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PREFACE

TO

THE THIRD EDITION.

Trae Third Edition of this work contains, with 50 new dia-
grams and illustrations, more than 80 pages of additional
matter. Books I. and II. remain as before. Book III. con-
tains several new and important problems in * penetrations.”
Book 1V. is almost new. Towards Chapter I, which de-
scribes Pipe-Bending, help was furnished to the author by
his former student and assistant, Mr. W. H. Bennett, now
Instructor in Metal-Plate Worlk: at the Regent Street Poly-
technic. Chapter II. treats of the making up of Pipe Bends
out of flat sheet, and deals with that subject as it has never
before been dealt with
To Book V. has been added an article on “Tinning and Re-
tinning.”

The system of geometriec construction for the patterns of
sheet-metal articles set forth in this book, came of investiga-

systematically and comprehensively.

tion made by the author about twenty-two years ago. In
1885, after several years of thorough testing, the system was
illustrated in model and diagram at the South Kensington
Inventions Exhibition, and in 1887 further made public in
the Iirst Edition. A workman, studying the book, learns
to recognise easily the nature of any surface he meets with,
whether flat or curved, and how to deal with it for his

85376






PREFACE

TO

THE SECOND EDITION.

—,——

Tais Second Edition, long delayed through pressure of work,
is the First Edition augmented by about 70 more pages of
original matter, making the book still more useful to the
sheet-metal worker who desires to know his trade, and

- become an all-round hand, instead of being ecramped up in
a narrow everyday groove. The specialisation in the shops
brought Technical Education about ; the increasing tendency
to it marks the need of a wide basis for such education.

The divisions of tin-plate, iron-plate, and zinc workers did
not formerly exist; they do not exist now among the older
workmen, and should not among the younger. The shapes
treated in this volume come before all sheet-metal workers ;
the main differences of their work are not those of shape, but
of size and consequent manipulation.

Blinn’s ¢ Workshop Companion for Tin, Sheet Iron, and
Copper Plate Workers,” is a book published in America and
circulating here. More than one-quarter of that portion
which deals with patterns in its 1891 edition is neither
more nor less than a word for word appropriation, without
acknowledgment, of original problems, diagrams and all, from
my pages. The Preface to the book can well afford to make
much of “ the addition of new matter.” .






PREFACE.

Ix the pages that follow, the setting-out of patterns for metal-
plate workers is systematised (for the first time, so far as I am
aware), and by the system laid down, nearly all the patterns
required by sheet-metal workers can be set out on ome
general geometrical principle. Thus treated, the subject
becomes a comparatively easy one, and the workman learns
how, on the given principle, to develop for himself the
surface of any article he may have to make, to the saving, as
against various methods practised hitherto, of both time and
material.

Of the methods heretofore taught in the workshop or
otherwise, some have no application beyond the particular
article with respect to which they are described, some are
absolutely impracticable. The methods that these pages
explain are applicable always; and have been proved by
abundant experience in my classes.

The commencement of the book was a series of articles
that were written by me for The Ironmonger. These and my
class and lecture notes have greatly aided me in my effort to
make the book comprehensive, as well as at the same time a

welcome workshop companicn. Not only does it contain
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CHAPTER 1.
CLASSIFICATION.

(1) NorwirasTANDING the introduction of machinery and
the division of labour in the various branches of metal-
plate work, there is as great a demand for good metal-plate
workers as ever, if not indeed a greater demand than
formerly, while the opportunities for training such men are
becoming fewer. An important part of the techmical edu-
cation of those connected with sheet-metal work is a know-
ledge of the setting-out of patterns. Such knowledge,
requisite always by reason of the variety of shapes that
are met with in articles made of sheet-metal, is nowadays
especially needful ; in that the number of articles made of
sheet metal, through the revival of art metal-work, the
general advance of science, and the introduction of new
designs (which in many cases have been very successful),
in articles of domestic use, has considerably increased. It
is with the setting-out of patterns that this volume princi-
pally deals. To practical men, the advantages in saving
of time and material, of having correct patterns to work
from, are obvious. Whilst, however, the method of treat-
ment here of the subject will be essentially practical, an
B
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amount of theory sufficient for a thorough comprehension
of the rules given will be introduced, a knowledge of rules
without principles being mere ‘rule of thumb,” and not true
technical education.

(2.) Starting in the following pages with some introduc-
tory problems and other matter, we shall proceed from these
to the articles for which patterns are required by sheet-metal
workers and which may be thus conveniently classed and
subdivided :

a. Of round surfaces.
b. Of plane or flat
surfaces.
divisions. | ¢. Of curved and
plane  surface
combined.

Crass I.—Patterns for Ar-y .
ticles of equal taper Sub-
or inclination (pails,
oval teapots, gravy
strainers, &c.). )

a. Of round surfaces.

b. Of plane or flat
surfaces.

[ divisions. ) c. Of curved and

plane = surface

combined.

Crass IL.—Patterns for Ar-
ticles of unequal faper Sub-
or inclination (baths,
hoppers,  canister -
tops, &c.).

Crass ITIL.—Patterns for Miscellaneous Articles (elbows, and
articles of compound bent surface, as vases, aquarium
stands, mouldings, &c.).

All these articles will be found dealt with in their several
places.

We shall conclude with a few technical details in respect
of the metals that metal-plate workers mostly make use of.

(3.) The setting out of patterns in sheet-metal work
belongs to that department of solid geometry known as
“Development of Surfaces,” which may be said to be the
spreading or laying out without rupture the surfaces of
solids in the plane or flat, the plane now being sheet metal.



CHAPTER IL

InTRODUCTORY PROBLEMS ; WITH APPLICATIONS,

DEFINITIONS.

Straight Line—A. straight line is the shortest distance
between two points.

Nore.—If not otherwise stated, lines are always supposed to be straight.

Angle—An angle is the inclination of two lines, which
meet, one to another. The lines AB, CB in Fig. 1 which
are inclined to each other, and meet in B, are said to form
an angle with one another. To express an angle, the letters
which denote the two lines forming the angle are employed,
the letter at the angular point being placed in the middle;
thus, in Fig. 1, we speak of the angle A B C.

Fia. 1. Fic. 2.
A A

B C D B o]

Perpendicular. Right Angles. — If a straight line, A B
(Fig. 2), meets or stands on another straight line, C D, so that
the adjacent angles (or angles on either side of A B) ABD,
A B C, are equal, then the line A B is said to be perpendicular
to, or at right angles with (“square with’) D C, and each of
the angles is a right angle.

B 2
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Parallel Lines.—Parallel lines are lines which, if produced
ever so far both ways, do not meet.

Triangle.—A figure bounded by three lines is called a
triangle.

A triangle of which one of the angles is a right angle is
called a right-angled triangle (Fig. 8); and the side which
joins the two sides containing the right angle is called the
hypothenuse (or hypotenuse). If all the sides of a triangle
are equal, the triangle is Equilateral. If it has two sides
equal, the triangle is Isosceles. If the sides are all unequal,
the triangle is Scalene.

Polygon.—A figure having more than four sides is called
a polygon. Polygons are of two classes, regular and irregular.

Irregular Polygons have their sides and angles unequal.

Regular Polygons have all their sides and angles equal,
and possess the property (an important one for us) that they
can always be inscribed in circles; in other words, a circle
can always be drawn through the angular points of a regular
polygon (Figs. 12 and 13).

Special names are given to regular polygons, according to
the number of sides they possess; thus, a polygon of five
sides is a pentagon ; of six sides, a hewagon ; of seven, a
heptagon ; of eight, an octagon ; and so on.

Quadrilaterals—All figures bounded by four lines are

Fic. 4a. Fic. 4b.

called quadrilaterals. The most important of these are the
square and oblong or rectangle. In a square (Fig. 4a) the
sides are all equal and the angles all right angles, and con-
sequently equal. An oblong or rectangle has all its angles
right angles, but only its opposite sides are equal. (Fig. 4b.)
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Circle.—A circle is a figure bounded by a curved line such
that all points in the line are at an equal distance from a certain
point within the figure, which point is called the centre.

The bounding line of a circle is called its circumference. A
part only of the circumference, no matter how large or small,
is called an are. An arc containing a quarter of the circum-
ference is a quadrant. An arc containing half the circumfer-
ence is a semicircle. A line drawn from the centre to any
point in the circumference is a radius (plural, radif). The
line joining the extremities of any arc is a chord. A chord
that passes through the centre is a diameter.

A line drawn from the centre of, and perpendicular to, any
chord that is not a diameter of a circle, will pass through its
centre.

In practice a circle, or arc, is ¢ described ’ from a chosen, or
given, centre, and with a chosen, or given, radius.

If two circles have a common centre, their circumferences
are always the same distance apart.

Fia. 5.
B

In Fig. 5.

O is the centre.
A D (the curve) is an are.

A B (or BC) is a quadrant.

A OB is a semicircle.

O A (or OB, or BC) is a radius.
A D (the straight line) is a chord.
A Cis a diameter.

D
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PROBLEM 1.
To draw an angle equal to a given angle.
Case I.—Where the ¢ given ’ angle is given by a drawing.

This problem, though simple, is often very useful in practice,
especially for elbows, where the angle (technically called
‘rake’ or ‘bevil’) is marked on paper, and has to be copied.

FiG. 6.

B Ic D E

Let A BC (Fig. 6) be the given angle. With B as centre
and radius of any convenient length, describe an arc cutting
B A, BC (which may be of any length, see Def.) in points A
and C. Draw any line D E,and with D as centre and same
radius as before, describe an arc cutting D B in E. With E as
centre and the straight line distance from A to C as radius,
describe an arc intersecting in F' the arc just drawn. From
D draw a line through F ; then the angle F D K will be equal
to the given angle A B C.

