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from an engraving after Hogarth. In this picture Hogarth deliberately in-
troduced most of the common errors described in Chapter XI.

(Frontizniece) : LY
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PREFACE

1t is not the purpose of this book merely to add another title to a formid-
able list already in existence. Such a volume would be both superfluous
and unsalable. To be worth the effort and ¢xpense of writing and publish-
ing, a new book on perspective should do several things. It should inelude
material neglected in previous books or scattered among several, awoid the
presentation of its subject matter in too specialized a manner,and@ be so
arranged that it may be used as a reference book by the pragticing artist.

There is no question that the classroom demonstration b¥ agood teacher
will lead to quicker understanding than the solitary study, 6f books. This is
partly due to the stimulating personal relation and dxtly to the ability of
the lecturer to answer questions as they occur to the student. No textbook
can hope to offer a substitute for these. \ O _

Another quality of classroom demonstfation con be, but rarely s,
captured in a book—that is to say, the progressive quality. By ‘‘progres-
sive” is meant, not radical departures ineaching methods, but the follow-
ing of a solution step by step. PN\ _

When the teacher draws a diagrain on the blackboard, he does not do it
in an instant and present the a&benished student body with the complete
result. The real teacher wqugfs\out his solution step by step, and the stu-
dents are able to follow hith and see how he achieves his result. _

For the same reason the illustrations given here have been broken down
into parts. In eachpart a major step of the whole operation is performed.
This, it is felt, angers the most pressing of student questions, ““ What do
I do first?” @hén what?” Equally important, it avoids diagrams so
loaded with onstruction lines and so complex in appearance as to be
‘puzzles rasher than demonstrations. Moreover, where it is impracticable
to br,ezzi{ down an illustration into steps, the letters identiiving various
points“show, in most cases, by their alphabetical order the sequence in

which the points were established.
' The goal of including all important material without making the book
as formidable as an encyelopedia has been sought by attempting to demon-
strate the versatility of various constructions. Apart from its complexity,
the task of drawing an office building does not differ from that of drawing
a bungalow; the drawing of a lamp is more infricate, but not fundamentally
different in method from the drawing of a bottle. Some books attempt to
demonstrate perspective principles by solving a vast number of specific
problems. This results in two faults. First, the book, to remain within
reasonable bounds, must omit material outside a limited field; second, its
v
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reader learns to work only specific problems. He can draw a chair but not
a sofa, o period chair but not a modern chair, a house but not a hotel, ete.
The method here is to present fundamental principles that may he applied
anywhere, not specific rules for specific johs. There are billions of speeifie
jobs. To be sure, specific problems are given in this hook, but the pupose
is to show how fundamental principles are used, not to give rules for every
concecivable situation,

The next objective is partly an outgrowth of the preceding one.  Wlany
excellent books on perspective treat the subject from the specialist’s poing
of view. A book on perspective by an architeet is rarely useful téhe com-
mercial artist, and vice versa. The practitioner of the fine apls Writes as
though only casel painting were worthy of consideration, <)

The subjeet matter has been arranged as fur us possible j‘:(i\ﬁmku the hook
useful ag reference material, without interfering with the primary funciion
of a toxtbook. Both the chapter headings and the dhdex should muke
possible the rapid finding of essentinl informationi{and, for the practicing
professional and the advanced student, the 1‘.111.\dw.t10nb should solve most
problems with little reference to the text. \s
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PRACTICAL PERSPECTIVE DRAWING

. CHAPTER I
BASIC PRINCIPLES O

1. All erdinary perspective drawing is based upon a simple\’concep-
tion, wiz., that, between the eye of the observer and the object t6'be drawn,
there stands a transparent plane, a sort of window, called the ‘picture plane,
on which the form of the object is projected. This piciére’plane may be a
window in the most literal scnse, and, if the reader willnake the following
experiment, the real meaning of the phrase will be)much clearer to him.

2. Seleet a window having large, undivided¢jfahes, and ohtain a china
marking pencil such as is used in stores to put frices on china and glassware.
(In order to prevent domestic friction, if & also advisable to have some
benzine or other dry-cleaning fluid to take'it off afterward.) Stand at the
window at such a distanee that it jsfj'uat convenient and comfortable to
mark on it with the arm outstretehed.® Keeping the head as nearly station- -
ary as possible, trace on the winddwthe outlines of the things secn through it. -
The result is a perspeetive drgWing on the picture plane itself,

3. If the image upon the'window is now. examined, and if it includes
buildings or other objects eontaining straight lines and right anglées within
its view, several chagagbéristics of that image may be noted, all having the
greatest importanein the practice of perspective drawing. First; all lines
appear to be shorfer than their true length, and the shortening effect
increases as $he distance of the object line increases. Second, vertical
lines, such. a8 tree trunks, corners of buildings, and telephone poles, appear
truly yérdieal, whereas horizontal lines, with the exception of those at the eye
level, de’ not appear horizontal. Third, groups of horizontal lines running
in a single direction appear to converge toward a single point. Other
groups of horizontals having different directions have different points toward
which they converge. Tourth, these points of convergenee for horizontal
lines all Ke on a horizontal line, level with the eye of the observer. This
effect may be seen vividly, even without using a window, simply by looking
down a long straight railway track snd noting how the rails seem to vamsh
at & point directly opposite the eye.

4. Other effects are also noticeable. The apparent shortening of s line
seen obliquely is one example. This effect, ealled foreshortening, is some-
what more subtle, though often more drastic. than that of distance, and it

. 1
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exerts o strong cffect on the appearance of the picture. The apparvent
flattening of circles, resulting in the ellipses that cause students so much
trouble, is another. (Strictly speaking, this is also foreshortening) If
there are circles within the view embraced by the window, a study of them '
alone will well repay the trouble.

5. The function of the window may be briefly described as follows:
Since vision is impossible without light, it is assumed that a ray of light
enters the eye from each point on the object, On the way from object to
cye, each of these rays passes through or, in technical language, picrees the
picture plane. The spot where the ray from any given point on thewohject
pierces the picture plane is the perspective projection of thut point>” When
all the rays from all the (visible) points on the object have p\fhd‘mzcd {heir
respective perspective projections, the sum total is the perspective projee-
tion upon the two-dimensional picture planc of the three<Qiraensional ohjeet
beyond. Although, theoretically, each line of the objeet; and consequently
each line of its perspective projection, ig composed6Dan infinite number of
such points, it is necessary in actual practice to ch.qidcr only the fwo paints
at each end of any given straight line. These €30 points alone are suflicient
to establish the length and loeation of t]u;%ino in question. Curves are
another matter and are discussed in detdilin Chaps, IV and V,

6. It is at this point that the acftist cnters. If he intends a literal
transcription of what he secs, hewimply transfers to a piece of paper or
canvas that projection upon the. picture plane. Note that he copies not
the object itself (that is possible only in sculpture) but its projection upon
the picture plane. In actdal'drawing, of course, it is impractieal to sel up
a plece of glass betweeh artist and object. The picture plane is purcly
imaginary, and the Arbist transfers his impression dircetly to the paper.
Nevertheless, thabgl'the picture plane is in itself imaginary, it has a vital
function in drgivg’krfg, just as vital, in fact, as the imaginary lines of latitude
and longitudéwithout which navigation would be nearly impossible.

7. It‘isjn}:'t absolutely necessary to know the theory of the picture plane
in order™0 make passable perspective drawings, but such knowledge will
make\it’ easier to understand the rest of the subject. It will also aid in
learning fo produce special effects such as the illusion of enormous size,
. bird's-eye views, efc. .

8. The picture plane is usually considered perfectly vertical, becanse our
upright posture and the position of our eyes forees us normally to look
straight ahead. This is the case in the window drawing experiment already
described. On the other hand, had the science of perspective been worked

! Attempts have really been made te set up an actual sereen between artist and
model.  Albrecht Dhirer made some interesting experiments with the purpose of achiov-
ing speedy and accurate perspectives with the aid of & sereen of wire spaced in o wide

gquare mesh, but the apparatus has always proved too cumbersome to compete with
conventional methoda.
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Fia, 1.—The effect seen here in the obligue views of the picture planes—the perspective

images of perspective images—is the same as that produced by sitting too far forward and
too far to one side of the screen in a motion picture theater,
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out by a bird, we should probably have a convention of a horizontal picture
plane. Oceasionally it is expedicent to assume the picture plane to he
neither perfectly horizontal nor perfectly vertical, but tilted. These three
alternatives are illustrated in Fig. 1, together with the resulting images,  Ag
is to be expected, each produces a perspective image having noteworthy
individual characteristies, and each has its special uses. Figure le shows
the sort of picture given by the vertical picture plane. The verticnl lines
of the object, being parallel fo the picture plane, appear still vertienl, still
parallel, and still in their true proportions {not scale) in the image, lixeept
in the special case of one-point perspective, discussed in Par. 10; din other
two sets of lines do not appear in their true direetions, parallelism, or seale.
Figure 14 shows the character of the picture obtained withSadorizontal
picture plane. Here the verticals lose their original chagneter, while the
parallel horizontals remain parallel and in true progértion. Lastly, in
Fig. 1c we have a case in which the picture plane, not Being paraliel (o any
of the principal lines of the objeet, produces an/imdge in which no lines
appear as parallels or in true proportion. Y,

9. The picture plane may also be assumed’ 0 be at any given or desired
distance from the eye. When it is closefo)the eye and distant from the
objeet, we see an image small in size compared to the size of the objuct;
when it is close to the object and dm[;anl; from the eye, the imuge approaches
the actual size of the object. It isteven possible to assume for it a position
behind the object, in which ease we get an enlarged image.  This is what the
microscope does for us—pusiies‘the plctum plane back of the object under
examination. In each of the cases shown in Fig. 2 and, as a matfer of fuct,
in all perspective dra.wu}gs the rays from the object converging in the cye
form a cone with the'eye as apex. When, as in Fig. 2a, the pmturc plane
cuts across this cahé'near the apex, the resulting cross section is necessarily
very small. Iu‘lﬁg 2b the cross section is taken near the larger end and is
thus relativelylarge. The third position, illustrated in Fig. 2¢, calls for
some exerelse of the imagination. Although the rays do not, in facf, con-
tinue heyond the object, there is no reason why, if it suits our convenicnee,
we €haiild not assume that they do. As will be seen later, this may be of
practical value when actual dimensions are too minute for clear and com-
fortable presentation in a picture.

