diagonal across your figure, meeting one of the . : \

angles at the top of the given figure.

3
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From the other angle at the top of your

giveu figure, draw a right line palglel to this
diagonal ; and produce the base of your / N\
given figure till it meets the parallel. o

From the extremity of the produced pait ——

Vs
of the base, draw a dotted line to the top of ye . 4 \
the diagonal. AR

Rub out the diagonal, and the line which

was drawn parallel to it to meet the base . \ \
produced. —

There now remains your original quadrilateral figure, with its
base produced, and a dotted line.

You may observe, that the base produced, the above dotted
line, and one of the sides of the given figure, form a triangle.

This triangle will be equal to the given quadrilateral figure : but,
for the sake of clearness, the two figures ought to be divided.

On another part of —_

FREaN
il N
your slate you wi l . /\

therefore make a new . L=
trisugle equal to the above triangle. .

Rub out the superfluous lines attached to your given figure.
Your problem is now per-

formed : you have drawn a //
triangle equal to a given _ SN

quadrilateral figure.

PROBLEM XLVI.
TO MAKE A TRIANGLE EQUAL TO A GIVEN PENTAGON.
Draw a pentagon to represent the g'iven pentagon.
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From the extremities of the base, draw two
diagonals mecting in an angle at or near the top
of your figutec.

From those two angles of your given pen-
tagon, which are immediately to the right 1
and left of the above angle, draw lines paral~ \ \

lel to the two nearest diagonals. v

Produce the base of your given pentagon,
till it meets the above parallels.

From that angle of your given figure

—
where the diagonals meet, draw two dotted .
lmes to the extremities of the base pro- \ ;
duced. ——t=

These two dotted lines and the base produced form a triangle,
which will be equal to your given quadrilateral; but it is proper
that the two figures should be separated.

On a different 0N
part of your slate, /\// \/W
you will theirefore __\ AR VAR i -\

make a new triangle equal to the above triangle.

Rub out the diagonals
and other superfluous
lines, which were added

to your original figure.

Your problem is now performed: You have drawn a triangle
equal to a given pentagon.

By following the same method, used in this and in the foregoing
problem, a triangle may be made, equal to any other kind of
given polygon.

VOL. I, H
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PROBLEM XLVII.

TO MAKE A SQUARE EQUAL TO THE SUM OF TWO
GIVEN SQUARES.

Praw two squares to represent your two [ ] ‘l

given squares.

"\

Draw a right line equal to the side of your first given square.

From one extremity of this right line raise a perpendicular equal
to the side of your second given square.

Join the extremities of these
two right lines by a third right '

DI

line, which will complete a night- ! |
angled triangle.

On another part — -

of your slate draw a ' - .

. . . P ~
right line equal in _! S R B N
length to the hypothenuse of the above triangle.

Upon the last '
drawn line; as a base, ~ ‘
make a square. t_\ e

This last square will be equal to the sum of the two former
squares.

Rab out your ———
right-angled triangle,

and your problem is
performed: you have made a square equal to the sum of twe

given squares.
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PROBLEM XLVIII.

TO MAKE A SQUARE EQUAL TO THE DIFFERENCE OF
TWO GIVEN SQUARES.

Draw two squares to represent your two
—

given squares ; observing to make one of L

them larger than the other; for if they
were both equal, there could be no dif-
ference.

On another part of your
slate draw a right line equal i
to the side of your largest ( \

given square; and on this right line, as a diameter, describe a
semicircle.

From one extremity of
the diameter, as a center, ‘ q
with a radius equal to the
side of your smallest given square, make an intersection upon the
semicircumference.

From the above point of
intersection, draw two right p\\
lines to the extremities of N
the diameter. These will form two chords, one of which will be

equal to the side of your smallest given square.
Mark this with a point.

On another part
of your slate, draw ﬁ\
a right line equal ‘
to the second chord, which is not marked.

Upon this new line, as a base, make a square,
ne
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Rub out the
point, which was ‘
made to distin- ! /_.& [_ ]
guish one of the chords ; and rub out also the circumference of
your semicircle.

r— ==

There now remain three squares, and a right-angled triangle,
which has its three sides equal to the sides of the above squares.

-
L [

The last drawn square will be equal to the difference of your
two given squares: that is to say the largest of your two given
squares is equal to the smallest of the two given squares, and to
the third square put together. N

Rub out the
triangle.

[~
|
{

L

Consequently your problem is performed.

DEF. 87. When any solid body is cut right in two, the
figure of that part, which is cut, is called a section.

Wiite the woird sccTIoN.

For instance, if any Leam or spar of wood is sawed right across,
30 as to cut it info two pieces; observe either of these pieces, and
the new end of it, that is to say, the cnd which has been foimed
by the saw, will be a section of the original timber.

If the ongunal picce of timber was a squared beam, the section of
it when cut across will therefore be a square or a rectangle; but if
it was a mast or spar, the section of it will either be a circle, or
some curved figure 1esembhing a circle.

In order to illustrate the above definition, the Teacher will
have two small pieces of wood, one shaped like a beam, the other
like a spar, which must be made so as to separate into smallen
Dleces, forming tarious sections.
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The scction of a solid body may be taken in any direction, not
only across, but lengthwise; not only perpendicular or parallel to
the base, or to any of the sides or ends of the body; but oblique
to them: so that these various sections of the same body may
have very different figures.

All the sections of any body are, however, supposed to be plane
superficies ; that is to say, the body is supposed to be cut straight
through, not in an irregular manner.

In speaking of the sections of any solid body, it is therefore
usually said that the body has been cut by a plane in a certain
direction.

The sections of a cone are more useful in geometry, than those
of any other solid.

Write the words SECTIONS OF A CONE OR CONIC SECTIONS,
The Teacher will provide himsclf with wooden cones cut in
warious divections, in order to illustrate the following definitions.

When a cone is cut by a plane passing through the vertex, and
any part of the base, the section formed will be a triangle.

When a cone is cut by a plane parallel to the basc; the section
will be a circle.

'The triangle and circle, although they may be formed by cutting
the cone, are not however usually understood when the term conic
section is mentioned.

The term conic section is therefore, strictly speaking, only
applied to the following figures.

DET. 88. When a cone is cut obliquely through both sides
of it, the section is an ellipse.

This figure is also sometimes, but impropeily, called an oval.*

* Some writers use the word ellipsis in preference to elﬁpsg:
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‘Write the words ELLIPSE.

DEF. 89. When a cone is cut by a plane parallel to one of its
sides, the section s called a parabola.

Write the word PARABOLA.

The vertex of a conic section is the point, where the cutting
plane meets the side of the cone.

As the ellipse cuts both sides of the cone, it has two vertices.
Write the VERTICES OF AN ELLIPSE.

As the parabola cuts only one side of the cone, it has but one
vertex,

Write THE VERTEX OF A PARABOLA,

The Teacher will draw a figure re-
sembling an ellipse on the board.

The figure which I have just drawn represents an ellipse. 1
will afterwards show you the method of makng a regular one.
Iu the mean time this rough sketch will serve to eaplain the
definitions.

I will now mark the vettiges of my /—\

ellipse by two points.

Draw each of you a figure to represent an ellipse ; and mark
points for he vertices of it, in the same manner as I have done.

DEF. 90. A right line drawn between the two vertices of an
ellipse is called the transverse axis.
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Write the words TRANSVERSE AXIS.

and mark the middle of it by a point.

Draw the transverse axis of your ellipse ; m

The middle point of the transverse axis is the center of the
ellipse.

Auny line drawn through the center of an ellipse and meeting
the curve on both sides is called a diameter.

The diameters of an ellipse are not all equal like those of the
circle, but a.e of different lengths.

The transverse axis of an ellipse is the longest diameter.

DEF. 91. The shortest diameter of an ellipse is called the

conjugate axis,

Draw a diameter, or right line passing
through the center of your ellipse, per-
pendicular to the transverse axis. This
will be the shortest diameter, or conju-
gate axis.

Write the words CONJUGATE AXIs.

Rub out your conjugate axis.

U @

DEF. 92. An ordinate to any diameter is a line drawn paral-
lel to a tangent, which passes through the extremity of that diameter.
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Draw a tangent passing through either /-\\ |
vertex of your cllipse, which consequently y

will also pass thiough one extremity of i\“""’ T _41
the transverse anis. . L
- T
S . N
-From anv points in the transverse axis, o , N
draw lines parallel to this tangent, meet-  ——. - « -
ing the curve on ecither side. N ! y
-

These last drawn lines are called ordinates to the transverse
axis

All the ordinates of the transverse axis are perpendicular to it,
because the tangents at its extremity are perpendicuiars; but in
any of the oblique diameters the ordinates would not be perpen-
diculars ; because the tangents at their extremities would uot be at
right angles to them.

Here the Teacher will draw an-  _—77
other ellipse, with an oblique diame- ~ \/\,/ "}\\
ter, tangent and ordinate, in order & P — ;o
to illustrate the above observation. < i

Observe this new ellipse which I have just drawn. Tt has an
oblique diameter the tangent to which is not at right angles to it.
Consequently its ordinates, which by the definition must always be
parallel to the tangent, cannot be perpendicular to the diameter.

* The Teacher will rub out this figure, leaving the former one.

\\
Rub out the tangents of your ellipses, /_‘i \\

and also one of your ordinates.

s
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DEF. 93. Any part of the diameter of a conic section ter-

minated by the curve is called an absciss. R
g

Write the word ABsciss.
ST Xl

For instance your present figure represents an ellipse, with its
transverse axis or longest diameter, and one ordinate.

This ordinate divides the transverse axis into two parts, which
are called abscisses.

Rub out your ordinate and draw- the m

conjugate axis once more. \

If a number of double ordinates are drawn any where between
the conjugate axis and the vertex; the largest of them will be a
little less than the conjugate axis, and they will diminish gradually
from that size till they come to nothing at the vertex.

The Teacher will draw some double ordinates to explain this,
whech he will ufterwards rub out.

The transvorse anis being greater than the conjugate axis; as
the tansverse axis 1s to the conjugate, so will the conjugate axis
be to some other line which must be smaller than the conjugate.
This Iine will of course be a third proportional to the trausverse
and conjugate axes.

As the double ordinates of the ellipse are all of different lengths
diminishing gradually from the length of the conjugate axis to
nothing ; two of them must necessar.ly be third proportionals to
the tlansverse and conjugate axes; namely, one on one side, and
another on the other side of the center of the ellipse.

¥

Draw two double ordinates to rapresent / r
the above third propostionals.

8
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DEF. 94. A third proportional to the transverse and con-
Jjugate axis, is cllls/d_:_ parameter.

Consequently the two double ordinates which you have just
drawn are the two parameters of your ellipse.

Write the words PARAMETERS OF AN ELLIPSE.

DEF. 95. The point, where either of the two parameters
intersects the transverse axis, is called a _focus; and in speaking
of both these points together, they are called the two foci.

‘Write the words FOoCcUs OF AN ELLIPSE.
‘Write also THE TWO FOCI OF AN ELLIPSE.

Rub out your figures.

I will now draw you a sketch of a
parabola; which yon will copy as
accurately as you can.

Mark the vertex of your parabola
by a point.

. Draw the transverse axis of yqur
parabola, that is to say from the
above point or vertex draw a right
line dividing the figure into two equal
parts, which will consequently be
equally distant from the curve on
each side.
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The ordinates of the parabola, like those of the ellipse, are
perpendiculars drawn from any point iu a diameter meeting the
curve on either side.

Draw a couple of ordinates to the
transverse axis of your parabola.

/

That part of the transverse axis, which is comprehended between
the vertex and any of the ordinates, is called an absciss to that
ordmate.

In short the same terms are applied to the parabola as to the
ellipse : only that the parabola not being a complete figure like the
ellipse, it has but one vertex, as was before observed ; and, in a
parabola, there is no fixed length to the transverse axis or to the
two sides of the curve.

There is also this further difference, that every ordinate in an
ellipse has two abscisses, whereas the ordinates in the parabola
have only one absciss.

DEF. 96. When a cone is cut by a plane passing through the
base and one side of it, in a direction not parallel to the opposite
side, but oblique to it, and in such a manner, that the cutting plane
and the opposite side, if produced, would meet some where above

the vertex of the cone ; the section is called a hypeibola.
',.--._M

Write the word HYPERBOLA.

*The Teacher will produce a cone cut in this manner, and by
meauns of a couple of rulers, one laid to the side of the cone, the
other to the section, so as to meet in some point above the vertex,
he will be able to illustrate the above definition.

The two rulers must be applied to that piece of the cone only
which has the vertex complete, the other piece being previously
removed.
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REMARKS UPON CONIC SECTIONS.

The hyperbola is a figure which has never been applied to any
mechanical purpose, we shall therefore take no further notice of
it ; but the ellipse and parabola have been found very useful in the
arts.

The ellipse being a very elegant figure is often used by archi-
tects and mechanics for ornameuts in buildings or furniture.

The arches of bridges have also frequently been made in the
form of a half ellipse. The arches of Blackfriars-bridge for
instance are elliptical.

‘The parabola has also been considered a very good figure for
arches. All the arclies of the new casemates at Dover are para-

bolical.

I will therefore teach you the method of drawing the ellipse,
and the parabola, as you probably may, hcreafier, .have occasion
to see these figures used.

PROBLEM XLIX.

T0 DESCRIBE AN ELLIPSE WHOSE TRANSVERSE AND
CONJUGATE AXES ARE OF A GIVEN LENGTH.

METHOD 1. By means of a string or thread.

Draw two right lines of unequal lengths, ’
perpendicular to each other, and bisecting
gach other.

Let the longeat of the above right lines represent the given
transverse axis, and let the shortest of them represent the given
conjugate axis, of your proposed ellipse.
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From the top of the conjugate axis, with
a radius equal to one half of your trans- ,

veise axis, describe an arc, intersecting \/

the transverse axis in two points.

Rub out the whole of the arc, excepting the above two points
of intersection ; these will be the two foci of your proposed ellipse.

From the top of the conjugate axis, ’ “
draw two right lines to the foci of your - .,
ellipse; and let these two lines be

dotted.

The remainder of this problem cannot be performed upon
slates: you will tharefore pay attention to the manner in which

shall proceed upon the board.

Into the two foci of my proposcd ellipse I shall first drive a
couple of pins or nails.

Here the Teacher will drive two pins or mails into the focs
of his figure.

To these two nails I shall next fasten the two ends of a string
or thread, which must be exactly equal in length to the two
dotted lines ; that is to say, when the thread.is stretched as much
as possible fiom the two foci or fixed points, the niddle of it shall
Just reach the top of the conjugate axis.

The Teacher will fusten the thread accordingly.

I shall next apply a piece of chalk (or
pencil) to the inside of the thread; and
keeping the thread always stretched as
much as possible, I shall move the chalk
(or pencil) quite round.
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The two dotted lines in this figure, as was before explained,
vepresent the original position of the thread : the two foci, or lower
extremities of them, represent the points where the tio pins or nails
are driven, to which the ends of the thread are afterwards fired.
The angulur pownt at top, where the dotted lines meet, repre-
sents the original spot where the piece of chalk (or pencil) was
Jirst placed ; and the curve, which is drawn in this figure, but
does not appear in the former ones, represents the curve, which
would be formed by the Teacher in moving his piece of chalk (or
pencil) all round, in the manner above directed.

PROBLEM XLIX.

TO DESCRIBE AN ELLIPSE, WHOSE TRANSVERSE AND
CONJUGATE AXLES ARE OF A GIVEN LENGTII

METHOD 2. By means of intersecting aics.

Draw two right lines of unequal lengths
perpendicular to each other, and bisecting [
each other, to represent the given trans-
verse and conjugate axes. |

With half the transverse axis as a radius, from th
conjugate axis as a center, make two intersecti
transverse axis.

These two points will be the foci of
your required ellipse: mark them with ,
the letters F, f, making one a capital let- F 7t
ter, and the other a small letter.

In addition to the two foci, mark any
number of other points, four for in-
stance, on the transverse axis; and num-
ber them by the figures 1, 2, 3, 4.

e 3 i ra J
ﬂ\l 2 8 472
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Each of these points will divide the transverse axis into two
unequal parts. ‘

With that part of the transverse axis,

which is to the left of the point 1, asa

radius, from the left focus, as a centes, —p<i—3 3 17F
descnibe small arcs both above and below

the transverse.

With that part of the transverse axis
which is to the right of the point 1, as a r
radius, from the right focus, as a center, -4
describe two small arcs, also above and .
below the transverse, intersecting the o
two former arcs; and mark the points of intersection thus found,
by the figures 1 and 1, to show that they are connected with the
point 1 in the transverse axis.

With that part of the transverse axis, which is to the left of
the point 2, as a radius, from the left focus, as a center, describe
two small arcs both above and below the transverse.

With that part of the transverse axis  _a/_ \lzi l
' . /

which is to the right of the point 2, as a
radius, from the right focus, as a center, ¥ 1 2
describe two small arcs intersecting the 5\~
two last drawn arcs : and mark the two <
last intersections thus found, by the numbers 2 and 2, to show that
they are connected with the point 2 in the transverse axis.

With that part of the transverse axis, which is to the left of the
point 3, as a radius, from the left focus, as a center, describe two
arcs both above and below the transverse axis.
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With that part of the tiansverse axis, i X
which is to the right of the point 3, as a \‘ ,
radius, from the nght focus, as a center, Nt 3 | 3 1%
describe two arcs miersecting the two -\~ N,

Jast drawn aics : and mark the points of S

intersection thus found by the figures 3 and 3, to show that they
are connected with the point 3 in the transverse axis.

With that part of the transverse avis which iy to the left of the
point 4, as a radius, from the lctt focus, as a center, describe two
arcs both above aud below the tiansverse asis.

. . < 3.
With that part of the transverse anis Y KA
which is to the right of the point 4, as h
. » n e ey /—
a radius, from the right focus, as a A
ccnter, describe two arcs mteisect -
y cs mtersecting + v p ~;
the two last drawn arcs - and mark the 2 7

points of intersection thus found by the figures 4 and 4, to show
that they are connected with the pomt 4 in the transverse axis.

The various intersections of the above pairs of small arcs, or of
any other number of mtersecting arcs, described n the same
manner, will all coincide with the curve of your requined ellipse.

T
v F \\‘t_

!

You will therefore draw a curved -
line, to connect the extremities of the

two given axes, and the various points 21 4 ’7
of intersection of your present figure. ‘i\‘ ’\\L__S//\lj*
I S

- REMARK.

All the points of intersection, found in this manner, being true
points in the circumference of the ellipse ; and the remaining part
of the curve being only sketched by the eye, it must be evident



REMARKS. ' 13

that the accuracy of this problem will depend entirely upon the
number of parts, into which your transverse axis is originally
divided.

In executing this problem, for the first time, I have only made
you mark four points upon your transverse axis,’ because four
points are as good as a thousand to explain the principle of this
operation to persons of clear understanding : but in a lasge ellipse,
four points would not produce intersections sufficiently near to
each other, to enable you to draw the curve truly: six would be
better ; eight or ten would be better still ; and in short the greater
the number of points originally chosen, and the greater the num-
ber of intersecting arcy found, the more accurately may the curve
be described.

In repeating this problem, the Teacher will cause the learners
to mark more points than four on their transverse axis ; which he
will direct them to draw of such a length, that the ellipse, when
Jinwshed, may be as large as the size of their instruments will conve-
niently permit. The nuntber of points marked must be such as
to produce intersections near each other.

IVhen more points than four are used, after the learners have
finished the intersecting arcs marked 4 and 4, according to the
directions above given; the Teacher will repeat the same orders
that were applied to the first four points, applying them in like
manner to the remaining points, 5, 6, &c. until he has gone
through the whole number of points marked on the transverse axis.

Each of these orders commences thus: *“ With that part of the
transverse axis which is to the left,” &c. &c.” and consists of twe
paragraphs.

When the intersections corresponding to the whole of the points
myrked on the transverse axis are found, he willthen read the
concluding paragraph of this problem, as above, which commences
with these words : “ You will therefore draw a curved lipe to con-
nect, &c. &c.” .

VOL. I. 1
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When this is done, the Teacher will give the following orders ;

Rub out superfluous arcs, letters, and numeral figures, leaving
only the curve and the two given axes.

Your problem is performed. You have, by means of inteisect-
ing arcs, described an ellipse, whose transverse and conjugate axes

were given.
%

PROBLEM XLIX.

TO DESCRIBE AN ELLIPSE, WHOSE TRANSVERSE AND
CONJUGATE AXES ARE OF A GIVEN LENGTH.

METHOD 3. By means of intersecting lines.

Draw two right lines of unequal
lengths, perpendicular to each other and

bisecting each other, to represent the
given transverse and conjugate axes of ,
your proposed ellipse. l

Divide the transverse axis into any even number of equal parts,
six for instance, and number them regularly, both to the right and
left, with the numeral ﬁgures 0, 1, 2, and 8 ; commenting from the
center, where the figure 0 is to be marked.

From the extremities of the transverse
axis, raise two perpendiculars each equal
to one half of the conjugate axis in a1, 20
length.

t

Divide 'sach of these pq-pendxwunmthe samp number of
equalp:m,ﬁlﬁarem divisions in either half of yourtnuvem

axis, which in the present instanve will be' three
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Number these parts regularly, on
each perpendicular, with the numeral
figures, O, 1, 2, and 3, placing the

figue O on that poiut which is most
distant from the transverse axis.

i-'r.om every point on these two per- ﬁ/
pendiculars, excepting the extreme 2 2
points, draw oblique lines to the 3 g3

. . v 1 4
nearest extremity of the conjugate !
aas.

-l
-‘o‘—s..'é

From the contrary extremity of the conjugate axis, draw oblique
lines through the points marked 1 and 1 on the transverse axis;
and produce them, till they meet these two of the former oblique
lines, which were drawn from the corresponding points, that is to
say from the points also marked 1 and 1, on the two perpen-
diculars. "

.

The points of intersection, thus
found, will be «true points in the cir-
cuinference of the required ellipse.
You will therefore mark them with
small eircles in order to distinguish
them,

From the same exu'emnty of the
conjugate axis, last used, draw in like
manner, two qblique lines through the
pomts marked 2 and 2 on the transverse
pxis; and produce these lines, till ﬂmy
meet those two of the forfner obligne © !
liiies, which Were drawn from the correupon&ng points, that is to
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say, from the points also marked € and 2, om the two perpen-
diculars, The points of intersection, thus found, will also be true
points in the circumference : mark them accordingly by two small
m'

You have now found es many peints of intersection for the
semicncumference of your required ellipse, as it is possible to
obtan, from the number of parts into which your transverse axis
is at present divided.

Connect all the points of intersec~
tion, which you have just found, with

the nearest extremity of the conjugste : 3 %
axis, and with the two extremities of
the transverse axiy, by a curved line.
¥
Rub out the two perpendiculars
and all the oblique Lnes, leaving only
the curve, the two given nes*d the & %

points marked ujiin the transverse
axis.

Your half ellipse is now complete. The other half of it
remains to be drawn, to which exactly the same method will
apply : indeed, both the half-ellipaes might have been deawn at
_once, only that too great a number of oblique lines intersecting
each other would have rendered your figure very confused.

Tmtheumﬁudymﬁmenedl,&optwo
wpﬂwuhuu&qmwmwummmm

S

Divide muﬂ:uhmumqﬂm“ﬂhm

divisions in Mofyouwmp%wﬁckh&m
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Number these parts regularly, on each perpendicular, with the
numeral figures 0, 1, 2, and 3; placing the figure O on that point
which 1s most distant from the transverse axis,

From every point on these two per-
pendiculars, excepting the extreme

pomts, draw oblhque lines to the 9
nearest extremity of the conjugate
axs. ; ;

From the contrary extremity of the conjugate axis, draw also
oblique lines through the pomnts marked 1 and 1, 2 and 2, on the
transverse aais; and let these be produced, until they each
respectively meet one of the former oblique lines, which were
drawn from the corresponding pomts 1 and 1, 2 and 2, on the two
perpendiculars.

Mark all these points of intersgction
by small circles: they will be true
points in the unfimshed part of tlle
circumference of your ellipse,.

Mo

Connect afl the points of intersection
thus found with the nearest extremity of
the conjugate, and with the two extre-
mities of the transverse axis, by a curved
line. '

The curve, which you have just dewwm, will be the circum~
ferente of the remaining half of your requised ellipse.
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. Riib out superfluous lines, numeral /— \
figures, &c. le.ving only this and the \ /
S~ ___/'/

former cunve, and the two given axes.

Your problem is now pefformed : you have, by means of inter-
secting lines, described an ellipse, whose transverse and conjugate

axes were given. .

REMARK.

The same remark will here apply, which was made upon the
last method of describing an elhpse. The mtersections found,

whether by means of right lines or by means of aics, aie true
" points in the circumfesence; but all the other paits of the curve
which are sketched by hand, between any two ponts, must be
Liable to error: consequenﬂy the accuracy of the operation in
this method, as in the formerfbmust entircly depend upon the
number of points Mginally marked upon your transverse axis.

The greater the 'sumber of egual parts you pitch upon, so much
the greater number of points of intersection will you be able to
obtain, which will consequemly become nearer to each other in
the same proportion; and these intersections being all true points
in the circumference, whenever the distance between them is very
small, the curve may be traced with great accuracy.

Scarcely any furve except the circle can be regularly described
from a center; but there are various methods of finding true
points in any kind of curve; sometimes by means of perpendicu-
lars in the manner used in problem 89, in drawing similar curves;
mmetzmesﬁynpns of mtgnecquqcpotlmes, according to the
methods used ip thia problem,
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In all these cases the same rule bolds good : you may, by taking
more pams, find as inany tiue points in your required curve as you
please ; and by so doing, you may bring thése points to within the
distance of a hau’s breadth from each other, if you think proper;
8o that, n afterwaids drawing the outline of the curve through them,
it will be almost impossible to go wrong.

Keep this remark in mind. It will not be again formally
repeated, although it may hereafter apply to some of our succeed-
mg gpu.mons.

The Teacher will cause the learners, in repeating this method of
describang an ellipse, to do 1t on as large a scale as therr shates
woll conemently permit, directing them also to commence by
dividing their transverse axes mto more equal parts than siz.

In that case, i reading the nine .‘frst paragraphs of this
problem, he will make such variations in those passages, which
relate to the numbers of equal parts, as may be necessary.