Case II.—Where the given angle is an angle in already
existing fixed work,

The angle to which an equal angle has to be drawn, may
be an angle existing in already fixed work, fixed piping for
instance ; or in brickwork, when, suppose, a cistern may
have to be made to fit in an angle between two walls. In
such cases a method often used in practice is to open a two-
fold rule in the angle which is to be copied. The ruleis then
laid down on the working surface, whatever it may be (paper,
board, &c.), on which the work of drawing an angle equal to
the existing angle has to be carried out, and lines are drawn
on that surface, along either the outer or inner edges of the
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rule. The rule being then removed, the lines are preduced ;
meeting, they give the angle required.

Case III.—Where the given angle is that of fixed work,
and the method of Cask IL. is inapplicable.

With existing fixed work, the method of Case II. is not
always practicable. A corner may be so filled that a rule
cannot be applied. The method to be now employed is as
follows. Draw lines on the fixed work, say piping, each way
from the angle; and on each line, from the angle, set off any
the same distance, say 6 in., and measure the distance between
the free ends of the 6-in. lengths. Thatis,if A C, A B (Fig. 7)

Fie. 7.

represent the lines drawn on the piping, measure the distance
between B and C. Now on the working surface on which
the drawing is to be made, draw any line DE, 6 in. long;
and with D as centre and radius D E, describe an arc. Next,
with B as centre, and the distance just measured between B
and C as radius, describe an arc cutting the former arc in F.
Join F 1 ; then the angle F D E will be equal to the angle
of the piping.

Nore.—When points are ¢joined,’ it is always by straight lines.

PROBLEM 1II.
To divide a line into any nunber of equal parts.

Let A B (Fig. 8) be the given line. From one of its extre-
mities, say A, draw a line A 3 at any angle to A B, and on i,
from the angular point, mark off as many parts,—of any con-
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PROBLEM IV.

To find the centre of a given circle.

Let AB C (Fig. 10) be the given circie. Take any three
points A,B,C, in its circumference. Join A B, B C; then
A B, BC, are chords (see Def.) of the circle ABC. Bisect
A B, BC; the point of intersection, O, of the b1sect1ng lines
is the centre required.

Fia. 10.

el N

N @

PROBLEM V.

To describe a circle which shall pass through any three given
points that are not in the same straight line.

Tet A, B, C (Fig. 10) be the three given points. Join
AB, BC. Now the circle to be described will not be a circle
through A, B, C, unless A B, BC, are chords of it. Let us
theretore assume them such, and so treating them, find (by
Problem IV.) O the centre of that circle. With O as centre,
and the distance from O to A as radius, describe a circle; it
will pass also through B and C, as required.

PROBLEM VI.
Given an arc of a circle, to complete the circle of which it is a
portion.

Let A C (Fig. 10) be the given arc; take any three points
in it as A, B, C; join AB, BC. Bisect AB, BC by lines






METAL-PLATE WORK. 11
sides, here say five. 'With A and C as centres, and C A as
radius, describe arcs intersecting in P. Through P and the

second point of division of the diameter draw a line PD

Fic. 12,
A

c

cutting the circumference in B; join B A, then B A will be
one side of the required figure. Mark off the length B A
from A round the circumference until a marking off reaches
B. Then, beginning at point A, join each point in the
circumference to the next following; this will complete the
polygon.

Nore.—By this problem a circumference, and therefore also one-half of

it (semicirele), one-third of it, one-fourth of it (quadrant), and so on, can
be divided into any number of equal parts.

PROBLEM X.

To describe any regqular polygon, the length of ome side being
given.

Let A B (Fig. 13) be the given side of, say, a hexagon.
With either end, here B, as centre and the length of the
given side as radius, describe an arc. Produce A B to cut
the arc in X. Divide the semicircle thus formed into as
many equal parts (ProsLEM IX., NoTE) as the figure isto have
sides (six), and join B to the second division point of the
semicircle counting from X.  This line will be another side
of the required polygon. Having now three points, A, B,
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PROBLEM XII.
To draw an oval, its length and width being given.

Draw two lines A B, CD (the axes of the oval), perpendi-
cular to one another (Fig. 15), and intersecting in O. Make

Fic. 15,

C

O A and O B each equal to half the length, and O Cand O D
each equal to half the width of the oval. From A mark off
A E equal to C D the width of the oval, and divide E B into
three equal parts. With O as centre and radius equal to
two of the parts, as E 2, describe arcs cutting A B in points
Q and Q. With Q and Q as centres and QQ' as radius
describe arcs intersecting CD in points P and P'. Join
PQ,PQ,P'Qand P'Q'; in these lines produced the end
and side curves must meet. With Q and Q' as centres and
QA as radius, describe the end curves, and with P and P’ as
centres and radius P D, describe the side curves; this will
complete the oval.

Nore.—Unless care is taken, it may be found that the end and side
curves will not meet accurately, and even with care this may sometimes
occur. It is best if great accuracy be required in the length, to draw the
end curves first, and then draw side curves to mcet them; or, if the width
is most important, to draw the side curves first. The centres (P and P’)
for the side curves come inside or outside the curves, according as the oval
is broad or narrow. This figure is sometimes erroneously called an

ellipse. Itis, however, a good approximation to one, and for most purpeses
where an elliptical article has to be made, is very convenient.
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intersecting DB in G, and from G draw G F parallel toD E
and intersecting QQ'inF. From B set off BP equal toD F,
and join PF. Bisect F' P and through the point of bisection
draw a line cutting Q Q' in Q. Join QP and produce it
indefinitely, and with Q as centre and QD as radius
describe an arc meeting Q P produced in H. Make O Q'
equal to O Q, and join QP and produce it indefinitely.
With Q' as centre, and Q'C (equal to QD) as radius,
describe an arc meeting Q' P produced in H'. And with P
as centre and P B as radius describe an arc to meet the arcs
DH and CH' in H and H'; and to complete the egg-shaped
oval.

PROBLEM XIV.

To describe an ellipse.

Before working this as a problem in geometry, let us draw
an ellipse non-geometrically and get at some sort of a defini-
tion. This done, we will solve the problem geometrically,
and follow that with a second mechanical method of de-
seribing the curve.

METHOD I.—MECHANICAL.

A. TIrrespective of dimensions.—On a piece of cardboard or
smooth-faced wood, mark off any two points F, F' (Fig. 17)
and fix pins securely in those points. Then take a piece of
thin string or silk, and tie the ends together so as to form a
loop; of such size as will pass quite easily over the pins.
Next, place the point of a pencil in the string, and take up
the slack so that the string, pushed close against the wood,
shall form a triangle, as say, F D F', the pencil point being
at D. Then, keeping the pencil upright, and always in the
string, and the string taut, move the pencil along from left
to right say, so that it shall make a continuous mark. Let
us trace the course of the mark. Starting from D, the
pencil, constrained always by the string, moves from D to P,
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then on to B, I, C, P?, I3, A, P% and D again, describing a
curve which returns into itself ; this curve is an ellipse.

Having drawn the ellipse, let us remove the string and
pins, draw a line from ¥ to F’, and produce it both ways to
terminate in the curve, as at B and A. Then A B is the
major axis of the ellipse, and F, F' are its foct. The mid-
point of A B is the centre of the ellipse. Any line throngh
the centre and terminating both ways in the ellipse is a
diameter. The major axis is the longest diameter, and is
commonly called the length of the ellipse. The diameter
through the centre at right angles to the major axis is the
shortest diameter, or minor axis, or width of the ellipse.

Referring to the Fig. :—

ADPBC is an ellipse.

F, F' are its foci (singular, focus).

A B is the major axis.

CD is the minor axis.

O is the centre.

We notice with the string and pencil that when the
pencil point reaches P, the triangle formed by the string is
F P¥'; when it reaches P’, the triangleis F P’ F'; when it
reaches P? the triangle is F P2}”; and when P2 is reached,
it is FP3F'. Looking at these triangles, it is obvious that
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FF' is one side of each of them; from which it follows,
seeing that the loop of string is always of one length, that
the sum of the other two sides of any of the triangles is
equal to the sum of the other two sides of any other of them;
that is to say, F D added to DF' is equal to FP added to
PF, is equal to F P’ added to P’ ¥, and so on.

Which leads us to the following definition.

DEzFINITION.

Eillipse.—The ellipse is a closed curve (that is, a curve
returning into itself), such that the sum of the distances of
any point in the curve from certain two points (foci), inside
the curve is always the same.

B. Length and width given.— Knowing now what an
ellipse is, we can work to dimensions. Those usually given
are the length (major axis), and width (minor axis). Draw
AB, CD (Fig. 17), the given axes, and with either ex-
tremity, C or D, of the minor axis as centre, and half A B,
the major axis as radius, describe an arc cutting AB in F
and I'. Fix pins securely in ¥,F' and D (or C). Then,
having tied a piece of thin string or silk firmly round the
three pins, remove the pin at D (or C); put, in place of it,
a pencil point in the string; and proceed to mark out the
ellipse as above explained.

METHOD IT.—GEOMETRICAL.—THE SOLUTION OF THE
PropLEM. LeNeTH aAND WIDTH GIVEN.