10. In any rectangular object there are three sets of parallel lines,
mutually perpendicular to each other. These are: first, lines running from
top to bottom; second, lines running from side to side; third, lines running
from front to back. It was noticed in Fig. l¢, for instance, that each set of
lines, actually parallel in the object, tends in the image to converge toward
a point in the distance. Since there are three such sets of lines, there are
consequently three such points. When the picture plane is parallel to any
one of these sets of lines (usually the vertical set as in Fig. 1a), one of the
points disappears and the lines in question appear truly parallel in the per-
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spective im_a,ge. Oceasionally the pieture plane is parallel to two sets of
lines in the object. In this ease two of the three sets of lines will appear
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Fra. 2—Note that only size chranges, the appearance of the images being etherwise unaltered,

truly parallel in the perspective, and only one point of convergence is
needed. It is obviously impossible for the picture plane to be parallel to
all three sets. For this reason it is impossible to make a realistic drawing
of a solid without using at least one such point of convergence, but per-
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fectly satisfactory pictures of plane objects, such as textile designs, printed
pages, ote., may be, and usually are, made with no such points whatever,

11. These poinis in perspective images are called vanishing poinis and
are of fundamental importance in making perspective drawings.  I'he three
main variations are shown in Fig. 3, These are called, respectively,
three-point, two-point, and one-point perspective.  One-point perspective is
also called parallel perspeetive. Three-point perspective, as in g, 3e,
results when the .picture plane is not parallel to any of the principal lines
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“of theobject. This is the case when the picture plane is tilted, as in Fig. le.
When the picture plane is vertical, the usual case, it is naturally parallel to
vertical lines in the object, which then appear truly vertical, as in Fig. 3,
and naturally parallel to each other. Moreover, the two vanishing points of
the horizontal lines both lie on the same horizontal line. This fact is of
great importance in drawing, as will be seen in Chap. II. Lastly, when the
picture plane is parallel not only to the vertical lines, but to one of the scts
of horizontals as well, these horizontals appear as truly horizontsl in the
image. This case, with the single remaining vanishing point, is shown in
Fig. 3c. When, as often happens, there are sets of lines in an object that
are not parallel to the three principal sets listed in Par. 10, these lines have
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separate vanishing points of their own. The peaked roof of a house, for
example, requires two auxiliary vanishing points, one for each side. Thus a -
two-point perspective of such a house would actually have four vanishing
points. Itis called a two-point perspective nonetheless, for only the vanish-
ing points for the principal lines are counted. _ '

12. Two-point perspective is used in about 90 per cent of ordinary
drawings. One-point perspective should be used when only one plane of an:
object is of interest, and perspective is nceded only to suggest depth.
Three-point perspective is valuable when we want to suggest the effeet of
looking down from a great height, such as the top of a tall building er an
airplane in flight. It is also useful for the exact opposite, looking\ip at
guch a building from the strect level. In Fig. 4a, three-point perdpective
illustrates the effect of looking down on a tall building from( 3 5till taller
one; IMig. 4b shows the effect of looking up on it from bclow \

13 In the course of this chapter we have bricfly surve,yed some of the
theory, that is to say, the “why " of perspective—whyvertical lines usually -
appear parallct and in true proportion, why we sotagtimes tilt the picture
plane, ete. The remainder of the book is largelydevoted to technique, {.e.,

“to “how’”—how to draw lincs in true pcmpe&ive, how to obtain correct
proportions along lines where a scale cannet.be used, how to draw a circle
seen obliquely, and numerous other problems. This does not mean that we
shall cease to consider theory altogethér, but merely that from here on it
will serve mainly fo clarify the pl‘l’l’l(ﬁlp]e&; of praectical working methods.

14. Before beginning the f ollowi ang chapters we must emphasize one idea
that must be kept firmly in zmpd All drawing is easier and sounder if if
includes a firm grasp of th § wictural elements of the object drawn. Better
life drawings arc made when the artist appreeciates that the appearance of
the human body is the result of the internal structure of bony skeleton and
the attached musclcs yand adipose tissue. Most students try to copy out-
line, to draw fro‘m the skin in, producing in that way figures almost as
armorphous as\& ‘potato, limp as warm butter, and lacking in vigor, action,
and style. The expetienced illustrator does not draw the skeleton in every
figure, Of co*urbe, but he thinks it, and the result is a firmness and a feeling
of ackioh difficult or impossible to achieve otherwise. It is for this reason
that anatomy is ususlly taught aleng with and as a necessary part of
courscs in life drawing. It 18 not always recognized that good still-life
drawing, the principal subjeet of this book, depends equally upon a elear
comprehension of the anatomy of inanimate things. The still-life model is
so docile, never getting tired and droopy and impatient, that it is easy
to form the habit of copying. This slack manner of working produces slack,
lifeless drawings, tircsome to make and more tiresome still fo look at.
Moreover, the copying of cutline is in the Iong run much harder work than
sound construction, infinitely less interesting to do, and far less accurabe.
Even so simple an affair as a stool is more easily drawn if its structure is
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understood—that it is not simply = circular sleb of wood with three sticks
hanging therefrom, but three stout legs, set at an angle caleulated to give
the most strength and rigidity, and firmly imbedded in the top.  So impor-
tant is this clear knowledge that in at least one school the general term
drawing is not used in referring to courses including perspective and rolated
subjects, but in its stead the specific phrase structural representation.
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CHAPTER 1II
THE CUBE T

15, In the preceding chapter several characteristic features of perspective
images were mentioned.  Some of these were apparent decrease.id ‘wize
with increase in distance from the eye, foreshortening of lincs obhque to the
picture plane, and apparent convergence of parallel lines toward. t'anwhmg
'points, To make good perspective drawings it is not enough merely toknow
that a distant objeet will look smalier than an identical ofe“pear by; it is
~ also essential to know how much smaller, In addition(lo the fact that
vanishing points exist, it is also necessary to know whré:” These questions,
and others related to them, are answered in thig\and the next chapter
Since these characteristics are present in obvigigor hidden form in every
perspective drawing, we begin our study .of them by using the simplest
three-dimensional form—the cube. The 1mporta,nce of the cube in building
a drawing can scarcely be exaggerated, It can safely be said that, until a
student can draw a cube from memory in any position and any size, he has
not really learned to draw at all. JFortunately this ability can be acqmred
in a few days. Once it is masi€red, the remainder of the sub]ect becomes
much casier. This is becau@e,\the cubc is not only an important form in
itself, but also the measungg unit for innumerable other forms. - '
16. Perspective is reffly o very simple science. What causes trouble in
most cases is not thdPrinciples of perspective, which are few and easy to
learn, but the subjett matter of our drawings, which is often infricate.
Fundamentally(% typewriter is no more difficult to draw than a cup and
saucer; it isonly the number and complexity of the parts that make for
- trouble. OEce the reader understands thoroughly everything in this
chaplex Qn the cube, he may be said to understand the subject of perspective
as a whole all other work on this line being a matter not of learning per-
spective per se, bub of acquiring techniques for it rapid and efficient

utilization.

17, Fortunately, most complex forms can be drawn easily if not quickly,
provided we bear in mind that many of the parts are repetitions of some
easily drawn form, For example, one key on the typewriter is exactly like
the next one; when you have drawn one you have drawn them all. Further-
more, most such repeated parts are arranged in systematic order—four
rows of identical keys, two symmetrically placed and identical ribbon feels,
-etc. There are methods for drawing these groups as groups, rather than

Taboriously as individuals. The methods for drawing the individual forms
9 mhate
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will be taken up in this chapter and in Chaps. III, IV, and V, while the
remaining chapters are devoted to methods for eombining these forms into
larger and more complex units.

18. In order to understand what follows, and in order to make mechanieal
perspectives, i.e., perspective drawings made from scale measurements and
with the aid of drafting instruments rather than by estimation, it is essential
that the reader vnderstand the nonperspective drawings from which (he per-
spectives are derived. Sinee the usc of such drawingy is an everyday part
of their work, architects, industrial designers, and engineers will understand

N\

TimnT

them without, .j‘irbﬁble. For readers not technically trained a word of
explanation 33jn order. The nonperspective drawing used here is generally
called mecﬂ@mcal drawing or orthographic projection. In mechanical drawing
objeqtf,;mi:’e depicted, not as they appear to the eye with lines diminished in
length Jbecause of distance and as disappearing toward vanishing points,
but as they really are. When the object is very large, as is the case with
buildings, the draftsman cannot make his drawings actual size and therefore
uses a smaller scale, letfing a quarter inch represent a foot, for instance.
Nevertheless, the parallel lines of the object appear as truly parallel in the
mechanical drawing, and lines at a distance are represented at the same scale
as those close by, :

19. Nearly everyone is familiar with blueprints showing architects’
plans for buildings. These are mechanical drawings, The architect
usually includes, in addition to his floor plans, four elevations showing the
details of each wall. For our present purpose, such elaborate work is
unnecessary, one iop view or plan of the object and picture plane, and one

\ \’ 3 Fie. 4.
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- side view or elevation of the same hoing all that is nceded. ‘The terms fop
view and side view are customary in engineering, while the terms plan and
elevation are used in architecture. There are technical reasons for this, and -
minor differences in meanmg that need not concern us here. 1In this book
where mechanical drawings are needed, the engineering terms will be used,
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for they seem more understandable to the layman, except where specifically

architectural problems are concerned. An important convention of mechan-.
ieal drawing should be noted—necessary invisible lines are represented by
dotted lines.

20. Figure ba is the top view of 8 cube, plcture plane and obwerver,
and of the rays passing through the picture plane to the eye of the observer.
The eye is represented as a point, sp. These letters stand for station poing,
the customary term in perspective drawing. It is our purpose to draw the
cube as seen from sp. . Bince Tig. 5« is 4 mechanieal drawing, only the top
of the cube is seen. This appears as a true square, ABCD. In m__echamcal :
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drawings there is no convergence of parallel lines, and so the vertical edges
are invisible, and the bottom corners of the cube, E, F, G, and /I, arc directly
beneath A, B, C, and D, respectively. To make this clearer %, 7, (7, and
H are shown in smaller letters, Remember that AE, BF, CG, and 1T are
lines equal in length to AB, BD, ecte. The picture plane, seen cdize on,
appears simply as o line IJK. The rays from each point of the cube to the
eye of the observer are known technically as lines of sight. Lines of sight
from each point on the cube enter the eye at sp and in doing so picree the
picture plane. Thus, in Fig. 5a the line of sight from A pierces the picture
plane at Ap, that from B at Bp, ete. Lines of sight come also from ppints
E, F, G, and H, piercing the picture plane at Ep, Fp, ete. Since thi lines
A-sp and E-sp lie one over the other, they are not scen as scpnmt(}lmes in
Fig. 5a, but it must be remembered that they are two distinet, Tihes.

21. It follows that Ap and Ep, Bp and Fpin I‘lg 5a, thougli appearing as
single points, are really scparate and will appear in the front view of the pic-
ture planc (Fig. 5b) as distinct from cach other. We now know liow far
these points are from the left and right edges of thewpieture plance, bhut not
how high or low on it; so in Fig. 55 we merely gay“that they lic on certain
lines of as yet undctermmcd extent. The hcgght of the points is established
in Figs. ¢ and 54.

22, Figure 5¢ is a side view of the same group as the top view of Fig. 5a.
None of the relationships of ob]cct (cube), picture plane, and observer has
changed, the only change being i the angle from which they are shown.
The line representing the ground plane is now visible, and the relative heights
of sp, 4, B, ctc. The lines of sight sp-A, sp-B, ete., are again shown. Two
important things, not seen’in Fig. ba, are visible in Fig. 5c. Fimst, sp-A
and sp-E, sp-B and sp-£, are secn as separate and distinet; second, the exacth
height of the points, Ap, Bp, Ep, etc., is shown. Thus we are now able to
add to the information contained in I‘1g 5b the heights derived from Fig. de.
We may therg@re draw horizontal lines across the picture plane, as in Fig.
5d, showmgs the various heights, We now have both a vertical and a
honzontal on which point Ap must lie. Since the only point common {o
both, hnes is their intersection, it must be there. All the other points are
established in the same way.