After he hus read the mnth ggragraph, and caused the learners
to draw their oblique lines thro¥igh the poigts marked 2 and 2,
on the transverse ans, according to the directions therein grven;
he wll repeat the same order cantained in that paragraph as ofien
as may be necessary, with this difference only, that instead of using
the number 2, he will successively use the numbers 3, 4, 5, &c.
until, by this process, he has made the learners draw oblique lines
through all the points marked upon their transverse axis.

When this is done, he will go on with the next paragraph,
commencing thus: “ You have now found as many points of
intersection,” §c. &c.; from whence he will proceed regularly,
until the probilem is finished.

It way before explained to you that a semicircle means a half
circle; and that the semicircumference means the half circum-
ference. At
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In like mamner ; a half ellipse is often called a semi-ellipse.
‘Write the words SEMI-ELLIPSE OR HALT-ELLIPSE.

The half of the transverse axis of an ellipse is also often called
the semi-transverse.

Write the words SEMI-TRANSVIRSE.
And half of the conjugate axis of an ellipse is also often called
the semsronjugate.

Write the words SEMI-CONTUG \TE.
In short, whenever the tern semu is put before any other term,
it implies one half of the latter.

RROBLEM L.

ANY ORDINATE TO THE AXIS OF A PARABOLA, AND ITS
ABSCISS, BEING GIVEN, 10 DRAW THE CURVEL.

METHOD 1. &To draw a parabola, by means of intersecting
m"

Draw a right line to represent the given ordinate.

From either éxtremity of it, the left for nstance,
raise a perpendicular to represent the given ab-
sciss of your proposed parshola ; that is to say, B
part of the axis bounded by the vertex.

. Bisect the ‘given ordinate; and from the middle
point draw'sn obligue line to the top of the ab-
sciss, or to the vertex of your propesed parshola.
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; ,

From the same point, that is to say, from the
middle of your ordinate, draw a perpendicular to
the oblique line ; and let this perpendicular meet
the absciss produced.

From the vertex of your proposed parabola, , set off a distance
upon the absciss equal to the produced part of the at
that distance mark a point with a small circle round is will
be tH focus of your proposed parabola.

Produce your given ordinate to an equal length on the contiary
side of the axis : it will then be a double ordinate.

Divide the given absciss into any number of equal parts, five

for instance.
*

Mark these parts by the numeral figures 1, 2, 3, 4, and 5, com-
mencmg from the vertex.

Draw right lines through each point SKT-—'—--

of division parallel to your double \
ordinate. . 4 \

—~—

Produce the axis wpwards by
a dotted line, and mark a point,
on the axis produced, gs much

\
above the vertex, as the focus of S \\
arabpla is be-
your proposed parabp . - —a‘:‘ N
% ‘/'

low it.

From this point the whole of the radii, for describing your
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small intersecting arcs, will be measured ; but the arcs themselves

must all be described from the focus.

Measure the distance from the
point abose the vutea, to the point
on the ab-uiss marked 1, and with
this distance as a radius, from the
focus, as a center, describe small
arcs, i'necling the line which
passes through the point 1, in two
places.

.

Measure the distance from the
point above the vertex, to the point
on the absciss marked 2, aud with
this distance as a radius, from the
focus, as a center, dcscribe small
arcs, intersecting the line which

was drawn through the point 2, m two places.

Measure the distance from the point above the vertex, to the
point on the absciss marked 3, and with this distance as a radius,
from the focus, as a center, describe small arcs, intersecting the
line which passes through the paint 3, in two places.

Measure the distance from the
point above the vertex, to the
point on the absciss marked 4,
and with this distance as a radius,
from the focus, as a center, de-
scribe small arcs, intersecting the
line which passes through the
point 4, ia two places.

All the points of intersection, thus fow;{, will be true points in

the cusve of your resuired parabola.
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Connect all the abave points of 7@?
_interscction, the vertex, and the |} I’
extremities of the double ordi- _.%\L.__g_lv_%

N )
7%

natc, by a curved line. ~

arcs, &c. leaving only yowr given
abscis, the double oidinate, and
the curve, which you have just ' k

drawn.

Rub out all superfluous lines, '

Your problem is performed. The curve which you have just
drawn is the parabola required.

In constiucting a parabolic arch; the breadth of the arch
would be represented by the double oidinate, the height of it would
be represented by the absciss ; and the form of the arch itself would
be 1cpresented by the curve in your present figure. In cases,
where parabolic arches have been used, the height of the arch has
generally been made equal to half the breadth.

REMARKS ON THE PARABOLA.

In a parabola, the outline of the figure is very much curved near
the vertex ; whilst it is so very little curved at its lower extremities,
that any small pgrtion of that part of the curve almost approaches
to a right line; as you may observe by examining your present
figures. .

The method, which I have just taught you, explains the general
principle upon which any number of true points may be found in
the parabolic curve. But it was not absolutely necessary that the
points originally marked upon the given absciss, by means of which
the intersections or true points-were afterwards found, should have
been at an equal distance from each other. ’
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On the contrary, by reason of the variatios in the form of the
curve, at different parts, which was befote mentioned; it is de-
sirable that the poiuts on the absciss showld be marked closer to
each other, near the vertex, than af apy other part.

*That you may understand this more clearly, we shall follow this
new mcthod of dividing the absciss, in per[omuug our peesent
problem a second time.

Rub out your figures.

In drawing your new figures let them be as large, as the
size of your instruments will conveniently permxt, and let the
lines, which you are about to dnw, for your given ordinate and

absciss, be nearly equal.

Here the Teacher will go back to the cgmmencement of the
problem ; and proceed as there directed, until he comes to the
seventh paragraph, which relates to the divisions of the ubsciss : in-
stead of reading that paragraph, he will then continue as follows.

Divide the given absciss into eight equal parts:

Subdivide the first division of it which i is neareat to the vertex
into four equal parts :

Subdivide the second dmnm fvm‘ the vertex into three equal
p'arts : ‘ ) ’ .

And subdivide the third division from the vertex into two equal
Your abaciss is now divided into 14 unequal parts. Mark these
parts by the numeral figures 1, 2, 3, 4, &c. &c. commencing from
the vertex. “

Here the Teacher will go back to the former, part of the prob-
lem, and will begin ut the paragraph commencing thus: “ Draw
right lines through each point of division,” &c. after whick he will
continue until he has seen the learners describe their small arce
intersecting the line which passes through the point 4.
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He will then rement the usual order or paragraph, commencing
with the words “ Measure the distance from the point above the
vertex,” &c. as many times as may be necessary, observing only,
in place of the numbers 1, 2, 38, and 4, to substitute successively
the numbers 5, 6, 7, 8, 9, &c. until, by this process, he has made
the learners intersect all the lines whick are drawn through the
severdl points marked on the absciss.

When this is done, he gill proceed with the paragraph com-
mencing thus: “ All the points of intersection thus found will be
true points,” &c. and with the three following paragraphs, whick
wull complete the figure.

PROBLEM L.

ANY ORDINATE TO THE AXIS OF A PARABOLA, AND ITS
ABSCISS, BEING GIVEN, TO DRAW THE CURVE.

METHOD 2. To draw a parabola by means of intersecting

lines.

Draw a right line to represent the given ordinate.

From either extremity of it raise a perpendicular to represent

the given absciss :

And convert your given ordjgate
into a double ‘ordinate, by producing

it to an equal length, on the other
side of the nbs“.

Divide each of your ordinates
iato any number of equal parts, four
for instance; and mark them regu-
larly, both to the right' snd left, by
the numeral figures 1, 2, ?,anﬁd.; L
commencing from the center, where ¢ 3 210
you will place the figure 0.

i£¢

’
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From the extremitics of the deuble ordinate, raise perpendiculars
equal to the absciss; each of which perpendicular must after-
wards be divided into the same number of parts, and in the same
proportion, as yowr ordinate ; commencing from the top.

In the prevent case, as you di-
vided your ordinate into four equal } N J
parts, you must divide each of
your perpendiculars also into four ’
equal parts; and number them Lh___,_
from the top downwards with the *# 2 3 4
numbers 1, 2, 3, and 4, placing the ﬁ;ure 0 at the top.

c:

® © 4 O

0
From the various points marked 1,}
on the ordinates, draw right lines,
parallel to the absciss or axis of 3!_

your proposed parabola. R
4 3 1 01 3

From the points marked 1'and 1, on your perpendiculars, draw
eblique lines in the direction of the vertex or top of your absciss;
and produce these oblique lines, until they respectively meet the
correspouding lines, which wereWirawn from the points 1 and 1,

on your double ordinate.

A\l

It is not necessary to produce
these oblique lines further, after
they meet the lines with which
they correspond; you will, how-
ever, produce your two present
oblique Iimes as far as the vertex, 4+ ¥ 2 1 0 1 8 3 4
and dot them; in order that I msy see, whether you bave drawn

them in the proper direction.

osefen, o
1

€ ® = O
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From the points marked 2 and
2, on your perpendiculars, draw
oblique lincs in the direction of the
vertex ; and produce these oblique
Lines until they respectively meet
the corresponding hnes, which

127

0 ) N o
1 1
2 2
3 3

4

| |
4 8 2 1 01 2 3

were drawn from the points 2 and 2, on your double ordinate.

From the points marked 3 and

- °
3, on yow perpendiculars, draw !

. 1 1
oblique lines m the direction of the '
vertex. and produce these oblique 2 3
Imes, until they 1especuvely meet 3\., e _13

4 3 2 1 0 1 2 3 4

the corresponding  lines, which
nete diawn from the points 3 and 3, on your double ordinate.

1f there were more divisions than four, on each perpendicular
and ordwale , the Teacher would repeat the last order, or para-
graph, as oftern as might be necessary ; observing only in place of
the number 3, to use successively the numbers 4, 5, 6, &c. until ke
had made the lear ners complete thewr oblique lines as far as the
last drvision, but one, on thewr perpendiculars.

The orders, which have been already read, are sufficient for
the present example; the Teagher will therefore proceed, as
follons.

All the above points, where the various ablique lines respectively
meet their conesponding lines, drawn from the divisions of the
double ordinate, are true points in the curve of your required
parabola,

-

You will therefore connect all ©
the above pomnts, the vertex or g
top of your given absciss, and the ,

3
4

l

> © B M O

extremities ' of your double ordis

nate, by a curved line. 35 ¢ 101 2 3
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Rub out your two perpendiculars, N E
your oblique lines, and other sopew- -
flaous lines and numeral figures; "3
leaving only the curve, which you ",
have just drawn, the double ordinate,
and 1ts abscrss. .

»

Your problem is yqumd The curve, which you have just
drawn, by means of iytersecting lme% the parabola required.

REMARK.

The same remark will here apply which I mmde at the conclusion
of the last methed of executing this problem.

It is not by any mcans nece.'.sarlgx “. opdinate and vour
two perpendiculars should be divid Y purvte; if they arc
divided m the same proportion. h

On the contrary it will be an advantage to divide them unequally,
provided 1t is done in iqch“’ manner, that the true pomnts, which are
afterwards found for descxibing .y‘ p9-Clygve, may stand closer to each
other near the vertex of th&spid it ag any other part.

n‘,‘:
- 73 o ¢
1 shall proceed to explain t6 ydI g ._«.‘-"‘::‘. cr this may be

done to advantage.

. G -

Rub out your figures.

Yoummwpnﬁmﬁmdydmnﬁeopdﬁm only that
we shall commence with 8 greater number of divisions; you will
therefore muke your new figures as large as your slates can conve-
miently hold, 4

Here the Teacher nill go back to the commencement of this
method ¢f drawing a pardhola: snd whes .he oomey §o the part
respecting the divisions of the erdinates, hi-swill orderthe learners
to divide their ordinates into 8 equal parts, insteat of four; and
# place the figure O in the center.
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Ile will then proceed as follows.

Subdivide the first division of each of your ordinates, commencing
from the center, into four equal parts:

Subdivide the second division of each of your ordinates into
three equal parts:

And subdivide the third division of each of your ordinates into
two equal parts.

Number the unequal parls, into which each of your ordinateg is
now duwvided, right and left, commencing from the center, by the
numeial tigures 1, 2, 3, &c. as far as 14, placing the figure O in the
center. ‘ ’

From the extremities of your double ordinate raise two perpen-
diculais, each of which must be made equal to the absciss.

Divide each of your two perpendiculars into eight equal parts.

Subdivide the upper division of each of your perpendiculars into
four cqual parts:

Subdivide the second division of each of your perpendiculars,
rechoning from the top, into three equal parts:

And subdivide the third division of each of your perpendiculars,
rechonmg from the top, into two equal parts.

Numbe: the various unequal parts into which your perpendicu-
lars have thus been divided, by the numesal figures 1, 2, 3, &c. as
far as 14, commencing from the top of each perpendicular, where
you will place the figure 0. '

Your ordinates and perpendiculars are now divided into'the same
number of unequal parts and in the same proportion, with a view
to obtain more intersecting lines or true points, in that part of the .
curve of your proposed parabola, which will be near the vertex,
than in any other part of the curve. -

VOL. 1. ) 4
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Having made this observation, the Teacher will go back to that
paragraph of the present method of describing a parabola, which
commences thus: * From the various points marked on the ordi-
nates, draw right lines,” &c. and will go on regularly from
thence, directing the learners to eiecute that, and the subsequent
operations, until they finish the problem.

Rub out your figures.

Having before had occasion to observe, that arches are generally
built in the form of some one or other of the vanous curves, the
nature of which has now been explained to you; I shall hete
introduce three problems, calculated to give you a notion of the
simplest methods, usually followed in planning out arches.

These shall be called Supplementary Problems; because they
do not belong to pure Geometry, but only show the manncr,
which Geometry may be applied to the above branch of the art ot

building.
‘The breadth of an arch is called the span.
Write the words sPAN OF AN ARcCH.
The height of an arch is called the 1ise.
Write the words RISE OF AN ARCH.

An arch in the form of a semicircle is called a semicircula:
arch.

Write the words SEMICIRCULAR ARCH.

We shall begin with this kind of arch first, it being in very
common use, and one of the simplest.
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SUPPLEMENTARY PROBLEM 1.
TO DRAW A SCMICIRCULAR ARCH OF A GIVEN SPAN.

Draw a nght line to represent the given span
ot yow arch.

In a semicrcular arch, the rise of the arch must of course be
equal to half the span.

Upon tlis line descnibe a semicircle to repre-
scnt the lower pait of the arch: and mark the (
center of the seimcircle. s

The arcumference of this semcircle should next be divided into
any number of odd parts, for instance into 5, 7, 9, 11, 13, &ec.
according to the proposed number of arch stones; which would of
course depend paitly upen the magnitude of your arch, and partly
upon the dimensions which you might think proper to give to the
stoncs.

Let us suppose the present arch to be a small
one, so that nme arch stones would do. Divide ~

your semicucle therefore mto nine equal parts. !

From the center of your semicircle
draw radu through the above pomts to
show the jomts of the arch stones ; pro-
ducing the extremities of your diameter

i

for the same reason.

From the center of your semicircle,
with a longer radius, describe another
semucircle, to show the top of the arch
stones, N

K'2

g



132 PRACTICAL GEOMETRY.

Dot the diameter of your first semi- /
circle, and rub out all the superfluous
radii.

There now remains a semicircular arch, of which the dotted line

shows the span, consisting of mme airch stones, the mddle and
uppermost of which represents the hey stone.

This rule is always used m drawing the under part of the arch,
and the jomts of the arch stones: but it 18 not necessary that all
the arch stones, in any arch, should be exactly of the same Iangth
or depth, 1n every part, as is represented m ths figure.

If the arch stones were of different lengths) it will of course be
understood, that the outhue of the top ot tham would not form a
semicircle, but some other curve, or some ire gular nght-lhned tigwe.

The number of arch stones is always made odd, in oider that
there may be a regular hey-stone at the top of the arch. If the
pumber of arch stones in thus arch for mstance had heen eight, o
any other even number, in place of nine; then, mstead of having
a regular key-stone at the top of the arch, theie would ouly have
been a jomt between two stones, which is not approvud.

Write the words KEY-STONE OT AN ARCH.

The vertex of any curve used in an arch is called the crown of
the arch.

Write the words cROw N Or AN ARCH.

Sometimes an arch is formed by describiug an arc of a circle

less than a semicircle.
A

In this casc the rise of the arch will necessarily be less than
half the span.
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An arch of this kind is usually called a segment of a circle, and
it takes its name from the number of degrees, or parts of a circle,
which the arc of the segment contains.

For instance, in talking of an arch of this kind, it may be said
such an arch is a segment of Q0 degrees; or it is a segment of
120 degrees, &c.

The mamner of dividing a circle into degrees will hereafter be
evplained : in the mean time we shall proceed with our arches.
Wiite the word sEGMENT-ARCIL

SUPPLEMENTARY PROBLEM II.

TO DRAW A SEGMENT-ARCH OF A GIVEN SPAN
AND RISE.

Draw a right line to represent the given
span; from the middle of which you will __L
1aise a perpendicular shorter than one half of it, to represent the
given rise.

namely, the top of the perpendicular, and
the two extremities of the span, describe
the arc of a circle.

4
Through the three following given points, j&
:‘\\\

‘

This arc will represent the lower part of your segment-arch.

Dot the perpendicular which represents
the rise of your arch; and rub out all the N
superfluous lines, &c. by means of which
your arc was drawn, but leave the center
from whence it was described.
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Divide the arc into any odd num- £ N
ber of equal parts, for instance nine,
to show the bottom of the arch stones.

From the center of your arc, draw \‘\)(\

right lines through these point., to \ \ , e
show the direction of the joints of the \ \ /
arch stones.

N

From the same center, with a
radius longer than that of your pre-
sent arc, draw a new arc meeting
the two extreme or outermost right
lines.

This new arc will show the form of the top of the arch stones,
when they are all of equal thickness.

Rub out superfluous radii; dot your

_—
span ; and the form of a complete \/\ L J‘ _.L / 7/\
\y\ s

segment-arch will remain: couse-
quently your problem is performed.

v

It is to be observed, that the upper course of the two side walls
or pillars which support an arch of this kind, must be cut with a
bevel or skewback, to suit the form of the two extreme or outci-
most arch stones.

In a bridge consisting of several arches, the wall or pillar, which
is between two arches, and helps to support both, is calléd a pier.

But the two end piers of a bridge are called abutments, to distin-
guish them from the others.

Write the words PIERS AND ABUTMENTS OF A BRIDGE.
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The same terms also apply to the middle and end walls which
support the arches of a range of casemates in a fortified place ;
such as are to be seen at Chatham and other garrisons.

Segment arches, such as you have just drawn, are in very com-
mon use: the whole of the arches in the new casemates at
Gibraltar, for instance, have been built in this form.

They are much more suitable for a bridge than semicircular
arches; because a segment-arch may be made a great deal lower
than a semicircular arch of the same span, which prevents the
necessity of raising the road over the bridge to an inconvenient
height.  Or if we suppose the segment arches and the semicir-
cular arches to be planned exactly of the same height; then by
mcreasing the span of your segments, you may form the bridge
with much fewer arches, than if you used semicircles. Thus in a
biidge composed of segment-arches you may save some masonry,
and there will be less obstruction to the current of the river. Con-
sequently a bridge of this kind will be less liable to be carried away
by floods, than a bridge built with semicircular arches.

The same advantages may be obtained by using any other kind
of arch whose rise is less than half the span, as for instance an
elliptical arch. :

Many engineers prefer an elliptical arch to a segment-arch of
the same span and risc; partly because they think an elliptical
arch strongei ; and partly because they consider an ellipse a more
beautiful figure than any arc of a circle.

Instead of using a regular ellipse, which is a very troublesome
figure, it has been more common, in practice, to form arches by
means of seveial circular segments described from various centers,
and joined together in such a manner as to compose one continued
curve resembling an ellipse.

A figure of this kind, which is not a regular ellipse, but very
much resembles it, is called an oval,
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‘Write the words OvVAL OR FIGURE RESEMBLING AN ELLIPSE.

And the arch itself, which has just been alluded to, being com-
posed or compounded of several segment-arches put together,
may, from its nature, be called a compoynd arch.

Write the words COMPOUND ARCH.

Before we proceed to the method of drawing a compound arch
rescmbling au elhipse ; I must fust teach you to desciibe the kind
of cunve which will be necescary.

"There are various methods of drawing an oval. The more ares
that are employed n the circumference of an oval, or the groater
the number of centers which are used in describmg the curve, the
more nearly may it be made to approach to the figure of aegular

ellipse.

The method, which 1 shall now explain to you, is one of the
simplest in common use; four centers only bewg requued, which
is the smallest number by which an oval can be described.

' PROBLEM 1L

BY MEANS OF FOUR CENTERS, TO DESCRIBE AN 0OVAL,
WHOSE TRANSVERSE AND CONJUGATLE AMES ARL oOr
A GIVEN LENGTII.

In the succeeding problem, the very same operativns here used
in respect to an oval will be applied to an arch, with this dif-
ference; that uherever the word transverse axis is here used, the
span of the arch w.ill be understood in the neat problem: where
half the conjugate axis is here used, the rise of the arch will be
understood in the neat problem : and wherg the term oval 1s here
used, the arch will be understood in the next problem.

The Teacher has before him, in the following paragrapkhs,
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orders equally suited to this problem, or to the commencement of
the neat; he will, therefore, in reading the same, select thuse words
only, whick apply to that particular problem which he wishes to
teach. .

Those words or directions, which apply to the present problem,
will always be placed either above or before the corvesponding
words or directions, which upply to the next problem. '

.

Draw a right line to represent the
§ transverse axis.
given
S Uspan of your arch.

Draw a  perpendicular Biscct it, and from the mid-
shorter than the former line, dle point raise a perpendicular
and let it and the former line shorter than half the line, to re-
mutually bisect each other. present the given rise of yoar

This perpendicular will re- arch. ‘
present the given conjugate Produce the rise of your arch
axis. downwards to an equal length.

From either extremity, for instance from the right extremity,
.
( transverse axis ?

f the
or e ¢ span of your arch §

raise a perpendicular equal to

| ¢ semiconjugate.
he oo
¢ rise of your arch.
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Bisect this perpendicular, and from the middle of it draw an

o conjugate axis.
f
oblique line to the top o ‘e{l‘ise of your arch.

' {
From the top of the perpendicular, ! \\/(L'
draw a second oblique line to the bot- ‘ /
§ conjugate axs. |~/
tom of thelrise of your arch produced. :/

This second oblique hne will of course intersect the forme:
oblique line.

Rub out the whole of this second oblique line, excepting the
above point of ;*ntersection.

Bisect that part of the former oblique hine, which 1s contamed

conjugate axs
Jug }; and

between this point and the top of the{ se of your arch

from the point of bisection, draw a peipendicular downwards to
§ coujugate anis.
Urise of your arch produced.

Sometimes it will be impossible for -
these lines to meet without being further /(‘
s T
\

intefsect the

"produced. In that case you will produce

-7
conjugate axis [ N A
e { g } dowu- /

nse of your arch further
wards.

Mark the point of intersection by a small ciicle, to denote
that it is to be one of the centers for describing a part of the
§ oval.

d
curve of your propose { componnd arch.
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This point shall be called the lower center.

From the lower center, draw a right [/
hine to the top of the perpandicular, and

mark, m like manner, the pomt wheie
_— § transveisc axis )}
this line cuts the y
{span of your arch §

a small circle.

This pomt will be a second center for descubing part of the

§ oval.

amve of your proposed
: ¢ compound arch.

Trom its position 1t shall be called the nght center.

Take the distance betwcen the nght center, and the middle of

§ transverse axis )

i

»
m » 0 your compasses; and mark a pomt,
¢ span of vour arch )

at an equal distance from the mddle, on the contrary side of
§ transverse asis.

the 1
¢ span of yow ach.

TTus pomt will be a third center for descuibing a part of the
§ oval.

L compound arch.
Mark 1t also by a small arcle; and let it be called the left

cuive of yout plO[)l)ﬁCd

centel
N -

/]
Fiom the lowcr center of your
figme, draw a nght hme through the /
left center, and produce 1t upwards
about as far as the last chawn line.

The following derections apply only to the required oval, whick
Jurms the subject of the present problem.
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When the compound arch is to be drawn, the Teacher, after
having gone thus far, wifl, therefore, proceed to the weat prob-
lem ; und continue gruing the further directions therewn contuined.

Take the distance between the lower center, and the middle of
‘the conjugate anis, in your compasses; and set off an equal dis-
tance from the middle, on the contrmy side of your conjugate
axis, or conjugate axis produced, 1If necessary.

. [~ ,
Mark this new poiut also with a small ( I
circle: it will be the fowmth or upper z
!
¢
1
{

center of your required oval. :

From your upper center, diaw two . o V.

. . AR
oblique lines through the 1ght and left \» v/
centers. AN

’ . \
¢

From your upper centei, with a radius extending as far as the
bottom of the conjugate axis, deseribe an arce s and let this arc be
bounded by the two lines, which were driawn from the same point
through your right and left centers.

. This arc will be a part of the curve
of yow required oval.
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Tiom your right and left centers,
with a 1adins extending from each as
far as the nearest extremity of your
transverse axis, deseribe ares outwards; \\
and let them be bounded by the two | —- ¢
paits of Imes, which were drawn through ’

the same respcctive points, fiom the s /‘\
—— L

upper aud lower centers.

Theee two new wes will also be a part of the curve of your
sequined figure; and if you have performed the above operations
accmately, they will coincide with the former are, in such a man-
ner, that the thiee together will forn one contimued curved line.

From your lower center, with a
rads (vtendime as fur as the top of the
conjurate i, desaibe an we; and
let this me be bounded by the two
oblique lines, which were drawn fiom

the «ame point, thiovgh the right and

left centors.

This lact desciibed are will also be a pait of the curve of your
rcquued figure; and if your operations have been performed
aceurately, its exticmutics will exactly coincide with the nearest
extremitics of the two former ares, which were described from the
right and left centers 5 in such a manner that all the four arcs put
together will furm one continued curve-lined figure; which, as
you may perceeive, is exactly like an ellipse.

Rub out all supeifluous lines, &e. f
leaving nothing except vour two given
axes, and the above four arcs, \
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Yout problem is now performed.  You have, by means of four
centers, described an oval, or figure resembling an ellipse, whose
conjugate and transierse axes were of a given length.

I shall next proceed to explain to you the method in which this
problem may be applied to the art of building aiches.

SUPPLEMENTAKRY PROBLEM I11.

BY MEANS OF THRLI CENTUERS, TO DRAM A COMPOUND
ARCH, OF A GIVEN SPAN AND RINE, RESEMBLING AN
ELLIPSE.