Draw A B, CD (Fig. 17), the major and minor axes. With
C or D as centre, and half the major axis, O B say, as radius,
describe arcs cutting AB in F and F'. On A B, and between
O and F', mark points—any number and anywhere, except
that it is advirable to mark the points closer to each other
as they approach F'. Let the points here be 1,2, and 3.
With F and F' as centres and A 2, B2 as radii respectively,
describe arcs intersecting in P; with same centres and A 3,
B3 as radii respectively, describe arcs intersecting in P’
With ¥ and F as centres and A 3, B3 as radii 1espectively,

A o
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describe arcs intersecting in P3.  With same centres and
A 2, B2 as radii respectively, describe arcs intersecting in
P4 Similarly obtain P2 'We have thus nine points, D, P,
B, P, C, P?% P3, A and P4, through wh'zh an even curve may
be drawn which will be the ellipse required. A greater
number of points through which to draw the ellipse may of
course be obtained by taking more points between O and F',
and proceeding as explained.

METHOD III.—MgcHANICAL—LENGTH AND WIDTH
GIVEN.
As it is not always possible to proceed as described
at end of Method I., for pins cannot always be fixed in the

material to be drawn upon, we now give a second mecha-
nical method. Having drawn (Fig. 18) A B, CD, the

F16. 18a. Fic. 18b.
XP

given axes, then, on a strip of card or stiff paper X X (Fig.
18a), mark off from one end P, a distance P F' equal to half
the major axis (length), and a distance P E equal to half the
minor axis (width). Place the strip on the axzes in such
a position that the point E is on the major axis, and the
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draw lines parallel to A B, and through A and B draw lines
parallel to CD. We now have a rectangle or oblong, and
require to round the corners, which are quadrants. Mark
off from E along ED and E A equal distances EG and EF
according to the size of corner required. With F and G as
centres and EF or E G as radius, describe arcs intersecting
in O'. With O/ as centre and same radius describe the
corner F G. The remaining corners can be drawn in similar
manner.

PROBLEM XVIL

To draw a figure having straight sides and semicircular ends
(oblong with semicircular ends).

Draw a line AB (Fig. 20) equal to the given length;
make AO and BOQ' each equal to half the given width.

Fia. 20.
D E
4 o 01
F G

Through O and O draw indefinite lines perpendicular to
A B; with O and O' as centres and O A as radius describe
arcs cutting the perpendiculars through O and O' in DF
and GE. Join DE, GF; this will complete the figure
required.

ANGLES AND THEIR MEASUREMENT.

The right angle B O C (Fig. 5) subtends the quadrant B C.
If we divide that quadrant into 90 parts and call the parts
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degrees, then a right angle subtends or contains 90 degrees
(written 90°), or as usually expressed, is an angle of 90
degrees, the degree being the unit of measurement. If each
division point of the quadrant is joined to O, the right
angle is divided into 90 angles, each of which subtends or is
an angle of 1 degree. That is to say, an angle is measured
by the number of degrees that it contains. Suppose the
quadrant B A is divided as was BC, then BO A also is
an angle of 90 degrees. If the division is continued round
the semicircle A D C, this will contain 180 degrees, and the
whole circumference has been divided into 360 degrees. As
an angle of 90, which is a fourth part of 360 degrees, subtends
a gquadrant or fourth part of the circumference of the circle,
so an angle of 60, which is a sixth part of 360 degrees,
subtends a sixth part of the circumference, and similarly an
angle of 30 degrees subtends a twelfth part, an angle of 45
an eighth part, and so on. And this angular measurement
is quite independent of the dimensions of the circle; the
quadrant always subtends a right angle; the 60 degrees
angle always subtends an arc of one sixth of the circum-
ference ; and the like with other angles. From our defini-
tion p. 5 we have it that a chord is the line joining the
extremities of any arc. The chord of a sixth part of the
circumference of any circle, we have now to add, is equal to
the radius of that circle. This being the case, and as an
angle of 60 degrees subtends the sixth part of the circumfer-
ence of a circle, it follows that an angle of 60° subtends a
chord equal to the radius.

SCALE OF CHORDS.

Construction—We have now the knowledge requisite for
setting out a scale of chords, by which angles may be drawn
and measured.

On any line O B (Fig. 21) describe a semicircle O A B, and
from its centre C draw C A perpendicular to OB. Dividy
O A into nine equal parts. Then, ags O A, being a quadrant,
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contains 90°, each of the nine divisions will contain 10°. The
points of division, from O, of the quadrant, are marked 10, 20,
30, &c., up to 90 at A. 'With O as centre, describe arcs from
each of these division points, cutting the line O B. Note that
the arc from point 60 cuts O B in C, the centre of the semi-
circle; the chord from O to 60 (not drawn in the Fig.), that
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is, the chord of one-sixth of the circumference of the circle
whose centre is C, being equal to the radius of that circle.
Draw a line OE parallel to OB, and from O let faill OO
perpendicular to OB. Also from each of the points where
the arcs cut OB let fall perpendiculars to O B and number
these consecutively to correspond with the numbers on the
quadrant O A. The scale is now complete.

How to use. It isused in this way. Suppose from a point
A in any line AB (Fig. 22) we have to draw a line at an
angle of 30° with it. Then with A as centre and the distance
from O to 60 on OE (Fig. 21) as radius, describe an arc CD
cutting ABin C. And with C as centre and the distance
from O to 30 on O E (Fig. 21) (the angle to be drawn is to be
of 30°) as radius describe an arc intersecting arc CD in D.
Join D A, then DA C will be the required angle of 30°.
Similarly with angles of other dimensions.

In taking the lengths of arcs, we really take the length of
their chords, and it is these lengths that (F'ig. 21) we have
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CHAPTER IIL

PATTERNS FOR ARTICLES OF IEQUAL TAPER OR INCLINATION.

(CLASS 1)

(4.) It is necessary here at once to remark that erdinary
workshop parlance speaks of ¢ slant,’—not as meaning an angle,
but a lengéh ; not as referring to the angle of inclination of a
tapering body, but to the length of its slanting portion. It
is in this sense that we shall use the word, and shall employ
the word ‘taper’ or the term ‘inclination of slant’ when
meaning an angle.

(5.) In order that the rules for the setting out of patterns
for articles of equal taper or inclination may be better under-
stood and remembered, it is advisable to consider the principles
on which the rules are based, as a knowledge of principles
will often enable a workman himself to find rules for the
setting out of patterns for odd work. The basis of the whole
of the articles in this Class is the right cone. It isnec.ssary,
therefore, to define the right cone and explain some of its
properties.

DEFINITION.

(6.) Right Cone—A right cone is a solid figure generated
or formed by the revolution of a right-angled triangle about
one of the ‘sides containing the right angle. The side
about which the triangle revolves is the axis of the cone;
the other side containing the right angle being its radius.
The point of the cone is its epex; the circular end its base.
The hypotenuse of the triangle is the slant of the cone.
From the method of formation of the right cone, it follows
that the axis is perpendicular to the base. The height of
the cone is the length of its axis.

(7.) Referring to Fig. la, O BE represents a cone gene-
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CHAPTER IV.

Parrerxs ror Rounp ArTicLes ofF Equarn TAPER OR
INcLINATION OF SLANT.

(Cuass 1. Subdivision a.)

(8.) If a cone has its inclined or slanting surface painted’
say, white, and be rolled while wet on a plane so that every
portion of the surface in succession touches the plane, then
the figure formed on the plane by the wet paint (see Fig. 5)

Fie. 5.

will be the pattern for the come. As the cone rolls (the
figure represents the cone as rolling), the portion of it
touching the plane at any instant is a slant of the cone (see
§7).

(9.) Examining the figure formed by the wet paint, we find
it to be a sector of a circle, that is, the figure contained
between two radii of a circle and the arc they cut off. The
length of the arc here is clearly equal to the length of the
circumference of the base of the cone, and the radius of the
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to FB; and with G as centre and radius G B describe from
B an arc meeting GE in E. The arc BE is a quadrant
(quarter) of the circumference of the base of the cone.
Divide this quadrant into a number of equal parts, not too

Fic. 6a.
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many, say four, by points 1, 2, 3. From A (Fig. 6b) mark
off along arc ACE four parts, each equal to one of the
divisions of the quadrant, as from A to B. Take this length
A B equal to the four parts, that is, equal to the quadrant,
and from B set it off three times along the arc towards E as
from BtoC,CtoD,DtoE. Join E to O; then OACEO
will be the pattern required.

Note.—It must be noted that when this pattern is bent round to form the
cone, the edges O A and OE will simply butt up against each other,
for no allowance has been made for lap or seam. Let us call the junction
of O A and O E the line of butting. Nor, further, has any allowance been
made for wiring of the edge A CE. These most essential matters will
be referred to immediately.

PATTERN IN MORE THAN ONE PIEcE—If B be joined to O,
then the sector O AB will be the pattern for one-quarter
of the cone. If C be joined to O, then the sector O A C is
the pattern for ome-half of it. Similarly O AD will give
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three-quarters of the cone. A cone pattern can thus be made
in one, two, three, or four pieces. If the cone is required to
be made in three pieces, then instead of dividing, as above,
a quadrant of the circumference of the base, divide one-third
of it into parts, say five; set off five of the parts along A CE
from A, and join the last division point to the centre; the
sector so obtained will be the pattern for one-third of the cone.
If required to be made in five pieces, divide a fifth of the
circumference of the base into equal parts, and proceed as
before. Similarly for any number of pieces that the pattern
may be required in.

PROBLEM IV.
To draw the pattern for a cone, the height and the diameter of
the base being given.

First find the slant O B (Fig. 7a) by Proprem II. Then
with A as centre and radius A B, describe B C a quadrant of

F1G, 7a. Fre. 75,

Perpendicidar Height

the circumference of the base, and proceed, as in ProsLEy 111,
to draw the pattern Fig. 7b (the plain lines).
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ALLOWANCE FOR LAP, SEAM, WIRING, &o.