23. Figure 5e shows these points connected together. This is how the
cube looks to the observer at sp. Various characteristics of perspective
drawings, already noted in Chap,. 1, are clearly seen in this fizure. The
vertical edges of the cube, being parallel to the picture plane, remain
vertical and parallel to each other in the image. The horizontal edges,
such as A B and CD, being oblique fo the picture plane, do not appear as true
parallels in the image but instead appear to converge toward a point in the
distance. If this point were determined by extending ApBp and CpDp, it
would be found to be at the same height as the station point. This height
is the eye level; it is very important and will be treated in detail later on.
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Lastly, the line BF, being farther from the eye than AE, appears in the
image as the line BpFp, much shorter than ApEp.

24. Naturally, the practicing artist does not go through all these steps
in making an actual drawing; but, in order to handle perspective intelli- -
gently and well, he should understand them. When great accuracy is
required, there are several methods of producing drawings by a combina-
tion of the foregoing steps or by using them in sbbreviated form. Two of
these methods are deseribed here, and they should be studied and thoroughly
understood, but it should be remembered that thesc methods are not a
substitute for a sense of proportion or for the graphic skill that every artist
must aequire by continual practice, Once the principles are learnad, it
becomes fairly easy to make a sound drawing, even though the géghietrical
construction is not 1aid out at all, provided the prineiples are kept‘ tonstantly
in mind and are mentally applied throughout.

- 25, When the student first works out a problem in peﬁspcctwe by eithcr
of the methods shown in Figs, 6 and 7, it is usually helflfu] for him to work
with the aid of T square and triangle. This will edablé him to c¢oncentrate
on the principles and will not subjeet hin to the gddifional strain of attempt-
ing to draw frechand with the needed accuragy™ As he acquires practice
and experience, accuracy in frechand drayung comes easily, but the task
.of understanding the principles discussed, if“this chapter need not be com-
plicated by the additional problems in fe&hmque In later chapters, partly
in the one on measurement, and parﬁlcularly in thosc dealing with: curves,
it will be wise to do more and ambore of the work frechand, and the goal
should be ultimately to draw ”\‘K{th equal ease either frechand or with instru-
nments. Once the studeni hag’drawn the cube instrumentally a few times,
he will have aequired asknowledge of perspective construction that will a,ld
greatly when he comes te draw more directly. Ewventually, he will be able
to draw the cube, afd"from the cube other forms, without the aid of either
instruments or co&tructlon lines.

26, The prefessional aim of the student should be considered in decldmg
whether frceha;nd or instrumental dramng is more important. In the fine
arts and-in*fiction illustration little use is made of instruments, and good
freel@nd “control is a prerequisite. Human - and animal figures usually
domingte such work, and they certainly cannot be drawn with T square and
trigngle. In advertising illusfration instruments are used largely because
they speed up work and facilitate the achicvement of the hairline precision
demanded by some clients. Industrial designers and architects, as a rule,
make free-hand preliminary sketches and then use instruments to work ot
their final presentations. Most engineers consider it unprofessional to make
4 free-hand line or curve.

27. In Fig. 6 we start with the same material as in Figs. 5¢ and 5bb and
by eliminating some steps and combining others, arrive at the same result
with less effort, The procedure is this: The top view (orthographic} of the
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cube and picture planc is drawn and the station point selected, approxi-
mately opposite the center of the cube-and not less than twice its width away
Jrom it. 'The reason for this precaution may be seen by reference to Vig, ge,
in which the distorted appearance of the cube results from its neglect.
Lines are drawn from each corner of the eube toward the station point.
These lines determine where rays from these points pierce the picture plane,
and it is unnecessary to continuc them beyond it.  In this drawing we have
also indicated points E, F, 7, and II in smaller letters to show that ihey lie
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directly beneath 4, B, C, and D, respectively.  In this view the ling of sight
from A /apPpears to he directly over that from ¥, and it follows that Ap
a,ppesgsg to lic directly over Zp. The same applies to the other three corners.
In other words Ap and Ep, Cp and Gp, ete., appear to be single points. By
dropping verticals from Ap-Ep, Cp-Gp, ete., we obtain a result similar to
that of Trig. 5b.

28. Now, instead of drawing a scparate view, as in Fig. 5¢, we place it
below and to the right of what has already been drawn. 'This gives us the
side view (or right edge) of the picture plane, and an oblique side view of
the cube. The station point must naturally be the same distance (X in.
in the figure) from the picture plane as before, and this time the height of
the station point, as measured from the ground or bottom of the cube to the
eye level, must also be established. It may be above the cube, below it, or
anywhere in between; but, since the view from above is commonest, we
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have placed it there. As before, lines are drawn toward the station point
from points on the side view of the cube until they pierce the picture plane,
and from the points so determined lines are run out horizontally to the Ieft.
The line from Ap in the top view crosses the line from Ap in the side view
and determines the perspective position of point 4p. The same procedure
determines point Bp and all the rest. By connecting these points we obtain
& perspective view of the cube which is mathematically accurate,

29. It will be noted, in Figs. 5 and 6, that the points Ap, Bp, ete.,
appear at several places, namely, on the top view of the picture plane, on the
side view, and on the complete perspective view., This is not because they
are different points; they are the same points seen from diffcrent positions.
Fhis can be better understood if a veal drawing of a cube is made ,t\)'ﬁ”a:’piece
of paper. If we now turn the paper so as to look at only thewfop edge,
every point in the picture will appear to be in that edge. TEhe\same thing
is true if we look at the right cdge of the paper. The picture plane is
represented in exactly this way in the top and side views)of Fig, 6.

30. The method of perspective construction j]{é,t described is of use
chiefly to architects, engineers, and industrial designers, who frequently
‘have to draw unfinished structures from plansotsmechanical drawings and
whose work requires a high degree of precisiéms™ A complete system based
on this method is given by Ernest Irving ¥reesc in his admirable book
“ Perspective Projection.”” The averagesartist does not require such hair-
splitting accuracy. It is given hegeifor its help in understanding the
principles involved in all perspeghive drawing, and for oceasional use as a
check. ) e\

31, If the horizontal linds‘e*the perspective image in Tig. 6 are extended
back, it will be scen that they form two groups. ApCp, EpGp, BpDp, and
FplIp form one group, &hd ApBp, CpDp, GpHp, and EpFp form the other.
All the lines of the'f\rst: group meet in »p1 (vanishing peint No, 1), and all
the lines of the gegonid group meet in vpa.  Since the vertical lines of the cube
are parallel tq’;thé’ vertical picture plane, they appear still vertical in the
perspective yiew. -

32. If the two vanishing points are now connected by a line, it will be
seon that they are on the same level, that the line is horizontal, and that it
coincides in level with the side view of sp.  As mentioned before, this line,
the horizon, is of the greatest importance in drawing, for its position deter-
mines much of the character of the picture. If it is high, objeets in the pid-
ture appear small in height or appear to be scen from an elevated viewpoint. .
If it is low, the objccts appear to be tall and overpowering in size. Intelli- -
gent use of this and other simple principles permits a great varicty of
dramatic and other cffects, and ignorance of them will sometimes produce
ludierous results. A doll drawn with a low horizon appears as a giganiic
dummnzy, while a tall building drawn with the horizon near the top appears
as an insignificant model of itself. ' :
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33. Figure 7 shows n method of construction similar to that of Tig. 6,
but simplified and shortened so as to be of more use to the practicing artist
who wants greater speed without sacrifice of accuracy. Carefully used,
the method of Tig. 7 is capable of just as much accuracy as that of Tig, 6.
The side view of Fig. 6 is omitted, and only the top view is used. This is
sufficient to determine the vertical lines. The horizon may be placed
wherever convenient., In order to show the similarity of results recavdless
of method, we have placed it in the same position as in Tig. 6. Tn I'ig. 6
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the vq,tlishing points were located after the drawing was completed, and nced
n(g,::iwe been found at all. In the method of Fig. 7, the vanishing points

muist be found at the beginning, for they control the drawing.

34. To determine the vanishing points, a line is drawn from sp, parallel
to AC, BD, EG, etc., and meeting the picture plane at vps. Again from sp, &
line parallel to AB, CD, GII, cte., meets the picture plane at vp.. To place
these points on the horizon, simply drop verticals from the picture plane
to the horizon. As in Fig. 6, lines are drawn from the various points on
the ewbe to meet the pieture plane in Ap,Cp, ete., and verticals are dropped
from these points. These lines will, as before, give us the apparent width
of the cube; but, since the side view is not used, we cannot obtain the various
heights directly.

45. Since the vertical sides of the cube are parallel to the picture plane,

the various vertical lines will remain vertical in the perspective. The length
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of these lines, however, will appear less than the true length, because they
lie behind the picture plane. Fortunately, if we can determine the per-
spective length of any one vertical, the rest will be automatically determined,
as will ho seen later.

86. The process is as follows: Since all edges of a cube are equal, line
AB is the same length as the height AE. The length 4B, drawn through
A, parallel to the picturc plane, will enable us to get the perspective length
of AE. A line is so drawm, through A, parallel to the picture planc. On
this line the length AX is lmd off equal to AB. From X a line is drawn
toward sp, intersecting the picture plane at Xp. The length ApXpdsithe
perspective length of AE. 'Thislength is now laid off on the Vertlcabdropped
from Ap in the picture plane. Tt is placed high or Iow on this linwécording
1o whether the cube is to appear to be above or below the eye,” In Fig. 7,
it has been placed in the same position as in Fig. 6. PomtrAp is the upper
end of this length, and point Ep iz the lower. I‘rom {these two points
lines are drawn to the vanishing points #p, and ¢pa: W'here these lines
interscet the verticals from CpGp and BpFp in the picture plane, we have
the points Cp, Gp, Bp, and Fp, which automa %&ﬁy give the heights of the
vertieals. From Cp alineis drawn to vp,, sadfyom Bp tovp,.  Where these
intersect we find point Dp. If we wanted, Jo find the invisible point Hp,
similar lines to vp; and »p; would be drAwn from Gp and Fp, respestively.

37. As a cheek on our results, a tracmg of Fig. 7 laid on Fig. 6 will show
" the two perspectives fo be alikc ingvery detail,

38. It is often convenient tofut the front edge, AF, rlght in the picture
plane. This eliminates the ne\d for drawing the line AX and determining
its perspective length, smcq\the line AE will then appear in its true length -
in the perspective. !

39. The foregoing gmves the procedure for dctcrmmmg the appoamnce of
a cube seen from an-eye level above its fop plane. Figure 8z shows this
same cube as it @ppears when the eye level is part way betwceen the top and
bhottom planeb\ d Fig. 8b shows it as it appears when the cube is above
eye level. \Since the difference between these and Fig. 7 is onc of degree,
ratherodsh@n one of principle, and sinec the figures are practically self-
explanaﬁory, no detailed diseussion is necessary, but the figures themselves
should be carefully studied.