This problem is peifornied by exactly the same rule as the 1t
obsening that the span of the arch, m this poblem, will <m-
respond with the given transverse axis m the former ; and the nse
of the arch, in this problem, will correspond with the upper scum-
conjugate axis in the former problem.*

In this problem, three centcrs only are required, these bemg
sufficient to describe the upper half of the oval, which of couse
forms a complete arch.

Having made this preliminary observation, the Teacher wull
go back to the commencement of the last problem, and give such
part of the directions therein contained as apply to the obyect of
this. He will stop at the particular place, in that problem,
where he finds himself directed so to do; from whence he uill
immediately return to the present part of the book, and will
proceed as follows.

® In the figures for this problem, it has been judged convenient, to mako
~the proportion between the span and rise of the arch, different from that
which the transverse uxis and the semi-conjugate bear to each other, in the
last problem. Consequently, aithough the figures in both are drawn exactly
by the same rule, the curve of the arch in this problem is not equal and
similar to the half oval of the fonner problem ; which would bave been the
case, if the ahove-mentioned proportions had becn equal.
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Rub out the perpendicular, the bi-
secting line, and that oblique line, ‘
which was drawn from the top of the
rise of your arch. I

From your lower center, with a radius
extending as far as the top of the rise of
your arch, describe an arc ; which must
be bounded by the two oblique lines
that were drawn fiom the same point.

Fiom the right and left centers,
with a radius extending from each as

far as the nearest extremity of the
span, desciibe arcs outwards, each of

which must be bounded by one of the

oblique lines on one side, and by the nearest extremity of the
span, on the other.

If the former part of your operatious has been performed accu-
1ately, the three arcs which you have just described, will coincide ;

in such a mauner as to form one continued curve, resembling the
semicircumference of an ellipse.

This curve will represent the outline of your required compound
arch.

Dot the rise of your arch; and rub
out the produced part of the same line.

You must next consider what will be the most convenient
dimensions for your arch stones; after which you will divide your
curve accordingly.
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Let us suppose that owr present arch is 1ather a small one, so
that nine arch stones would be enough for the upper segment of it ;
you will, therefore, dinide the aic of your upper seement, that 1 to
say, the arc which was descnbed from the lower center, into nme
equal parts.

It will next be necessary to mark the arch stones of the two
smaller segments. They ought to be exactly, or «s neatly as
powsible, of the same size as those of the upper segment, 1w
order that the whole mch may have a rcgular and handsome
appearance ; but it 15 of no consequence, whether the number
of arch stones m each ot the smaller sesments 15 odd o1 even.

Divide each of the two smaller

. \ e R 4
segments Into anv conveuient number ~ ! N
of equal paits, no matter whether odd /‘ \ ; N
o1 even; but let them be equal, or ™ T :
nearly equal, to the former diisions \ v

of your uppcr segments. -

In my figure, which I have drawn upon the board, T found
(Here the Teacher z1ll name some number, which has proved most
convenient, for mstance) thiee to he a comvenent numha of cgual
parts for each of mv small acs; and have divided them accord-
ingly: but, as it 1 not hhcly that your figwies should have becn
drawn exactly sinular to mme, you arc not obliged to follow my
example m choosing the same number of ¢qual parts, but may
divide your small aics m any other proportion, which you think
will agree better with the general rule just laid down.

Each of the three segments forming your compound arch, must
pext be completed idividually ; m the same manner, as if 1t were
2 separate segment-aich, unconnected with the others. You will
therefore proceed as follows.
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From each of your three cen-
ters, draw right lines through the /
points marked on their respective
arcs, in order to show the joints
of the arch stones; and produce

the extremities of the span for \
the same purpose.

From cach of the three centers of Your figure, with longer
radii than were used in describing the former arcs, three new arcs
must next be described parallel to the former, and bounded by
the same lines which bounded the former.

T.et these new radii be of such a length, that the three new
arcs, lihe the former, shall coincide so as to form one continued

777
72

curve,

Choose radii, and describe
arcs accordingly.

Rub out all the right lines
which are drawn from your
three centers to the lower
curve: rub out also your three
centers: and dot the span of your arch.

Your problem is now performed. You have, by means of three
centers, drawn a compound arch, of a given span and rise, resem-
bling an ellipse.

VOL. I. T
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REMARKS ON TIHL SUPPLEMENTARY PROBLEMS.

A foolish notion generally prevails amongst young beginners in
Geometry, befoie they are sufficiently advanced to be able to see
the object of what they are learning. They ac often apt to fancy,
that the definitions are merely an useless suing of hard words
without meaning, and that even most of the problems are hkely
to be of httle or no bCI"\iC.C to them.

It was with a view to ptevent you from being nusled by such
erroneous notions,« that the above tlnee supplementary problems
were introduced.  They may serve mereh as one example, out of
a thousand others, which I nught have selected, m odar to allus-
trate the great and citensive utihty of Practeal Geometry.  "This
example must be convincng to any peison of good understanding.

Every one will allow, that there 1s scarcely any paformance of
mechanical skill, which is more useful to the public, more clegant
in its appearance, or which requires gicater hnowledge and mec-
nuity to plan and execute well, than a fine bridge over some gieat
river; such as Blackfriars and Westmmster bridges, for instance,
over the river Thames at London.

Yet, as far as regards the arches of snch grand works, they are
generally drawn according to the abose simple mcthods, which you
have justlearned. And fiom the advantage of having gone thiough
this course, you would find 1t cqually casy to understand the plan of
the centering o1 frame-work of any gicat arch; or the plan of the
roof of a first-rate building. For Geometry, as I said before, is
not merely useful in one branch of the mechanical arts; but
applies equally 1o them all: so much so, that nothing can be

- done without it.
It is true that there are many very wngenious artificers and mecha-

nics, as I before obseived, who may be capable of execyting diffi-
cult pieces of work ; without hasing learned even the most common
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definitions in Geometry. But all the knowledge of such men being
derived solely from practice; whenever their own experience stops
short, they must generally come to a stand. On the contrary, a
mun, who has learned Geometry regularly, according to good
principles, will be able to comprehend the plans and descriptions
of works, which he may never have had it in his power to see;
so that he can profit not only By his own practice or experience,
but by that of others - and in consequence of his superior know-
ledge, he may cven understand the nature of such works much
better than ignorant persons, who may actually have assisted in

the execution of thein.

With respect to the various operations, in the foregoing prob-
lems, now that vou have done them, you must allow that they are
sufticiently simple: but perhaps you may conceive, that a man
might understand and be able to perform the whole of the practical
operations, which you have hitherto gone through, without having
been obliged to learu so many definitions.  This is perfectly true.
I could have taught you the samme problems with half the number of
defintions ; but then this would have been a very great drawback
from your further improvement.  Even if you knew every problem
quite perfect, you could never turn your practical knowledge to
proper advantage, unless you also knew the definitions, which are
the regular terms of the art; because, without them, yon would not
be able to understand the most easy and common books on geo-
metry and mechanics ; in which these terms are constantly used.

Auy person, in short, who knows the problems but not the
definitions, may be compaied to a man of some knowledge,
turned adrift in a foreign country, without understanding the lan-
guage. Insuch a case, it is evident that his knowledge would be
of very little use to him, for he could ueither explain himself to
others, nor derive any benefit from their instructions. In like
manner, the definitions are the lunguage of Geometry; and must
be learned. '

| AU



148 PRACTICAL GEOMETRY.

A principal object of the system, upon which this course is
conducted, is to discover such amongst you, as have shown most
attention; and which can only be done by the method of taking
places, and by having examinations from time to time. But let no
man despair because he sees others more ready in their answers, or
because he finds himself unable to get to the head of a seat.

There are various degrees of ability. Some excel in one thing,
others in another; but in every branch, diligence and perseverance
will lead to certain improvement. And although those who learn
slowly labour under some disadvantages at first; it often happens,
that they not only become as perfect in the end, as others who
make greater progress at the first outset ; but that they even retain
the knowledge which they have acquired much longer.

The remark, which I shall now make, will apply to the whole of
you. I am sensible, that it will be difficult, indeed, almost impos-
sible, for any of you to remember off hand all the definitions and
problems.  You are not, however, to suffer yowsclves to be dis-
couraged on that account. You may easily conceive, that no
man, however learned, or however well he may undastand any
subject, can carry the whole of his knowledge in his head. e
must have his books and memorandums to refer to, without which
he can no more give an immediate answer upon every question,
that he may have studied, than a carpenter can work without his
tools. For instance, the clergyman cannot always go thiough his
scrmon word for word, exactly as e wrote it, without occasionally
looking at his notes. The same holds good in Geometry, as well
as iu every thing clse.

It is therefore by no means necessary or expected of you, that
you should always and constantly be able to perform the whole of
the problems, or to answer to all the definitions, which you have
gone through. It will be perfectly sufficient, if you can recall
them to your recollection, and understand them, on looking into
some book of Geowmctry, when you find occasion,
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I shall now remind you of an observation which I before made.
Although I consider it essential that you should go through the
whole of this course regularly; in order that you may be able to
improve yourselves by having recourse to useful books hereafter ;
and also that you may be equal to the execution of any of the more
intricate and difficult operations, which may sometimes occur in
the Royal Engineer department; yct, gencrally speaking, the
plans of those works in which you are most likely to be employed,
may be drawn according to some few of the very simplest of the
problems you have learned, which no man who has gone through
this course is likely ever to forget.

Having made these remarks, which I recommend to your serious
attention, I <hall now proceed to tcach you the method of making
scales of yvarjous hinds

PROBLEM LII.
TO MAKE PLANL SCALLS.

EXAMPLE 1. To make a scale of one foot to an inch.

It will he understood that the figures of scales, herein given,
not being of the proper size to correspond with their respective
tatles, arc merely intended to guide the Teacher.

Draw a right line, and sct off one inch cleven times upon it: or
you may draw a right line eleven inches long, and divide it into
cleven equal parts, which is the sume thing.

In order to make the points of division more conspicuous,
raise ‘small perpendiculars from cach of them, and also from the
two extremities of the line.

L | | | | | | 1 L L 1
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This right line is to be your scale; and according to the given
proportion, each of the equal parts into which it is divided will
of course represent one foot.

Under the left extremity of your line, place the numeral figure
1; and fiom thence, under each point of division, place succes-
sively the tigures 0, 1, 2, S, 4, 5, &c. as far as 10.

Subdivide the left division into twelve equal parts to represent
inches; and let every third subdivision be marked by raising a
small perpendicular, whilst the otheis must be marked by points
oaly.

In addition to its small perpendicular, Ict the middle subdivision
of the whole, also, have two dots over it, to render it more con-

spicuous.
LulzfMalnt 1 1 1y 1 1 | 1 J
1 (1] 1 2 3 1 ) 7 7 8 9 10

Over your right line, write, in small letters, the words ~cALE
OF ONE FOOT TO AN INCH.

Scale of one foot to an inch.

W I O | 3 1 1 1 { 1 ]
1 0 1 2 3 4 5 6 7 8 9 10

Your problem is performed. You have made a scale of one
foot to an inch, as was required.

Sometimes, in a finished plan, the length of a plane scale is
marked with a double line ; and the lower line of the two is made
thicker than the other. This makes the scale look rather, hand-
somer ; but is of little use in any other respect.

I will show you how this is done.
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Here the Teacher will complete his scale, according to the
method just described.

Scale of one foot to an inch.

T S NN IS M MU N S S
1

Lk

REMARKS ON EXAMPLE I

By the scale which you have just drawn, you may measure any
mumber of feet and inches, not exceeding eleven feet, by one
opening of your compasses.

This is done by placing the right leg of your compasses on that
point of the large divisious, which corresponds with the number of
fect requited.  If there are no uches specitied, then the left leg of
vour compasses must be extended as far as the point marked with
the ficure 0.

For instunce, in measuring five feet, I wonld place the right
leg of my compasses on the point 5, and the other leg on the
point 0.

But it there are any number of inches also to be measured, in
addition to a specified number of fect; then, as far as regards the
feet, the same rule will be followed in placing the right leg of the
compasses ; but the other leg must be extended beyond the point
0, until it comprehends  as many of the subdivisions as there are
inches to be measured.

Yor instance, in measuring four feet six inches, T place the right
leg of my compasses on the point 4, and I extend the left leg
beyond the point O, till it covers six of the subdivisions: conse-
quently it will stand on the middle point of subdivision which is
marked by two dots.

After eaplaining these rules upon the board, the Teacher will
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exercise the learners in setting off distances, not excecding eleven
Jeet, by their scales, taking care to make the whole of them set off
the same distances at once, and examining the correctness of their
respective performances, successively, before he allows them to
attempt a new measurement. These distances must be marked on
right lines, which he will order them to draw for the purpose.

IWhen the Teacher conceives that the learners are perfect in all
measurements under eleven feet, he will proceed as follows.

By your present scales, no distances above eleven fect can be
measured by one opening of vour compusses. In any plan
which much longer measurements are likely to be often required,
it would, therefore, he desirable to make the scale longer. Thiv s
easily done, by following exactly the same method.  For instance,
if I wished to make my scale capable of measming any ditance
under twenty-one feet at ouce, 1 would first produce 1t ten mches
further to the right.

The Teacher will exemplify, upon the hoard, this, and the fol-
Py vy
lowing operations, necessary for completing a scale of” tuenty-one

Seet.

I would next divide this produced part into ten equal paits, of
an inch each, and mark them by raising small perpendiculas.

1 would lastly continue the numeration of my scale, by adding
the numeral figures 11, 12, 13, 14, &c. up to 20.

Now you sce, that if I wish to take any distance under 21
feet, for instance 20 feet 9 inches; I can do it by one measurc-
ment.

- In the same manner, you may easily conceive, that a scale may
be produced to any length: but, in general, a short or middle-sized
scale is preferable ; it being of no use to have a scale longer than
suits the size of your instruments; because a pair of compasses,
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when the legs of it are too widely extended, cannot measure a dis-
tance accuately.

When your scale is shorter than the distance which you wish
to measure, you will of course be obliged to set off the required
distance by two or threc measurcinents.

lere the Teacher will rub out the produced purt of his scale.

I have now again reduced my scale to the same state as yours;
and consequently have lost the power of measuring more than
eleven feet at once.

I <hall first show you how to set off fifteen feet six inches.

The Teacher will exemplify as he proceeds.

1 shall draw a right lwe, upon which the distance is to be
marhed.

Upon this right line, [ first set off ten feet as a part of the dis-
tance ; and at the extienuty of the ten feet, I set off five feet sia
mches.

Ten feet and five feet six inches, added together, make
fifteen feet s inches @ consequently the required operation is per-
formed.

In this manner all distances under 21 feet may be measured.

Supposing that the proposed distance exceeded twenty-one feet,
it would then require more than two mcasurements.

For instance, if T wished to measure twenty-four feet nine inches
from my present scale, I would first take ten feet in my com-
passes and set it off twice running, which would make twenty feet ;
after which I would take four feet nine inches, and set it off at the
end of the former menswements. This would complete my re-
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quired distance, becnusc two tens and four feet nine inches are
twenty-four feet ninc inches.

In like mannei, [lere the Teacher will not cremplify.] sup-
posing I wauted to set off a distance of ninety-cight feet upon a
plan; I would take ten feet in my compasses, and set off this dis-
tance nine times ; after which I would take eight feet, and set it off
once. This would complete the requited distance, because the
nine tens are ninety, to which add eight, and the whole makes
ninety-eight.

1 shall now see, whether you understand the method of sctting
off distances from your scales, by more than one measurement.

Here the Teacher will excrcise the learners in setting off di
tances, not exceeding tuenty-one feet, by tuo measwrements.

The Teacher will also rccollect to evercise the learners in
making such measurements from their scales, as he may judge
necessary, after each of the succecding cvamples.

PROBLEM LlII.
TO DIAI;]] PLANL SCALENS.
EXAMPLE ¢. To make a scale of two feet to an inch.

Allowing two feet to every inch, one foot will, of course, be
represented by half an inch.

You will therefore draw a right line, and set off half an inch
eleven times upon it ; or you may draw a line five inches and a half
long, and divide it into eleven equal parts, which is the same
thing.

The figure inserted after the first paragraph of example 1, will
also serve ag a guide for the figure necessary here: and the re-
mainder of the operations in this example will be exactly the same



PLANE SCALES. 155

as in evample 1; to which the Teacher will refer, und give the
same directions therein contuined, commencing from the second
paragraph, at the words, ** This right line,” &c. observing only
that where the phrase “one foot to un inch” occurs in the former
example, he must read “‘two feet to an inch” in this.

The scale, which you have now diawn, being only half as long
as the former, it will generally be convenient to extend it so far as
to runder it capable of taking in any distance not exceeding 21
feet, at one measwrement.

Here the Teacher will cause the learners to citend their scales
accordingly, by producing them five inches more to the right ; and
upon this produced part scttang off ten nex divisions equal to their
Sormer ones, which must be numbered regularly 11,12, 13, 14, &c.
as far as 20.

PROBLEM LI1I.
TO MARL PLANE SCALES.
LXAUPLE 3. To make a scale of 10 feet to an inch.

Diaw a nght line, and setwoff one inch eleven times upon it; or
draw a live cleven inches long, and divide it into eleven equal
parts, which is the same thing : and 1aise small peipendicalars
fiom cach point of division, as also fiom the extremities of the
line.

(& ! 1 ! ] | 1 1 L 1 | i

Subdwide the left-hand division into ten equal parts : and mark
the middle subdivision by a small perpendicular and two dots.

Each of your lmge divisions will represent ten feet, whilst each

of the subdivisions at the left of your line will represent one foot.
» .

You will thercfore place the number 10 under the left extremity
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of your line; and from thence, under each large division, place
successively the figure O, and the numbers 10, 20, 30, 40, 50, &c.
as far as 100.

R C97Y N N AN IS NN SNNNN SN N R N
10 0 10 2 30 40 5 60 170 8 9 100

Over your line, write the words sCALE oF 10 FELT 10 AN
INCH ; and your problem is performed.

Scale of 10 feet to an anch.

! il | | { 1. 1 L | I | ]
10 0 10 20 30 40 S50 60 70 80 90 100

PROBLEM 1.1l

TO MARE PLANE SCALELS.

EXAMPLE 4. To make a scale of one hundred yards or
feet to an inch.

Let us suppose that a scale of yards is first to be made.

The Teacher will here read the tno first paragraphs of Eiam-
ple 3, which apply also to the present example. Ile will then
proceed as follous.

Each of your large divisions will represent 100 yards, whilst
each of the subdivisions at the left of the line will 1epresent ten

yards.

You will therefore place the number 100 under the left extre-
mity of the line, and from thence, under each large division,
place successively the figures O, and the numbers 100, 200, 500,
&c. in regular order as far as 1000.

Over your line write the words scALE oF 100 YARDS TO AN
INCH ; and your problem is performed.

Scale of 100 yards to an inch.
s 1 A ! 1 ! ! ! )

Saxiliaul 1
100 O 100 200 300 400 500 600 700 800 900 1000
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Rub out the word yards, and write feet in place of it in the title
of your scale.

Your scale now represents a scale of feet, 100 to an inch.

GENERAL REMARKS ON PROBLEM LIIL

Scales of one foot to an inch, made according to the first
example, or of two feet to an inch according to the second
example, or scales made in some intermediate proportion between
these two, are generally used in modelling, or in plans of any
nice piece of workmanship, the parts of which require to be well
explained 1 detail.

Tor instance, if I were required to make the model of a pontoon,
or of a traversing platform, T might perhaps choose a scale of one
foot to an inch.

But if I were 1equired to make the model of a town-gate and
draw-bridge, for a fortified place, such as should show their
position and proportional dimensions, in respect to the adjacent
works, I should probably choose a scale of two feet to an inch, as
beiug more comveunient,

It can seldom be expedient, either in a plan or model, to use a
larger scale than one foot to an inch; because the smallest dimen-
sious that are necessary, in any piece of mechanism, may be sufh-
ciently marked in a scale of this size.

1 have, howcver, sometimes seen models made on a scale of
half a foot to an inch. Such a scale being one sixth of the real
size of the object it is intended to represent, which is a very large
proportion indeed, can scarcely ever be necessary, except for the
use of persons who are totally inexperienced in that particular
branch of workmanship, which it is intended to explain.

Ou the other band, a smaller scale than two feet to an inch wouls
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not be sufficiently clear to explain pioperly the small dimensions
in any nice piece of workmanship.

A scale of one foot to an inch may also be called a scale of one
inch to a foot: and a scale of two feet to an mch may also be
called a scale of half an inch to a foot, the propoitions being the
same.

It is common amongst mtificers, who use these scales for models,
or for working plans, to distinguish them o this manner; and
for shortness’ sake, they often call the forma a one-inch scale
and the latter a half-inch scale.

They also frequently use an intermediate scale between these
two, of three quaiters of an mch to a foot, which they call a
threc-quarter scale.

In like manner, a «cale of half a foot to an inch, may also he
called a scale of two inches to a foot | aud, for shoitness, would be
called by artificers a two-mch «cale.

If you understand properly the Examples, which you have
already gone through, you will find no difficulty m making a thice-
quarter scale or a two-inch scale for modelling.

Instead of using indiscriminately the phiase, * Scale of" so
many feet to an inch,” or,“ Scale of so many inches to a _foot ;” it
1s much better to reject the latter expiession altogether.  Becauscif
you use only the term “ Scale of so many feet to an inch,” you may
commence with a scale of one foot to an inch, and go on by regular
gradations, such as five feet to an inch, ten fect to an inch, &c.
By this means, after a little practice, you will always recollect
whiat kind of scale is best adapted for the various purposes to
which scales may be applied. Whercas if you confound the titles
of your scales by applying different terms to the same scale, it will
perplex the memory, and every time you want to use a new scale,
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you will be obliged to make fresh calculations and trials ; so that
your former expeuence 1n scale-making will be of little service to
you.

I have alieady mentioned the scales most convenient for models,
or detailled plans of mce picces of mechanism; they vary from
half a foot to an inch, to two feet to an inch.

A scale of five or sin fret to an inch, is good for cxplaining the
natute of wooddn bridges, roofs, ceuters of arches, and other pieces
of capentry. It 19 also very convemient for plans, sections, and
clevations o frout views of small buildings, bemg large enough to
show the varous paits of columns, aud other decorations or orna-

ments, used m architecture.

This scale 15 Iikewise well adapted for explaining the sections
o1 profiles ot field works, such as parallels, appioaches, batte-
ries, \c

A scale of eight o ten feet to an mch 1s convement for drawing
buldigs, or picces of carpautiy, such as have betore been men-

tioncd.

These scales aic also good for the plans of Datteiies, field
powder magazines, 1edoubts, and otha field works.

A much smaller scale would not explan clearlv the various paits
of a battery, &¢ to persons who did not previously understand the
nature of such works. But for luge 1edoubts or detached field
works, In some cases, a scale of 15 feet to an mnch might be preferable.

Scales of from 15 to 20 or 25 feet to an inch are useful for
plans, sections, and elevations of very large pieces of architecture
of which such scales will give the general eftect very well, but
cannot detail the various paits,

For instance, such scales would answer well for the elevation or
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view of & fine bridge over a large river. If the bridge had few
arches, a scale of 15 feet to an inch would be preferable ; but if
it was very extensive, such as Blackfriars or Westminster bridges,
then a scale of 20 or 25 feet to an inch would be more con-
venient.

Scales of from 15 to 80 fect to an inch are uscful for sections
of the ramparts, ditches, and other works of a regular fortress.
A much smaller scale than 30 feet to an inch woul! not be sufti-
ciently clear ; and larger than 15 feet to an inch can scarcely be
necessary, except only for the sections of mines and countermines.

For this last purpose 10 feet to an inch may perhaps be pre-
ferable.

A scale of 100 yards to an inch is useful for the plan of a city,
fortress, or estate.

For instance, if I wished to draw a plan of Chatham, or Pls-
mouth Lines, with part of the country round them, [ should
choose this as a convenient scale ; it being larze enough to express
every thing clearly.

But if, for any particular reason, I wished to have some part of
my general plan more detailed, 1T might then choose a scale of
fifty yards to an inch. It can seldom be necessary to use a larger
scale than this, except for small field works, such as have before
been noticed.

If the city, fortress, &c. of which I wished to have a plan,
was very extensive; a smaller scale than 100 yards to an iuch
might be convenient.

For instance, if I was required to draw a plan of the fortifica-
tions of Malta, which inclose a space of several miles in extent, I
-would then choose a scale of 200 yards to an inch.

In like manner, if I wished to have a plan comprchending not
only Chatham Lines, but the various other forts, and works
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connected with them, together with the cities of Rochester and
Chatham ; and the villages of Stroud and Upnor, on the other side
of the Medway; I would then choose a scale of 200 yards to an
inch in preference.

As a general rule I would prefer this scale, whenever the ground
to be included in the plan exceeded three or four square miles.

The scales, therefore, which are most convenient for, the plans
of cities, fortresses, &c. vary from 50 to 200 yards to an inch.
Any scale smaller than 200 yards to an inch would not be suffi-
ciently clear to explain the nature of the works of a fortress:
Consequently when a general plan is on a small scale, it is proper
to have separate plans of particular works, on a laiger scale.

Whenever it is required to use a scale smaller than 200 yards to
an inch; it is then more common and more convenient, instead of
a scale of yards, to make a scale of so many miles or parts of &
mile to an inch.

For instance, if I wanted to use a scale of 300 yards to an
inch, or thereabouts; this distance being only a few yards more
than one sixth part of a mile; I should make my scale in the
latter proportion in preference.

Onue sixth part of a mile to an inch is a very good proportion
for the survey of an estate; or for the plan of the position of an
army, or field of battle. It is the scale generally used by survey-
ors, both civil and military.

One third of a mile to an inch, or one quarter of a mile to an
inch, are also sufficiently large and clear scales for similar purposes ;
if the ground to be surveyed is an open country.

Half a mile to an inch, or even one mile to an inch, are suffi-
ciently large to show all the roads bye-roads, and principal farms,
and country houses.

VOL. I. M
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When smaller scales than these are used, the general features of
a county, province, or large tract of country, may be understood ;
but the particular nature of any posiion or small portion of it,
cannot be evplained, without a reference to more detailed maps or
plans on some of the former scales.

It is more usual in the titles of scales for maps, to say so many
inches or parts of an inch to a mile ; than to say so many miles o1
paits of a mile to am inch.

F'or mstance, the various scales above mentioned, may be styled
scales of six inches to a mile, of three inches to a mile, of two
inches to a mile, of-one inch and a half to a mle, or of one wch

to a nule.