(10.) It has already been stated that the geometric pattern
Fig. 6b has no allowance for seam, wiring, or edging. (For
the present it is assumed that these terms are understood ;
we shall come back to them later on.) In the pattern
Fig. 7b the dotted line O’ B’ parallel to the edge O B shows
‘lap’ for soldered seam. Fora grooved’seam not only must
there be this allowance, but there must be a similar allowance
along the edge OD. These allowances, it must be distinctly
remembered, are always exiras to the geometric pattern; that
is to say, the junction line of O D and O B, or line of butting
(see NotE, Problem IIL) is not interfered with. And here a
word of warning is necessary. Suppose instead of marking off
a parallel slip or lap for soldered seam, a slip D O D' going off
to nothing at the centre O, is marked off, and that then, for
soldering up, there is actually used not this triangular slip,
but a parallel one as DD’ O O3, the result brought about will
be that the work will solder up untrue; there will be, in
fact, a ‘rise’ at the base of the work. We can understand
the result in this way. If the parallel slip D D’ O O? used
for soldering were cut off, there would remain a pattern
which is not the geometric pattern, but a nondescript
approximation, having a line of butting other than the true
line. And it being thus to an untrue pattern that the
parallel slip for seam is added, the article made up from the
untrue pattern must of course itself necessarily be untrue.
In the fig. the dotted line parallel to the curve of the
pattern shows an allowance for wiring. For a grooved seam
there must be on the edge O D an addition O D D’ O? similar
to the addition on the edge O B, as above stated.

(11.) In working from shop patterns for funnels, oil-bottle
tops, and similar articles, workmen often find that if they
take a good lap at the bottom, and almost nothing at the top
of the seam, the pattern is true. And so it is, for these
patterns have the triangular slip DO D' added. Whereas,
if a parallel piece D O*QD' is used for lap, the pattern is
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untrue. Which again is the case, because, now, in addition
to D OD', an extra triangular piece D O® O is used, and th:s
extra is taken off the geometric pattern. Consequently, the line
of butting is interfered with; that is to ray, the two lines
OB and OD, instead of meeting, overlap; OB forming a
junction with O°*D instead of with OD; with which OB
must always form a junction, for the pattern to be true. In
setting out patterns, to prevent error, ihe best rule to follow
and adopt is, to first mark them out independent of any
allowance for seams, or wiring, or edging, and to afterwards
add on whatever allowances are intended or requisite. In
future diagrams, allowances, where shown, will be mostly
shown by dotted lines.

DeFINITION.
(12.) Frustum.—If aright cone iscut by a plane parallel to

Fic. 8a. - Fia. 8b.
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base A BXK is a frustum of the cone. In other words a
Srustum of a right cone is a solid having cirenlar ends, and
of equal taper or inclination of slant everywhere between
the ends. Conversely a round equally tapering body having
top and base parallel is a frustum of a right cone.

(18.) Comparing such a solid with round articles of equal
taper or inclination of slant, as pails, coffee-pots, gravy

'ﬁ Fics. 9.

straincrs, and so on (Fig. 9), it will
be seen that they are portions
(frusta) of right cones.

(14.) In speaking here of metal-
plate articles as portions of cones,
it must be remembered that all
our patterns are of surfaces, sceing
that we are dealing with metals
in sheet ; and that these- patterns when formed up are not
solids, but merely simnlate solids. It is, however, a con-
venience,. and leads. to. no confusion to entirely disregard
the distinction ; the method of expression referred to is
therefore adopted throughout these pages.

(15.) By Fig. 8b is shown the relations of the cone O A B
of T'ig. 8a with its portions O CD (complete cone cut off), and
CABD (frustum). The portion O CD is a complete cone,
as it is the solid that would be formed by the revolution of
the right-angled triangle OF D (both figs.) around OF.
The triangles OF G and OF C (Fig. 8a) represent the
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triangle O F D in progress of revolution. The triangleO EB
(both figs.) is the triangle of revolution of the uncut cone
OAB (Fig. 8a) and OEH, OE A represent OE B in pro-
gress of revolution, The height of the cone O A B being
OE (both figs.), the height of the cone OCD is OF (both
figs.). The radius for the construction of pattern of the
uncut cone O A B will be O B (both figs.) , for the pattern of
O CD, the cone cut off, the radius will be O D (both figs.).
In FE, or DM, we have the height of the frustum. Just as
(§8) the portion of the rolling cone touching the plane at any
instant is a slant of the cone, so the slant of a frustum is that
portion of it, which, if it were set rolling on a plane, would
at any instant touch the plane. DB is a slant of the
frustum C A BD. The extremities of a slant of a frustum
are ‘corresponding points” Other details of cons and
frustum are shown in Fig. 8b.

Fic. 10.
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(16.) It isobvious that, if the patterns for the cones O A B,

O C D (Fig. 8a) be drawn (Fig. 10) from a common centre

O, the figure A CD B will be the pattern for the frustum.
D 2












METAL-PLATE WORK. 39

centre, and with radius OB (Fig. 12a) describe an arc
A CE; also with same centre and radius, OD (Fig. 12q),
describe an arc A’ C'E’. From any point in the outside
curve, as A, draw a line through O', and cutting the
inner arc in A’. Trom A mark off successively parts equal
to those into which the qnadrant B E (Fig. 12a) is divided,
and the same number of them, four, to B. And from B,
along the outer curve, set off BC, CD, D E, each equal to
ADB. Join EO', cutting the inner curve in E'. Then
A A' T E is the pattern required.

Just as O B (Fig. 12a) is the slant of the cone that would
be generated by the revolution of right-angled triangle
OAB around OA, so DB is the slant of the frustum of
which AA’' E'E (Fig. 12b) is the pattern. In the pattern
the slant D B appears as A A", BDB', CC', &e.

Parts of the Frustum —If B be joined to O’, the figure A A’
B’ B will be one-quarter of the pattern of the frustum; and
if C be joined to O, the figure A A’ C'C will be pattern for
one-half of it, and so on. The paragraph ¢ Pattern in
more than one Piece” in ProsLEm III. should be re-read in
connection with this * Parts of a Frustum.”

(17.) The problem next following is important, in that,
in actual practice, the slant of a round equal-tapering body
is very often given instead of its height, especially in cases
where the taper or inclination-of the slant is great; as for
instance in ceiling-shades. The only difference in the work-
ing out of the problem from that of ProsrLEm VL. is that the
radii required for the pattern of the body are found from
other data. Let us take the problem.

PROBLEM VIL

To draw the pattern for a round equal-tapering body (frustum of
right cone), the diameter of the ends and the slant being given.

To find the required radii, draw any two lines O A, BA
(Fig. 13) perpendicular to one another, and meeting in A.
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half the shorter diameter describe an arc B'C'. This
completes the one-quarter plan.

Now divide B C, the largest arc, into any number of equal
parts, say four; and join the points of division to O by lines
cutting B'C’ in 1, 2, 3. Join 3'C, and through 8’ draw
3'E perpendicular to 8'C, and equal to the given upright
height. Join C E; then C E may be taken as the true length
of C3. Through C draw C'D perpendicular to CO and
equal to the upright height. Join CD; then CD is the
true length of CC. If it is inconvenient to find these 1rue
lengths on the plan, it may be done apart from it, as by
the triangles P and Q.

To set out the pattern. Draw (Fig. 15) any line CC'
equal to CD (Fig. 14). With C’ and C as centres and radii
respectively CE and C3 (Fig. 14) describe arcs intersecting
in 3 (Fig. 15). With C and C' as centres and radii respec-
tively CE and C'3' (Fig. 14) describe arcs intersecting in
8’ (Fig. 15). Then C and 3 are two points in the outer

Fic. 15.

curve of the pattern, and C' 3' two points in the inner curve.
To find points 2 and 2', proceed as just explained, and with
the same radii, but 8’ and 3 as centres instead of C' and C.
Similarly, to find points 1'and 1, and B’ and B. A curved
line drawn from C through 3, 2, and 1to B will be the outer
curve of one-quarter of the required pattern, and a curved
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line from C’ through 3', 2, and 1’ to B’ its inner curve; that
is C ' B' B is one-quarter of the pattern. Four times the
quarter is of course the required pattern complete.

Note.—In cases where this method will be most useful, the pattern is
generally required so that the article can be made in two, three, four, or
more pieces. If the pattern is required in three pieces, one-third of the
plan must be drawn (see end of Problem IIL, p. 31) instead of a quarter, as
in Fig. 14; the remainder of the construction will then be as described

above.

(19.) Tt is often desirable in the case of large work to
know what the slant or height, whichever is not given, of
a round equal-tapering body (frustum of right cone) will be,
before starting or making the article. Here the following
problems will be of service.

PROBLEM IX.

To find the slant of a round equal-tapering body (frustum of
right cone), the diameters of the ends and the height being
given.

Mark off (Fig. 16) from a point O 1 any line OB the

lengths of half the shorter and longer diameters, as O C, O B.