40, Oceasionally a picture is made w1th the prineipal object so far
above or below the eye level that its projection upon a vertical picture plane
has a distorted appearance. This is shown in Figs. 92 and 9b. As a rule
of thumb, the following is useful: The angle FpEp('p should never be allowed
to be sharper than 90 deg. and for preference should not be less than 100
deg. When this rule is ignorantly violated or carelessly ignored, we get
the painful results so often seen in beginner’s drawings. The verticals
appear abnormally stretched out, or spreading in one direction or another,
and the whole drawing appears to be stramed and bursting at the seams.
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41, To overcome this the station point may be moved farther from the
object, or the picture plane may be tilted, giving us o third vanishing point,
The result is the same as when we look downward or when we lean back to
look at an airplane or high building. In actual practice it is more convenient

N\
Figturs Plone A o
A I
N7
B " !
1 \f9 LP-_—“_-__"‘—“-—----&.._JQX‘ Tl
o= \‘ FHorizorr or Fye level " ‘:’“ e
\rpr'“""--...N\r -~ PN e — [N
Fieture Flare ¥y
-
e i
- i
\ - I
) —~ |
a\" ?4‘“"‘*-.._
N/ ~— \
ST ———— —
e e S ]
¥Fa

F16. 85.—0bject abovo cye level,

to represent the picture plane as vertical and the object as tilted. Natu-
rally these corrections would be unnecessary where distortion is deliberately ]
sought for design or dramatic effect. As far as results are concerned, !
the effect is the same whether the picture planc or the object is tilted, and |
construction is simpler where the object is tilted and the picture plane kept ;
vertical, for the latter can then still be represented as a single line  TFigure ;
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1 shows this tilted picture plane, and Figs. 10¢ and 10b show how it works
out in practice. Except for its added eomplication of tilting, Fig. 10 is
worked out in exactly the same manncr as Fig. 6. Such perspectives are
rarely used in technical fields, and general illustrators usually work them -
out freehand, but the prmcxples of Fig. 10 will be found useful in exacting
work.

(el
Fre. ?hr(a) Object too far abere eve lavel for good reprosentation on vertical pmture plane;
(B} object too far below eye level for good represcntation on vertical picturo plane; (¢) statior:
point too close to object.

42, Tilting the picture plane in this manner gives three points of con-
vergence, one for each sct of parallel lines in the object, As cxplained in
Chap. I, this method is suited for expressing tremendous height or the oppo-.
site. It is also extremely useful where the top or bottom of an objcet is
to be the prineipal feature of a drawing, and when comp051t10n, demgn or
the function of the drawing demands a high, or bird’s-eye view.

43. So far we have. diseussed two-point and three-point perspective,
so called from the number of principal vanishing points necessary. Basie-
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ally, two-point perspective is simply & specml case of threc—pomt perspective,

in which the vanishing point of the vertical lines is infinitely far away. The
third class of perspective drawings might be considered a special ease of two-
point perspective. In ene-poini, or parallel, perspective both’ the verticals

and one set of horizontal lines are parallel to the plcture plane w1th the -

result that there is only one prmapal

Cle - cTh

vanishing point, i
44. The construction of this type ’ 1\ f

of perspective is the simplest of all, \ 'f .
although it does present some pitfalls A 1-:11, ' ,'lr B ~
for the unwary. Figures 1le, b, and  Pepre | | | | Pane
¢ are practically self-explanatory, but = H E‘VQ'A ;’f & Copfec b Vit
it can do no harm to call attention to Horizon or jcnr iR {Wlw
one or two points. First of all, since e — FB&
plane ABEF is already parallel to the / .\{
picture plane, it is not necessary fo Tlr.! .".\~\Hp.
determine the perspective height by
rotating AB.  ApBp is automatically Ep - w fp -
determined by the construction, and - N\ Ve o
the height ApEp is equal to it. This P g (}ifbﬁwi?m
also makes ApBpEpFp a truesquare. o+
This makes it pessible to use thew\”  Alre——r P*P_%? Pl
method of Fig. 7 and to simplifys #Y AN A ceerorviion
still further, Secondly, since lines Forizoror | /><\/' Eye Level
AB, CD, EF, and GH are allagrallel "

gper — FoNpp

te the picture plane, the}\\s{lﬂ appear
truly horizontal uponji, *This is a _
great eonvenience Jjn dmmng, espe- Ap Bp
cizlly with instryrdcnts, for all hori-

zontal lines parallel to the picture (;p D:

plane ean beNsid out with the T A

sguare. Ih48 important to keep the Ep! S \‘ "/ A
single,ng,f}iéhing point somewhere near Horizon or P~ \!{: & :%Eé’z Lo
the vertical center line of the object in o)

the dI’ﬂWil’lg. Neglect of this results Fic. 11 —(a) Cube bolow eve level.

Tront open for clearness; (&) eye level at

- ck - 3 N N 1] rﬂ’ -
in distortion and oceasionally in draw contor of aubo; (&) obe AbOve oy lovel.

ings that are quite umintentionally
funny The ressons and a few horrible cxamples of this and other errors
are given in Chap XI. '
45. One term that is sometimes useful in dlscussmg perspective prob-
lems is center of wision. This is the point on the picture plane directly
opposite the eye, 7.e., a line of sight from the eye, perpendicular to the pic-
ture plane, pierces the picture plane at the center of vision. This point is of
no great importance in most constructions, but, in one-point, or parallel,
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perspective, it coincides with the single principal vanishing point. There-
fore, if one is determined, the other is also.

46, The three cases described in this chapter cover all the basic require-
ments for practically any perspective drawing. Theoretically it is necessary
only to know how to get the perspeetive of any point in order to coustruet
any perspective drawing. To draw the perspeetive of o cirele, for example,
it would be nceessary only to take a number of points on the cirele, :icler-
mine their perspective positions, and draw a smooth line through them,

47. Though this method would work, it would involve hours of lulweiious
construction to draw o couple of simple cireles, while a sphere would take
days. For this reason, a number of methods that yield the samédro-ults
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in a fraction of the ti‘m};\and with equal accuracy, have been worked out.
These methods areytevered in detail in Chaps. 111 through IX. At this
point it will be sifficient to give one illustration of how the cube may be
utilized to cqn@t}ﬁct one stmple rectangular form, once the cube itself has
heen accura‘{sﬁ‘é}y drawn. The method described in the folowing paragraphs

is shown i Fig. 12

48-The set of shelving shown in Chap. I (Figs. 1a, 2, and 3) will serve
out, purpose very well. Let the base be 4 in. high, each shelf 11 in. high,
the width 36 in., and the distance from front to back 12in. This makes the
total height 48 in. For simplicity we ignore the thickness of the boards.

49, For most drawings a cube like that of Figs, 6 and 7 will be most
suitable, and it will be helpful to have the vanishing points within the
limits of the drawing. Keeping the vanishing points so close together puts
& drastic resfriction on the size of the image we can construct without
distortion, but for our present purpose this is unimportant. In Chap. 1X
methods will be given whereby accurate perspective may be obtained

without vanishing points on the paper or even on the drawing board beyond
the limits of the paper.
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50. Assume that the cubeis 48in. on aside. Then the 12 in. from front
to back of the shelving is a quarter the distance from front to back of the
cube. This fraction can be accurately laid off by means of diagonals, as
explained in the next chapter. If itis done on the side of the cube, the point
where the top edge of the cube is eut by the vertical line of the back of the
shelving will show where the back horizontal edge of the shelves should be
drawn, viz., from that point A to vanishing point 2. By subiracting a
quarter from the width of the cube; we get the 36-in. width of the shelves,.
This is done in the same manpner as the front to back measurement, except
that three-quarters instead of one-quarter of the cube face are used.

51. The horizontal lines of the shelving require a more claborats treat-
ment.  There are several ways in which they may be laid off acetgately, of
which one is given here, and others in the next chapter, \\

b2. Since the vertical lines are parallel to the pieturc\plane, vertical
mesasurements are not affected by foreshortening. Thefour inches of the
base height is one-twelfth of the total height. If an¥ ene of the vertical
lines happens to have a height that can be divided it 12 convenient units
(such asg guarter inches, half inches, ete.}, we simply measure one such unit
zhove the base line on that vertical and dra ’tﬁ(_: needed porspective hori-
zontals through that point. If no conven'}{:nﬁ unit can be found, lay off one-
twelfth of the height on the nearest vertical with & pair of dividers. Since
each shelf occupies a quarter of the }eiﬁainiﬁg vertical height, the dividers
may again be used to lay off the correet heights for these.

53. The rear corner line, frormD down, is now drawn in lightly. From
the right end of each shelf front, lines are drawn toward vp,, meeting this
line at points B, 7, G, and )" From each of these, lines are drawn toward
the left, but pointing toward vpe. This completes the picture.

54. Best of all, wilere scientific precision is not calied for, a cultivated
sense of proportioh‘Permiis accurate estimates of these various heights.
1t should be notédithat there is a vast gull betwecn estimating and guessing.
The guesser'!Q’aik‘es a wild stab in the hope of coming somewhere near the
mark. Ths ‘estimator caleulates, mentslly but precisely, what his objec-
tive is and hchieves it without fumbling,

DRAWING THE CUBE FREEHAND

B55. So far this chapter has been conecerned with the solution of perspec-
tive problems by geometrical methods involving-the use of such basic
drafting instruments as the T square, triangle, and scale. This was done for
two reasons: first, to establish certain prineiples and standards by which
frechand drawings may be judged; second, to provide working methods for
those drawings in which instruments are used in part or in full.

66. In freehand drawing many of the steps described for instrumental
work are abbreviated or omitted entively. For instance, it is bardly worth
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while to make a plan or top view and project to the picture plane, for this
would only add to the complexity of the job without any gain in precision,
But working instrumentally in this manner demonstrated the charaeteristics
of all perspective drawings, thereby providing a guide for work done
frechand.

57. A recapitulation of these, revised to apply more particularly {o the
needs of freshand drawing, is ns follows:

a. Vertical lines appear vertical in the drawing except in bird’s-cye or
“worm's-eye’ views, '

b. Horizontal lines appear to converge toward vanishing poings n the
horizon or eyc level, and there is one, and only one, such point fowench set
of horizontals, , A

¢. One-point, or parallel, perspective is an exception to fjle B, brcause
one seb of horizontals has no vanishing point and appears gsittuly horizontal,

d. Lines of equal length appear smaller as their dighinee from the eye
increases, This effect is governed by the convergéﬁcé of the horizontials,

e. Lines not parallel to the picture plane are foreshortencd.  This effect
may, and usually does, occur in addition to f,h'&'shortcning due to disiace,

. If the object is about 5 ft. or less jg-deight, or if it is scen from an
elevated vicwpoint, the horizon is usually dlove it,  If it is taller than 5 ft,,
or is standing on a shelf or table, which brings the top above that Jevel
(approximately), the horizon shouldh cross it.  Should the object be sus-
pended above the eye level, the .h@r’izon should be below it.

b8. Since this chapter is,oncerned only with the cube, we shall show
how these rules are applig%gl'hl drawing this solid, In subsequent chupters
their extension to moreiCamplex figures will be shown.