This is the best method for scales of miles, and no mconvenience
can anse from 1t , because where miles are coucerned, you are not
Lkely to be confused, although you may have been accustomed to
follow a contrary arrangement, in respect to the titles of scales of
yards or feet.

It is a general rule in scale-making that the numeration of the
scale shall not commence from the begmning of the line, but fiom
the right extremity of the first or left hand division, wheic the figure

0 is plac=d.

Also, that if the large divisions of the scale represent units, the
subdivisions shall represent the next smaller denomination of the
samc measure. For instance, in your first and second examples,
where each of the large divisions represented one foot only, the
subdivisious were made to represent inches.

By the same rule, if you had drawn a scale of miles, of which
the large divisions were numbered from O to 1, 2, 8, 4, 5, &c.;
then the subdivisions ought to represent quarters of miles, if the
scale was small; butif the scale was rather large, smaller subdi-
visions than these nught be introduced, to represent furlongs ; each
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of which, as you may probably know, is one eighth part, or half a
quarter of a mile.

But if the large divisions of any scale represent tens, then the
subdivisions must represent units of the same measure, and if the
large divisions of any scale represent hundreds, then the subdivisions
must represent tens of the same measure.

"This is the rule which has been followed in all the above exam-
ples of scale-making. If you had divided and numbered your
scales in any other manner, you would have found it impossible to
measure any distance off hand without previously adding two
numbers together, or subtracting one number from another. Cal-
culations of this hind are troublesome, and may lead to crror.

In plane scales, such as you have hitherto drawn, there is no
method of measuring any distance which falls between two subdi-
visions «acept by guess; but, in general, the subdivisions are
made s0 small, that plane scales are quite accurate enough for all
common purposes. There is however a more accurate kind of
scale called a diagonal scale, which I shall now teach you to
construct.

Write the words DIAGONAL SCALES.

PROBLEM LIII.
TO MAKE A DIAGONAIL SCALE.

Draw a line twelve inches long: divide it into six equal parts ;
and subdivide the first division into ten equal parts,

Under the right extremity of the first division place the figure 0,
and under the remaining points of division place successively the
figurcs 1, 2, 3, 4 and 5.

Lassusa . | A
0 1 2 8 4 &
M2
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Draw a line above the former, parallel to it, at a distance equal
to the length of one of the large divisions.

From the two extremities of the first drawn line, and from all the
points upon it which mark the large divisions, raise perpendiculars
meeting the above parallel. The upper and lower line will then
both be divided into the same number of large divisions.

Subdivide the left division of the uppe: line or parallel also into
ten equal parts; and the two lines will then be divided and sub-
divided exactly in the same mauner.

1 2

From the left extremity of the first subdivision of the upper line,
draw an oblique line to the right extremity of the first subdivision
of the lower line.

From the left extremity of the second subdivision of the upper
line, draw an oblique line to the right extiemity of the second sub-
division of the lower line.

And in like manner from the left extremity of every remaining
subdivision of the upper line, draw an oblique line to the right
extremity of its corresponding subdivision on the lower line.

(o} 1 2 3 4 5

Subdivide that perpendicular which connects the left extremities
of your two first drawn lines into ten equal parts ; and through the
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various points of subdivision thus found, draw right lines parallel
to your original line.

Mark cvery second subdivision on your lower line from 0 towards
the left extremity of the line by the numeral figures 2, 4, 6, and 8.

In like manner mark every second subdivision on your left per-
pendicular by the numeral figures 2, 4, 6, 8, commencing from the
bottom upwards.

For the method of subdividing the perpendicular, drawing the
parallels, and marking the subdivisions, as directed in the three
last paragraphs, the Teacher will refer to the mext figure, in
which these particulars ave ecplained.

Your problem is now performed : you have made a diagonal
seale.

It 1s proper here to observe, that this scale like all the others
wluch you have hitherto made, ought to have been divided into
cleven equal paits, in order that the numeration might extend from
0, 1, 2, 3, &c. regulatly as far as 10.

If yon should ever wish to make a diagonal scale for use, you
must thercfore recollect to divide it in the above manner. My
1cason in making you now use fewer than the proper number of
cqual parts was in order to save you trouble, on account of the
difticulty, which I know there is, in making many small subdie
visions accurately upon a slate. But if you had been practising
on paper, I should have made you in the first instance draw a line
eleven inches long, and divide it into eleven equal parts; after
which the remaining operations would have been exactly the same
as those of your present example.

I shall now teach you the method of measuring distances by the
diagonal scale.

Let us suppase that our present scale represents feet. It may
of course also be applied to yards or to any other measure or
dimension that the person who uses it thinks proper.
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1t is.a rule in diagonal scales, that the subdivisions on the per-
pendicular, are each one tenth part of the subdivisions on the

base, and that the subdivisions on the base are one tenth part of
the divisions.

Conscquently if the large divisions on your base or original line
are units, that is to say single feet; the subdvision of the base
will represent each one tenth part of a foot; and the subdivisions

of the perpendicular will each represent ouc huudredth pait of a
foot.

If the large divisions on jour base represent ten feet each
then the subdivisions of the base will 1epiesent ecach oue foot;
and the perpendicular subdivisions will 1epresent cach of them one
tenth part of a foot.

Also if the divisions 1epresent hundieds , the subdivisions of the
base will represent tens; and the perpendicular subdivisions will
represent units.

But if the divisions represcut thousands; the subdivisions of the
base will represent hundreds ; and the perpendicular subdivision
will repiesent tens,

This being, eaplained, I shall fist suppose, that the luge
dnisions of my scale repicsent cach one hundied feet; and that 1
am 1equired to measure five hundred and forty-three feet, from my
diagonal scale.

I first place one leg of my compasses at that point of the laige
divisions which 1s marked 5; and extend the other leg to that
point of the subdivisions of the base which is marked 4.

Here the Teacher will exemplify.

I bave now got a distance equal to five of the large divisions of
the base, which as 1 said before represent hundreds, added to
four of the subdivisions of the base which as I said befofe repre-
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sent tens.  Five hundicds and four tens are five hundred and forty.
I now only want three of my required number.

That leg of my compasses which was placed on division 5, 1
move upwards on the perpendicular iaised from thence, as far as
the pomt where the said perpendicular is intersected, by that paral-
lel which is diawn through the third perpendicular subdivision of

the scale.

The other leg of my compasses which was placed on subdivision
4 of my base, 1 also move upwards as far as the same parallel ;
and finding that it does not 1each the point where this parallel is
mtarsectcd by the oblique ling which 1s drawn from the fourth sub-
division of the base : I extend it as far as the said pont of inter-
section, hcepmg the other leg of my compasses fixed in ‘its last
position,

I have now got the exact distance of 543 feet, as was réquired.

I shall next show you how to take 356 feet from a diagonal
scale.

I shall lastly show you how to take 268 feet from a diagonal
scale.

The Teacher will exemplify as before. In the following
Jisure, the points where the legs of the compasses ought to stand in
the above three measurements, are marked by smnall circles, 1t being
understood that the two legs must aluays be placed on the sume
parallel, in all measurements made upon a diagonal scale.

This figure would serve for the concluding operations of the
problem in page 165, provided the small circles, which appear in
1, were laken out. .




168 PRACTICAL GEOMETRY.

Here the Teacher will exercise the learners in selting off dis-
tances, not exceeding 600 feet, by their diagonal]scales, supposing,
as in the above examples, that the divisions represent hundreds.

We shall now suppose that the large divisions of your scale
represent thousands ; consequently that the subdivisions of the base
represent hundreds ; and that the perpendicular subdivisions repre-
sent tens. The manner of measurmg distances will be exactly
the same as before.

1 shall first show you how to mcasure 5430 feet.
I shall next show you how to measure 3560 feet.
Lastly I shall show you how to measure 2630 feet

The same points, which are marhed wuh small circles upon the
last figure, will also apply to these ncz. measurcments ; and to all
the following measurementis relating to the diagonal scale.

Having exemplified the three measurements above mentioned, the
Teacher will exercise the learners in wumilar operations, obseriing
to choose distances not excecding 6000 feet.

We shall now suppose, that the large divisions of your scale
represent ten feet each: and consequently that the subdivisions
represent feet, and tenths of a foot.

1 shall first show you how to measure 54 feet and 3 tenths of
« foot.

I shall next show you how to measure 35 feet and G tenths of
a foot.

Lastly I shall show you how to measure’ 26 fect and 8 tenths
of a foot.

?

"Here the Teacher, after exemplifying, will exercise the learners
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wn similar operations, obsérving to choose distances not exceeding -

6 feet.

We shall now suppose, that the large divisions of your scale
repicsent units or single feet; and consequently that the subdi-
visions represent tenths of a foot, and hundredth parts of a foot.

I shall first show you how to measure 5 feet, 4 tenths, and
3 hundiedth parts of a foot.

¥ shall next show you how to measure S feet, 5 tenths, and 6
bundiedth parts of a foot.

Lastly T shall show you how to measure 2 feet, 6 tenths, and 8
hundredth parts of a foot.

Ilere the Teacher, after ecemplifying, will excrcise the learners
n sumalar operations, observing to choose distances not exceeding
sia feet.

I <hall next teach you the method of making scales for meas
suting angles.

It was before stated, that angles are always measured by
degiees, or equal parts into which the circumference of a circle is
supposed to be divided.

Write the words DEGREES OF A CIRCLE.

Describe a circle, and draw two diameters intersecting each
other at right angles. These will divide your circle into four
quadrants.

At the extremity of one of your diameters,
mark the figure 0, to show the point from
whence you mean to commence the divisions
of your circumference.

.
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A circle is always divided into 360 degrees. Your present
circle is already divided into four equal parts by the intersecting
diameters.

The fourth part of 3GO being 00, at the extremity of the first
quadrant from the point 0, you will mark 90: at the extremity of
the second quadrant you will mark two nineties, which is 180: and
at the extremity of the third quadrant you will mark three nimeties,
which is 270. At the extremity of the fourth quadrant, you will
have made the complete round, which brings vou back to the
point O, from whence you started.  The whole circumference
being equal to 360 degrees: this point may not only be marked 0,
as being the commencement; but it may also be marked 560, as
being the finishing point of the cncumference.

a0
Opposite to this point vou will o
therefore write the word or and the ) _’_ ______‘L_. PN
number 360, in addition to the figure don s : .
0, which is already marhed there. \\ | /
Tera

In surveying instruments, such as theodolites, where the degrees
are marked all round the circumference of a circle, the number
360 only is placed at the above point ; the persons who use these
instruments being supposed to know, that this also signifies the
point 0.

A right angle is an angle of 90 degrees, as you may perceive by
inspecting your present figure; and two right angles arc equal to
180 degrees.

You cannot, properly speaking, use the expressian au angle of
180 degrees; because if you suppose two radii of a circle to
move upon the ceflter as a pivot; when you extend them so far as
to make them comprehend a part of the circumference equal to
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180 degrees, they will then be exactly in the same right line,
forming a diameter.

Conscquently if any right line stands upon another, no matter
whether perpendiculaily or not; the two angles thus formed will
be exactly equal to 180 degrees, or to two right angles, which is
the same thing.

Also, if any two, three, or more right lines stand upon another
right line, so as to meet and form angles, at any point in the
latter line, on the samie side of it; all the angles, thus formed,
will be equal to 180 degices or to two right angles.

For instance  shall

first diaw a right line ; \
and secondly [ shall ‘: or
diaw  another line _ _

standing upon it. The two angles thus formed are cqual to two
right angles.

Now 1 shall diaw

some more limes, also
standing upon the first or ~
diawn line, but all of

them meeting in the same angular point.

three
The 1 five } angles thus formed are exactly
( or other number of
equal to two right angles, or to 180 degrees.

Herce the Teacher will rub out the figures which he drew to
illustrate the above remarks upon angles, that are equal to 180
degrees, when added together.

We shall now proceed with the divisions of the circle.

If you understand the manner of dividing a f;uadrant, you will
not find any difficulty in dividing the whole circle. You will
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therefore rub out your circle, and draw a quadrant on a larger
scale, placing the center from whence you describe the arc of the
quadrant, pearly in the middle of your slates.

Divide the arc of your quadrant into nine equal parts, by tials
“with your compasses, each of which will be equal to ten degrees.
¢o :ﬂ,(l“:l wa
Place the figure 0 at one ewtremity of "
your quadrant, and from thence number |,
the above divisions regularly with the num- 21;/
bers 0, 10, 20, 30, 40, Kc. a< far as 90. 3¢
ol .

|
f
l

The operations which you have just performed, bong simlar to
many parts of yow forimer problems, cannot be considered as
forming a new problem, in themselves; they mercdy sene to ox-
plain the divisions of the cucle. 1 shall now proceed to teach
you, how these divisions may be applied to the measwement of
angles.

This is done by forming them into a scale; which i called a
scale of chords.

»  Write the words SCALE OF CHORDS.

A chord was before defined : it is a nght line joining the two
extremities of an arc.

The term chord of an arc may also signify the exact distance,
or length, between the two extremities of an arc, although a right
line may not actually be drawn in order to represent this
distance.

This being explained, we shall proceed with our problem.



SCALE OF -CHORDS. 173

PROBLEM LIV.
TO MAKE A SCALE OF CHORDS.

When the Teacher proceeds regularly, it will not be necessary for
him to read the first of the following orders ; the operations therein
mentioned being already performed: he will therefore commence
at the third paragraph, at the words “ Draw the chord,” &c.

But of in going through this course a second or third time, he
should yudge it most expedient to choose various problems sepurately,
without attending to the regular order of the book ; he must then,
wn performing this problem, commence as follows, and read every
paragraph regularly until the whole of the operations are finished.

Draw a quadrant on as large a scale as your slate will conve-
niently permit; and divide the circumference of it into nine equal
parts, each of which will repreent ten degrees.

Place the figure O at one extremity of your quadrant, and from
thence number your divisions regulaily with the numbers 10, 20,
50, &c. as far as 40.

79 20 92

Diaw the choid of your quadrant; or the 50,
chord of 90 degiees, which is the same thing. W
This is done by diawing a right line from
the point O to the point 90. ’ 1
. 0

This right line will be the total length of your scale of chords,
which is not to go higher than the chord of 90 degree-.

The next operation necessary will be to mark upon it, the
length of the chord of 10 degrees, also of the chords of 20 degrees,
of 30 degrees, of 40 degrees, and in short of all the arcs into
which your quadrant is divided.
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The length of the chord of 10 degrees is equal to the distance
from the point O to the point 10.

The length of the chord of 20 degrees is cqual to the distance
from the point O to the point 20.

The length of the chord of 30 degrees is equal to the distance
from the point O to the point S0.

And in like manner, the lengths of the chords of 40, 50, 60, or
any other number of degrees, are respectively equal to the distance,
between the point 0 and the corresponding points, marked 40, 50,
60, &c. &c. on the arc of your quadrant.

The lengths of the chords required being therefore all measured
from the point O, the simplest way of transferring these various
Jengths to the chord of 90 degrees, is to place one leg of your
compasses in the point 0; and from that point as a ceuter, with
radii extending as far as the points 10, 20, 30, 40, &c. &c. marhed
in the curve, to describe arcs meeting the chord of Y0 degrecs.

For instance from the point O as a center with a radius ex-
tending as far as the point 10, describe an arc meeting the chord

of 90 degrees.
Here the Teacher will exemplify.

From the point O as a center, with a radius extending as far
as the point 20, describe a sccond arc also meeting the choid of

90 degrees.
Here the Teacher will exemplify.

" In like manner, invariably using the same o 1020

point O as a center, but always choosing a 50
"new point of division on the curve for the
extent of your radius, describe arcs meeting  ,,
the chord of 90 degrees, until no more divi- 49
sions remain. o
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Thie line which represents the chord of 90 degrees is now di-
vided into the same number of parts, as the arc of your quadrant.
N 60 I fu 90

Number these new divisions in the same
manycr as the former, commencing at the
point 0, and marking under each remaning
point the numbers 10, 20, 30, 40, &c. &c. 20
in regular oider as far as gO.

The line, thus divided and numbered, is a scale of chords, by
which you may measme the chord of 10, 20, 30, 40, 50, 60, 70,
80 or Y0 degrees; but you caunot yet measure any number of de-
grees, although under 90, which does unot exactly agree with one of
these numbers.  Your scale is therefore incomplete until you have
got 1t subdivided into parts of single degrees each.

The process of subduiding yonr scale into single degrees is
done exactly on the same principle, by which you have already
divided 1

The method of doing this is sufficiently simple; and may be
clearly explained to vou, without giving you the trouble of marking
the whole number of degrees or subdivisions, that are necessary in
< ~cale of chords.

Instead of subdividing each of the present divisions of your
quadiant into ten equal parts, or single degrees; you will, there-
fore, ouly bisect them.

Lvery large division represents 10 degrees ; your present sub-
dnisions will therefore represent parts of tive degrees each.

[rom the point O, as a center, with radii vo

extending as far as each of your points of
subdivision, one after another, until no
more 1emain; desutbe arcs meeting the
chord of YO degrees, which repiesents the

requued scale.
The Teacher need not make the learners dot their last described
wes. They are dotted in this figure only for the sake of clearness.
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Your scale is now divided and subdivided, in the same manuer as
the arc of your quadrant; so that you can measure from it every
5th degree. Far instance you can measure the chord of 23, 85, 45,
or 55 degrees, &c. &c.

It must now be perfectly evident, that, by the same method, you
might make a scale of chords capable of measuring every single
degree.

Having subdivided your scales mto as many paits as you werc
directed; the problem is performed.

REMARKS ON PROBLELM LI1V.

In your former scales, which you made according to the last
problem, only one of the large divisions was subdivided; and yet
you could measure any number of parts compnsed withm the
Jength of the scale ; whereas in a scale of chords, the whole of the
large divisions must be subdivided before you can ineasure every
number of single degrees necessary.

The reason of this is, that your former scales were all scales of
equal or proportional parts; but a scale of chords is not a scale of
equal or proportional parts.

For instance, although the aic of 20 degiees 1s exactly twice
as long.as the arc of 10 degiees, measurg along the cncum-
ference of a circle; yet the chord of an arc 6f 20 degiees is not quite
twice as long as the chord of an arc of 10 degrees: nor is the chord
of an arc of 40 degrees twice as long as the choid of an arc of 20
degrees ; nor are the chords of any arcs to each other in the same
proportion as the numbers of degrees contained in their respective
arcs. Consequently every degree or subdivision on a scale of
chords being unequal, you cannot have a true scale of chords, with-
out subdividing the whole of it ‘into as many parts, as there are
single degrees.

The same observation applies to all scales for measuring arcs or
angles, of which there are several other kinds, which will after-

- wards be explained.
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In a scale of chords, ‘the chord of 60 degrees is always equal to
the radius originally used, in describing the circle or quadrant, by
means of which the scale was made.

Produce downwards the arc which was
used in setting off the chord of 60 degrees,
and you will see that this is the case:
namely, that the chord of 60 degrees is
evactly equal to your radius.

Rub out the whole of your figure
exceptmg only your scale, over which
vou will write the wbrds scale of chords.

PROBLEM LV.

TO MAKE OR MEASURE AN ANGLE OF ANY NUMBER OF
DEGRELS BY MEANS OF A SCALE OF CHORDS.

Let us first suppose, that the angle required to be made is an angle
of {32 ? degrees.
75

The Teacher will, of course, only choose one line or angle, at a
tume, and cause only one figure to be drawn; although in this
and wn the following examples, given in the book, several angles
may be drawn together.

On some other part of your slates draw a right line, and mark a
point in it, from whence the required angle is to be set off.

'\

~

YOL. I. N
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L)
The scales of chords, constructed in the last problem, are sup-
posed still to remain upon the slates of the learners: othernise
this problem cduld not (e performed, unless they were pro.ided

with proper scales for the purpose.

In all figures, velating to such part of the follon ing operations,
as do not require actual measurements Jrom the scale of chords,
the seale o3 left out : "but wn figures ulich relate to actual mea-
surements, @& scalg of chords, cqual to that wiich appeurs at the
end of the last problem, @ wnserted for the guidance of the Teach .

Take the length of the thord of 60 degrees from your sc ale, and
with this distance as a radius, fiom the above point os a conter,
descriBe an arc on that side of the e, on which you propose Lo

make your angle.

.
>
&

N
o 2] -

From the point wheie this arc meets or cuts the ahave hne,
. 20
as a center, with a radws equal to the chord of :m} degices,

™h

describe a new arc intersecting the former.

-
®
D

Q — .

From the pfoposed angular point, that is to say from the
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point first marked on your right line, draw a second line through
the point of intersection of the two arcs.

</~

T~ L

This last diawn lhne foums an angle with the former, whicll will
he the angle required: consequently your problem is performed.

Rub out superfluous aics.

It 15 often usual to mmik opposite to an angle the number of
degiecs which it contains.  The number is generally marked near
the angular point. A small cipher, or, figure of 0, placed over any
number sigmfies degees.

M.k, m the above manner, the number of.degrees contained in
the angle which you have just made.

Rub out your angle.

1 shall now teach you how to measure any given angle by means
of a scale of chords. We shall first suppose, that the given angle
is an acute augle.

Draw an acute
angle to represent
the given angle.
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From the angular point as a center, with a radjus equal to the
chord of 60 degrees, describe an arc for the purpose of measuring
your angle.

Here the Teacher will exemplify.

Take the length of the chord of the arc which you have Just
destribed in your compasses: that is to say, take the distance
between the points, where your arc meets or intersects the two
lines that form the angle. '

The next thing is to measure this distauce upon your scale of
chords. )

You see that as far as regards the arc which I have diawu upon
the board: when 1 apply the chord of this arc to my scale of

chords, it forms an angle of gg degrees nearly.

The above are the numbers which suit the tuo figures here
given, as an illustration of this operation: but as it is not likely
nor necessary that the angle, which the Teacher draws upon the
board, should correspond with either of these numbers ; he will of
course, in reading the above paragraph, make use of any other
number, which he finds actually to agree with the measurement of’
his own angle.

1 shall therefore mark my angle accordingly.

¥ou will measure and mark your angles in the same manner:
but if you find that they cannot be exactly measured by the sub-
divisions of your scale of chords; you must guess the odd number
of degrees as near as you can.
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Rub out your superfluons arcs. " '
Rub out your figures.

Obtuse angles, or angles of more than 90 degrees, may also be
set off or measured by means of a scale of chords, by one measure-

meni only. .
I shall first teach you how to measure them.

Draw an obtuse angle to represent the given angle which is to be
measured. .

Producc one of the lines, which form your given angle, beyond
the angular point; and dot this produced part.

By so doing you have formed a new angle, which if added to
your given angle will be exactly equal to 180 degrees, or to two
1ight angles, as was before explained. This new angle will always
be an acute angle, consequently you may measure it by your scale
of chards. '

Measure the new angle in the manner before explained, by first
describing an aic with the chord of 60 degrees; and afterwards
applying the length of the chord of this new arc to your scale of
chords. !

v
.

Following this method, the angle which I have drawn on the

board, proves to be gg degrees. I shall therefore mark this aum- .
ber opposite to it. ‘ . g

20°
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The Tedcher of course, after measuring his angle, will not use
the numbers 20 or 35, but any pumber which proves to be correct
these sjumbers mcrely upplying to the two figures here given.

A scale of chords is not inserted in these Sigures, because angles
of 20 and of 35 degrees were before set off according lo a scale.

You will also mark your angles in the same manner.

The new angle of f‘,’ degrees, which [ have thus mcasmed, i
2J
added to my given angle ought to make cxactly 180 degrees.
160

145
main : this is the exact measurement of my given angle. 1 shall mairk

degrees 1e-

I therefore subtract §(5) degices from 180, and

it accordingly, rubbing out at the same timg my superilaous aic.

-
-

-

-
2\‘1"96 . 1" - -

. - - - S ~—— - =

You will in like manuer subtract the number of degices con-
tained in each of your new augles from 180 degrees  and the duf-
fegence will be the exact value of your given angle, which youn
must write opposite to it.

‘When any arc is less than 180 degrecs, the difference between
the two is called the supplemcnt of that mec.
¢ In like manver when any angle is less than 180 degrees, the dif-
ference between the two is called the supplement of that angle.

For instance an arc or an ang'le of 130 degrees is the supplamcnt

& - .
toan arc or angle of 50 degrees: and in like manner, anarc or an an-
gle of 50 degreesis the supplement to an arc or anglc of 130 degre ¢s.

Write the words SUPPLEMENT OF AN ARC.

1 shall now teach you how.to draw an obtuse angle, or an angle
of more than 90 degrus, hy means of your scale of choids, at om
measurement.
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Let us suppose that an angle of 160 degrees is reqmred to be
made.

Draw a 1ight line to represent one of the lines of your required
angle ; after which it will 1¢ 1ecessary to mu  some point in it, to
<how the point from whence . e augle is to | ¢ set off.

, ¥

Althougi: this point might be marked at any pat of the line, the
operation will be n re clearly understood, if you tahe one of the
axtt uc pomts of your lines for h « purposc.  You will therefore
mark athar extrematy of yo ume accordingl,.

Produce that extiemity of your hne where the point 1 marked,
as la as you judge couvenient; and let this produced pait be
dotted.

- ¢ . .

If the pomt had been markcd near the middle of the line, this
last opaation would not have been necessary ; as you will clearly
undasstand when vou proceed a hittle further.

At the pomt mathed 1 yow line, on the same side of the line

poposed for your requued obtuse angle of ](z? degrees, but on

thc contiary «ude of the point, you must nest make an acute angle
equal to the supplcment of yown requued angle.

.2
The supplcment of 132 degtees iy ‘32 degrees.
You will thaicfore, at the pomt marked in vour line, make an
- Q( . N . 13
angle of ,;.: degiecs, in the manner directed, and number it

accordingly.

A fiqure made o correspond with this operation, would be
prerzs('h/ the seme as the second figure in page 181, to which the
Teather may refer if necessary.
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The dine, drawn in making this acute angle, forms also a second
angle with the origiual line; which will be. equal to 100 degrees,
as was required.

A figure, made to correspond with this operation, would be

precisely the same as the figure in page 182, to which the
Teacher may refer if necessary.

Rub out your superfluous angle, together with the dotted line,
arcs, &c. used in describing it : and your operation is performed.

160° 1 l./

_Rub out your figure.

REMARK.

In order to save trouble, a case of drawing instruments usually
contaius an ivory ruler, upon which are marked plaue scales ot
various proportions, a diagonal scale, and one or two scales of
chords for measuring angles.

* There is also an instrument, called a protractor, by which
angles may be set off or measured much more expeditiously and
conveniently than can be done by a scale of chords.

Write the word PROTRACTOR.