Fie. 16.
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From C draw C D perpendicular to OB. Make C D equal to
the given height, and join BD. Then BD is the slant
required.
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circular hole in it. Now suppose wires (represented in the
fig. by dotted lines), soldered perpendicularly to the
ABCD face, at A, B,C, D,a,b,¢,d, E, and F (the points
E and F are points at the extremitios of a diameter of the
circular hole). Also suppose wires soldered at G and H
parallel to the other wires, and that the free ends of all the
wires are cut to such length that they will, each of them,
butt up against a flat surface (plane), of glass say, X X X X,
parallel to the A BCD face. Lastly suppose that all the
points where the wires teuch the glass are joined by lines
corresponding to edges of Z (see the straight lines in the

Fie. 20.
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figure on the plane); also that E' and F' are joined, that
the line joining them is bisected, and a circle described
passing through E' and F’. Then the complete representa-
tion obtained is a projection of Z. Instead of actually pro-
jecting the points by wires, we may make the doing of it
another supposition may, find, as. if by wires, the required
points, and draw the projection. The ABCD face being,
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say 2 inches square, the flat piece, say 1 inch square, and
the hole 4 inch diameter, and the back face GH K L, say
2} in. by 2 in., then the projection that is upon the glass
would be as shown in Fig. 20. The plane X XX X is here
supposed vertical, and the projection G'C' D' H' is therefore
an elevation; if the plane were horizontal, the projection
would be a plan, and we might regard A BC D as the top
of the body, and G HK L as its base, or vice versi. We may
define a plan then as the representation of a body obtained
by projecting it on to a horizontal plane, by lines perpen-
dicular to the plane.

(22.) The plane X X X X was supposed parallel to the
ABCD face of Z; the plan A'B'C'D’ of it is therefore of
the same shape as AB C D, and in fact A B C D may be said
to be its own plan. Similarly the G'H'D’C' is the plan of
the back-face G H K L and .is of the same shape as that face.
But the plan of the face A G I B to which the plane is not
parallel is by no means the same shape as that face, for the
long edges BH and A G of the face A G H B are, in plan,
the short lines B'H'and A'G. We need not, however, go
farther into this, because in the case of the bodies that now
concern us, the horizontal plane on which any plan is drawn
is always supposed to be parallel to the principal faces of
the body, so that the plans of those faces are always of the
same shape as the faces. In this paragraph the plane
X X X X is supposed to be horizontal.

(22a.) We are now in a position to explain the getting at
the true length of CC'in the fig. of PropLEM VIIL, p. 42;
or, putting the matter generally, to explain the finding the
true lengths of lines from their apparent lengths in their
plans and elevations. Horizontal lines being excepted, there
is, manifestly, for any line, however positioned in space, a
vertical plane in which its elevation will appear as (if not a
point) a vertical line. Let BE (Fig. 17, p. 44) be any line
in the plane of the paper, and let CD be the vertical plane
seen edgeways on which the elevation E C of B E isa vertical
line. Then if OB be a horizontal plane seen edgeways
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passing through C, the line joining the B extremity of BE
to the C extremity of its elevation will be the plan of B E.
We get thus the figure EC B, a figure in one plane, the
plane of the paper, a right-angled trianvle in fact, of which
the T C gide is the elevation of B E, the C B side its plan, and
the hypotenuse the line itself; a figure, which, as combining
a line, its plan, and its elevation, we have under no other
conditions than when the elevation in question is a vertical
line. In the plane passing through EC and B E, that is, in
the plane in which these lines wholly lie, we have in the
line that we get by joining C with B the plan, full length,
of BE. In respectof this plan of BE, we are concerned
with no other measurement, because, in a right-angled
triangle representing a line and its plan and elevation, no
other measurement of the plan line can come in. Not so,
however, with the elevation line of B E. Hecre other mea-
surement of 1t than its length can and does come in, because
that length varies according to the position of the vertical
plane with regard to it ; the plan length is always the same.
But to have in the three sides of E C B, the representation of
BE, and its plan and elevation, it is evident that the plane
which contains BE and its plan CB must also wholly
contain the elevation B C; that is, the plane must be perpen-
dicular to the plane of the triangle. Now, no matter on
what vertical plane the line BE is projected, although the
length of the projeetion will vary, tho vertical distance
between its extremities, that is, its height, never varies.
Hence, if, in any right-angled triangle, we have in the
hypotenuse the representation of a line, in one of its sides
the plan of the line, and in the other side, not necessarily the
elevation that comes out vertical, but the height of any
elevation of the line, it comes to the same thing as if in the
latter side we had the actual elevation that is vertical. And
hence, further, if we have given the plan-length of an
unknown line, and the vertical distance between its extre-
mities, we can, by drawing a line, say C B, equal to the given
plan-length, then drawing from one of its extremities and at
E
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right angles to it, a line, say CE, equal to the given vertical
distance, and finally joining the free extremities, as by BE,
of these two lines, construct a right-angled triangle, the
hypotenuse, BE, of which must be the true length of the
unknown line ; for there is no other line than B E of which
CB and CE can be, at one and the same time, plan and
elevation. We have explained this true-length matter fully,
because we have to make use of it abundantly in problems to
come.

(23.) Proceeding to the bodies we have to consider, we

Fia. 21.

take first a frustum of a cone, Fig. 21a. To draw its plan, let
us suppose the extremities of a diameter of its smaller face
top (namely points A and F of the skeleton drawing Fig. 21b)
(neither drawing is to dimensions), to be projected, in the
way just explained, on to a plane parallel to the face, then,
also as there explained, we can draw the circle which is a
projection of that face. Suppose the smaller circle of Fig. 22
to be that circle, and to be to dimensions. Projecting now,
similarly, the extremities of a diameter of the larger face
(base), namely the points C and D of the skeleton drawing,
on to the same plane, we can get the projection of the larger
face. Let the larger circle of Fig. 22 be that projection.
The two circular projections will be concentric (having the
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same centre) because the body Z is of equal taper, and they
will, together, be the plan of Z, that is Fig. 22 is that plan.

A C and FD each show the slant, and B A and EF the
height. BC and D E each show the distances between the
plans of corresponding points.

Fie. 22.

(24.) Turn to the skeleton drawing of Z. Here A C showsa
slant of the frustum (§ 15), A Bits height (see D M, Fig. 8b),
and A and C are ‘corresponding points’ (§ 15). Looking
at CDEDB as at the plan of the frustum, we have, in the
point B, the plan of the point A. Joining B C, we get a
right-angled triangle A B C; the slant A C is its hypotenuse,
the height A B is one of the sides containing the right angle,
and the other side containing the right angle, B C, is the
distance between the plans of the corresponding points A and
C, as also between plans of corresponding points of Z any-
where. This distance is that of how much the body is ¢ out
of flue’ (a workshop expression that was referred to at the
end of the previous chapter), in other words, how much A C
is out of parallel with A B. What points, in the plan of
a frustum, are the plans of corresponding points is shown
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by the fig., as the line joining the plans of corresponding
points (the line joining B and C or that joining D and E,
for instance) will always, if produced, pass through the
centre of the circles that constitute the plan of the frustum
the centre of the circles being the plan of the apex of the
cone of which the frustum is a part. Which leads us to
this; that the distance, actually, between the plans of
corresponding points in the plan of a frustum is equal to
half the difference of the diameters of its two circles; for,
the difference between EB and D C is the sum of D E and
BC, and DE and BC are equal; in other words, either
D E or B C is half the difference between EB and D C.

F1c. 23a.

(25.) Let us now consider another equal-tapering body
which has top and base parallel, and we will suppose it to
have flat parallel sides, flat ends, and round (quadrant)
corners. Such a body is represented, except as to dimen-
sions, in Z, Figs. 23¢ and b; Fig. 23b being a skeleton
drawing of the body represented in Fig. 23a. Extending
our definition of ‘slant’ to apply to such a body, a ‘slant’
becomes the shortest line that can be drawn anywhere on
the slanting surface; and ‘corresponding points’ become,
in accordance, the extreme points of such line. Either of
the lines FA,GB,EC, HL, or M O represent a slant of
the body, and F and A are corresponding points; as also
are G and B, E and C, Il and L, and M and O. The height
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of the body is represented by either of the lines F A, G B,
EC,HL,or MO. The plane for the plan being parallel
to the M P QR face (here the top) of Z, the plan of that face
is of the same shape as the face. The round-cornered rect-
angle A'F''D'B'C' of Fig. 29 is the plan to dimensions.
For the same reason the plan of the O ATS face (here the
base) is of the same shape as that face. The round-cornered
- rectangle AT GD B C of Fig. 29 is the plan to dimensions.
How actually to draw these plans we shall deal with
presently as a problem. The two circles constituting the
plan of the frustum were concentric, that is, symmetrically
disposed with respect to one another, because the frustum

Fic. 23b.
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was an equal-tapering body ; and the plans of top and base
of the body we are now dealing with are symmetrical to each
other for the same reason. The two plans (Fig. 29) together
are the plan of the body Z.