59, Frechand dragving depends so largely on individual working mutliods
that only the skeletgn of the procedure can be discussed in a book. livery
practicing artisé has his pet method of working. Accordingly we <hall
describe onlythe indispensable steps and give suggestions as to how to solve
some of th€'winor difficulties. Should the student find that slightly diifer-
ent proedhures give him equally good results and with less trouble, he need
nojrxhési\tate to vary. A word of caution is in order. Before using methods
differing from those recommended, be sure your own are not more time-
consuming. Remember that the beginner tends to do things the hard way.
Variations in procedure under the guidance of an experienced teacher arc of
course another matter,

60. The first step is to lay out the space required. Tor this it is sufficient
to rough out the area with a pencil, It need not be an accurate drawing of
the cube but may be the erudest approximation so long as it sets roughly the
boundaries of the drawing ultimately planned. Since this work is only
tentative, it should be done with a very light touch., If the cube is to be
used as the basis of a more elaborate figure, the entire unit should he
planned for as well as that part of it the cube will form. Sinee we musb
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start somewhere, the nearest vertical corner is usually the most convenient.
This will establish the approximate height. The face most directly seen,
such as ApBpEpFp in Fig. 6, is next roughed in. The edges ApBp and
EpFp must converge toward a point above and to one side of point 4, if
the drawing is to represent a cube less than 5 ft. tall, provided it is not seb
an a table or shelf bringing it abovc this height. This point should be ab
5 considersble distance from the image. ' '

81. In freehand work it is undesirable to locate this point. Tt ig better
to tmagine its position and draw ‘toward it as though it could actually be scen.
Obviously this places a heavy demand on the judgment and skill of.the
artist. - First attempts will probably score more misses than hits, bubit is
surprising how soon skill is acquired. ~ After & few weeks’ practice, éven the
most inept students find themselves drawing frechand with almiost instru-
mental accuracy, provided they take pains to practice offen. This is
impeortant, for in many drawings one or both the principal jv:anishjng points
may need to be off the drawing board. NS

82. The face of the cube that is not so directly gepil comes next. The
procedure is the same as before except that the hbrizontals will converge
toward a different point, which will be negurfsr‘ the ecenter. This point
must also lie on the horizon that was estahlished by the first vanishing
point.  Frequently this vanishing point will be sufficiently close tc be drawn
on the paper, obviating the need for\the tricky estimation required in
drawing the other plane. There ate, of course, times when both faces
show cqually, and the vanishingpoints are cqually distant from the center.
Except in this casc care musbbe exercised to foreshorten the horizontals
sufficiently to avoid maki‘\%gi:t}ijs face appear not quite square but rather
wider than high. Thefaeg pCpEpGp in Fig. 6 shows this. ‘The remaining
two lines at the topsabéHow drawn, and the preliminary work is complete.

63. So far all phis'work should be done in a direct manner, without top
much effort for @xAttness. It is best to draw the entire cube rather freely,
for the propoftions may best be compared when this is done.. "The beginner
too often fies to polish up a single line before completing the figure, for- -
gettipg\‘\chétf the Jine js correct or incorrect not by itself ,but only inits relation
to other parts of the whole. Should some Yine be too obviously out of draw-
ing, it is better not to erase it but to set down a new and more nearly correct
one beside it. ' - )

g4. At this stage the pencil shouid be laid down. Up to now the arfist
has probably kept his eye rather close to the drawing. This produces good
results where short individual lines are concerned but makes it hard fo see
the drawing as a whole. The drawing should now be held at a distance in
order to judge the general effect.  If desirable, it may be left on the table
and examined from a standing position. Another trick, popular with
professional artists, is holding it up to & mirror. This gives two clfects ab
once, that of distance, and that of reversal, When the left and right sides
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are inverted by the mirror, errors that ordinarily would pass unnoticed
become easy to see.

85. Here the worker should ask himself several questions. Do the
vortieals appear truly vertical? Does cach set of horizontals (there will be
at least three in cach set) appear to converge toward its own gingle vanishing
point? Does each face appear truly square, i.e., the same length on all ity
sides? Remember, these sides should only appear to be the same length;
they rarely are the same in perspective drawings. Apply this question to
the top also. Lastly, are the straight lines straight? If you have trouble
in judging this, pick the paper up and sight obliquely along the ling{™ss you
might sight along a billiard cue to see if it is free from warping.

' 6. Wherever the answer to one of these questions is “No,R ‘thc corree-
tion should be made at once, still freely and without immedidtely crising
the incorreet line. Sometimes, of course, no correction 4vill be neeessary,
but it is improbable that this happy result will occur@h early atlcpts.

67. By this time the drawing will have becomg rather messy.  Several
methods of cleaning up are possible. RN

68. If the greatest spontancity and direet es9of trentment are desirable,
a completely new drawing may be made, using the old one as guide, or the
old drawing may be laid away ontirely p.ﬁd a new one made utilizing only
the experience gained in making the fist. By this means the freshness of
the first attack is preserved completely, but often several tries are necessary
before o satisfactory result is achieved. One fine illustrator of the author’s
acquaintance works entirely ifi\this manner. He once said that in maoking
a series of 15 illustrations He)got the right effect on 14 of them at the tirst
try. On the final pic!nhx}, however, he threw away 17 drawings hefore
making one that satisfied him. One virtue of this method is that it imposes
a rigorous discipliue,against fumbling, and the drawings never look labored
and tired. As gdurther reward it speeds up the work tremendously.

69, Anothq’p"method of working consists simply in using the eraser to
remove all\tentative lines. In this way much of the original freshness is
preserved;'and some increase in accuracy is obtained.

%0\ Where maximum precision is wanted, tracing paper is often used. A
sheet"of this is laid over the first rough, and those lines which seem mosb
nearly correct are traced through. At this point further refinement is often
necessary. 'The result of the error that occurs most frequently is that lines
AB and EF will converge as they should, and lines AB and CD will also
converge. One often forgets, however, that all three must converge toward
the same poinf. 'The result is the inconsistency shown in Fig. 13a. Tigure
13b shows the correction. Both these have been drawn freehand. This
error may be rectified ecither by erasure of the offending lines and their
replacement with correct ones or by the use of still another sheet of tracing
paper. In either case it is advisable to draw the hidden lines DH, FH, and
tGI:!' . When these do not meet properly at H, the inaccuracy is made clear.
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Comparison with the instrumentally drawn Figs. 6 and 7 will help in realiz-
ing the necessary relationships. :
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Fio. 13a.—Draw hidden lines to expose errors.  Fra. 18h.—Always estend lipe\ensugh to
sea that they converge Eroperly.

71. Another stumbling block in freehand drawing is fajiute to realize
that both vanishing points must lie on the horizon, even if the vanishing
points and the horizon are not actually -drawn. Kigtire 14a shows the
appearance of 8 drawing in which this has becn distegarded; Fig. 146 shows
the corvection. The eube in Fig. 14a appears t0.b¢ sliding downhill toward
the reader. In Fig. 145 the lines AC, BD, ahd G E have been made to con-
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Fia, 14a.——\(anishing points on dif-- 1. 14b,—Vanishing peints on
..s'\ierent. levels. same level.

verge mdﬁé'éharply, thereby bringing vp: down, while the slope of AB, €D,
and EF has been increased slightly, thereby raising vp: to the same level asg
vp1. Students often fall into this trap when they begin drawing without
the aid of actual vanishing points located on the drawing board with pins;
and, although they may recognize that the drawing scems distorted, they
are usually unable to do anything sbout it. This iz because the source
of the trouble, being less obvious than that of Fig. 13, is more difficult to
to recognize. Whenever a drawing, despite having correctly vertical sides,
appears to be climbing up or downhil, look for vanishing points on different
levels, This very error, committed deliberately and intelligently, can be
the basis of amusing cartoons in which a car or wagon can be made to
appear almost alive and straining on a hilly road.
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72. There are two drawbacks to the tracing-paper method. Tor one, if
‘he final picture is to appear on an opague paper, the tracing must be rubbed
on the back with peneil, and the drawing must be transferred by tedious
retracing of every line with a hard pencil or stylus.  The lines thus trans-
ferred are smudgy and must be cleared up by going over them direetly
with pencil or pen.  Consequently we find that, even after the druving is
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fully con;éc"ﬁed, the work must be done twice more, an operation that can
only(be tiresome. Moreover, the process of tracing inevitably loses some
aceurady, for lines frequently shift quite badly in the steps of tracing, rub-
bing, transferring, and redrawing. The principal advantage of working on
tracing paper is that it preserves the delicate surfaces of some drawing
papers, such as cameo, which cannot stand erasures.

73. Commercial illustrators, pressed for both spced and accuracy,
usually use a method that gives the results of tracing without the tedious
reworking and litter of paper. The work is done from first to last on the
paper it is to be finished on. This naturally requires a rather tough sur-
faced drawing paper, such as the best grade of Bristol board, or a fine
water-color paper. Such paper is relatively expensive but is worth many
times its cost in time saved, The preliminary work is done lightly with a
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medium hard peneil. Care should be taken to use a light touch and avoid
digging grooves in the paper. The whole drawing is then rubbed off with
kucaded rubber. Kneaded rubber is used because it leaves behind just
enough of the original lines to serve as a guide for redrawing, whereas a
more efficicnt eraser would remove the preliminary work so completely 2s
ta require 3 complete new start. On g ﬁrst—class Bristol this may be
ropeated several times, i necessary. '
74. Freehand drawmg of onc-point, or parallel, perspective is exceed-
ingly simple. A square is first drawn, having truly vertical lines at the
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16, 164 and b—Lxaggerated proportions I‘m. 1ﬁc and d.—Exugger s.ted proportions in
in cube below oyc level. cube above eye level.

sides and truly horizontal lines tep and bottom. The cye level is next
sclected, and the one yanishimg point placed on it as near the vertical
ceufer line of the square as p.OBSlbl& From each corner of the square lines
are drawn back to the va%@:ung point. In this case it is usually essential
to draw the hidden lides. * Starting with the base or top of the square,
whichever is farther from the eye level, the back line of the base or top plane
{(square} of the cu. le drawn in where it locks best. From the new back
corners verticals\are drawn to meet the other pair of lines drawn to the
vanishing po:ﬁt This will determine the two remaining corners, which
ATe NOw connected and the dra.mng is eomplete, - These steps are shown in
Fig. 15,0

76._A common source of trouble in parallel perspectwe is in beginning to
lay off the depth of the cube on the plane nearer the eye level, such as
plane ABCD in Tig. 16a or EFGH in Fig. 16c. When this is done the
tendoncy is to make the whole cube too deep, leading to the distortion
of the plane EFGH in Fig. 16b and of ABCD in Fig. 16d. The distortion is
not obvious in the first stage, as in Figs. 16a or 16¢, only becoming apparent
when the other planes are drawn. Since the cube is mostly used to derive
other forms, this may necessitate much tedious redrawing.

76. In all perspective drawing it must be remembered that the eye is the
final arbiter of correctness, and that, if a drawing looks wrong, it is wrong,

and some cure must be sought.
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77. Drawing a three-point perspeetive freehand is much easier than doing
it instrumentally, although some problems do arise. The vanishing points
of horizontals usually have to bo at & considerable distance above or below
the drawing, and there must be a new vanishing point for the vertieals,
Turthermore, since they are not now parallel to the pieture plane, there will
be foreshortening of the verticals as well as of the horizontals, and heavier
demands are thereby placed on the sense of proportion,  Apart from these
considerations, three-point perspectives require no more knowledge than
two-point and, with a little practice, may be handled just as easily.