PROBLEM LVI.
TO MAKE A PROTRACTOR.

" Draw a semicircle: mark the center of it by a point; and
divide the circumference into eighteen equal parts; each of which
will be equal to 10 degrees.

iYc.m will therefore place the figure O under one extremity of
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your semicircle, from whence youn will mark the divisions regularly
with the numbers 10, 20, 30, 40, 50, &c. &c. #s far as 180,

Here the Teacher will exemplify, and see that the learners
perform the operatiogs direted, before he makes them. proceed
Surther.

For the conveniency of setting off angles on different sides of
the same line, without the trouble of calculating supplements, it is
proper that the degrees of a prouactor should be numbered in two
contrary ways.

Y ou must therefore
put double numbers to
all your divsions ac-
cordingly , commenc-
mg at the contrary
azttcmity of the same
scmicircle, where you

will place a new figure
of 0, and fiom thence you will go regularly round the curve as

betore, but m a contrary direction, with the numbers 10, 20, 30,
40, &c. as far as 180.

I shall now teach you the method of setting off angles by means
of a protractor.

One protractor ought to be provded for every five or six
learners, but for the sahe of eomomy, wooden protractors, di-
vided wn the manner shown wn the above figure, may answer the
purposes of anstruction. The Teacher ought of course to have a
larger wooden protractor to use upon the board.

We shall first set off an angle of ]53(? degrees. -

Draw a right Iine, and mark a point on it, to represent the point
from whence the required angle is to be set off. - -
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Place one of the straight sides or «dges of your protractor upon

the above lire, in such a maoner, that the center of your protractor
shall exactly agree or coiucide with the print, which you have just
marked upon the line.

.
Then close to the semicircular or numbered side of your pro-

tractor, but on the outside of it, mark a point upon yow slate

opposite to that division, which stands for ' degices.

The following figure represents a 1eal protractor applicd to
the above line, havi,
but open in the mid

straight side and a semcircutar side,
The dotted line 1s

awn merely as a quide to the Teacher, to
show the direction of the poud . 'ich eught to be marhed, and

the point itself 1s denoted by « small circle.

\,J“\ KO ? I/,,lr “
- )
N o ’\\‘\\\‘“‘ (.._t“ T "
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Remove your protractor altogether :

And from the point in your line, draw a right line thiough the
last marked point.
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This new linc will form an angle of 1535) degrees with the former

line, as was required. Mark your angle with the proper number
of degrees, and your problem is thercfore performed.

lal

[ 5o°

—_—— o — e— _ P (P — —————

A protiactor is also sometimes made in % form of a rectangle.
For mstanee, in the flat ivory rulers or scalell which generally form
part of a case of diawing iggraments, as was before mentioned,
the dogrees me alwave marked round three sides of the rectangle,
which therefore correspond with the cuived part of the semicircular
protictorn.

The rcmamme long side of the rectangle corresponds with the
dumeter of the semicircular protractor, and has a point marked in
the nuddle of 5t, which in like mianner corresponds with the center
of Ue semicucle. This point 15 always placed in one of the long

sides of the rectangle.

tectangnlar protiactors are not quite so conyenient for practice
a  the scmicnculn ones, because they are much more hable to
(o, unless used with an uncommon degrec of carce and attention.

The rcason of this is, that the divisions on the semicircular pro-
tractor are perpendicular to the semicircular edge of the instrument
upon whi-h they are marked; whereas in the rectangular pro-
tiactor, some of them are very oblique to the edges or sides of the
nstiument. )

.

The Teacker should have one or two rectungular protractors, to
t/lustrate the ahove remerk.

If you wished to make a rectangular protractor, it would be
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necessary first to draw a semicircular one upon the same center,
dividing it regularly; after which the divisions may easily be
tranaferred to the three proper sides of the rectangle, by mercly
drawing radii through the various degrees marked on the semicircle,
and producing them as far as necessary : then the semicircle would
be rubbed out.

Lastly, a double scale of degrees would bc marked near the cdge
of the rectangle, on the three proper sides of it. "This would
render it complete as a rectangular protractor.

REMARKS.

When any line or igstrument is marked with degices, it is said
to be graduated.

Write the words GRADUATED OR MARKED WITH DEGREES.

In your last problems, you have had frequent occasion to divide
the circumference of a circle into degrecs. There are vanous
useful instruments divided in this manner.

A theodolite is an instrument of a circular form, upon which all
the degrees of the circle are marked up to 3GO. It is used by
land-surveyors in taking angles, as was before mentioned.

A quadrapt is an instrument mnade in the form of a quarter of
a circle, from whence it takes its name. This instrument is
useful in measuring heights. It is also often used in gunnery, for
laying guns and mortars at an elevation.

A scxtant is an instrument made in the form of the sixth part of
a circle. It is very useful in mavigation, particularly for observing
the sun’s altitude or height above the horizon.

“"There is also a smaller kind of sextant, called a pocket sex-
tant, which is useful in taking angles for small surveys.

Huvir;g made these remarks, I shall now proceed to explain to
you some other kinds of scales, which are uscd for measuring arcs
or angles.
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DEF. 97. The sine of any arc is a perpendicular drawn
from one extremity of it, upon a diameter passing through its other
extremity.

[y

Drawa semicircle: mark .~ *
any poiut in the curve to .
A : or

divide it into two arcs ; and
dot one of the arcs thus
formed. That arc, which
is not dotted, will always be understood in the following obsel'-
vations, unless when the contrary 1s specified.

Draw a perpendiculai to o ‘\

the diameter, from the point

—————

marhed in the curve of your
semicircle.

This perpendicular is the sine of your arc; it being drawn from
one extiemity of the said arc to a diameter passing through the
other extremity of it.

Supposing that your arc contained any specified number of
degrees, such as 60, then this perpendicular would also be called
the sine of 6O degrees.

REMARK.

The same sine applies always to two arcs or angles, which are
supplements to cach other : for instance, the sine drawn in your
present figure serves for both the arcs into which your semicircle
is divided. It is the sine of the dotted arc as well as of the other;
these two arcs being supplements to each other.

Thus the sine of 60 degrees is equal to the sine of 120 degrees:
the siuc of 40 degrees is equal to the sine of 140 degrees, and
so on; these angles being supplements to each other.
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PROBLEM LVIIL

TO MAKE A SCALL Ol' SINES.

Diaw a right line directed towards the top and bottom of your
slates: and upon this line deseribe a senucncle to the nght of the

Lige.

Bisect the aic of your semicircle, and divide the lower quadiant
. . . A~
of it into ninc equal parts, wlich will he equal to ten degreds

each.

Place the figure O at the lower extremuty,
and the numbcr 90 at the upper extrennty, e
of the said quadrant. /

7

0

From each point of division on the arc of your quadrant, diaw a
perpendicular to the diameter.  These perpendiculars will be the
sines of the various arcs marhed on your quadrant: that is to say
the shortest of them will be the sine of 10 degrees, the next will
be the sine of 20 degrees, the next will be the sme of 30 degrees,
and so on, a# far as the sine of Y0 degrees, which is equal to the
radsg of your semicircle; for it meets the center of it, as you

may percuive.
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Rab out your upper quadrant which
becomes supertluous.

0
Draw a nght line fiom the point 0, parallel and cqual to the
sinc of YO degrees. This 13 to be your scale, upon which you
must nest tansfer the lengths of the various perpendiculars, or

smes, 1epresented in your figwe.

From all the points of dnision on the arc of yowm quadrant drop
perpendiculas to the last diawn lime.

Commencmg from the pomt 0, mark the T —_‘J‘
varions pomts of dinision thus made upon ’
vouw last drawn hing, with the numbers 10, 20,
0, 10, 50, &¢. Xc. as far as YO.

0 10 20 30 40 50, &c.

It you pay attenticn to vour figwe, you may perceive that the
divistons, thus made and numbered upon the above lme, are equal
to the smes of 10, 20, 0, 40 degices, &e.  Consequently this
Fue forms a scgular scale ot smes; so that your problem is pa-
formed.

The origmal semichicdle used in constiucting your scale was
placed ma particular position metrely as bemg the most convenient
but the operations wouid, of course, have becn equally correct,
had it been placed in any other position.

Rub out your figures.

DETF. 98. 'The tangent of an arc is a right line drawn from
ene extiemty of the arc, touching the cicumference, and bounded
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by a radius produced through the other eatremity of the said
m.

‘Write the words TANGENT OF AN ARC.

Describe a semicircle: divide it into two

arcs by a point, and dot one of these arcs, of ' ‘\
which we shall take no further notice.

Draw a radius to the other extremity of your arc: 1 mean that
arc which is not dotted.

From that extremity of the diameter, which bounds one side ot
the same arc, raise a perpendicular.

This perpendicular will touch the circumiference.
Pioduce the perpendicular and the last

drawn radius, until they meet each other
and forn an angle.

The perpendicular thus drawn is the tangent of your arc, being
bounded on oue side by a produced radius, and on the other by a
diameter, both of which pass through extremities of the arc. But
if the perpendicular were longer or shorter than the above propor-
tion, it would not be a taugent to the arc which you have drawn,
but to some larger or smaller arc.

‘Write the words TANGENT OF AN ARC.

-

The tangent of an arc takes its name from the number of
degrees of a circle, which the arc contains; and may, for
instance, be called the tangent of 20 degrees; or the tangent of
30 degrees, &c. &c.
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DET. 99. The sccant of any arc is a right line drawn from
the center through one extremity of the arc, and terminated by a
tangent drawn fiom the other extremity of it.

Write the words SECANT OT AN ARC.

The produced radius of your present figure is the sccant of the
same arc, of which you drew the tangent.

Any lme cutting a circle is a sccant, as was before observed,
but unless it were bounded in the manner above mentioned, it

would not be the secant of your present arc.

tub out your figures.

PROBLEM LVIII.
TO MAKE A SCALE OF TANGENTS.

Draw a quadraut of a circle, placing the center of it towards the
bottom of your slates, and divide the curve into nine equal parts,
each of which will be equal to 10 degrees.

Here the Teacher will exemplify.

From the outward extremity of the lower radius of your
quadrant raise a perpendicular, which will be a tangent to the

curve.
The Teacher will evemplify.

From the center of the circle draw secants through those seven
divisions of the curve which are nearest to the said perpendicular ;
and produce them until they meet the perpendicular.

YOL. 1. 0
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. >
The Teacher wall exemplify. =
Place the figwme 0 at the pomt tiom
whence the perpendicular is raised, and s
from thence mark the remaming points §n
. . . . 2
mto which it 1s dnided by the numbers / ° 8
. - ™~
10, 20, 30, 40, 50, 60, aud 70. -,
The perpendicular thus diided and L, "I A
numbered is a scale of tangents.  You J- /]3
will therefore wiite the words Scale of N g
. . . o]
Tangents near 1it. L2
=
‘ —

REMARKRS ON PROBLENM LV YL

There i« no tangent of 90 degrees, because a secant diawn
through the extremity of the arc of 9o degices, or thioneh the
extremity of the quadrant, wonld be paallel to the perpendicular,
which serves for yom scale.  Cousequently they will not meet
although produced cver so far.

In regular scales of tangents, which wc diawn on the vory
1ulers above mentioned, it is usual to cany the divisions and sub-
divisions no farther than 75 degrees @ because to extend them
above that proportion would 1cquire scales immaoderately Jong.

The tangent of 45 degrees is equal to the radius of the
quadrant : consequently when a slope of carth iv set off at an
angle of 45 degrees, the base of the slope is equal to its height.
This is very common in field works.

Mortars are also generally laid at an angle of 45 degrees.
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PROBLEM LIX.
TO MARE A SCALE OF SECANTS.

A scale of secants cannot he made, without first going through
all the operations that are necessary for drawing a scale of tangents.

In dotng this problem separately, it will therefore be necessary
tor the Teacher to go back to the last problem, and cause the
learners to perform the operations therein contained, after which
he wall proceed as follows.

On the scale of tangents, which you have made, you may
obseive, that the lines drawn through the several points of division
mathed on vom  quadrant, are the secants of the various arcs

bounded by these pomts.

Consequently the only thing necessary is to transfer these
secants to a regular scale.

Produce, beyond the curve of your quadiant, that radius of it
which 1s parallel to your scale of tangents. The line thus formed
15 to be your required scale of secants.

The Teacher will exemplify.

I'rom the center of your quadrant, as a center, with a radius
equal to the secant of 10 degiees, describe an arc meeting the

produced radius.
The Teacher will exemplify.

From the center of your quadiant, with a radius equal to the
sccant of 20 degrees, describe a second aic also meeting the
produced radius.

The Teacher will eremplify.

In like mauner, using always the same center, with new radit
o<



196 PRACTICAL GEOMETRY.

respectively equal to the sccants of 30, 40, 50, 60, and 70
degrees, desciibe arcs also meeting the produced radius.

The center of your quadiant is the commencement of your
scale of secauts, from whence all measurements  should he
taken ; and yow produced radius, now that it has been divided by
the above acs, is the 1equued scale.

At the extremity of yow onigi-
nal radius, that is to sav at the

point fiom whence it beains to be i S
produced m order to form  the -
scale, you will not place any /
number: and i finshed saale 2 / <
you would rub out that poimt, = / i g,,
because it cotrespouds with  the z / ' E
length of the secant of anmc of 3 / . < =
no degiees, which 1s not ot any % ‘_ ~/ <
use. 7z o4 - / / |:; ;
The 1emaming points of division : ' ' 7 '
marked on your produced radius | \’, »
must be numbered 1egulwly fiom [ N
thence, with the numbeis 10 20, ! /, //' PR
a, N - ‘s a
30, 40, 50, (0, and 70. /7’ % —:) -
.. I P

Number them accordingly, and wiite near your scale the words
Scale of Secants, in order to distinguish it fiom the Scale of
Tangents which you have already drawn.

. A scale of sccants is seldom made longer than 7.5 degiees, for
the same reason which applics to a scale of tangents ; and the
secant of YO degices, Like the tangent of the same arc, is impos-
sible, because if you produce it ever so far yon will find no end

to it; it being parallel to the tangent which it ought to meet.
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In Geometry, when any line is in this predicament it is said to
be of infinite length.

Write the words THE TANGENT 01 0 DEGREES IS OF 1\TI-
NITFE LENGTIL

Write also 131 sreasT or 00 DEGRELS IS OF INFINITE
LENGTH.

When seales of chords, sines, tangents, and secants, are all
marked together upon the same vory or wooden ruler ; it is always
understood that the quadrants used in constructing the whole of
thom must be deseribod fiom the <ame radius ; otherwise these
scales would not be proportional to cach other, and cousequently

could not be made use of 1 the same operation.

I before observed, that in a scale of chords the 1adius is equal
to the chord of 60 degrees: in a scale of sines, 1t is equal to the
<ne of V0 degrees: in a scale o tangents, 1t is equal to the
tangent of 45 degrees: butin a scale of secants, the radius 1s of no
valuc: because 1t is shortar than the secant of the smallest possible

e that can be diawn,

A scale of secants is the least useful of any which you have yet
drawn; because all the operations, in which it might be employed,
can be performed without it, by means of scales of sines and
tangents ; and these last-mentioned scales are more convenient for

practice.

It you have paid proper attention, so as to understand the
various instructions which have been communicated to you, and
the operations which have been performed ; you have now learned
cnough of Practical Geometry, and may commence Plan-
Drawing.
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DIRECTIONS AND OBSERVATIONS

RESPECTING THE

BEST MODE OF INSTRUCTION.

Sven directions, as were necessary for explaiming the  general
priuciple, upon which the above Cowse of Practical Geometr
ought to be conducted, have already been given.

Further and more detailed dircctions shall now be added, which
are of essemtial impoitance, but could not have been intioduced
into the body of the Course, without cicating confusion.  Thee
directions are calculated to obviate or icmove the vanous difticnlties
which will be found to stand in the way of improvament: they me
recommended in consequence of much observation aud reflcction :
and they will apply not only to Piactical Geometry, but also to
the elementary parts of Fortification contained in the 1emainder of
this Course, which may be taught exactly in the <ame manner,
actual experience having fully proved the efticacy of this system
of instruction, in both these branches of study.

In carrying on the Course, the learners should be placed in
rows, upon forms or benches with narrow tables before them : and
a stage or platform should be raised at one end of the room, for
the Teacher to stand upon whilst he delivers his instructions; in
order that the whole class may be able to sec distinet]y every thing
which he writes or draws upon the board.
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The '[eacher must always give the word “ ATTENTION,” pre-
viously to reading any definition, order, or remark from the book;
and onght to take particular care to sce that this cauntion is obeyed.
He should read every thing in a loud voice, and in a slow, clear,
and distinct manner. It is also often proper to read the same
definition, caution, o1 title of a problem, twice over.

When it is proposed to commence teaching a set of men totally
uninstiucted, they must be divided, either by sitting on distinct
<eats, or otherwise, mto partics of not more than six or eight men
each.  In a very shogttime, three o1 fowr days, for instance, the
Teacha will be able to distingnish the difference of talent in the
lcama<; and will accordingly place those men who show most
abihty and attention at the head of their seat o1 class, who will
fiom that time be called monitors.  Until he ascertains who are
the mo tit for monitors, he must inspect the performance of every
man Jumsdl. Afterw-uds he will mspect only the performances
of these monitors. If he finds that they have understood his
dncctions, and (xecuted than correetly, he will order them each
to inspeet thein scat, which will be done accordingly : but if any
monitor <hould be wrong, he will go on inspecting the perform-
ance of the second, thnd, or fourth man of the <ame seat; and
whoever 15 right must be immediately promotad to the head of the
scat, an place of the foimer monitor.

Lu this manner, one Teacher may instiuct thirty men at the same
time, with great facility.  Tor if we suppose these men to be
placed in five seats or 10ws, or otherwise to be divided into five
parties of «ix men each ; then there will of course be five heads of
seats or monitors.  The Teacher will consequently have to
examine the performances of five monitors; and cach monitor
will have to examine five learners.

But if the number of learners much exceeded thirty, for
instance if there were sixty men employed at the same time;
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then it would be necessary to have an assistant tcacher in addition
to the monitors. The principal Teacher, after giving his direc-
tions, aund cxemplifying them upon the board, would inspect the
performances of five monitors: the assistant Teacher would in
like manner inspect the performances of five other monitors; and
these ten monitors would éach inspect the performances of five
learneis.  Out of sixty men, taken indiscriminately, although
none of them may ever have had any previous instruction, you
will always find some one of sufficient caparity to be able to act
as assistant Teacher, after a few days’ trial.

Sixty men may conveniently be instiucted at the same board,
if a room sufliciently large can be had for the purpose; but if the
number of learners much exceeded siaty, it would be best to
divide them, and place them n separate 100ms, under different

teachers. *

It was before observed, that the Teachers must take particular
care, that the ablest man of cach class or seat is placed at the
head ; and that everv time the head of the seat commits an error,
he must be made to resigu lus situation of monitor to the nest n
succession who happens to be right:  In like manuer, the heads
of seats or monitors, in cxamining the performances of the men
under their charge, arc to see that every man who is correct in his
operations, shall sit above those who make any eror. The
learners are also to be directed to claim their right and appeal
to the Teacher, in casc the monitor or head of their seat has
neglected to promote them to a higher place, when entitled to it.
In short, too much attention cannot be paid to this most essential
point; without which there can be no emulation, slovenly habits
will creep in, and little improvement ensue.

* A class of sixty men requires a very large room. Necessity wonld
therefore in most cases oblige a greater number to be divided, cven if it
were not more convenient in other respects.
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When the Teacher wishes to examine what has been done, if the
operation is of such a nature, that he can judge of its accuracy by
inspection, he will give the word “ snow SLATES;” upon
which the learuers will hold up their slates in such a position that
a person passiug in front of them hetween the rows of seats, may
be able to inspect their respective performances with ease : con-
sequently every learner must have the back of his slate turned
towards himself.  After any man’s slate has been inspected, he
will put it down on the table in its proper position, without waiting
for the rest of the class.

This method of inspection will apply not only to all the words
and phrases, which the leaers may be directed to write, but also
to some of the simple figuies used for illustrating the defiuitions,
and even to some of the steps of the problems.

When the operation is of such a nature, that the accwacy of it
camot be known by mete inspu‘tion, but wquires measu ements
with the compasses, or the use of the tiangle and ruler, the
Teacher will then give the word “ PROVE F1GURES;” upon which
cach learner will be ready with lis instruments to show the "Feacher
in what mamer he performed the last duected operation, or drew

the last step of the figure, which appears on his slate.

The Teacher might also prove the accuracy of the performances
of the learners, by taking up their lustruments in passing, and
therewith examining the respective performances himself : but the
former method is much better, because it often happens, that a
man may have performed his operations accurately, whilst at the
same time he uscd his instruments in some awkward, clumsy, or
inconvenient manner. This will be a great bar to further improve-_
ment, which the Teacher will not be able to remove, uuless he
makes the lcarners piove their own figures themsclves in his

presence.
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As soon as the learncrs-have performed any operation required,
they are to lay down their instruments, and sit upright without
touching the table, as a signal that they have finished. When
the Teacher sces that the whole have finished, he will either give
the word “ snow SLATES,” or “ PROVE FIGURES,” or such other
word of comnmand as he may judge proper.

The learners, who have performed any operation, are never to
move their slates, except when the word “ siow starns™ s
given.  After all the other words of command, they will sit atten-
l!\cl_\" waiting to be examined.

It is a general rule in respect to the problems, as has been
stated in various parts of the Course, that cach of them should at
first be performed two or three times over, hefore the Teacher allows
the learners to proceed further.  Somctumes it may even be proper
to repeat a problem oftener than three times.  After the problem
has been pertormed once or twice, the 'Teacher may, if he thinks
proper, mercly read the various directions necessary, and cause
the learners to execute them <tep by step, without diawing any
figure on the boad for their guidunce.

When he follows this method, the Toacha must take care to
cantion the learners that they are not to petform any operation ot
the problam, although they may perfeetly understand the whole of
them, until the direction for performimg that particuiar operation
shall have been read. This s necessmy, to prevent the learners
fiom worhing mechanically, without attcuding to the duccuons of
the Teacher; which they will always be apt to do if left to
themselves.  In order to inforce proper obedience to this rule,
every mai, who oversteps the directions of the Teacher, must
lose his place, although he may have beeu going on peifectly 1ight
-in other respects.

After a problem has been two or three tunes repeated in the
usual _form, and the slates cleaned for another 1cpetition, the
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Teacher may simply give the following word of command, « pr-
FORM TUE SAME PROBLEM AGAIN.” In this case he will
neither rcad any of the directions, nor draw any figure upon the
board for their guidance, but will leave the learners to perform the
whole of the operations necessary, according to the best of their
recollection.  This method is a good trial of ability and attention,
and should therefore be used as often as the Teacher finds it expe-
dient, particularly towards the end of the Course, when the learners
ought to be able to comprehend every thing with facility.

Atthe end of a problem, whether performed st » by step or other-
wise, the Teacher should give the word “ ExrLAIN METHODS.”

Then, in going round to inspect the performances, he will cause
each of the monitors to give an account i what manuer he per-
formed the various operations which were necessary 1o complete
the figure that sppears upon his slate; and the monitors, n hke
manuer, after heing thus examined, will require a similar expla-

nation from cach of the learners under their respective chinge.

In explaining the method, according to which they performed
any problem, it is necessary that the learners, when they say that
they used any particular point as a center, or that they described
any arc, or drew any line, should always, as they go on, point out
to the Teacher or monitor, who examines them, the particular
point, arc, or line, to which they allude.

Let us suppose, for instance, that problem 0,
which relates to the making of an equilateral
triangle upon a given right line, has just been
performed; the following figure will then appear
upon the slates of the learnais.

Before we proceed further, the various points, arcs, and lines
on the above figure, shall now be marked with small letters of
the alphabet; in order that this- mode of examining the learners
may be more clearly understood : but it is to be observed, that in
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real practice no letters would be used. In the c.g.f
present instance, they are only intended for the ¢ s \od
information of such readers as may not have had /

an opportunity of secing the Course actually f
carnied on. i — b

This being premised, we shall now suppose that the word
“ LAPLAIN METHODs” is given.  Lach learner will then give an
account of his operations in the following manner.

Here the learner is supposed to speak.

“ 1 first diew this line (pownting to the ine marhed a b in the
“ figure) to 1epresent the given right line. 1 took the lineth of
“ it in my compasses, and from this extienuty of 1t (ponting
“ out the point a) asu center, I described this are (pomtins to
“ the arc ¢ d). 1 then took this other extiennty of mv given lime
“ (pointing out the point by as a center, and with the same 1adius
as before, 1 descubed this second are (powting to the arc ¢ ).
From the two extiemities of my given nght ling, I then diew
“ these two lines (puinting out the lines a g and b g) to the point
“ of intersection of my two ares (pointing (o the point g).
“ This completed the equilateral tiangle which 1 was diectad to
* make.”

This may <eive as a specimen of the proccss of explaming
methods.  Some men will of cow~e be able to explain themedves
more clearly, and m better langnage than othas. I the Teacher
sces that they thoroughly undaistand what they have been doing,
he will not be too particular i objecting to the manner m which
the learners csplain their methods, provided they make use of
proper gcometrical terms.  But whenever they mahe use of such
terms as striking a lme, instead of drawing « line; suiking o1
sweeping an aic, instead of descrihing an arc; or when they talk

.of two lines being square to cach other, instead of being perpen-
dicular ; he must always be sure to correct them. Indeed, one
principal use of the practice heré recommended, is to oblige the
learners to pay proper attention to the geometrical terms.
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For the same 1eason, the Teacher either before or after he
requires a learucr to cexplain the method, in which the latter has
performed any problem, may sometimes put the question, “ What
have you done?”  The answer which the learner ought to make
should correspond nearly with the title or heading of the problem.

Yor instance, after peiforming the sixth problem, a learper
might say, “ Upon this given line (pointing tv the line ab) I
“ have desciibed this equilateral triangle (pointing to the triangle
“abg)”

As there are more methods than one of performing some of the
problems, the leamners i their answers to the above question
should also state what method thes followed, in respect to
these paruculm problems.

For instance, after performing problem 1, which relates to the
diawing of parallels; a lcarner might cither reply, ¢ Through
“ this given point, I have diawn this line parallel to this given
or if he used the second

“ nght hne by a ruler and compasses :”

method  of performing the <ame problem, he might say,
“ "Through this enen point, I have diawn this line, paiallel to

“ this given ight line, by a uiangle and 1uler.”