(26.) Looking at ABCDA'B'C'D' of the skeleton draw-
ing (Fig. 23b) as at the plan of Z, we have, just as with the
cone frustum, in the point A' the plan of F, in the point B’
the plan of @&, in the point C' the plan of E, in the point L/
the plan of H, and in the point O’ the plan of M. Furtheras
in the case of the frustum, if we join any point in the plan
of the base, as A, to the plan of its corresponding point A',
then we have a right-angled triangle, F' A A', of which the

Q. vy
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hypotenuse F A represents the slant of the body, F A', one
of the sides containing the right angle, its height, and A' A,
the other side containing the right angle, the distance
between the plans of the corresponding points F and A, which
is also the distance between B and B', C and C', L and L', O
and O, and between plans of corresponding points of the body
anywhere, the body being of equal taper. As with Fig. 21b
what points,in the plan, are thé plans of corresponding points
is clear from the fig. Where the plan of the body consists
of straight lines, the plans of corresponding points are always
the extremities of lines joining these straight lines perpen-
dicularly; the extremities of A A', BB, CC, and LT, for
instance. Where the plan of the body consists of arcs, the
plans of corresponding points (compare with cone frustum)
are the extremities of lines joining the arcs, and which, pro-
duced, will pass through the centre from which the arcs are
described ; theline O O' forinstance. To make all this quite
plain, reference should again be made to Fig. 29; also to
Fig. 28, which is the plan of an equal-tapering body with
top and base parallel, and having flat sides, and semicircular
ends. In Fig. 29, A A, BB, CC, DD, are lines joining
the plan lines of the flat sides and ends perpendicularly, and
the extremities of each of these lines are plans of correspond-
ing points, that is to say, A and A' are plans of corresponding
points, as are also B and B, Cand (, and D and D. Also
F and ¥' are plans of corresponding points, being the
extremities of the line ¥’ ¥’ which is a line joining the ends
of the arcs which are the plans of one of the quadrant
corners of the body. Similarly G and G' are plans of corre-
sponding points. In Fig. 28, F¥', G G, DD, E E, are lines
joining perpendicularly the plan lines of the flat sides of the
body at their extremities where the semicircular ends begin ;
and F and F, G and G, D and D, E and E' are plans of
corresponding points. Also A and A' are plans of corre-
sponding points, and B and B/, seeing that the lines joining
these points, produced, pass respectively through O and O),
the centres from which the semicircular ends are described.
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In the cone frustum, the actual distance between the plans of
corresponding points was, we saw, equal to half the difference
of the diameters of the two circles constituting its plan.
Similarly with the body Z of Fig. 23a, and indeed with any
equal-tapering body of which the top and base are parallel,
if wo have the lengths of the top and basc givern, or their
widths, the distance between the plans of corresponding
points (number of inches ¢out of flue”) is always equal to
half the difference between the given lengths or widths.
Thus, the distance between the plans of corresponding points
of Z is equal to half the difference between A B and A' B’
(Fig. 29) or between C D and C'D'; and the distance be-
tween the plans of corresponding pointsof the body of which
Fig. 28 is the plan, is equal to half the difference between
A B and A' B' of that fig., or between F D and ¥' D"

Summarising we have

a. In the plans of equal-tapering bodies which have their
tops and bases parallel, there is, all round, an equal distance
between the plans of corresponding points of the tops and
bases.

b. Conversely.—If, in the plan of a tapering body with top
and base parallel, there is an equal distance all round between
the plans of correspending points of the top and base, then
the tapering body is an equal-tapering body, that is, has an
equal inclination of slant all round.

¢. The plan of a round equal-tapering body having top and
base parallel, consists of two concentric circles. The plan of
a portion of a round equal-tapering body having top and base
parallel, consists of two arcs having the same centre.

The corners of the body Z (Fig. 23a) are portions (quarters) of & round

equal-tapering body ; their plans are arcs (quadrants) of circles having the
same centre.

d. Conversely.—If the plan of a tapering body having top
and base parallel, consists of two concentric circles, then the
body is a frustum of a right cone. Also if the plan of a
tapering body having top and base parallel, consists of two
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PROBLEM XYV.

To draw the plan of a round equal-tapering body with top and base
parallel (frustum of right cone), the diameter of either end
being given, and the number of inches ¢ out of flue’ (distance
between plans of corresponding points).

Case I.—Given the number of inches ‘out of flue,” and the
diameter of the smaller end.

The radius for the smaller circle of the plan will be halt
the given diameter ; the radius for the larger circle of the
plan will be this half diameter with the addition of the
number of inches ¢ out of flue.’

Case IT.—Given the number of inches ¢out of flue, and the
diameter of the larger end.

The radius for the larger circle of the plan will be half
the given diameter; the radius for the smaller circle of the
plan will be the half diameter less the number of inches ¢ out
of flue.’

(27.) It should be noted that with the dimensions given
in this problem, we can draw plan only, we could not draw
a pattern. To do that we must also have height given, for
a plan of small height and considerable inclination of slant
is also the plan of an infinite number of other frusta
(plural of frustum) of all sorts of heights and inclinations of
slant.

PROBLEM XVI.

To draw the plan of an oblong equal-tapering body with top and
base parallel, and having flat (plane) sides and semicircular
ends.

Case I.—Where the length and width of the top are given,
and the length of the bottom.

Commencing with the plan of the top, we know from § 25

that it will be of the same shape as the top; we have there-
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fore to draw that shape. On anyline A B (Fig. 28) mark off
A B equal tothe given length of the top. From A set off
AQ, and from B set off BO' each equal to half the given
width of the top. Through O and O'draw lines perpen-
dicular to A B; and with O and O' as centres and O A or
O' B as radius describe arcs meeting the perpendiculars in
DF and EG. As DF and EG pass through the centres
O and O' respectively they are diameters, and the ares are
semicircles; these diameters, moreover, are each equal to
the given width. Join D E, F G, and the plan of the top
is complete.

Fic. 28.
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The plan of the base will be of the same shape as the
base, and we will suppose it smaller than the top. What we
have then to do is to draw a figure of the same shape as the
base, and to so place it in position with the plan of the top
that we shall have a complete plan of the body we are
dealing with. By a,p. 55, we know that the distances between
the plans of corresponding points of the top and base all
round the full plan will be equal. We have therefore first
to ascertain the distance between the plans of any two
corresponding points. This by § 26 will in the present
instance be equal to half the difference between the given
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lengths of the top and base. Set off this half-difference, as
the base is smaller than the top, from A to A'. Then with
O and O as centres, and O A' as radius, describe the semi-
circles D'A' I/, ©'B'G. Join D'E, F'G', and we have the
required plan of the body.

Case IT.—Where the length and width of the top are given,
and the height and slant, or the height and the
inclination of the slant (number of inches ‘out of
flue’).

First draw the plan of the top as in Case I. Then if the
height and slant are given, find by Problem XII. the distance
between the plans of corresponding points. If the height
and inclination of slant are given, find the distance by
Problem XIII. If the inclination of the slant is given in the
form of ¢out of flue,” the number of inches ‘out of flue’ is
the required distance. Set off this distance-from A to A’
in the fig. of Case 1., and complete the plan as in Case L

Case III.—Where the length and width of the base
(bottom) are given, and the height and slant, or the
height and the inclination of the slant.

On any line A B (Fig. 28) mark off A’ B' equal to the
given length of the bottom. From A'set off A’ O and from
B’ set off B'O' each equal to half the given width of the
bottom. Through O and Q' draw indefinite lines D F, E G
perpendicular to A B; and with O and O' as centres, and O A’
as radius describe the semicircles F' A' D', G' B'E/, join D'E),
F’ G, and we have the plan of the bottom. Now by Problem
XII. or Problem XIII., as may be required, find the distance
between the plans of corresponding points, or take the number
of inches ‘out of flue,” if this is what is given. Set off this
distance from A’ to A. With O and O’ ascentresand O A as
radins describe semicircles meeting the perpendiculars
through O and O’ in D and F and in E and G. Join D E,
F G, and the plan of the body is completed.
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From the intersecting point Ealong the sides of the rectangle
mark equal distances E F' and E G, according to the size of
quadrant corners required. With F and G ascentres and EF
or E G as radius, describe arcs intersecting in O'; and with
Q' as centre and same radius, describe the arc F G, which
will be a quadrant because if the points F and G be joined to
O' the angle F O' G will be a right angle (p. 21). Draw
F F' parallel to A B and G G' parallel to CD, and with O
as centre and radius O' I’ describe the arc F' G/, which also
will be a quadrant. We have now the plan of one of the
quadrant corners; the other corners can be drawn in
like manner.

(27a.) Itis important tonotice that the larger corner aeter-
mines the smaller one. In practice it is therefore often best to
draw the smaller corner first, otherwise it may sometimes be
found, after having drawn the larger corner, that it is not
possible to draw the smaller curve sufficiently large, if at all.
To draw the smaller corner first, mark off from the intersect-
ing point E'equal lengths E' IV, E' G, according to the size
determined on for the corner. With F' and G' as centres
and E' F' or E' G’ as radius describe arcs intersecting in 0.
Then O' will be the centre for the smaller corner. It will also
be the centre for the larger corner, which may be described
in similar manner to the smaller corner in the preceding
paragraph.

Casg II.—Where the dimensions of the top are given and
the height and slant, or the height and the inclination of
the slant.

Draw the plan of the top, AD B C. Find the distance
vetween the plans of corresponding points of the top and base
by Problem XII., or Problem XIII., according to what is
given; and set off this distance, as the base is smaller than
the top, from A and B inwards towards O on the line A B,
and from D and C inwards towards O on the line D C.
Complete the plan by the aid of what has already been
explained.
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mark off A E equal to C D the width of the oval, and divide
E B into three equal parts. With O as centre and radius
equal to two of these parts,as from E to 2, describe arcs
cutting A B in Q and Q. With Q and Q' as centres and
Q Q' as radius describe arcs intersecting in P and P’ ; and from
P and P' draw lines of indefinite length through @ and Q'.
With P and P’ as centres and radius P D describe arcs (the
side arcs), their extremities terminating in the lines drawn
through Q and Q'; and with Q and Q' as centres, and radius
Q A, describe arcs (the end arcs) to meet the extremities of
the side arcs. This completes the plan of the larger oval.

To draw the plan of the smaller oval. Make O A'and O B'
each equal to half the length of the smaller oval, and with
Q and Q' as centres and Q A’ as radius describe the end
curves, their extremities terminating, as do the outer end-
curves, in the lines drawn through Q and Q'; the point R is
an extremity of one of the smaller curves. With P and P’
as centres and radius PR, describe the side curves. The
plan of the oval equal-tapering body is then complete; of
which either the larger or smaller ovals are plan of top and
bottom according to the purpose the article may be required
for.