78. Frechand drawing is useful even in instrumental work. Tt s difli-
cult to visualize in advance the result of a particular seale and :sigle of
view. By making a preliminary rough frechand, the arfist w 111%\ alile to
decide more casily where to place the vanishing points and Jthe station
points to produee the best appearing drawing. The 101}gh drawing is
quickly made; then, simply by extending the horizontal@ntil they weet,
the approximate position for-the vanishing points-i$ located. Wheun this
has been done, the instruments are taken up, and\the work is refinesd and
completed. D"



CHAPTER III
MEASUREMENT

79. The attainment of accurate proportion in drawing is always trouble-
some for the beginner. One reason for this is his failure to look at his work
while it iz in progress. This sounds like a drastic statement, but gvery-
teucher knows it to be true. The beginner observes only the line his
pencil, chareoal, or what not, is tracing at the moment; he sces i 8s"some-
thing complete in itself, and not as a unit in a larger sch(,me N

80. The expcnenced draftsman, on the other hand, pauges now and
again to appraisc the progress of his picture as a wholce and to ask himself

if this window fitg that reom, if this bowl of flowers ig the rlght gize for that - .

table, if a normal person could go through the dedevjust drawn without
knocking his head, ete. If the answer is negative)lie makes his eorrections
before drawing a dozen accessories to fit an ob]@t hat is not itsclf correctly
fitted. By making his changes before tog\many other things have to be
altered, he spares himself much tedious la,bor

81. The novice omits this simple: ‘precautlon In a life drawing, for
example, be draws a head and trupk; then an arm, arriving finally at the
ticklish job of drawing the hand™ This engages his whole attention; he
concentrates, sits back at last(to survey the result of his labors—and dis-
covers to hig horror that t]{z delicate young lady of the picture has a hand
in which she could mlsla,y\s. football.

32. Now everyone hés a sense of proportion, whether he be a trained
artist or not. Lcamiing to apply this sense to a practical problem in drafts-
manship presents some difficulties. Some of these may be overcome by
practice and Somse by the use of one or more of the expedients given in this
chapter, In general it may be said that life drawing, and the drawing of
plastie: fm&ms in general, demands practlce, while the methods given here are
most apphcable to still life. There s mueh overlapping, however, and a’
knowlédge of some of the geometrical principles involved in still-life work
makes life drawing easier. The understanding of these principles also
illuminates that practice and makes it more profitable.

83. Once the methods of measurement described here are thoroughly
understood, and a habit of seli-criticism during the eonstruction of a drawing
is cultivated, the methods may be applied mentally, many construction
lines merely being imagined in their places on the paper and never actually
drawn, The result will be cleaner and fresher drawings.

84, The first method of measurement has already been “discussed

briefly in Chap. II and applied in Fig. 12. It is a method perm1ttmg
31 :
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endless variations, of which we shall discuss only & few, A little ingenuity
will enable the reader to work out many others.

86. Suppose the shelving in Tig. 12 to have been worked out in its
over-all proportions but not in the proportions of individual shelves or hase,
This is shown in Fig. 17a. In order to show the object itsell as fnrge as
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possi@e,, ‘it was necessary to let ¥p: be off the paper to the right. However,
its relative position is the same as in Fig. 12, as you may sce if you place -
another piece of paper alongside Fig. 17a and extend lines AD and KL until
they meet in the horizon at »p..

86. Since the skirting or baseboard of the shelving is the only odd dimen-
sion on the front plane, it is best to calculate this first. The height of the
ghelves will then be a simple quarter of the remaining height. The con-
struction described here takes several paragraphs of writing but may be
performed on the drawing in less than 2 minutes,

87. First, divide wvertical IX (or JL if more convenient) into thirds
with dividers, scale, or paper-edge measurement. This last is deseribed
later. This will give the two points M and ¥ in Fig. 17¢. Through the
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lower of these points, draw line N0, toward vps, cutting both front verticals
to form the rectangle NOKY, the lowest 16 in. of the front face. Since
the bascboard is 4 in. high, it is necessary to lay off the lowest quarter of
NOKL.

88. To do this, first draw diagonals NL and KQ. Where they intersect
at P, draw a line toward vp, until it meets the right-hand edge at Q, and
drop a vertical from P to interseet the bottom edge at P,. This will give a
rectangle PP1QL, which is § in. high.

89. One diagonal of this rectangle is already in place, viz., PL. Now '
draw diagonal P, intersecting PL at R. A line is now dm.wn thretigh R
toward #p, and cuttmg the left- and right-hand edges at 8 and T, respec~
tively. This line is the top of the baseboard. Tt-is 4 in. a,bov‘c‘the floor,
no more and no less, There is no need to stop and see whethor it is quite
right, ag would be necessary when guessing at its positiond ¥ ou know it is
4 in. and not 414, or 334, or any other approximatiph,> By -eliminating
deabt, hesitation, and fumbling, about 3 minutes are sﬁved for every minute
gpent in drawing diagonals, '

90. It will be noted in this and succeeding ex%nples that the procedure,
wherever possible, has been to lay out, firstxaf\all, the gross, over-all dimen-
stons.  Only after this is done are dctaﬂs worked out. Beginners tend to
work the opposite way. A moment’y ‘trhought will show how absurd thig
is. If we had started Fig. 17 by d;-fgfmng one shelf and had made an error
in the height of the shelf of 14 ingh} the over-all error would be multiplied
by four—2 in., which is seriougespecially where heights must, be matched,
as iz often the case in drawing interiors. Later on we shall encounter
problems where buildjng’\l{]i from small units is a necessity, but it should be
avoided wherever posstble,

91. In Fig. 17b the positions of the shelves are determined. The shelves -
are each 11 in. high/and there remains 44 in. fo put them in, so this height -
musgt be dividedhinto four equal parts. The eastest way, but not the only
way, is shogn here. First, draw diagonals J8 and IT. Second, draw a
line Jrhrough their intersection P, toward vp: and extend it to meet the
vertieal sides in W and X. ' This divides the available height in halves.
Withthe same procedure, the diagonals of each half are drawn, locating Ps
and P, and giving us UV and YZ. Thatis all thereis foit. Not more than
a minute is needed for this operation, and the result is not about right; 1t ig
Just right.

92. In Fig. 17c¢ the job is completed. First, drep a “vertical from D.
Sccond, from the points U, ¥V, W, X; ¥, Z, 8, and T draw lines toward
vp1. These lines will intersect the rear vertical edges in points Us, Vi, Wy,
ete. Third, connect Uy with Vy, Wy with X,, ¥ with Zi, and 8, with 7.

93. Tt will be noticed that a great many lines are used in this construction
that will not be visible in the completed drawing. It is diffieult for the
student to appreciate the enormous importance of these invisible lines. We
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should be spared many feeble drawings if it were fully realized that ecach
visible line or plane implies much unseen structure. The habit of dvawing
only what can be seen leads to drawings of such objects as chairs with
three feet off the floor, tables with legs sunk six inches into the floor, eylin-
ders open in the back, and similar mirpeles, I your figure of a man fioats o
foot above the ground, you should be illustrating H. G. Wells on purpose,
not because you can’t help it. Draw the invisible lines while constricting

%, forizon or Eye Leve! vps
S —

Fra. 18,
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your{f@wing, and take them out later. Then you can keep miracles in their
place.

94. The direct use of diagonals just discussed shows how areas may be
divided into halves, quarters, eighths, etc. Diagonals may also be used for
the muliiplication of areas. Figure 18 shows two ways to do this. Either
of them, or a combination of both, might be used to solve a similar problem.

95. Buppose we are required to draw a box 2 in. high, 4 in, wide, and 6
in. long. Since we already know how to draw a cube (which we may con-
sider as having sides of 2 in.) it is merely necessary for us to reproduce it
three times in one direction dnd twice in another. Since this presents an
opportunity for multiplying small errors, the original cube should be laid
out with care. 'We must also be eareful to see that the fipure, when com-
.bleted, does not cover too wide an angle of view.
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96. Figure 18a shows how the first type of multiplication is performed.
Begin by drawing the cube A BCDEF@ and extending its horizontal edges to
vpy and vps.  Nexf, draw diagonals AF and BE on the face of the cube.
Where they intersect at H, draw a line toward vp, and extend it far enough
to the left to intersect AH at I, This line will also cut the right-hand edge
BF at K. I and K arc the mid-points of verticals A% and BF. Draw EK
and extend it to meet the extension of the top edge at L. Drop vertical
LM, This will make BLFM the duplicate, in perspective, of square 4 BEF.
In the same way, where vertical LM intersects the extension of IX at N,
draw FN and extend it to 0. From O drop vertical 0P, The square £OMP
is now the perspective equivalent of ABEF. Thus we have now multiplied
our original 2-in, square by three, so that the plane AOEP 'has become
2 by 6 in.

97. Now from I draw a line toward »p,. ‘This line vyi'll'. determinc the
mid-paints of vertical lineg in the side plane, giving the/mid-point B in CG. -
Draw AR and continue it to meet the extension of¢BG in 8. At & erect
vertical ST, The square STCH is now a perspestive equivalent of square
ACGE of the original cube, making the plane PASE 2 by 4 in,

98. The work is completed by drawing, aJine from O toward vpy and
from T toward ps.  These two lines cross Bt U and the corners AQEPTUS
identify the required rectangular solid.y, «

99. Figure 185 shows how o 2—131 cube may be utilized to produce &
reetangular box 2 by 3 by 5 in. Nl should be noted, to avoid confusion,
that the lettering of points is nef qultc the same as in Fxg 184.) As before,
the diagonals AF and BE are\drawn meeting in [I. Through H, the verti-
eal center line JK is no irawn meeting the bottom in K. As befor(, the
horizontal edges of thedeube arc extended toward the vanishing points, and a
line is drawn through “H toward vps, which will intersect all vertieals on
the front plane a{thelr mid-points, This line will cut BF at L. The line
KL is drawn and/extended to mect line A-vp: at M. Now drop vertical
MN. This v\(ﬂr add rectangle BMFN to the orlgmal square ABEF. BMFN
is half theWidth of the square, hence 1'by 2 in. In the same way FO is
extcndcd‘to P, where a new vertical is dropped, adding another 1- by 2-in.
recthngle. The line N8, drawn through R, determines a third rectangle
of this size and completes the front plane ASET which is now 2 by &

100. The line I-vp, is now drawn, defermining the mid-point X of the
vertical 0@, Draw diagonal AG, and where it crosses I-yp: erect vertical
VW. Draw VX, extend it to ¥ on the lower edge, and erect vertical YZ.
This completes the side plane ZAY E, making it 2 by 3 in.

101. The box is now completed by drawing the lines Z-vp; and S-vp:.
They intersect at S;, and the complete box is identified by the corners
ASETS, ZY.

102. The ingenious student will see endless ways in which the above
methods of diagonal multiplication and division may be applied. For
example, the methods of Fig. 18 and 18b might be combined to lay out
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precisely & box of 3 in, height, 5 in, width, and 7 in. depth. "The only
problems would be in the determination of width and depth, since the height
may be obtained by simple measurement based on AL ns o unit.  Line AE
is already known to be 2 in. "Po make it 3 in. simply make it hoif again
longer. AE being parallel to the picture plane, this direct measurement js
perfeetly accurate, for there is no foreshortening to be allowed fur. The
method of Fig. 18¢ might be used to shorten the work of laying out Fie. 185,
The method of diagonal division given in Fig. 17 might be used in combina-
tion with the multiplying methods of
Tig. 18; and so long as we multiply or
divide by two or its multipley“there
necd be no difficulty, thonglhdpcurion.
ally other methods wil ¢ more cons
venient. N

103. It is oftefidhecessary to di-
vide an aren by(Ihree, five, seven, or
some other Qi{l or inconvenient num-
ber not easily ealeulated by intereet-
ing diag}nals. Tinding the center
_. pointé_by means of intersecting ding-
~—= onflls will not help us here, 80 we must
~employ the versatile diagonal in yet
S*another way, This method iz more
widely useful than that already piven,
for it may be applied to any riven
number of divisions, Moreover, he-
cause of its fundamentally greater
\ simplicity, it eliminates much confu-
sion that the many construction lines of Figs. 17 and 18 involve.