The word “ prov e riatrRes " should never be used at the end
of a problem, this word of command being only applicable to the
simple figures which are diawn for the purpose of illustrating the
definitions, o1 to the pieliminary operations in a problem, when
performed and examined, step by step.  Butitis to be understood
that even when the word % carLyiy uMeTHODS” is given, the
learners should in general not only explain their operations in
words, but also prove the accwacy of them, as they go on, by their
insttuments.  1f, however, the Teacher, after long tial, finds
that any of the learners are always accwate in their opera-
tiony, the proving may be dispensed with, when he examines

these individuals.
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It may often happen, even when the word “ siow sLaTes” 1
proper; that the Teacher, or monitors, in inspecting the perform-
ances of the learners, may have doubts as to the accuracy of some
particular individual : in that case they will require him to prove
his figure.

For instance, if we supposc that the order were given to draw
an acute or an obtuse angle. In gencral the accuracy of either of
these operations may easily he hnown by inspection: but if
through carelessness, o1 from not having well undeistood the defi-
nition, any of the learncrs should happen to draw angles nearly
resembling right angles ; then it would, of course, be necessary to
make these individuals prove their figures.

It is not advisable to go through the whole course of Practical
Geometry at once. The Teacher should therefore divide it into a
certain number of portions, such as he judges convenient.  After
going through each portion, he must examine the learners in 1espect
to what they have done, not questioning them upon the various
definitions and problems, in regular order, as they stood in the
Course, but selecting them at random.

If, at any of these ¢xaminations, he finds the learners imperfect,
he will cause them to go through the same portion of the Course a
second and even a third time; esamining them ecach time, before
he allows them to proceed farther.

When the Teacher conceives that the learners are perfect in one
portion of the course, he will make them begin a sccond portion of
the same, but still adhering to the above system: and thus he will
go on, taking one portion after another, always having recourse to
Jepetitions and examinations, until the whole is finished.

The parts into which the Course of Practical Geometry may
conveniently be divided are as follows.
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DIVISIONS OF TIIE COURSE.

1st. From the beginning of the Course to Definition 70, inclu-
sive (ending at page 44).

2d. From the commencement of the Explanation of the nature
of some of the principal Solids (in page 44), to the end of
Problem 33 (in page 719.

3d. Trom Problem 34 (in page 71), to the end of Problem 48
(in page 100).

4th. Trom Decfinition 87 (in page 100), to the end of the
Remarks on the supplemeuntary Problems (in page 149).

5th.  From the commencement of Problem 52 (in page 149),
to the end of the Course.

After cach of these portions or divisions of the Course, the
learners must be examined, as was before ohserved.

As far as regards the definitions, the examinations must be con-
ducted in three different ways.

ENANMINATIONS IN RESPECT TO THE DEFINITIONS.

METHOD 1. The Teacher will name any term of Geometry
and make the learners define it, by putting questions to them ; for
example :

Question. What is a solid ?

Answer. A solid is that which has length, breadth, and thick-
ness. See Def. 1. :

Question. What are the boundaries of a solid ¢
Answer. Superficies. .
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Question. What is a superficies ?
Answer. A superficies is that which has length and breadth
only, but is supposed to have no thickness, it being merely the

‘boundary or outside of a solid. See Def. 2.

Question. What is a plane superficies -

Ansuer. A plane superficies is that which is perfectly even; so
that if you lay the edge of a ruler upon it in any dicrtion, the
ruler will touch it in every point.  See bq/'. 3.

Question. What is a curved superficies

Answer. A curved superficies means a crooked o1 uneven
superficies; and is such as will not agree with the edgce of a straight
ruler laid upon it in any direction, &c.  See Def. 4.

Question. What is a line’
Answer. A line is the boundary of a superficies. It is that

which has length only, but is supposed to have no breadth nor
thickness. See Def. 5.

. In like manner, every dcfinition in the Course may be made the
subject of a question, which the Teacher will put to the leainers.
In their answers, it will be sufficient if they give the correct sense
of the definition required, although they may not use the same
words which are found in the book.

For instance, if we suppose the question to be put—* What is
a right-angled triangle ?” See Def. 30. The auswer according

to that definition ought to be as follows :
“ A right-angled tiangle, is a triangle which has one right

angle.”

But the reply would be equally correct if, in answering this
question, a learner were to say :

“ A right-angled triangle is a triangle which has two of its sides
perpendicular to each other.”
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There will be many instances in which two answers equally
appropriatc may be made to the same question. The Teacher
will therefore heep this in mind, and not object to any answer
merely becausc it is couched in different words from those used in

the book.

Enough has now been suid upon this mode of examination,
whiel is scareely huble to error.

METHOD <. The second modce of examination in respect to
the definitions 1s exactly the reverse of the former. It consists in
drawing, describing, or exhibiting some line, figure, or hody, and
ashing the leaners the geometrical term or name of it.

For cxample.  "The Teacher may shetch out figures on the
board of various kinds, one at a time ; and according to the nature
of his figwes he may put the following several questions,

Question.  Supposing that these two sides of the triangle,
which T have just drawn, are perpendicular to each other, what
kind of triangle do you call it?

Auscer. A right-angled triangle.  See Def. 30.

Question.  Supposing that its three sides are all of different or
uncqual lengths, what name do you give it in consideration of this
circumstance ?

Aunswer. A scalenc triangle.  See Def. 3.

Question. Supposing that the three sides of the new triangle,
which I have just drawn, were all equal to cach other, what name
would you give it ?

Answer.  An equilateral tiiangle.  See Def. 22.

Question. \hat name would you give it, in consideration of
the nature of its angles? '
Answer. An acute-angled triangle.  See Def. 9.
VOL. 1. r
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Question.  Supposing that the triangle, which I have just
drawn, had one obtusc angle, what name would you give it?
Answer. An obtuse-angled triangle. See Def. 32.

Question.  Supposing that two sides of it are equal to each
othes, what name would you give it in consideiation of this ¢ircum-
stance?

Answer.  An bosceles tiangle.  Sce Def. 27.

Question.  Supposing that the quadiilateral figwe, which 1 have
Just drawn, has all its four sides equal and 1ts fomr angles all nght
angles, what name do you give it:

Answer. A squaie.  See Def. 36 and Problen 9.

Question. Supposmg that the angles of the quadulateral
figure, which I have just diawn, are all nght angles, but that ats
sides are not all cqual; what name do you gne 1t -

Ansuer. A rectangle.  See Def. 35.

Question.  Supposmg that m the quadrilateral figure, which 1
have just diawn, every two opposite pair of «des are paralldd 1o
each other (here the angles are supposed to be oblique), what
name do you give it~

Answer. A parallelogiam.  See Def. 31

Question. The right-lined figme, which 1 have just diawn, has
six sides : supposing that these sides are all cqual to each other,
what name do you give it ¢

Ansuer. A regular hexagon.  See Defs. 4+ and 5.

Question. You see the piece of wood which I have now m
my hand. It has vix faces or sides; each of which is a squarc;
and all of which are equal. What name do you give it?

Answer. A cube. See Def. 73.



DIRECTIONS, &c. 211

Question. Observe this side of it. If I apply a ruler to it
in any direction, it always agrees with the ruler in every part.
What name do vou give it?

Answer. A planc superficies. See Def. 3.

Question.  Observe the side of this other picce of wood. It
will not agree with the ruler when applied to it in various directions.
What name do you give it?

nswer. .\ cunved superficies.  See Def. 4.

In the two methods above mentioned, the Teacher must put
questions o indivduals; for instance, to one of the monitors, or
to the <cond, thind, or fourth man of a seat. If they cannot
answer, he will call upon some other man of the same seat. And

i no one of that scat can answer, he will call upon any man of the
whole class.

In the following methods, the mode of examination is not car-
ried on individually, but generally.

METHOD 3. The Teacher will give out the name of any
ceomettical line or figure, and order the learners to draw it.  For
mstance, he may issue such orders as the following.

Draw a cwived line.  See Def. 8.
Diaw a mixed line.  See Def. 9.
Draw two parallel right lines. See Def. 10.
Draw two parallel curved lines.  See also Def. 10
Draw a curve and a tangent to it.  See Def. 11,
Draw an acute angle.  See Def. 17.
Draw a right angle.  See Def. 19.
Draw an obtuse angle.  Sce Def. 18,
Draw a scalene triangle.  See Def. o8.
Draw an equilateral triangle.  Sec Def. 2<.
Draw an isosceles tiiaugle.  See Def. 27 .

P2
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Draw an acute-angled triangle.  See Def. 20.
Draw a right-angled triangle.  See Def. 50.
Draw an obtuse-angled triangle.  See Def. S2.
Draw two or three parallelograms.  See Def. 51.
Draw a square.  Sce Def. 36 und Prob. 0.
Draw a rectangle.  See Def. 55.

Draw a trapezium.  Sce Dof. 50,

Draw an irregular pentagon.  See I f. 413.
Draw a regular hesacon.  See Def. 44 and 52,
Draw an irregulin decagon.  See Def. 48,

Draw an arc and the chord of 1. See Def. 58 and 59.
DPraw a sector. See Def. G3.

After lssuing any order of the above nmaune, the Teacher will
either give the word Y <1HOW sLATES,” or * PROVE FIGURTS,”
as may bc most (xpedient; after which the performanees of the

learners will be ¢vamined i the usual manner.

Tt now only remains to explain the mode of examination which
<hould be used in respeet to the Problems, which is sufliciently
sinple.  Indecd, the nature of it might be micncd from what has
already been sud.

METHOD OF EX\INATION IN RESPECT ‘1O THE
PROBLLNIN,

When the leaers are ander examination in ome portion of the
Course, the "Feacher will seleet any proLlem therein contained,
and attey reading the title or hewlng of it, and the particular
method which is to be used, it there me more methods than one,
he will order the learners to performat.  After < iviy this order, he
18 not to afford them any assistance by reading furthar directions, or
by exemplifying upon the boad.

When he sees that they have finished, he will give the word
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“ EXPLAIN MLTHODs;” and sec that the performances are duly
examined, in the manner before directed.

When this is done, he will proceed to a second, a third Problem,
&ec. always selecting them from the same portion of the Course,
which is the subject of examination; but not in regular order as
dbey stand in the book.

When the learmners are under examination, the Teacher must
always intermi the problems and definitions.  In stating the above
methods they were divided only for the sake of clearness.

After two or more portions of the Course have been performed,
the ‘Teacher may also, if he thinks proper, examine in respect to
the whole of what has heen done, without confining himself to

those particular pottions which were last performed.

The practice of causing the leainers to explain their methods,
and  the  examinations herem  recommended, ate of  peculiar

importance.

If the Teacher were to go on, according to the method which
is most proper at the commencement of the Course, reading and
avanplifving every thing, without requiring explanations, and
examming the learners from time to time; although it would be
mmpossible for any of them to be idle, as far as regards the practical
operatious ; yet some of them would, in all probability, content
themselves with copying the figures drawn upon the board, step by
step ; without endeavowing to understand the whole chain of
operations in the problems they peiformed, and without attempting
to 1ememiber, o1 pehaps even without listening to the various
definitions and remarks read by the Teacher.

The consequence of this 1s, that at the first examination, those
who have not paid proper attention are sure to expose their igno-
rance in an unpleasant mauner; whilst the more diligent men
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distinguish themselves by the ability and readiness of their answers
and the accuracy of their operations. In order to avoid a similas
mortification, cvery man who has failed once, will exert himself to
the utmost, beforc a new examination takes place.

Although a body of men may have commenced at the same
time, it may be proper after a certain period to divide them intn
two classes, placing those who are most perfect in the fist class,
and allowing them to go on regularly with some new poition of
the Course, whilst the others may be made to do the whole, or
~ome part of what they have already porformed, over agam.

Whenever a body of men are under inctinction; if they an
alloned to change then seats at will, o1 to it in the same order in
which they placed themselves at the commencement of the Course |
it will often happen, that four or five men of very supetior abilitics
may all be seated together, whilst m some other seat most part ot
the men may be below par in point of cupacity. If they remam
in this confused state, 1t will be diflicult or impossible to judee
truly of the comparative ability ot the leamcrs, which, m the
Royal Engineer dcpartment, it is verv important to ascertaim.
The Tecacher must theiefore endeavour to put all the seats on a
par, by dividing the men of abilities as cqually as possible
amongst them. This may easily be done in the course of a few
days, or at least after the first cxaminations; and is an object
which should be kept in view throughout the wholc Course.
After any arangement has once been made for this purpose, the

" Teacher should not allow the men to change scats without his
order or permission.

If these remarks are duly weighed, and the above rules care-
ully attended to, in conducting a Course of lnstruction of this
kind, it will be found, that the greatest attention and emulation
will be excited on the part of the learners; and a rapid and
general improvement will take place.
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The Course of Instruction, herein laid down for the non-
commissioned officers and soldiers of the Royal Epgineer depart-
ment, although the principle of it has been sanctioned by the
highest authorities in that branch of his Majesty’s military service,
has not yet been carried into cflect a sufficient length of time to be
fully known tln ,agh the whole cerps; nor can the advantages of

“yet be gencrally felt. It may, therefore, not appear superfluous,
if some further obscrvations are added, to explains the reasons,
which render some course of instruction of this kind peculiarly
useful and necessaty; and which may be pleaded in favour of the
particular system that has actually been adopted.

GINERAL OBSCERVATIONS.

Every person who has paid attention to the mode in which
worhs ate carried on, n civil life, knows that the overseers and
foremen of the various branches, who are cmployed in superin-
tending the executive pait, generally have some knowledge of
Practical Geometry, and understand the nature of plans, sections,
and models. At the same time, officers of engineers, and others
who have had an opportunity of judging, will allow, that artificers
0 qualified in point of kuowledge, are scldom to be found in
the army.

But in garrisons at home and abroad, there are generally a pro-
portion of ingenious and well-informed civil overscers and fore-
men, besides a number of skilful woihmen aspiring to the same
situations; who are either in permanent pay under government,
or whose services might be called upon at a moment’s warning.
By means of these men, added to the military atificers, who
either belong to the Royal Engineer department, or mc usually
attached to it, from amongst the troops in garrison, a commanding
engineer finds no difficulty in carrying on any works of fortifica-
tion, however extensive : and although he cannot avoid observing
the comparative ignorance of the military artificers, it must he
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evident, that in such situations, an officer is not likely to feel any
immediate sense of the necessity of endeavouring to instruct them.

When an a:my takes the field against an enemy, the case i
widely diffeicnt. There the engineers find  themselves totally
deprived of the assistance of the civil atificers by whose skill and
ingenuity they weie able to cairy on their ganicon dutics, with ease
to the msclws{ and advantace to the senvice :

Consequently, in cxecuting their arduous duties in actual wafae,
the officers of enginecis have <carcely any 1esowce but their own
individual exertions, and the assistance of the non-commissioned
officers and <oldicrs under their immednte command, whose want
of knouledge md (yperience may then be deplovad, but cannot
be reincdied.

It is tiue that militay muficas, drawn fiom the hattahions of the
fine, are occasionally pnt undar the orders of the officers of cngi-
neers in the ticdkd as well acm carmvons s but these mon are alwa: <
much less «fficient than thoce who actually belong 1o the Royal
“ngineer department ;. becanse if they were cven more shilful and
hetter instiucted, which 1s not the case, they tequue to be <o often
changed o cousequunee of the cuagenetes of then egunental
duties; and can so seldom be <pared without prejudice to the
efficicuey of the respective corps to which they bodong s that then
«ervices in the field, comparatvely spaabing, are ot little value.

Here it will be proper, before we proceed further, to investigate
the causes of that superiority of shill, which the eivil artificer
generally possesses o:cr the soldier who hus been brought up to the
same trade. This question 1s of the utmost nportance.  Unless
the root of an evil is truly appreciated, all\tlempls to 1emove it
must be labie to failure.

The skilful and well-informed oveiseers and foremen of civil
artificers, before alluded to, consist of two distinct classes of nen.
Some of them are young men, whose parents being in casy or
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even in affluent circumstances, have given them a good education,
besides a trade, in order to qualify them for afterwards setting up
in some business as master mechanics; where they have before
them the prospect of acquiring a competency, or even of making a
fortune. Such men, it may easily be conceived, will never willingly
culist as private soldiers.

-

The second class of skilful civil artificers, above alluded to,
consists of men, who, though originally brought up in narrow
circumstances, yet, by dint of ability added to keen observation
and indefatigable perseverance, have contrived to educate them-
sclves, with a view of rising to a higher situation. Before men,
starting under such disadvantages, can acquire any considerable
mechanical knowledge, they must pass so many years in the same
habits, that they become wedded to their present prospects, and
totally averse to a change of profession.

Considering these circumstances, it may appear, that even if the
pay and allowances of the army were doubled or trebled, it is by
no means to be expected, that any great number of civil artificers
of approved knowledge and skill would thereby be induced to
enter his Majesty's service; and it will not be a matter of sur-
prise, that, as is actually the case at present, a man of this descrip-
tion scldom enlists, unless he has previously abandoned himself to
vice and debauchery, in which case he will be an useless burthen to
the service, at least, as far as regards the duties of the Royal Engi-
ncer department.

The artificcrs who enter his Majesty's service, are therefore in
gencral very imperfectly instructed.  Few of them understand
more than the first eommon rules of arithmetic ; and a considerable
proportion of them are totally uneducated. As they enlist young,
they seldom even have much practical skill in their respective trades.

The manual dexterity, in which they are deficient, is, however,
often acquired by dint of long practice, in some particular employ-
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ment; but they seldom or never endeavour to cultivate their
abilities and improve their minds.

The reason of this indifference to improvement, on the part of
the soldier, will be sufficiently obvious on a little reficction, and
does not apply to the private only.

The military man of every rank, whose life is nnsettled and
uncertain, and whose subsistence is fixed, has not the same stimulus
to mental exertion, as the civilian; who may either rise to comfort,
and affluence, or may involve hiumself and his family in poverty and
distress ; in proportion as be cultivates, or neglects his abilities.

Superficial observers aie apt to supposc that the compaiative
ignorance which may often be remarked on the pait of the soldier,
is owing to want of capacity. But it may be laid down as a
maxim, that in any body of men, however mdisciiminately col-
lected together, there is always a latent fund of supenor talent,
which, if proper steps are taken, may be called into action for
the benefit of the state: and although militaly men have less
stimulus to individual improvement than civilians; their habits of
discipline and obedicnce, and the pride, and emulation which
may so easily be cxcited amongst them, render them much moré
docile and improveable as a body, than any other class of men,
provided their instruction is carried on under the eye of superiors
zealous in the cause.

The statements, which have just been made, may plead as to
the absolute necessity of endeavouring to improve the non-com-
missioned officers and soldicrs of the Royal Engineer department,
in erder that they may be able to render more effectual assistance
to their officers in the field. And if the remarks upon the causes
of their comparative ignorance, and consequent inefficiency, are
£Nowed to be just; it must also be admitted as a natural inference,
that these is no possible mode of collecting, fosming, and keeping
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up a body of well-educated and efficient military artificers, except
by instructing them, according to some properly digested system,
after they enter his Majesty’s service. The present Course of
Instruction having been composed for this express purpose; a few
words may be said upon the form, which has been given to it.

~=It is a very natural supposition, which may probably occur to
any well-educated person, when he first takes up this book ; that it
might have been more advantageous in a system of Practical
Geometry, professedly intended for the use of uneducated men, to
have greatly cuitailed the definitions and problems; and to have
introduced vulgar terms and phrases in place of the regular terms
of the art. ®

Reflection, founded upon experience, convinced the author,
who was at first inclined to embrace this opinion; that any attempt,
thus to simplify, would only impede the progress of the learners,
and would in a great measure defcat the advantages which are to
be expected from a more regular system.

In the remarks on the Supplementary Problems, which the
Teacher 15 suppoggA to deliver at the board, siong reasons are given
for adbering to the proper defimitions and other geometrical terms.
There is another reason still stronger.

Culess these terms are strictly adhered to, the officers and men
of the Royal Engincer department will never be able to act in
proper concert, or even to understand each other, without a great
waste of valuable time spent in unnecessmy and troublesome
explanations. .

For instance, supposing that any line is marked on the ground,
and that you order a man to lay out a second line parallel or per-
pendicular to it: if he understands the meaning of these terms,
ke will do it at once without giving you further tiouble; but if he
is an uninstructed man, it will be impossible, or next to impossible
for you, to explain your wishes, by means of words alone. You
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will find no other mcthod of making him comprehend you, but by
actually marking out the second line yourself. Whilst you are thus
employed, you waste your own time, and lose the services of the
person whom you are vainly endeavouring to render uscful ; and,
what is worse, some hundreds of men whose exertions might be
of the utmost importance, are probably obliged to stand idle in
consequence. Whoever chooses to try the experiment, may so€..
satisfy himself, that it is no easy task to delinver hunself in such
language, as will make an uneducated person comprehend what he
means by the words parallel and perpendicular.

It will by no means be sufficient, if an officer of engineers
makes himself mster of the vulgar expressions, which may be
supposed more adapted to the previous education and capacity ot
the men. These terms are generally much too vague to give any
precise notion of what is intended. The better class of civil artifi-
cers, as was before remaiked, understand geometry ; and you will
therefore find no difficulty in communicating youwr ideas to them:
but nothing can be more confused than the language of uneducated
workmen ; even of such as may hae attained considerable practical
dexterity. For instance, amongst men of this description, the woid
SQUARE, when applied to a line, geuerally significs a perpendicu-
lar : sometimes, however, they use it in spcaking of a parallel :
in addition to which, the same word has been employed not only
to denote a mason’s or carpesnter’s instrument so called, but also a
geometrical square, a rectangle; and even a right-angled triangle.
What is to be done with such a jargon?

In the ‘above Course of Practical Geometry, some problems
and definitions have been included for the sake of making the work
complete, which may not-appear absolutely necessary, considering
the object in view. The officer directing, or Teacher carrying the
Course into effect, may therefore curtail, according to their judge-
ment, whatever they consider superfluous. But, excepting the
#bcales of sines, tangents, and secants, ncar the end, there is per-
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haps nothing which it would not be of advantage to the learners to
perform, if time and circumstances permitted ; because after going
through a Course of this extent, their understanding would be so
much improved, and their confidence in their own powers so much
increased ; that no plan of any kind of military work, in which
they arc likely to be employed, afterwards, will be beyond their
@mprehension, or will even appear difficult to them.

If the problems towaids the end of the Course, which at first
sight may appear 1ather complicated ; were too hard a task for men
of common capacity, it might certainly be advisable to dispense
with them. But this 18 not the case. Experience has proved
that the learners after mastering the first nine or ten simple
problems, are able to go through the 1cmainder of the Course
with cqual if not with greater facility ; so that their progress in
improvement i« generally more rapid, in propoition as the Course
draws towards a close.

In paticular cases only, when the time allotted for instruction
15 too short to admit of putung the learners through the whole
course of Pracucal Geometry, then the Teacher, after grounding
them well i the most necessary definitions and problems, may
pass over the iemainder of the Cowse, and make them commence
the practical pat of Plan-Drawing at once. *

Should the men even go no furthas in this latter bianch, than to
draw by scale a few scetions of some simple woiks, such as they
mav have an opportunity of sceing, at the station where they are
¢|u'aru-re(|, it will be of the gicatest advantage. A man who
understands this much, may always be made useful in the Royal
Kngincer department, and there is an opening for his further
improvement, whenever a new opportunity offers,

* 1t will, howcever, always be advisable to go on rcgularly, at least as
far as the end of Problem 33 (in page 71), beforc Plan Drawing is
attempted.



ege PRACTICAL GEOMETRY.

Amongst & number of men indiscriminately collected together,
there will always be some individuals of weak understanding,
incapable of making any great progress in learning. Such men
ought to be discharged from the clusses of Practical Geometry,
and employed in duties requiring personal exertion only.

At the first commencement of instruction, cvery man, howevér,
excepting those who cannot write, ought to have a fair trial ; and
no individual ought to be objected to, merely because he writes
badly. The ignorance of that class of men, who enlist as private
soldiers, generally proceeds from the poverty or avarice of their
parents, who have been unable or umilling to cducate them ;
and is therefore no proof of want of ability. On the contrary, it
has been observed, repeatedly, that some men who could scarcely
write legibly, have, in consequence of the superiority of their
natural talents, made much greater progress in Practical Geometry
and Plan Drawing, than others who were previously much bettes
cducated, and who could write very good hands.

The comparative abilities of men learning Practical Geometry
will be discovered in the course of the first eight or ten lessons;
after which, the further attendance of those, whe prove incapable
of lcarning, should be dispensed with; but the proportion of
such men will always be very small.

Those men also, who abandon themselves to drunkenness and
dissipation, or who betray bad principles, should never be allowed
to attend the classes of Piactical Geometry, even if they aic
known to possess respectable or superior abilities. This Couse
of Instruction has by no means been drawn up with a view to the
individual advantage or improvement of the persons instructed ;
but solely with a view to the benefit of the scrvice. It is intended
to'qualify the non-commissioned officers and soldiers of the Royal
Engimeer department, for performing services, in the field, of a
most important nature, which require a combination of kuowledge,
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zeal, and fidelity. But men of weak capacity will never be able
to do justice to such duties; and men of vicious habits or bad
principles are not to be trusted in the hour of danger and difficulty,
however great their abilities may be. It is highly desirable, that
some regulation were made, by means of which men of the above
description could be excluded o1 expelled fiom the Royal Engi-
“Meer department; a branch of the seivice, which ought to be
select in regmd to the quahfications not only of the officers, but of
the soldiers who belong to .

C\D OT '1HI

COLRSE OF PRACTICAL (LOMETRY.






THE

PRINCIPLES

OF

PLAN DRAWING.

BEFORE the Learners begin to study this part of the Course, 1t
may be advisable to erercise them in drawing a few plans and
sections of a simple nature ; for some previous practice of this
kind will enable them to comprehend the principles qf the art of
Plan Drawing with greater facility.

The Teacher is supposed to delwer the following instructions,
Jfrom the board, in the usual manner.

I shall now proceed to explain to you the Principles of Plan
Drawing.
Drawings are figures delineated or laid down on some plane

surface, such as paper, in order to explain the form and dimen-
sions, or to represent the dutward appearance of any given object.

There are different kinds of drawings, executed according to
different principles and for different purposes.

The art of Plan Drawing includes what are called geometrical
drawings only.

Geometrical drawings are those which are capable of explaining
the true proportions and dimensions of any object.
VOL. I. Q
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The objects represented in drawings are generally solid bodies,
ori ar curved superficies ; but it must be evident, on a very
little reflection, that any one single figure or view cannot give a
Jjust notion of the dimensions and appearance either of a solid, or
of a curved superficies.