(28.) The plans of corresponding points in the plan of an
oval equal-tapering body will be the extremities of any line
joining the inner and outer curves anywhere, and that, pro-
dnced, will pass through the centre from which the curves
where joined by the line are described.

To draw the plan of an oval equal-tapering body with top
and base parallel, other dimensions than the above may be
given. For instance the top or bottom may be given, and
either the height and slant, or the height and the inclination
of the slant (number of inches out of flue). It will be a
useful practice for the student to work out these cases for
himself by the aid of the instruction that has been given.
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CHAPTER VI.

ParrErNg For ArTicLES OF EQuarL TarEr or INcLINATION
OF SLANT, AND HAVING Frar (PrANe) Surraces.

(Crass L. Subdivision b.)
DEFINITION.

(29.) Pyramid:—A pyramid is a solid having a base of
three or more sides and triangular faces meeting in a point
above that base, each side of the figure forming the base
being the base of one of the triangular faces, and the point
in which they all meet being the apex. . The shape of the
base of a pyramid determines its name ; thus a pyramid with
a triangular base is called a triangular pyramid; with a
square base, a sguare pyramid; with a hexagon base, an
hexagonal pyramid (Fig:. 81); and so-on: The centre of the
base of a pyramid is the point in which perpendicular lines
bisecting all its sides will intersect. 1f the ap x of a pyramid
is pérpendicularly above the centre of* its base, the pyramid
is a right pyramid (Fig. 31 represents a right pyramid), in
which case the base-is a regular-polygon and the triangular
faces are all equal and all equally inclined. In a pyramid,
the line joining the apex- to the centre of the base is called
the axis (the line V V/, Fig. 31) of the pyramid.

(30.) Amn important property that a right pyramid possesses
is that it can be inscribed in a right cone.

(31.) A pyramid is said to be inscribed in a cone when
both the pyramid and the cone have a common apex, and the
base of the pyramid is insoribed in the base of a cone; in
other words, when the angular points of the base of the
pyramid are on the circumference of the base of the cone and
the apex of cone and pyramid coincide.
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(32.) Fig. 31 shows a right pyramid inscribed in a right
.cone. The apex V is common to both pyramid and cone, and
the A, B, C, &ec., of the base of the pyramid are on the
circumference of the base of the cone. Also the axis VV'is
common to both cone and pyramid. Further, the edges
VA, VB, VC, &e., of the pyramid are lines on the surface
of the cone, such lines or edges being each a slant of the
cone, or in other words a radius of the pattern of the cone in

Fic. 31.
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which the pyramid is inscribed. It hence follows, that if the
pattern of the cone in which a right pyramid is inscribed be
set out with the lines of contact of cone and pyramid, as
V A, VB, &c., on it, and the extremities of these lines be
joined, we shall have the pattern for the pyrami(.l. T%ms,
the drawing a pattern for a right pyramid resolves itself into
first determining the cone which circumscribes the pyramid,
and next drawing the pattern of that come with the lines of
contact of pyramid and cone upon it.
F 2.
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PROBLEM XIX.

To draw the pattern for an hexagonal right pyramid, its height
and base being given.

Draw (Fig. 32a) the plan ABCDETF of the base of the
pyramid, which will be of the same shape as the base (see
Chap. V.); the base in fact will be its own plan. Next draw
any two lines O A, BA (Fig. 32b), perpendicular to each
other and meeting in A ; make A B equal to the radius of the
circumscribed circle (Fig. 32a), and A O equal to the given
height of the pyramid. Join B O; then B O is a slant of the

Fie. 32a. Fre. 32b.
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cone in which the pyramid can be inscribed, that is to say, is
a radius of the pattern of that cone. The line B O is also
a line of contact of the cone, in which the pyramid can be
inscribed, that is, is one of the edges of the pyramid.

To draw the pattern (Fig. 82¢). With any point O' as
centre and B O (Fig. 32b) as radius, describe an arc AD A,
and in it take any point A. Join A O', and from A mark off
AB,BC,CD,DE, EF,and F A, corresponding to A B, B C,
CD,DE, EF, and F A of the hexagon of Fig. 82a, and join
the points B, C, D, E, F and A to O. Join AB,BC, CD,
DE, EF, and F A, by straight lines; and the figure bounded
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by O' A, the straight lines from A to A, and A O, will be
the pattern required. The lines BO’, C 0, &c., correspond
to the edges of the pyramid, and show the lines on which to
“bend up’ to get the faces of the pyramid, the lines O' A and
O' A then butting together to form one edge.

Similarly the pattern for a right pyramid of any number
of faces can be drawn, the first step always being to draw the
plan of the base of the pyramid; the circle passing through
the angular points of which will be the plan of the base of
the cone in which the pyramid can be inscribed.

Fic. 32¢.

Suppose, instead of the dimensions from which to draw the
plan of the base of the pyramid, the actual plan be given.
The centre from which to strike the circumscribing circle can
then be found by the Definition § 29.

DEFINITION.

(83.) Truncated pyramid. Frustum of pyramid—If a
pyramid be cut by a plane parallel to its base, the part
containing the apex will be a complete pyramid, and the
other part will be a tapering body, the top and base of which
are of the same shape but unequal. This tapering body is
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called a truncated pyramid, or a frustum of a pyramid. The
faces of a truncated pyramid which is a frustum of a right
pyramid are all equally inclined. In Fig. 33 is shown such
a frustum standing on a horizontal plane.

(84.) Comparison should here be made between this defini-

Fie. 33.

tionand that of a frustum of a cone (see § 12), which it closely
follows ; also between Fig. 21 and Fig. 33.

(35.) Articles of equal taper or inclination of slant and
having flat (plane) surfaces and top and base parallel
(hexagonal coffee-pots; hoods; &e.), are portions of right
pyramids '(truncated pyramids), or portions of truncated
pyramids.

(36.) Exactly as a pyramid can be inscribed in a cone, so a
truncated pyramid can be inscribed in a frustum of a cone, and
the edges of the truncated pyramid are lines on the surface
of that frustum. The skeleton drawing, Fig. 33b, shows a
right truncated pyramid inscribed in a cone frustum. 1t also
represents the plan of the cone frustum, and that of the
pyramid frustum, with the lines of project’.n (see Chapter
V.), of the smaller end of the latter on to th. Lorizontal
plane. This inscribing in a cone gives an easy construction
for setting out the pattern of a truncated pyramid; which
construction is, to first draw the pattern for the pyramid of
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which the truncated pyramid is a portion; and then mark
off on this pattern the pattern for the pyramid that is cut off.
Here again comparison should be made with what has been
stated about the pattern of a frustum of a cone (see § 16),-and
the resemblance noted.

PROBLEM XX.

To draw the pattern for an equal-tapering body made up of flat
surfaces (truncated right pyramid), the height, and top and
bottom being given. '

Suppose the equal-tapering body to be hexagonal.

To draw the required plan of the frustum. The plans-of
the top and bottom are respectively of the same shape as
the top and bottom (§ 25). Draw (Fig. 84a) ABCD EF the
larger hexagon (Problem X., Chap. IL.) and its diagonals

Fic. 34a. Fic. 34b.
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AD,BE,CTF, intersecting in Q. On any one of the sides of
this hexagon mark off the length of a side of the smaller
hexagon, <8 A G on AF, and through G draw GF’ parallel
to the diagomal A D, and cutting the diagonal F C in F.
With Q as centre and Q F' as radius describe a cirele. The
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points in which this cuts the diagonals of the larger hexagon
will be the angular points of the smaller hexagon. Join each
of these angular points, beginning at }', to the one next
following, as F'E, E'D, &. Then F' E'D'C'B'A' is the
plan of the smaller hexagon, and, so far as needed for our
pattern, the plan of the ¢equal-tapering body made up of
flat surfaces’ is complete. The lines A A', BB, C (¥, will be
the plans (see and compare lines D E and B C of Fig. 33b) of
the slanting edges of the frustum.

Next draw (Fig. 84b) two lines O A, B A, perpendicular to
each other, and meeting in A ; make A B equal to the radins
of the circle circumscribing the larger hexagon of plan, and

A O equal to the given height of the body. Through C draw
C D perpendicular to A O, and make C D equal to the radius
of the circle which passes through the angular points of the
smaller hexagon (Fig. 84a). Join BD, and produce it to
meet AQ in O.

To draw the required pattern (Fig. 84c). Draw any line
O'A, and with O’ as centre and O B, OD (Fig. 84b) as radii,
describe arcs ADG, A'D'G' (Fig. 34c). Then take the
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straight line length A B (Fig. 84a), and set it off as a chord
from A (Tig. 34c) on the arc ADG. Do the same
successively, from point B, with the straight line lengths
(Fig. 34a) BC, CD, DE, EF, F G, the terminating point of
each chord as set off, being the starting point for the next,
the chord ¥ G (Fig. 34¢) corresponding to the straight line
length ¥' A (Fig. 84a). Join (Fig. 34c) the points B, C, D, E,
F and G to O' by lines cutting the arc A'D'G'in B, (', D),
E,¥,and G'. Join AB,BC,CD, &ec.,, and A'B,B'C,C'D/,
&c., by straight lines; then AD G G'D'A' is the pattern
required.

The frustum of pyramid is here hexagonal, but by this
method the pattern for any regular pyramid cut parallel to
its base can be drawn. The next problem will show methods
for larger work.