104. Suppese it is necessary to divide a rectangle (Fig. 19¢) into five
vertical seqtivéhs of equal perspective size, First divide the side AC into
five equal\paﬁrts with dividers, or with a ruler if this division comes out con-
venigrtly+in even inches or fractions of an inch. Then, if vp» is on the paper
or drawing board, draw a line from each of the points thus determined
toward vp. and cutting the side BD in corresponding points. If vp, is too
far away, simply divide BD also into five equal parts and join corresponding
division marks on both sides. Either method will give lines 1, 2, 3, and 4,
dividing the rectangle into five equal horizontal parts. To convert these
into vertical divisions draw diagonal BC (or AD if more convenient) and at
each place where this diagonal cuts the horizontal lines, ercet a vertical
line. These give the required vertical divisions.

1056. Sometimes, as when plotting a wallpaper pattern or a series of
identieal panels, it is necessary to continue such divisions heyond the original
rectangle. In Fig. 195 the problem was to add two more vertical divisions

V-
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to those already cxisting. Beginning at I, the base of the second vertical
from the left, & new diagonal is drawn, perspectively parallel to the first.
Thig will pass through J, the second horizontal from the top, cutting hori-
zontal No. 1 at M and the top at K, thus determining the positions of the
new vertical lines. . -

105. By continuing this process wc may extend these divisions as far as
we like, either to the right or the left. Moreover, by continuing the verti-
cals higher and using other diagonals, '
we may establish new horizontals
above the existing rcctangles, as R
shown in Tigs. 20a and 20b. Al - e
though these figures are practically I
self-cxplanatory, a brief deseription a
may be helpful, ' .

107. In Fig. 20a the original diago- i
nal OB and a new onc NO are extended
o short distance above the top edge. .
The verticals PQ, RS, TU, and LK ¢ AN
arc likewise extended. The intersec- - NV Horizon
tions of verticals and dingonals estab- O ANV
lish points ¥V, W, X, and ¥, By .\«
connceting V with X, and W with ¥, Sz
and extending the lines thus detexsy™
mined, we obtain the new horizontals: A
In Vig. 20b the same procedurgfs ised
except that the diagonalsgén-in the
opposite direction, the jvesult being
the same. Other facp(\)rs"bcing equal,.
the method of Fig\'ZOb is romewhat
preferable, beeause it is easier to deter-
mine intersccp&'s acourately when the diagonal is drawn in the shorter
direction. . '

108.. X)s often necessary to lay off similar proportional parts in a hori-
zontal pl?me. Except in parallel, or one-point, perspectives, no edge of such
a horizontal plane will be parallel to the picture plane. The solution of this
problem, though less direct, is no more difficult than that shown in Fig. 20.

: 109. Suppose, in Fig. 21, that it is required to lay out the perspective of /

a rectangular table top 16 by 20 in. The edges of this table are formed by
four pleces of wood 4 in. wide and mitered at the corners, and the center is &
single piece 8 by 12 in. . Figure 21 shows a top view,

110. In Fig. 21b the rectangle ABCD has already been laid ouf in per-
spective, and the operat-ibn of placing rectangle EFGH correctly within it is
performed. Beginning at A, a verfical line ig drawn down any convenient
distance. Measuring from 4, five equal spaces of any convenient sizc are

Horizon

fb)
Fie, 20.
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laid off, establishing the points 44, A, Aa, Ay, and As. From cach of these
points a line is drawn toward vps.  I'rom B another vertical is driown down
to intersect these lines in points By, Bs, cte.  The diagonal A S (nr BAg s
drawn, intersecting A.B) at I, and A4Bqat J. From I and J vertienls ave
extended upward, meeting AB in O and P. The point O is then one-fifth
of AB from point A, and point P is one-fifth of AB from B, RNince ABis
20 in. long, these peints are 4 in. from the end, Lines 07 and PS :wre drawn
toward vp, cutting off a 4-in, strip from each end of the rectangle.

¢ D v, Horiron Vhgen
o)
4 o
20
E F
A
{a)
v Horfzon
‘h' -

111, In & same way lines are drawn from Ay, A5, As, and A; toward
vpr (ds ~i}3\n0{: needed in this step.) Dropping a vertical from ¢ will
establi:sh"Cl, Cs, Cs, and Cq. Diagonal AC, is now drawn, cutting 1.C; at
K andA;Cs at L. As bufore, verticals from these points are brought up to
AC,¥utting it 2t @ and B.  These points will be one quarter of AC, or 4 n.,
from A and C, respectively. Lines drown toward #p; from Q and £ will
consequently cut 4-in, strips from front and back, respectively. The com-
bination of these lines and those established as shown in Par. 110 gives the
small rectangle EFGH. Connceting A and B, H and D, etc., gives the diag-
onsl lines of the miter.

112. As an extra check on the accuracy of the work, AE, HD, RT, etc,,
may be extended. Since they are horizontal lines they should mect in the
horizon at & point that is the vanishing point for all 45-deg. lines in this
direction. There is another 45-deg. vanishing point for lines BF, GC, 0Q,
ete., but this is far to the left of the area shown,
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113. Somectimes it is difficult to obtain aecuraey in the plane AC,,
owing to extremely sharp convergence toward vp;. In this case, and some-
times simply for convenience, the method of Fig. 21e¢ is preferable. In this
figure the plane AB; is divided as before, and lines are projected upward
from I, M, N, and J to the top edge and then back toward vp;. This will
divide the top plane into five parts. The line A8 is then drawn diagonally
10 cross four of these five parts. Where it crosses OT at E, it determines a
point one-quarter of the distance from O to T (.¢.; from the front to the back
of the top plane). Where it crosses the line VW at U, it determines a
point one-quarter of the distance from W to V (i.., from the back toward
the front of the top plane). Lines are now drawn toward vp. through #hand
7. As before they will determine the ree- R\,
tangle EFGH. A '

114. Although nearly thirty paragraphs I
have been devoted to the uses of the diagonal,
we have given only a hint of its usefulness.
Tts enormous versatility ean hardly be realized 11
until hundreds of drawings have been made. 4
Tt can safely be said that there are very fegy p
drawings in which it cannot be helpful in pn§~ ~V
or more ways. 'The foregoing pages gavéthe
basic means of using the diagonal \These Wi
mesns may be modificd and compdunded to
perform special jobs of almost infihite varicty, B.or
provided the draftsman is willing to use a i, 22.
little ingenuity. \\”

115, A great many Of the operations just described depend upon the
ability to divide a iide into equal parts. There arc several principal
methods,  First islie’use of a ruler or scale, convenient when 2 line is to be
divided into exaéfifiches, centimeters, or usable fractions of these. Second
is the use of dividers, excellent and usually precise, but sometimes injurious
to drawing@ia’per and inaccurate for large numbers of small divisions. Since
this is 'mt b, treatise on mechanical drawing, familiarity with dividers will
be asstrod. Third is the geometrical method, and fourth is the paper-
edge method, both described on the following pages. '

118. The geometrical method is particularly useful in dividing lines of
odd length, such as 7945 in. into any given number of parts, or lines of such
s length as 6 in. into scven parts, for example. There being no such divi-
sions on seales or rulers, the mere arithmetic required to caleulate the
nearest equivalent in sixteenths or thirty-seconds would consume a lot of
time. Suppose the line AB in Fig. 22 is to be divided into seven parts.
Its exact length need not concern us, for we mercly want to see thal the
divisions are equal and accurate. To divide AR into seven parts, draw any
line AC at any angle with AB. Lay off on it seven equal units of any con-
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venient length, Thesc units may be measured with a ruler. 8o long as they
are equal, it does not matter whether they are inches, centimeters, the width
of & coin, or whatever. Draw from the seventh of these points the line DB,
From each of the others draw a line parallel to DB, eutting AJ ot I, II,
111, ete. Even though calculation shows the nearest approximuticn on the
scale to be 5544 in., you will have had {fo use nothing but cven divisions
in your work, economizing both time and profanity. Points I, 11, etc,, are -
the required divisions, and that is all there is to it.

117. As deseribed nbove, this method is suitable only for lines parallel
to the picture plane and not for those oblique to it, for the method ESgiven
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does not account oy foreshortening. Later on we shall show how this
method may he‘applied to oblique lines also.

118, Paperedge measurement is applied where it is desirable to lay off
& considerableé number of equal parts on a line but where the exact length of
the lingdgimmaterial, such as the line AC in Fig. 22.  The method deseribed
her€ and illustrated in Fig. 23 is so simple that probably most people already
know’it. Often, however, these simple things are neglected by reason of
their very simplicity, and, since it is such a useful dodge, repetition here can
do no harm.

119, In Fig. 23a ON is a line of indefinite length on which it is necessary
to lay off eight unite of equal length. These need not occupy the entire
Iength of the line. One such unit, 0-1, has already been laid off. The
piece of paper A BCD is placed alongside the line ON so that its lower edge
is a short distance below point 1 and the points 0 and 1 arc marked on the
paper and lettered accordingly. Next, in Fig. 23b, the paper is moved
down the line so that point O on the paper is opposite point 1 on the line.
Point 1 on the paper will then determine point 2 on the line, and point O
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on the line will determine point 2 on the paper. In Fig. 22¢ the paper is
once more shifted lower down the line to bring point 2 on the paper opposite
- point 2 on the line. Points O and 1 on the paper will then determine points
3 and 4 on the line, while points 1 and 0 on the line will determine points 3
and 4 on the paper. Once more, in Tig, 234, the paper is shifted to bring
points 4 on paper and line opposite each other. Points 3, 2, 0, and 1 on the
paper will then determine points 5, 6, 7, and 8 on the line. '

190. The procedure outlined above, like most other graphic operations,
requizcs more time to describe than o perform. Though the figure looks
formidable, the whole operation should not require a full minute, and it ,\;{ill
be just as accurate as your pencil is sharp.
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191. Figurc 24 details another use for paper-edge measurement. It is
often neccssary to bisect lines accurately whdfi no instruments, even a ruler,
are available. Line AB (Fig. 24a) reﬁjfesfents such a line. To bisect it,
lay & piece of paper CDEF alongside,and mark off the point A,, opposite A
‘on the line. Now estimate where the mid-point of AB should be, and mark
off G on the line and G4 on thejpaper. Move the paper along the line until
@, is opposite B, and ma ’\éff’point H opposite the new position of A4, as
showr in Fig. 24b. Thedtrue mid-point will lie somewhere between G and .
Sinee this is a very g;hdrt distance, the margin for evror is small, and it will
be casy to cstimatethe position of true mid-point { (Fig. 24¢) with greast
ageuracy. If @r}gmc precision is desired, the process may be repeated, using
G and H in the\same way that A and B were used. Incidentally, had AG
been more than half of AB, @ and H would have changed places, Tut. point
7 woudd &hill lie halfway betwecn them. _ .