For instance, if you place yourself in frout of a house, or
opposite to one end of it, or if you stand behind it, or look down
upon the roof of it from some great height, such as the top of a
lofty steeple, you will have a different view of it n all these cases,
so that unless you take several drawings of it from different points,
it will be impossible for you to give any just notion of the general
appearance of the building.

There are only three kinds of geometrical drawings necessary
for explaining the pature of any object: namely plans, sections,
and elevations.

Write the word PLAN.

A plan of any object ncarly resembles the appearance, which the
object would have if it could be viewed from a point above it.

In order to illustrate this more clearly, we shall proceed to draw
the plan of a small building.

In commencing a building, the first thing necessary is to have a
ground plan, or plan of the foundation. Let us suppose that the
building, which we are going to represent, is a cottage with a door
aud one window only.

You will first draw a rectangle to represent
the exterior dimensions of the cottage, that is
to say its dimensions from out to out.

The thickness of the walls must next be re-
presented.  This is done by drawing four lines
parallel to the sides of the rectangle.

You will complete your walls accordingly.
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You now see that your figure has nearly the same appearance,
which a small building would have, if it could be viewed from any
point immediately over it, after the foundation was begun.

in a ground plan. In order to distinguish them
from each other, those lines of the foundation
or walls which interfere with a door are rubbed out. I shall
mark my door and window accordingly.
You will follow my example.

Doors and windows are generally marked -
U:! CaT

You have now drawn the complete plan of the cottage. It
shows the size of the room; the thickness of thc walls; and the
width and position of the door and window.

By means of a plan done according to scale, it would be easy
for you to 4ay out correctly the foundation and door of a small
cottage, such as is represented in your present figures; but after
building a few courses, you would be obliged to stop for want of
further directions, because the plan can neither explain the height
of the door or window, nor the height of any other part of the
building.

This agrees with what I before stated, namély that move than
one kind of drawing of any object is always necessary: but before
we proceed to the other kinds of geometrical drawings, above
mentioned, I must add some further observations and explanations
respecting the nature of plans.

The plan of any object is always supposed to be laid out upon
a horizontal plaue or dead level.

The necessity of following this rule may be understood from the
following consideration.

Qo2
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Suppasing that you wanted to build a house on uneven ground,
such as the side of a hill, every one knows that in laying eut the
foundation, you could not trust to any oblique measurements made
along the slope. -

- For instance, if you were to measure 30 feet obliquely along the
side of the hill for the breadth of your proposed building; it wouwld-
of course be necessary to level the ground, before you could lay
the first floor.  After this was done, you might find the space
which you had laid out for the hicadth of your building, 1educed
from 30 feet to 28 feet, or 25 feet, or even less, in proportion to
the stecpness of the original slope of the hill.

The plan of any uneven field, in which the dimension were
marked according to oblique measurements made upon the sloping
or irregular surface of the giound, would therefore be of no use.

To draw the plan of any work or abject, havink sloping or
oblique planes and lines, the dimensions of which must consequently
be reduced in a certain proportion, for the reason above stated, is
more difficult in practice than the plan of a building; but the
principle upon which it ought to be done is sufficiently simple.

The rule for laying down the various points of any oblique
object truly upon a horizontal plane, which every plan is supposed
to be, is as follows.

The horicontal plane, to which the vaiious points of any object
must be transferred, in order to fiud their proper place in the plan,
may either be supposed to cut the given object, or to lie imme-
diately below or above it.

- When you come to understand the principles of Plan Drawing,
which I am now about to explain to you, you will be at no loss
to apply these principles properly, in either of the above suppo-
sitions. .
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But for learners it will be clearer to begin by supposing the
horizontal plane to pass through the base or lowest poiut of the .
given object,

Tbis imaginary horizontal plane, is to be your guide for drawing
the plan of the given object; and in geometrical drawings, any
plane supposed to be used for this puipose is called a plane of
projection.

Wiite the words PLANE OF PROJLCTION.

In 1espect to such poiuts of any object as stand upon the plane
of projection, or which coincide or agree with it, it must be evident
that these points can give you no further trouble, the spot where
they actually stand being their true place m the plan.

Ttom every point which does not coincide with the plane of
projection, a perpendicular 15 supposed to be drawn to the said
plane ; this peipendicular will maik upon the plane of projection
the true position of the point from whence it is drawn.

If the plane of projegtion is supposed to liec below the given
object, then the varions points of the object will be above the
plane.  Consequently all the perpendiculars requisite for finding
the position of these points ou the plane of projection, must be
dropped from the said points.

But if the plane of projection is supposed to he above the given
object, then the various points of the object will be below the
plane. Consequently all the perpendiculars requisite for finding
the position of these poiuts on the plane of projection, must be
raised from the said points.

The plane of projection, in plans, is always supposcd to be a
horizontal plane, as has been before observed ; but every perpen-
diaular to a horizantal plune, no matter whether droppe or raised,
must be a vertical or plum-line.
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Consequently, if you suppose two plummets to be suspended
exactly over any two points of an object, the plan of which is
required to be drawn; the distance between the plum-lines, mea-
sured perpendicularly, not obliquely, will be the true distance at
which the above points ought to be laid down on the plan.

To explain this, I shall draw three ob-
lique lines on the board, connected to-
tether, all of the same length, but sloping
unequally. These will represent the form of some sloping or
oblique object, of which a plan is to be drawn.

You will copy this, and the following operations upon your
slates, without further directions, until the figure which I have now
begun is completed.

From the extremities of each of the

three lines, I shall now draw dotted lines, :
parallel to each other, directed towards the :
top of the board. '

These dotted lines may represent p.lum-lines held over the
various points of the oblique object.

I shall mark the various points of
my oblique object by the capital
letters A, B, C, and D, from left
to night,

, As the distances between the four S
plum-lines repiesented in my present S :
figure, must be measured perpen-
dicularly, not obliquely, I shall
draw ,a line above the given object,
perpendicular to the dotted lines, to represent the said dis-
tances.

wh



PLAN OF OBLIQUE OBJECTS. 231

At the points, where the above _* P c 4

perpendicular is intersected by the

dotted lines, I shall mark the small B c
letters a, b, c, and d, from left to \
nght. A D

The distance between the points a and b, at the top of my
figure, now represents the exact distance measured perpendicularly, .
which there would be between two plum-lines suspended over those
points of the given object which are marked by the capital letters
A and B.

Consequently the perpendicular line a b at the top of the figure
represents the exact length, which ought to be given to the oblique
lme A B, m drawing a plan of the given object.

The perpendicular line b c at the top of the figure, in like man-
ner aud for the same reason, represents the exact distance which
ought to be given to the oblique line B C, in drawing a plan of
the given object.

And the perpendicular line ¢ d at the top of the figure, in like
mapner and for the same reason, represents the exact distance
which ought to be given to the oblique line C D, n drawing a plan
of the given object.

I shall now produce the dotted lines downwards, below the given
object: and I shall draw a new perpendicular intersecting the

dotted lines produced.
a b 0

I shall also mark the various points
of intersection upon this new per-
pendicular, by the small letters a, b,
c, and d.

B

LIETT RPN W

&




38 PLAN DRAWING.

Then as parallel lines are always at the same distance from each
other although produced ever so far, the distance between the
pomts a and b, at the bottom of the figure, will be equal to the
distance between the corresponding points a and b, at the top of
the figurc.

The distance between the points b and ¢, 1t the bottom of the
figure, will be equal to the distance between the coiresponding
points b and c, at the top of the figure.

Aund the distance between the points ¢ and d, at the bottom of
. the figure, will be equal to the distance hetween the conesponding
points ¢ and d, at the top of the figuie.

Consequently the perpendicular distances abh, bc, and cd, at
the bottom of the figmie, will be equal to the peipendicular dis-
tances a b, b ¢, and c d, at the top of the figwe: and the hwes ab,
b e, and c d, at the bottom of the figure, may therefore seive
cqually well to repiesent the respective lengths which ought to be
given to the oblique lines A B, B C, and C D), in drawing the
plan of the given object.

As the dotted hnes represent plum-lines or vertical lines, the
lines at the top and bottom of the present figure, bemg perpen-
dicular to them, must necessarily be level or horizoutal lines ;
and, in a drawing, they may rcpiesent part of a horizontal plane.

Consequently either of these two lines may represent a planc of
projection supposed to be used in drawing the plan of the oblique
object: for instance, the upper line may represent a plane of pro-
Jjection supposed to pass above the given object: and the other
may represent a plane of projection supposed to be below it.

In both cases, the dotted lines may represent perpendiculars,

* which, as I said before, are always supposed to be drawn from

the various points of an object, to the plane of piojection, in

order to find the true place where the said points ought to be laid
down upon a plan, ’
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This illustrates what I before observed, that in drawing the plan
of any thing, it makes no difference whether the plane of projec-
tion is supposed to pass above or below the given object.

A perpendicular drawn from any point in a given object to a
plane of piojection, in order to determine the true place of the
%aid point for a plan o1 geometrical drawing, 1 called a ray.

Write the woid RAY.

When the word ray is used in place of perpendicular, then a
ray 18 not said to be drawn fiom any given point, but to be
thiown out or projected fiomn 1t.

The spot where a ray, thrown out from any point of a given
object, strikes the plane of projection, is called the projection of
that point®

Aud as all the figures, which represent oblique objects in Plan-
draning, me found by means of rays projected, fiom the vaiious
pomnts of the sad objcct: such figuies are often called geometrical
projections.

And the 1les or principles of Plan-drawing, which I have now
paitly evpluined to you, are sometimes called the Principles of
Projection.

Having explained theee terms, I shall make some further
remarks on our present figure.

If we suppose a dyke, or embanhment of earth, to be cut down
perpendicularly, and that the figwe formed by the oblique Laes
A B, BC, aud CD, represented the vertical section of it after it
was thus cut; then the dotted les aa, bb, cc, and d d, show
the manner m which it would be necessary to represent a part of
the said dyke, m drawing the plan of it.
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In the gection you see that the lines A B, B C, and C D, are
all equal to each other if measured obliquely according to the
slopes, whilst the lines marked with the small letters a b, bc,
and ¢ d, which represent the breadth of the above slopes upon the
plan, are all shorter than the former and all unequal, being short-
ened more or less exactly in proportion to the stecpness of the
slopes. )

If the middle line of the dyke B C instead of being oblique had
been perpendicular to the dotted lines: then it would have been
equal and parallel to the corresponding line also marked b c, at
the top or bottom of the figure which represents its length in the
plan. :

Consequently in geometrical drawings, thosc lines of any given
object, which are parallel to the plane of projection, may be laid
down in their actual dimensions according to measuremegt, without
any alteration or diminution.

Rub out your last drawn figure, leaving only the plan of the
cottage.

Before we proceed further, I shall give you another illustration
of the above rule by means of a square pyramid.

Here the Teacher will produce a square pyramid.

The plan of any thing nearly resembles the appearance which
the object would have if it could be viewed from a point above it,
as was before stated ; but if you look down upon a square pyramid
in this manner, you will see the extremities of its base; the vertex
of it ; and the four ridges or oblique lines, which are formed by the

fheeting of its sides.
Al these particulars must therefore be represented in the plan of
% square pyramid.
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According to the rule, which I before said was the most conve-
nient, I shall suppose the horizontal plane or plane of projection,
which is to guide me in drawing my plan, to pass through the base
of the pyramid.

For instance, if I place my pyramid upon a table thus (Here
the Teacher will exemplify), the level surface of the table will
represent the plane of projection.

The base of my pyramid stands upon the plane of projection,
and coincides with it. Cousequently the base of the pyramid may
be laid down in a plan, i its actual proportions, without any
alteration or diminution. g

The base of my pyramud is a square. I shall accordingly repre-
sent it on the board, by drawing a square exactly equal to it.

Here the Teacher w.ll exemplify.

The four ridges or oblique lines remain to be drawn : but one
ertremity of each of these agrees with the angles of the base, all
of which arc already marked on the plan.

The other extremities of these ridges meet in the same point,
namely, at the vertex of the pyramid: as soon as the proper
position of the vertex is found, there will therefore be no difficulty
in completing the plan.

For this purpose a perpendicular, vertical, or plum-line, is sup-
posed to be dropped from the vertex to the plane of projection.

In the present instance, the base of the pyramid and the plane of
projection agree with each other: and as the pyramid is perfectly
regular, it must be evident that a perpendicular or vertical line
dropped from the vertex would exactly fall upon the tmddle or
central point of the base.
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1 chall therefore find the middle point of my
squopre aud mark it, in order that it may represent x
the vertea of the pyramid.

From this point I shall next draw a right line to \
every angle of my square. ,

The four last drawn lines will represent the ridges; and the
figure in its present state is a true plan of the square pyramnd, on
the same scale as the pyramid itself.

I chose a square pyramid partly because it is a very sinple
figure, aud partly because it explains the prineiple upon which the
plan of the 100f of a building ought to be diawn: a plan of this
Lind being often necessary m addition to a ground plan.

From the plan of the pyramid, the same inference may he
drawn, as from the former plan of the cottage.

You see that the plan of the pyramid, now represeuted on the
board, shows nothing more than the dimensions of the hase. It
also shows the particular point of the base over which the veitex
would stand, but it can neither explain the height of the pyramid,
nor the obliquity or slopes of its sides.

Therefore a plan alone cannot explain the nature cither of a build-
ing, of a pyramid, or of any other object, without the assistance of
some other kind of geometrical drawing, such as a section or an

elevation.
" Here the Teacher will rub out his plan of a pyramid.

I shall next explain to you the nature of sections,
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A section is the plane figure which would be formed by cutting
any solid body right in two, as was defined, in the foregoing
Course of Practical Geometry, in treating of conic sections,

Write the word secTION.

,A solid body may be supposed to be cut in a great number of
various direc tions, horizontally, vertically, and obliquely; and
consequently the number of sections which may be taken of my
ohject ate almost infinite or beyond calculation.

To prevent the confusion, which would arise in Plan-drawing,
fiom sections tahen at random; the geometrical drawing, called a
section, is alwavs supposed to be tuhen vertically.

That 1s to say, the object is supposed to be cut right down,
perpendicnlatly, from top to bottom, by a vertical plane; or in
othey words, 1t 15 <upposed to be cut every where according to the

plum-line.

The reason of follywing this rule will be obvious on a little

reflection.

A section 1« principally intended to explain the heights of objects,
and thereby to make up for the deficiencies of that kind of geometii-
cal diawing called a plan, which has just been explained.

Bat supposing 1 wanted to measure the height of one of the sides
of this 1oom ; you must all be sensible, that if I took my measure-
ment diagonally or obliquely, it would be quite wrong; and that
there is no way in which the height of a room can be measured
truly, uuless it is done vertically or according to the plum-line.

If you suppose, therefore, a section of this building to be
taken, and that the said section phassed through the room in which
we now are ; it must be evident that if the section was taken in a
sloping direction, it wapld also cut the side of the room obliquely.
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Such a section would therefore give an erroneous representation of
the height of the room.

Sections taken across any building or other gbject, will of course
serve to show the breadth as well as the height, of the various parts
of it. In order that this may be done truly, another rule has been
laid down no less essential than the former.

‘The rule now alluded to is as follows.

In taking the section of any regular object, such as a rectangula
building, the given object is always supposed to be cut nght
across, not only vertically, but also in a duection perpendicular
to two opposite sides of it.

The same reason holds good in this case, which applied to the
former rule.

Supposing that I wished to measure the breadth of this room,
vou must be aware that if I took my measurement obliquely o1
diagonally from one angle of the floor, towards a contrary onc;
the result would be quite wrong; and that there is no possible
way of measuring the breadth of the room accurately, except in
a direction perpendicular to the two opposite sides of it.

But if you suppose, as before, a section of this building to be
taken, and that the said section passed through the room in whick
we now are, it must be evident that unless the section was taken in
a diréction perpendicular to the opposite sides of the building, it
would cut the floor and ceiling of this room obliquely. Therefore
such a section would give an erroneous representation of the

In"eadth of the room.

“ From these considerations, it must now be evident, that any
section of an object, taken in a sloping or oblique direction, would
not be of the smallest use, because it would either misrepresent
the height, or the breadth, of the given oRject, or both.
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This being premised, we shall now proceed to draw a section of
the small cottage, of which we have already drawn the plan.

L.ct us suppose, that the proposed sectxon is req\ured to pass
through the door of the building.

Draw a dotted line peipendicularly across the plan of your
«ottage, passing through the door.

This dotted line will 1epresent the direction in which the pro-
posed section is to be taken.
o
e —

Mark those points in the plan where the dot- >

ted lme cuts the fiont and back walls of the
cottage by the letters a, b, ¢, and d. | e

<

v |

The distances between the various points a, b, ¢, and d, which

you have just marked 1 the plan, show the breadth of the cottage,
and the thickness of the walls,

As the <ame dimensions will require to be represented in the
section, 1t will save trouble to transfer the whole of them from the
plan to the section, at once.

You will therefore diaw a separate linc to represent the level of
the floor of your building, which 1s also to be the ground line or
base of your section. And you will divide this line exactly in the
same manner as the dotted line in the plan. !

Under the respective
points of division, on this -

new line, you will mark the 5
same letters a, b, ¢, and d: l N
when this is done, the cor- 11— — s
. A ab cd
responding or equal paits :
of both lines will be known by inspection.
. VOL. I, o8

1
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From the points marked !
a, b, c, and d, on the ground F'—
Line of the section, which ”
represent the position and L] CTI-] _ L -

thickness of the walls of the @ ab cd
cottage, raise perpendiculars to show the height of the walls.

-

Join the top of these perpendiculars by a dotted line, which
will be a horizontal line ; and which shows the level from whence
the roof is supposed to spring.

The plan of the cottage is still supposed to remain on the board,
and slates, but it is left out in some of the following figures.
It will again be occasionally introduced, whencver it shall become
mecessary to point out the connection between the plan, and the
section or elevation.

We shall suppose the roof to be a regular
pitch roof. You will therefore bisect the last
drawn line, in order to find the middle of the
building, aud from the point of bisection, you
will raise a perpendicular to show the height of
the roof. ab

You will next draw oblique lines to show the
sides of the roof.

Draw right lines parallel to the above oblique
lines to show the thickness of the roof.
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As the section is supposed to pass through
the door of the cottage, a line must be drawn
to represent the top of the door, and to show

the height of it.
ab od

The section, which has just been drawn, is only intended to
give you a general notion of this kind of geometrical drawing.
Many particulars are therefore omitted which it would be proper
to introduce m a finished section of a building.

For instance, the depth and thickness of the foundation, the
rabbet or 1ecess of the door, the thickness of the rafters and
other parts of the roof, and the projection of the roof, if formed
with eaves: these and other details might easily have been repre-
sented, by adding a few morc limes.

The rough <cction of the

. ottage is now complete, <
’ "

and you may observe that | Ab-...—.._..__‘ |
- - !
those dimensions which are | ( i
: L& |
marhed with the same letters | 17 T

agtee in both. < ab cd
Rub out the letters which weie wntten to mark the vaious

points m the plan and section.

The plan aund section as they stand at present, explain suf-
ficiently the geneial dimeunsions of the shed, and the proportion«
of the roof and door, but they do not show the height of the
windows, nor the geneial appearauce of the building.

The latter particulars cannot be 1epresented without the assist-
ance of the third kind of geometrical drawing, before mentioned,
called an elevation.

Write the word ELEVATION.
VOL. 1. R
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An elevation is the view of any upright side of a building or
other object, nearly such as it would appear to a peison standing
exactly in front of it.

In order more clearly to understand this definition, we shall
proceed to draw an elevation of the front of our shed.

As the principal dimensions of the front of —_—j

the cottage appear in the plan, I shall mark the ‘ '

various points by the numeral figures 1, 2, 3,

4, 5, and 6. 1 23 45 6
The points thus marked show the length of the froat of the

cottage, and the breadth and position of the door and window.

As the whole of these dimensions must appear i the elevation
of the cottage, the easiest method will be, to transfer them from
the plan to the elevation at once.

You will therefoie draw a separate line, to represent the ground
line or level upon which the front of the cottage stands ; and upon
' this line you will set off a distance equal to the length of the
cottage, and divide it in the same manoer as the frout of the
cottage is divided in the plan.

You will also mark T ————)
the various points of I
division upon this new L —— o
line, with the numeral 1 23 4 5 6 1 23 4 5 6
figures 1, 2, S, 4, 5,and 6. When this is done, the correspond-
ing or equal parts in the plan and in the ground line of the
elevation may be known by inspection.

From the points 1 and 6 of the ground line which represent the
extremities of the front of the cottage, perpendiculars must next
be drawn to show the height of the walls.

You will draw two_pespendiculars accordingly; and as the
beight of the walls is already represented in your section, you
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will measure the pro-

per length of these :

perpendiculars from —r L ,
thence. 1 23 45 6 1 28 6§56

Join the top of
these perpendiculars
by a right line, which
will represent the 1 23 4 5 6 12
bottom of the roof of the cottage.

ﬂ

[’3 4
»p
!
(-}

From the points 2 aud 3 of the ground line of your elevation,
which represent the breadth of the door, you will raise perpendicu-
lars, to show the height of the door.

You will find the proper length of these perpendiculars by mea-
suring the height of the door in the section; and you will transfer
it to the elevation accordingly.

Complete the form
of the door by joining ’ '
the top of the above F‘T‘é
perpendiculars. 3—__4 5 6 T 1 2. 8 4 56

From the points 4 and 5, in the elevation, which mark the
position of the window, raise perpendiculars to find the sides of
the window.

You will next complete the window by drawing the top and
bottom of it, at any height you think proper, these particulars not
being represented in the section.

Dot that part of [~

each of the last -
drawn perpendicu- ] N H

ars, which fallsbe- 1~ 23 45 6 T 233 45 6

low the bottom of your windows.
R 2
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The form of the roof only is now wanting. The length of the
roof must of course be equal to the length of the building, and
the height of it may be found by referring to the section.

It is a rule in geometrical elevations never to represent the
height of any sloping object by oblique measurements taken along
the slope ; but by dropping a perpendicular from the highest peint
or vertex of the slope, to the level of the lowest pomt or base
of it.

In short, the height of any sloping object in a geometrical
elevition is measured by that perpendicular line, which would be
called the altitude of any similar figure or solid, in Practical
Geometry.

In transferring the height of the roof from vour section to your
elevation, you must therefore make it equal to the dotted peipen-
dicular, which appears in the section.

Draw your roofs accordingly.

When this is done, the figures upon the bourd, which relate to
the cottage, will be as follows.

ik

1 23 45 6 ' ~1 23 45 6

The plan, section, and elevation of a small cottage are now
complete, and from these three geometrical drawings put together,
every dimension necessary for explaining the proportions of the
building may be known.

_ The length of the building is shown in the plan and elevation;
and is the same in both.

The breadth of the building and the thickness of the walls are
shown in the plan and section ; and are the same in both.
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The breadth of the door and that of the window are shown
in the plan and elevation, and are the same in both.

The height of the door is shown in the section and elevation,
and is the same in both.

The height of the window is shown in the elevation only, but if
the section had been taken through the window, instead of the
door, then the height of the window would have been shown
in the section also.

The height of the walls, and the perpendicular height of the
roof are shown m the section and elevatior, and are equal in
both.

Bat the particular form of the roof is clearly explained in the
section only.

I shall now make some further remaiks relative to geometrical
clevations.

In drawing the geometical elevation of any object, a vertical
plane is always supposed to be used as a plane of projection.

Some points of the given object may coincide or agree with the
plane of projection.

Those points of the given object, which fall without the plane
of projecction, must be transferred to it, by throwing out perpen-
diculars or rays, from the said points to the plane of projection.

All the rays in a geometrical elevation, being perpendicular to
a vertical plane, must necessarily be horizontal or level lines.

The walls or sides of a building are vertical planes, being built
according to the plum-line ; and therefore, in taking geometrical
elevations, the front of a building, or any other side of it which is
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tobewmd,mybemppoledtomuvmll&eplmof
Pprojection.

Coasequently the length and height of the side of the building,
and the beight and breadth of the doors and windows, &c. may
be laid down in a geometrical elevation, according to their actual
dimensions from measurement, without any alteration or dimi-
nution,

The roof from its sloping figure is the only part of the exterior
side of a building, which cannot agree with the plane of pro-
Jection; and therefore, in drawing the elevation of the cottage, 1
made you diminish the oblique length of the slope of the roof, in
order to find the true height of it, according to the same principle
by which oblique lines are diminished in a plan, in order to find the
base of any slope.

It is not necessary in a geometrical elevation, that the plane of
projection should be supposed exactly to agree with the upright
side of any building or object, which is to be represented.

But when they do not agree, it is necessary that the plane
of projection should be parallel to the upright side of the building
or object, of which an elevation is to be drawn.

In that case the perpendiculars or rays, thrown out from the
object to the plane of projection, will form a figure exactly in
the same proportion, as if the side of the object and the plane of
projection had actually coincided with cach other.

This may be understood by referring once ’ |
move to the plan. '_r__,_J

12 3 45 6

In the way, s which we actually drew our elevation, the plane of
projection was supposed to coincide or agree with the froot of the



VERTICAL PLANES OF PROJECTION. U7,

building, aud the various points 1, 2, 3, 4, 5, and 6, which repre-
sented the length of the said front, and the breadth and position of
the door and window, were therefore transferred from the plan to
the elevation, at once, according to measurement.

Now I shall suppose the plane of projectien to be at some dis-
tance from the front of the building, but parallel to it, according
to the rule above stated.

The sides of the building which are vertical planes being repre-
sented in a plan by right lines, any other vertical plane, whether
parallel to the front of the building or not, must also be repre-
sented in the plan, in the same manner.

You will therefore draw a right line in
the plan, parallel to the front of the build-
ing, to represent a plane of projection, at S
some distance from the building, but paral- e el
lel to the said front.

From the various points 1, 2, 8, 4, 5,
and 6, of the front of the building, you
will drop dotted perpendiculars to the
line which represents the new plane of r
projection; and you will also mark the L 238 #,4; 6
points where each of these perpendiculars Pl
meets the plane, by corresponding num- ) ; ; 25 6
bers 1, 2, 3, 4, 5, and 6.

These dotted perpendiculars represent rays thrown out from the
given object; and the poiuts, where they meet the plane of pro-
Jjection, are true points for laying down the various dimensions, in
the elevation.

But in consequence of the plane of projection and front of the
building being parallel, the above dotted lines or rays which are
parallel to each other, will be perpendicular not only to the line
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which represents the plane of projection, but also to the front of
the building.