(37.) If O’ ADG (Fig. 34c), the pattern for the cone in which the
frustum of pyramid is inscribed, be cut out of zinc or other metal, and
small holes be punched at the points A. B. C, &c., and A’, B’, ¢, &e.; and
if the cone be then made up with the lines O’ A, O’ B/, &c., marked on it
inside, and wires be soldered from hole to hole successively to form the top
and bottom of the truncated pyramid, then (1) the whole pyramid of
which the truncated pyramid is a portion, (2) the pyramid that is cut off,
as well as (3) the truncated pyramid, will be clearly seen inscribed in the
cone. The making such a model will amply repay any one who desires to
be thoroughly conversant with the construction of ar.iclesof the kind now
under consideration.

PROBLEM XXI.

To draw, without using long radii, the pattern for an equal-
tapering body made up of flat surfaces, the height and top
and bottom being given.

Again suppose the body to be hexagonal.
Case I.—TFor ordinarily large work.

Draw (Fig 85a) the plan as by last problem. Next join
A B, and draw B'G perpendicular to A B’ and equal to the
given height of the body. Also draw B'H perpendicular to
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(Fig. 35a), and with B' as centre and radius equal to G A
(Fig. 85a) describe arcs intersecting in C, right and left of
BB. With B as centre and the same G A as radius, and
with B' as centre and radius B’ A', describe ares intersecting
in C|, right and left of B'B. Join B C,C C, C'B' (Fig. 35b);
then B B'C'C is the pattern of the face BB'C'C in plan
(Fig. 35a). The other faces C D C'D', B C B' C', &c. (Fig. 35b)
of the frustum are described in exactly similar manner, G A
being the distance between diagonally opposite points of any
face as well as of the face BB'C' C. The triangles A B'G,
BB'H, can be drawn apart from the plan, as shown at
K and L.

(38.) Tt should be observed that if the paitern is truly
drawn, the top and bottom lines of each face will be parallel,
as B C, B’ C, of face B CB' ' (Fig. 35 b) ; and that this gives
an easy method of testing whether the pattern has been
accurately drawn.

Case II.—For very large work; where it is inconvenient to
draw the whole of the plan.

Draw AB (Fig. 36a) equal in length to the end-line of
one of the faces of the frustum at its-larger end, and produce
it both ways. With B as centre and radius B A describe a
semicircle, which divide into as many cqual parts as the
frustum has faces (Problem IX.). Here it is hexagonal, and
the points of division working from point 1, are 2, C, 4, &c.
Through the second division point, here C, draw a line to B,
then A B C is the angle made in plan by two faces of the
frustum one with another, and A B, B C are two adjacent
end-lines of the plan of its larger ends. Bisect the angle
A BC (Problem VIIL) by BE; and draw a line C (' from C
making the angle C'CB equal to the angle CBE
(Problem I). On BC set off BD equal to the end-line of
one of the faces of the frustum at its smaller end ; and draw
D C' parallel to BE, cutting CC in ¢'. Through C'draw
C' B’ parallel to C B and meeting B E in B'; and draw B'A’
parallel to B A and equal to BD or C' B'. Join A'A, and we
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have in A'ABC (' the plan of two adjacent faces of the
tapering body or truncated pyramid. Next from B'let fall
B' G perpendicular to A B, and make G I equal to the given
height of the frustum. Join F B, then F B' is the true
length of B'G. Through B' draw B'H perpendicular to
B’ B and equal to the given height. Join I B, then H B is
the true length of B B’ one of the edges of the frustum.

To draw the pattern. Draw (Fig. 86b) B B'equal to HB
(Fig. 36a). With B and B' as centres and radii respectively
BG and FB' (Fig. 36a) describe arcs intersecting in G
(Fig. 86b). Join BG and produce it making B A equal to

Fi6. 3b6a. Fiac. 36b.
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B A (Fig. 86a). Through B' draw B' A’ parallel to BA and
equal to B' A’ (Fig. 36a), and join A A'; then BA A’ B' will
be the pattern of one face of the frustum. The adjacent face
BCC' B' is drawn in similar manner. The fig. shows the
pattern for two faces only of the equal-tapering body,
because in cases where this method would have to be
employed, two faces are probably the utmost that could be
cut out in one piece. Sometimes each face would have to be
cut out separately, or perhaps even one face would have to
be in portions. Any point in B' A’ (Fig. 36a) instead of B' can
be chosen from which to let fall a perpendicular to B A, and
the true length of B'G found as explained. The choice of
position depends upon the means at hand for drawing large
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arcs, the radius of the arc B' G (Fig. 86b) increasing in length
as the point G- approaches nearer to A. If the pattern be
truly drawn, B A will be perpendicular to B' G.

It must not be forgotten that these methods are, both of
them, quite independent of the number of the sides of the
pyramid. Also it should be noted that BE does not of
necessity pass through a division point, nor of necessity is
C (' parallel to A B. These are coincidences arising from the
frustum being here hexagonal.

PROBLEM XXII.

To draw the pattern for an oblong or square equal-tapering body
with top and base parallel, and having flat sides and ends.
(The bottom is here taken as part of the body, and the whole
pattern is in one piece.)

Nore.—This problem will be solved in the problem next following.
We adopt this course because the article there treated of is so important
an example of the oblong equal-tapering bodies in question, that it is
desirable to make that, the special problem, the primary one, and this, the

general problem, secondary to it. Its solution will be found at the end of
Case L.

PROBLEM XXIIL
To draw the pattern for a baking-pan.

A baking-pan has not only to be water-tight, but also to
stand heat; hence when made in one piece the corners are
seamless.

Case L—Where the length and width of the bottom, the
width of the top, and the slant are given.

Draw two lines X X, Y'Y, intersecting at right angles in
O (¥ig. 387); make O A’ and OB’ each equal to half the
length of the bottom, and O C' and O D’ each equal to half
its width. Through C’ and D’ draw lines parallel to Y Y ;
also through A" and B’ draw lines parallel to X X and inter-
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secting the lines drawn through C’and D'; we get by this
a rectangular figure, which is the shape of the bottom. Make
A'A, BB, C'C, and D'D each equal to the given slant;
throngh B and A draw E F and G H parallel to X X ; through
Cand D draw ST and R P parallel to YY; and make BE,
BF, AH, and A G each equal to half the given width of the
top. Join QT and with Q, which is one of the angular
points of the bottom, as centre and radius QF describe an
arc cutting PR in P. Join QP (the working can here be
best followed in Fig. 38); bisect the angle FQP by QM
(Problem VIIL, Chap. II.); and draw a line QL making
with F Q an angle equal to the angle F QM. The readiest
way of doing this is by continuing the arc P F to L, then
setting off I' L equal to I' M, and joining L Q. Now on B B’
set off B N equal to the thickness of the wire to be used for
wiring, and through N draw NI parallel to EF (Fig. 37)
and cutting QL and QF in V and F'; make QP equal to
QF', and QM equal to QV; and join P'M and M'F"
Repeat this construction for the other three corners and the
pattern will be completed. This is not done in Fig. 37, for a
reason that will appear presently. We shall quite under-
stand the corners if we follow the letters of the ) corner in
Tig. 88. These are BFF'M'P'P. The dotted lines drawn
outside the pattern (Fig. 87) parallel to EF, PR, G H, and
S T show the allowance for fold for wiring. It is important
that the ends of this allowance for fold shall be drawn, as,
for instance, P K (both figs.), perpendicular to their respec-
tive edges.

Now as to bending up to form the pan. When the end
adjacent and the side adjacent to the corner Q come to be bent
up on B'Q and D' Q so as to bring F Q and P Q into junction,
it is evident that as F Q and P Q are equal we shall obtain
a true corner. To bring FQ and P Q into junction it is
likewise manifest that the pattern will have also to be bent
on the lines ¥’ Q, P' Q, and M'Q. This fold on each other
of P’QM and F'QM' is generally still further bent round
against Q V.
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(89.) The truth of the pan when completed, and the ease
with which its wiring can be carried out, depend entirely on
the accuracy of the pattern at the corners. This must never
be forgotten. In marking out a pattern, only one corner
need be drawn, as the like to it can be cut out separately
and used to mark the remaining corners by. The points
R, S, and T, the fixing of which will aid in this marking out,
can be readily found, thus:—For the R corner to come up
true it is clear that D R will have to be equal to D P, from
which we learn that D P is half the length of the top.
Having then determined the point P we have simply to set
off DR, CS, and C T each equal to DP.

If the pattern Fig. 37 were completed with the corners as
at R, S, and T, that would be the solution of Problem XXII.,
and the ends and sides being bent up, we should get an
oblong equal-tapering body with top and bottom parallel and
having flat sides and ends.

Case II.—Where the length and width of the bottom, the
length of the top, and the slant are given.

The only difference between this case and the preceding
is that D P (Fig. 87), half the length of the top, is known
instead of B F the half-width of top. To find the half-width
of top; with Q as centre and QP as radius describe an arc
cutting BF in F. Then BF will be half the width of the
top, just as (§ 39, previous case) we saw that D P was half the
length of the top. The remainder of the construction is now
as in Case L.

(40.) It will be evident that, in this problem, choice of
dimensions is not altogether arbitrary. The lines Q F and
QP the meeting of which forms the corner, must always be of
the same length. This limits the choice; for with the
dimensions of bottom given, and the slant, and the width of
the top, the length of the top cannot be fixed at pleasure,
but must be such as will bring Q F and QP into junction ;
and wvire versd if the length of the top is given. It is un-
necessary to follow the limit with other data.
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Case III.—Where the length and width of the top, and the
slant and the height are given.

The data in this case and 