The distancc between parallel lines is always the same if meas
sured perpendicularly, therefore the distance between the points 1
and 2 on the front of the building, will be equal to the distance
between the corresponding points 1 and 2, on the plane of pro-
Jjection:

The distance between the points 2 and 3 on the front of the
building will be equal to the distance between the corresponding
points 2 and 3 on the plane of projection :

And in like manner, the distance between any two points what-
ever, on the front of the bwlding, will be equal to the distance
between two conesponding points, on the plane of projection.

This proves, what I before stated, that the perpendiculars or
rays, thrown out from the upright side of an object to any parallel
plane of projection, will form a figure exactly in the same propoi-
tion, as if the side of the object and the plaune of piojection had
actually coincided or agreed with each other.

Consequently, if you suppose a plane of projection to be chosen,
parallel t the upnght side of a building, or other object, of which
.an elevation is required ; then the dimensions of the various parts
of the upiight side of the given object may be laid down in the
drawiug, in their true proportions, according to mecasurement,
without any diminution or alteration.

From the figures which you have drawn, and the instructions
which you have already received upon the subject of Plan-drawing,
you must now be aware, that plans and elevations are drawn
exactly according to the same principle; only, that in a plan, the
.pl'me of projection is horizontal ; whereas, in an elevation, the
plauve of prujection is always vertical.

All horizontal planes, which may be used as planes of pro-
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jection for drawing the plan of a building, &c. must be parallel to
each other; but vertical planes may be perpendicular or oblique
to each other, as well as parallel.

For instance, the several floors of any building being all level,
and of the same height one above another at every point, are
horizontal planes parallel to cach other. But of the walls of a
building, which are all vertical planes, some two of them may be
perpendicular to each other, such as the side and end walls;
whilst others may be oblique to each other, as you may often have
observed in irregular buildings.

If in diawing the elevation of any rectangular building, the plane
of projection were chosen oblique to one of the sides, instead of
parallel to it; then the length of that side of the building, and the
breadth of the doors and windows, &c. would be diminished in
the diawing, in such a manner, as to give a false notion of the
object.

In an oblique clevation of this kiud, rays thrown out from one
of the euds of the buildmg would also strike the plane of pro-
jection, and the varioys dimensions of this end of the building
would be dimmished or misrepresented in the drawing, for the same
reason.

Every dimension, exceptiug only the perpendicular heights,
being misiepiesented in an oblique eclevation of the side of a
building, or of any other upright object; such elevations can be of
littlg use, and are thercfoie scldom or never taken.

’

But although oblique elevations of the front of a building, &c.
are seldom or never taken, 1t often happens that the front of a fine
building is ornamented with columns, mouldings, and other archi-
tectural decorations, various parts of which me oblique to the
general plane of the front of the building, beyond which they
project.
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‘The propet mode of representing such brnaments ia geometrical
elovitions; cammot therefore be well understoed, unless the princi-
ple, according to which oblique elevations of any upright object
may be drawn, is clearly explained.

This being premised, I shall proceed to give you an example of
fiie method of drawing an oblique elevation of the cottage, of
#hich you have already drawn the plan, and section, and a direct
or proper geometrical ?lmtion.

Rub out that line which was added to your

plan to represent a parallel plane of projection: |
rub out also the dotted perpendiculars which l
represent the rays ; and the plan will be restored = | S

to its former state. 23456

A right lime must next be drawn, in order to represent the new
plane of projection which is necessary for taking the oblique
elevation.

This new plane of projection may either be supposed to coin-
cide with the front of the building in some point, or not.

We shall suppose it to coincide or agree with that extremity of
the frout of the building, which is marked by the numeral

figure 6.

You will therefore draw a right line
through the point 6, forming an acute
angle with the front of the building, in o

order to represent the new plane of pro-
- ction. )

From the various points of the front P
of the building drop perpendiculars to | 2.3:9'796

the last drawn line, and dot them. /
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These perpendiculars will repreveht rays, thrown:.out from the
points 1, 2, 3, 8&c. of the given object to the plane of
in order to find the true place of these points in the oblique ele-
vation.

You will therefore mark, in like man-
ner, the various corresponding points )
on that line which represents the plane /
of projection, by the same numeral * . % ®. ZX
figures 1, 2, 3, &c.

That end of the cottage, which 1s |~ —-_
nearest to the plane of projection, must l kY
also be represented. Onc extremity of %
it already coincides with the said plane. 7 2'3. ¢ &~6
From the other extremity of it, you will ! %

draw a dotted perpendicular or ray to the /,
plane of projection, and you will mark the corresponding points
at the ends of this ray by the numeral figure 7.

The distancc between the points 1 and 6, in the plan, shows the
length of the front of the cottage.

The distance between the corresponding points 1 and G, on the
plane of projection, will therefore also represent the length which
ought to be given to the frout of the cottage, in the oblique ele-
vation.

The distance between the points 6 and 7, in the plan, represents
one end of the cottage.

The distance between the corresponding points 6 and 7, on the
plane of projection, will therefore also represent the length which
ought to be given to that end of the cottage, in the oblique ele-
vation. ’

And, in like manner, as the breadth of the door and wiudow are
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repasented. by the distance between certain points, in the plan; so
must the ame dimensions, 1n the oblique elevation, be represeuted
By the distance between corresponding points, on the plane of
Pprojection.

Youwill there-
fore draw a line
for the ground h -
lineofyouro—.:.ar__}:sd6‘ 1 23 45 & 7
blique elevation ; T Y
which you will
divide in the same manner, and mark with the same numeial
figures, as that line which represents the plane of projection.

From the points 1, 6, and 7, on the
ground line of your elevation, you will
raise perpendiculars equal to the height »
of the walls of your cottage. The 123 456 7
length of these perpendiculars will be determined by referring to
the section, or to the former elevation.

You will join the top of two of
these perpendiculars by a right line,
in order to show the bottom of the
roof of the front of the cottage. 1 ;; ; 0 6

- —

By means of the points 2 and 3,
which determine the position and ]
7

width of the door, you will draw the
door, making it of the height shown
in the section, or in the former eleva- 1 93 456

tion,

-

From the points 4 and 5, which show the width of the window,
you will raise perpendiculars, in order to find the position of the
sides of the window,
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For the height of the window, and its particular height above the
ground line, you will refer to the former elevation; and you will
complete the form of the window accordingly.

Dot such part of each of the per-
pendiculars, raised from the points 4 q 1
and 5, as falls below the bottom of i s B
the window. 1 23 45 6 7 -

The roof only remains to be drawn. Before this can be done,
it will be necessary to find the points where the extremities of the
ridge of it ought to be laid down in the plane of projection. .

The ground plau of the cottage does not show the ridge of the
roof; but it must be cvident that the ridge of a regular simple
pitch roof, if the plan of it were drawn, would fall exactly over
the middle of the building.

In order to save the trouble of drawing a separate plan of the
roof of the cottage, I shall therefore add a dotted line to my
ground plan, to represent that part over which the ridge of the
roof would fall; and I shall mark the two extremities of this
dotted line by the letters R and R, in order to show the extreme
points of the said ridge.

You will follow my example by~ v

drawing a dotted line in your plans,
and marking the extrcmities of it in the
same manner; in doing which you J\':;i\‘s
must take care to make it fall exactly A
over the middle of your building.

From the points marked R and B, ‘which represent the extremi-
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Ses of the ridge of the roof, yeu will draw rays, or perpendiculars
ta the plane of projection, sand dot them,

. Mark the points where these rays meet
the plane of geojection, by the same lot- R\-|-- worrmr
ters R and R, in order to show that they
correspond with the extremities of the '. %7 "
roof, as laid down in the plan. Ly 5"

The points R and R, marked on the line which represents the
plane of projection, must next be transferred to the ground line of
the oblique elevation; upon which you will alvo mark the new
points, thus found, by the corresponding letters R and I3,

From the new
points R end R,
on the ground line
of your elevation,
you will next raise
dotted perpendicu-
Iars, in order to
find the proper position of the extremities of the ridge of the
roof.

o 1.
“The ridge or top of the roof must
next be drawn, parallel to the ground
line, and extending between the two —

Tast raised dotted perpendiculars. Ity D }
perpendicular height must be found ﬂ !

by referring to the section, or to the TR2S 45 6R7
former elevation.”

HER]

Draw oblique lines from fhe extremities of the ridge of the
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roof, to the proper points, in order to complete the form of llne-

roof, in the elevation.

-

R R

X

T 2 8 6

3

The oblique elevation of the cottage is now finished. The
heights of the various parts of it agree with the heights given in the
section and in the forme: elevation of the front of the cottage; but
all the other dimensions arc diminished from their true proportions,
in which they appear m the plan and in the former elevation.

If the oblique plane of projection, by means of which the last
clevation was drawn, had formed a more obtuse angle with the
front of the building; then the various dimensious, in that part of
the oblique elevation, which 1epresents the front of the cottage,
must have been still more diminished than they are at preseat.

In the proper or direct elevation of the front of the cottage it was
not necessary to take any notice of the points R and R, which
represent the extremities of the ridge of the .oof ; because the
plane of projection was then supposed to coincide or agree with
the front of the building, and from the simple nature of the roof,
the poiuts R and R in the plan stand exactly over the two ends of
the cotlage.

"Therefore ay the ends are perpendicular to the frout of the
building, it must be evident, that if rays or perpendiculars had been
drawn from the points R and R in the plan, they must have
exactly coincided with the points 1 ggad 6 marked at the extremities
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of the front of the building, which in the first elevation we drew
was supposed to represent the plane of projection; and if the
plane of projection hiad been supposed to be parallel to the front
of the building, the same coincidence or agreement between the
points R, R, and 1, 6, would still have taken place, for the reasons
which I before stated to you, in treating of direct or proper geo-
metrical elevations.*

In transferring the various heights from the section to your two
elevations, you measured each dimension separately and individualls
one after another; but it is also usual to transfer the various heights
from a section to an elevation all at once, in the manner in which
you transferred your dimensions from the plan to the elevation.

I shall give you an example of the proper method of doing
this, which you will find very simple.

The front of the cottage, which is a vertical plane, being repre-
sented in the section by a perpendicular right line, any other verti-
cal plane parallel to it must also be represented, in a section.
in the same manuer.

distance, raise a perpendicular paraliel
to that line in the section which repre-

You will therefore, at any convenicnt ! / /\\
sents the front of the cottage. l }

‘The perpendicular just drawn, being a vertical plane parullel to
the front of the cottage, may represent a plane of projection sup-
posed to be used for finding the proper proportions of the various
perts of the building, in drawing a geometrical elevation of it.

* It will easily be understood, that if the roof were not of the simple form,
represented in the figures ; that is to say, if it were supposed to have more
than two sloping sidcs, then rays projected from the points R, R, would not
agrec with the points 1 and 6, even in a proper or direct geometncal
elevation.
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You will mark all those points of the ) R .
front of the building, shown in the sec- rl
tion, which would appear in a geometri- a
cal elevation of it, by the letters a, d,

r, and R. L

T'rom the several points, thus marked, rays must be thrown out,
or in other words, perpendiculars must be diawn to the line which
1epresents the plane of projection.

. - - .
You will dot all of these perpendiculars excepting that which
agrees with the ground line or base of the section.

You will, m like manner, mark the
poiuts, where these rays meet the plane
of projection, by corresponding letters
a, d, r, and R.

a

The distance between the two points marked a and d in the
section represents the height of the door of the cottage.

The distance between the two corresponding points a and d, on
the plane of projection, will therefoie also represent the height
which ought to be given to the door, in a geometrical elevation.

The distance between the two points marked a and r, on the
section, represents the height of the front wall of the cottage.

The distance between the tyo corresponding points a and r, on
the plaue of projection, will therefore also represent .the height,
which ought to be given to the front wall of the cottage; in a geo-
metrical elevation.

VOL. I.
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These dimensions are all equal to each other, because the plane
of *projection and the front wall of the cottage are parallel.

The distance between the points marked r and R, in the section,
shows the slope of the front of the roof of the cottage.

The distance between the corresponding points r and R, on the
plane of projection, will therefore represent the height, which
ought to be given to the roof in a geometiical elevation.

The last mentioned distance is equal to the dotted perpendicular,
which you before drew to show the proper height of the roof ; and
it is therefore less than the oblique length of the slope of the roof,
being diminished according to the rules of piojection.

All the points necessary for transferring the several heights of
the front of the building fiom a section, to an clesation, are now
marked on the plane of projection.

I will next show you in what manner this may be done.

From the ground line of your elevation produced, raise a perpen-
dicular equal in length to the line which represents the plane of
projection attached to your section, and let this new peipendicular
be divided into the same number of parts, and in the same propo:-
tion as the former.

Mark it also by the same letters a, d, r, and R.

The last drawn line will serve as a scale by which the various
heights might have been transferred from the section to the
elevation. We shall call it the scale of heights.

R‘ """""" RT.

[ T— r

dl.... d D
h H it

. ' a 1 23 45 6

Rub out the whole of your elevation excepting the ground line
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of it, and the various points 1, 2, 3, 4, 5, and 6, which were
marked upon the said ground line, in order to agree with the
dimensions of the front of the building, represented in the plan.

A -l
1 23 45 61 238 45 6

You must now draw your elevation again, by means of the
various points marked on the scale of heights, and on the ground
lne.

From the points 1 and G on the ground line of your proposed
elevation, which represent the exticmities of the front of the cot-
tage, 1a15¢ perpendiculars to show the height of the walls.

Ry~~~ RT
b \ I b
d]. d
A — )
u a 1 23 45 6

The point marked R on the scale for your clevation, shows the
height of the top of the roof, and the point marked r on the same
scale shows the height of the bottom of the roof, or of the top of
the front wall of your shed, which is the same thing.

From the points R and r on the scale of heights, you will
therefore draw lines parallel to each other and to the ground line,
intersecting the two perpendiculars, which were raised from the
points 1 and 6. ‘These will of course be horizontal Imes.

R~ -~ R
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The two last drawn lines will represent the level of the top and
bottom of the roof of the building: but the roof cannot extend
further than between the two perpendiculars, which are raised from
the points 1 and 6, which represent the extremities of the front of
the building.

You will therefore dot the superfluous parts of the horizontal
lines which are drawn from the points R and r; thatis to say,
such part of each of them as is not included between the above

perpendiculars.
R e B
I -cearaeene. f IR
d a
a a 1T 4T e

Thus by raising perpendicular or vertical lines from the points
1 and 6 on the ground line of the elevation, which® correspond
with the extremities of the building; and by drawing parallel o1
horizontal lines to intersect the former, from the points R and r
on the scale of heights, which show the level of the top and
bottom of the roof, you have found the general form of the front
of the building.

From the points 2 and 3 on the ground line of your elevation,
which represent the width of the door, raise perpendiculars for the
sides of the door.

From the point d on the scale of heighta yhich shows the height
of the top of the door, draw a horizontal line iutersecting the
above perpendiculars.

- m: --------------- R ————
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The last drawn line will show the level of the top of the door,
but that part of it only which falls within the two perpendiculars,
represents the actual form of the top of the door. You will
therefore dot the remaining or superfluous parts of the last drawn
horizontal line.

Ry R
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The height of the window is not shown in the section, and
therefore could uwot be transferred from thence to the scale of
heights: but as it is represented in your oblique elevation, you
may measure it accordingly.

Take in your compasses the height of the top of the window
from the ground line of the cottage, as represented in your oblique
clevation, and mark a point at the same height above the ground

linve, upon the scale of heights attached to your unfinished
clevation.

Let this point be marked by the letter w.

Take in like manner in your compasses the height of the bottom
of the window, as represented in the oblique elevation, and set Tt
off upon the scale of heights attached to your unfinished elevation.

Mark also this new point by the letter w.

i
v

..........

R
+ x
H wW-
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W g w g )
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1R23 4 5 6R7 & 1 235 45 6

"T'he top and bottom of the window in the oblique elevation shall
also be marked by the letters w w to show the manuer in
which they agree with the former 8
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From the points 4 and 5 on the ground line of your elevation,
You will raise perpendiculars to find the position of the sides of
the window, and from the points w and w on the scale of heights,
you will draw horizontal lines, intersecting the former, in order to
find the position of the top and bottom of the window.

When by this means you have drawn the window, you will dot

the superfluous parts of the above perpendicular and horizontal
lines, which assisted you in finding the position of it.
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Thus by intersecting lines drawn perpendicular or parallel 10
the ground line of your elevation, from certain points, you have
completed a new direct or proper geometrical elevation equal and
similar to that which vou before drew.

In this example, as well as in the former, the various points,
necessary for drawing the proper elevation of the frunt of the
cottage, were found by supposing a vertical plane of projection to
be used, either coinciding with the front of the building, or parallel
to 1t.

After finishing any elevation, or other geometrical drawing, the
superfluous or dotted imaginary lines representing planes of pro-
jection, rays, scales of heights, &c. as also the numeral figures,
letters, &c. attached to them, would be rubbed out, excepting
those imaginary lines only, marked in a plan, which show the
direction accocdmg to which the sections or oblique elevations,
accom, g the plan, may have been taken.

. I sha]] accordingly rub rfluous lines, letters, &c. in the
ﬁmm which I bave drawp the board, relative to the cottage,
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Teaving only such superfluous or imaginary lines, &c. as are neces-
sary for explaining the connection between the plan and section,
and between the plan and oblique elevation.

In doing this, I shall dot the line which represents the oblique
plane of projection in the plan, because in finished drawings all
imaginary lines are dotted.

Section on the line a b.

Int Ik

Elevation of the Front, Oblique Elevation on the line 1 7.

You will alter your respective figures in the same manner.

The plan, section, and elevations, which you have now com-
pleted, are sufficient to give you a thorough insight into the
principles of Plan-drawing.

As an example, I have chosen a building of the most simple
nature, in order to lay down the rules of the art in as clear a man-
ner as possible. But the same rules will apply in all other cases;
so that if you understand what you have already done, you will find
no difficulty in comprehending geometrical drawings of the most
extensive and complicated buildingggr other objects, .
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All plans, sections, and elevations, arc drawn by laying down a
certan number of poiuts and lines truly on some plane surface,
according to gcometrical principles. In drawing some objects, it
may be necessary to lay down a great number of points and lines,
in otheis only a few: but whether the number be great or small,
in all cases, cuch individual point or line must be drawn according
to some one or other of the foregoing rules.

Many persons have considerable practice in Plan-diawing, and
are able to understard simple plaus, sections, and duect elcvations,
without having been regularly instructed in the pimciples of the
art which have now been eaplamed to you.

If you find any difficulty in understanding such of the above
rules, as relate to the planes of projection, which are supposed to
be used for laying down oblique, or sloping lines properly, m plans
and elevations, do not allow yourselves to be discouraged on that
account.

The nature of sections, and all the simpler kind of plans,
which are most generally useful in the Royal Engineer department,
may be understood without a thorough knowledge of all the rules
of projection; and after some practice mn drawing or in working
from plans and sections, if you return to the study of these rules,
and reflect upon them with due attention, they will appear sut-
ficiently simple and easy.

This remark is intended for your encouragement, and guidance,
in order that you may not be deterred from attempting to learn the
practice of Plan-drawing, in consequence of any difficulty which
you may at present meet with in regard to the rules, or principles,
of the art.

But although the principles of Plan-drawing may certainly be
learned Jo greater advantage, after some expenence in the pracucal
part, @ would not have been proper in a regular Course of
Instruction, to introduce the prigtice first. 1 have therefore com-
menced by explaining the pripciples.
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Elevations of any building or other object very much resemble

thé outward appearance of the object represented by them, when
viewed by any person standing near it; and therefore geometrical
drawings of this description convey an idea of the nature of the
object represented, even to persons who may be totally ignorant
of the principles of Plan-drawing.
* Sections do not convey any just notion of the object represented
to ignorant persons, because the section of any object (a building
for instance) supposes it to be cut in two, so that the figure or
appearance of the ebject, thus formed, does not resemble any
natural or common view of it.

In like manner, plans, which, as was before stated, resemble the
appearance of any object viewed from a height immediately above
it, do not convey a very just notion of the object to persons igno-
raut of the principles of Plan-drawing; because opportunities of
lookmng perpendicularly or directly down upon objects, or in other
words of taking a bird’s-eye view of them, are not common.

Giound plans, or foundation plans of buildings, or other works,
do not give any just notion of the appearance of the object repre-
sented 1 because when a building is finished, it is impossible,
from any point of view whatever, to see the various walls and
foundations it the manuer in which they must be represented in a
giound plan, the whole of these parts being hidden by the roof.
In fact, thc ground plen of any finished building, is, properly
speaking, a section through the various walls, the only difference
between it and a common section consisting in this; that the com-
mon section 1s taken vertically, whereas the actual section of a
building, which is exhibited in any ground plan of it, is taken hori-
ontally.

I have already stated that plans, and sections of a v ry simple
nature, amic of most general use in the Royal Epgineer department.
In works of foitification, geomitrical elevatious of any kind are
seldom necessary; but they arg, highly useful ia architecture,
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because the general appearance of a building cannot be understood
nor many useful dimensions well explained, without them.

Elevations, as I before observed, are the only kind of geometri.
<¢al drawings which can convey any just notion of the outwarc
appearance of a building or other object, to persons who are igno-
rant of the principles of Plan-drawing: but although geometrica
elevations very much resemble the outward appearance of any
thing, they are riot an exact and faithful representation of objects

as they appear to the eye of a spectator.

For instance, a person can ouly view an object from one point :
therefore any part of a large building, such as a window, whict
happens to be near his eye, will appear much large: than anothe:
window of the same size at some more distant part of the building
This is a remaik which every one must have made. But in a geo-
metrical elevation, &c. all those parts of the same object, which
are equal to each other in reality, are also made equal to each
other in the drawing.

Drawings which represent objects in the same proportions, in
which they would appéar to the eye, when viewed from any given
point or distance, are called perspective drawings:

And a knowledge of the methods according to which the various
proportions of objects should be laid down in a drawing of thir
kind, is called the Art of Perspective.

The Art of Perspective, like that of Plan-drawing, can neither
be understood nor put in practice without understanding the princi-
Pples of Geometry.

Perspective is principally use%:nd necessary to painters, who
proportion the various dimens of their figures in pictures,
wiews, and landscapes, accordigg to the rules of this art.
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Perspective views give a much better notion of the outward
appearance of objects than geometrical drawings; but they are
not of so much use in the practical branches of mechanics, because
all the parts in a peyspective drawing being made longer or shorter,
than their real proportions, according to their supposed distance
from the eye of a spectator ; it becomes impossible to ascertain,
the true dimensions of any object, which is represented in a drawing
of this kind, by means of a scale or by measurement.

In plans, sections and elevations of any object, when the
various points and lines have been laid down according to the rules
of projection, it is usual afterwards to colour or shade the figure
m ordei to make a finished drawing of it.

The ait of Plan-drawing therefore comprehends two distinct
operations : first the projection of the lines which form the repre-
sentation of any object ; and secondly the colouring or shading
of it.

The Teacher should have some coloured or shaded plans, sec-
tions, and elevations, which he ought to exhibit, in order to illus-
trate the following remarks.

In colowed plans and sections masonry is generally made red;
wood so as to resemble its own natural colour; earth of a sandy
colow ; iron of a dark blue; and water of a lightish blue.

In plans of buildings, not coloured, masonry is generally made
dath, whilst wood and other substances are shaded lighter.

In sections, not coloured, different substances are shaded darker
or highte1, according to the fancy of the draftsman.

In plans of buildings, the doors and windows are left blank,
whilst the walls are cither colou ‘& or shaded. And in sectious,
a marked distinction of shade or colgur is also made between the
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polid part of walls, and the doors, windows, or other apertures,
which may be represented.

In elevations of any object, whether coloured or not, the
yarious parts are shaded in such a manner as to resemble the out-

ward appearance of the object, as much as possible.
}

In plans and elevations, all oblique or sloping planes are gene-
1ally shaded stronger at one side of the slope than at the other; but
the differcnce of shade must be gradual, that s to say, the dark
part must be softened off by degrees.

All curved superficies, whether they are of a regular form, such
as the surface of a globe, cylinder, &c. or not, are also shadid oft
gradually, but in different methods according to the form of the
object which is to be represented.

‘Sometimes, in addition to the common colours and shad,
above alluded to, stronger shades are introduced n plans and ele-
vations, in order to represent the shadows, which would be thrown
out from all the high or projecting parts of the given object, if
the sun were shining upon it, in a certain direction.

The shades introduced into a plan or eletation to 1cpresent
shadows, are not' always softened off like the others, but aie mn
general made equally gtypgng throughout.

When ghadows are introduced in geometrical drawings, the light
is always supposed to shine fiom the left extremity of the top of
the drawing downwards, but n a diagonal direction, consequently
those sides of any object represented which face toward, the top
or left of the drawing are made light, whilst those that face towards
the right side or-bottom of the drawing are shaded daik.

v

I have made these observations, merely for your informaton, in
order to prepare you for the colours and shades which you are
likely to meet with, in finished plans, scctions, and elevations ;
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but it 15 noi my intention to enlarge any further upon this branch
of the art of Plan-drawing.

A knowledge of the principles of projection, or in other words
the art of diawing the outline or figure of any object properly, is
by fat the most important part of Plan-diawing. If you understand
tl1s much, you know almost all that is necessaiy for every practical
purpose. '

Colours and shades do not by any means form so essential g
branch of the ait of Plan-diawing. They serve paitly by way of
embellishment or ornament ; and paitly to 1ender a plan, section,
o1 elevaton, clearer; which 1s then pucipal use. Indeed, so
completely subservient and mfenor 1s the art of shading or colour-
g to that of projection , that the most beautifully finished plan,
scction, or elevation, would uot be of the smallest value, if the
outhue o1 figute was wiong.

Shades o1 colours are morc particulaily useful 1n the map of a
countty, than m auy other kind of geometnical diawing. There
thev aie necessaiy m ordar to distmgwish properly woods, water,
marshes, lulls, mountams, &c.

A pason cannot attain any proficiency m the ait of shading and
<olouting without the assistance of a master, o1 unless he prac-
ties a considarable tme m copymg tiom proper books and draw-
mgs.  But after a Little observation of geometnical diawings, you
will casily be able to understand the meamng ot the various shades
and colours, winch you may find i them, without any particula
wstiuctions on the subject.

L]

IN\D OF 111L PRINCIPLES OI' PLAN DRAWING,
AND OF
VOLUME 1'IRST.



- J. Innce, Prigter, -
Wells Straez, Oxford Strect, London.
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