129 /By modifications of this method, which the reader can easily work
out for himsels, it is possible to trisect a line or divide it into any neccssary
number of paris. ’ '

123. Before proceeding to more complex methods of obtaining exact
perspective measurement, it might be well to discuss a subject that, despite
its seeming simplicity, 18 frequently a serious source of trouble to the begin-
ner, i.e., the problem of what may be called minor measurements. These
include the thickness of boards, the width of individual bricks, the size and

" relative protuberance of knobs, handles, and the like; in short, those sub-

~ sidiary dimensions that do not affect over-all proportions but can make or
. break a drawing through their goed or bad execution. : -
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124. It is diffieult at first fo estimate these correctly and particularly
difficult to foresee the effect they will exercise on a finished drawing. TFor
instance, if the thickness of table legs, top, ete., are overestimated, the whole
piece will appear ponderous and ugly and, by a curious perversity due to
upsetting the standard of comparison, undersized. If these samc minor
dimensions are underestimated, the piece will appear to be, at the same
time, large and fragile. As skill is acquired, artificial aids to nccurate
drawing of small parts may be dropped, and the eye alone becomes the
measuring instrument, but temporarily a system of comparisons \sQl be
helpful.

126. Suppose it is necessary to estimate the apparent thigkiehs of a
table top for & drawing. The fable itself is known to be 18 in{"widi: und 30
in. long, with the top 34 in. thick., The nearest dimension M8 in., aud the
comparative size is 3 to 72. The most expert eye woulthbe’taxed to pro-
duce an aceurste estimate, Fortunately, somcwhcl;e‘:ixi' the construction
there is usually a dimension of small size, offering\d” usable standurd of
coraparison. PN

126. The bookease illustrated in Figs. 12 and*17 offers just such o prob-
lem. In both these figures the thickness oMhe material was ignored for
the sake of illustrating the principles thén under discussion. In IMig. 25¢
we show orthographic front and side views of a bookease made of reul Loards,
having tengible thickness. In addition, the bascboard, which was flush
with the front and sides in the earli€r illustrations, is here set back an inch.
Simple as they look, these ofisets‘are not so casy to draw as they look, owing
largely to neglect of thet sﬁnﬁle procedure outlined below., The erer-all
dimensions of the bookbase shown in Tig. 25a are identical with those of
Fig. 17, and the meth\oils already deseribed will give us Fig. 25b, idoeitical
with Fig. 17¢ excepffor the lettering. The letters used in Fig. 256 are used
also in Fig. 25a,sh0wing the position of the various points relative to mate-
ria) of tangible\\thickness. It is worth noting that the letters €, D, E, ¥, G,
and H represent not actual points of intersection in Fig. 25¢ but rather
implied, ii}iérsections. Implied points, lines, planes, and solids arc of
imméngg importance in the development of all drawings, This fact will
be appreciated more and more as the student enters and performs profes~
sional work,

127, In Fig. 25¢ the line IK is divided into four equal parts. Since JK
represents 4 in., each part represents 1 in., and the distance I, is the thick-
ness of any given board. Consequently, 17, may be used as a measurement
for 44y, CCy, BE,, and GG1.  Lines drawn from Ay, Cy, Fy, G4, and I, will
then define the lower front edges of the beards forming the top and shelves.
Also, 8 line drawn from I, toward vp; will show the left lower edge of the
lowest shelf,

128. The thickness of the vertical boards constituting the sides may
easily be estimated by comparison with the horizontal thickness slready
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drawn, However, if the strictest accuracy is wanted, the diagonal may
again be put to work.

129. At the risk of being tedious, herc arc a few words to explain the
inclusion of such a lengthy discussion of a simple subject. 1%rst, it is
difficult for the student to estimate correctly the perspeclive cquivalence of
certain proportions. This is not due to any lack of ability on hix part but
simply to unfamiliarity with the drastic cllects of foreshortening, which may
reduce a dimension by any amount up to 100 per cent, in other words, to
nothing. Conscquently, there is a tendeney always to overcstimate the size
of foreshortencd dimensions, Second, there are oceasions when iti8 Chsen-
tial for the draftsman to be absolutely certain of the correetness ef\adl, even
the smallest of his dimensions, N\

130. The professional artist or perspective draftsman Selom bothers
with laboricus constructions for obtaining his finer dxmt‘nuom Thig is
because, through expericnee, his eye has become sueh anacun.m menLsuTing
instrument that he ean dispense with geometrical aqqlstan{'(\ bui, he never
arrives at this skill unless he has an Opportum,tq\ to know with certainty
what true proportion is. Many men go throwgh' their professional careers
producing second-rate work without knowingAvhat is wrong with it. The
making of one or two drawings with seigntific accuracy would reveal much
to them. It is not expected that the student will follow the procedure
detailed here in more than one or oy drawings. After he has done this once
or twice, he will be able to perfarm’ these steps mentally, and cven uncon-
seiously. This abbreviation follows the lines described in the scction on
frechand drawing in Ch \II’. Before he can do this, however, he must
have learned, by actual ;%formance, what correct proportion is, so that he
will know what it 18 not.

131. Once the thickness of the horizontal boards has been established,
the thickness of-thé verticals is obtained as follows: Using the seale catab-
lished betw: eexﬁ[ 4nd K, find a point X, 3 in. below @, and by drawing a line
from X tow&rd vp2 estabhsh the point Y, 3 in. below H As may be seen by
referring o Fig. 25a, these points will then be 36 in. down from the top,
and ABXY will be a perspective square. If the diagonal AY is now drawn,
it will cut the lower horizontal edge of the top, 418y, at a point A5 exactly 1
in. perspectively to the right of the left-hand edge. A vertical is drawn
through A; down to I,, and the inside front edge of the left side of the book-
case is established, With the aid of diagonal BX the inside front cdge of
the right side is similarly established. - :

132. It is now necessary to work out the rear edge of cach shelf. In Fig.
25d the line 1,0 is 12in. long. The line G is also 12 in.; consequently the
diagonal GM; is the diagonal of an implied square. Where this diagenal
" crosses the line M at M,, it cuts off a distance, MM, of 1 in. A vertical
erected here defines the front edge of the backboard, and & line drawn from
M, toward vp, defines the back edge of the bottom shelf.
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133. In Flg 25¢ it will be scen how this line, I, D3, is used to establish
a number of other essential lines. Draw a line from J. 2 toward vp;.  This
will cross My-vpe at N. At this point erect vertical NZ. From H,, Fa, and
D; draw lines toward »p,.  These will interseet NZ at 0, P, and @, respec-
tively. From these points lines are drawn toward the left, perspectively
parallel to C:Ds, Hsl's, ete.  That is to say, draw these lines so they would
meet in »pp.  They define the back of each shelf, - P ;

134. The process of locating the baseboard exactly is shown in Fig, 251,
Point & would be the lower left rear corner if the baschboard were not sct
back aninch. Alincis drawn from B toward vp,.  The line GoJs is cxtended
downward to meet KL at Ky, A line is drawn from K, toward ep;, medting
R-vp at 111, and a vertical is drawn up from R;, giving the rear vertidal edge
of the bascboard. To get the setback from the right side, the Lertical I »
is continued to meet KL at L. From L, & line is drawn teward vps.

135. Since the front edge of the baseboard is set backiant inch from the
front of the shelves proper, it is also nocessery to Jofabe this edge. ‘The
diagonal /37, has already been drawn. If a line igNIow extended from Gy
toward vp,, it will cut this diagonal at Gy, 1 iq.,’&ék from the front edge.
A vertical dropped from this point will locate Kz 1in, back from K. A line
is drawn from K,, perspectively parallel 10\EZ7, locating the actual front
corners of the baseboard, X and L. T}Je*p{ihstruction lines arc now erased,
and the drawing appears as in Fig. 25¢,™ '

136. 1t has taken ecight drawings' and ten paragraphs of writing to
discuss the procedure of making-a féw simple and apparently unimportant
measurcments.  This is likelp&o give an exaggerated idea of the difficulty
of the job. If the reader wﬁjl'%ake the trouble to work out the problem for
kimself, following the pregcedure step by step, he will find that it is, as Mark
Twain said of Wagner!®usic, “better than it sounds.” Like any operation
that must be done{graphically, it is easier to perform than to deseribe.
Indeed, that is wh¥'it is a graphic operation in the first place. N

137. The sybject of minor measurements is more important than the
term wouldisdem to imply. Reference was made to this in Par. 123, and
we wigh @) emphasize it by repeating it here. The artist will find, as bis
experignte grows, that minor measurements constitute 50 per cent or morc of
most drawings. Consequently, though ‘“minor,” they eannot be considered
trivial.  This is all too frequently neglected by the student who has mas-
tered most of the important laws of perspective. "This neglect leads him to
produce drawings full of ““minor’ absurditics—tables with legs of differing
thicknesses, windows with muntins 6 in. across and little room left for the
glass, doorknobs so large as to need two hands to turn them. Apart from
the ridiculous appearance, such drawings lose scale—the bungalow becomes
& doll house, and the soaring airplane a fragile toy.

138. The method of constructing a drawing by multiplying and dividing

cubes will be found satisfactory for most purposes, particularly freehand-
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work., Occasionally, though, the artist is called upon to produec drawings of

great precision from plans or blueprints. This is not the exceplion but the

" rule with the architectural and the industrial design renderer.  T'wo methods

are detailed below. These methods are closely related te each oiher and

should be studied together. They are particularly suited fo th: peculiar

requirements of the rendercer but may profitably be studied Ly urone who
wants to understand perspective thoroughly.,

139. In Fig. 5, Chap. II, we attempted to show the reasoning i:-hind the

appearance of a perspective drawing of a cube. Tho demonstration was

developed in five steps. Al these

steps may be combined ontite sheet

of paper and used for v {(levelop-

ment of a perspectived d: awing of any

form whatever, I)Em',1<lul we have ae-

curate mechaniedd, drawing: of it to

begin with. NPy wus done with a
cube in Figo6 We show hrere how it
Plan may be.gpplied to any other form.
148, \Figure 26a shows 1he plan
and\tavo elevations of a small garage.
'T‘hcsc have been reduced to the
A\ utmost simplicity, in order It the
. | simple principles involved iy not
J N be lost in & multitude of -letails,
front Liovation Sidle ﬁ\c‘\é"ﬁ” Later on, in Chaps. VI and VIII,
Ff:’ 20a, O and succeeding chapters more realistic

examples will be used. They wil
involve no new prmclples nierely an extension of those used here.

141. In Fig.26b; asin Fig. 6, we show the plan or top view of thir garage.
The roof pealelitie is also included here, because it is necessary in establishing
certain points that will be wanted later. The plan is so plreed, relutive to
the statioh point and picture plane, that the observer will sec the door and
the nghi hand wall. If we wished to show the left-hand wall, the plan w -ould
be turned so that the door faced off toward the lower right instead of the
lower left of the picture. It is mow neccessary to work out an oblique
elevation. This is done by projecting from the plan as shown, using cither
a compags centered on the intersection of the two views of the picture
plane, as in Fig. 10, or a 45-deg. triangle as shown here. Either will give the
same results, the triangle being more convenient, but be sure you use a 45+
not a 30- 60-deg. friangle. Heights are derived directly from the given
heights of Fig. 26¢. The oblique elevation may be located on a ground line
placed wherever convenient. From here on the procedure is identical with
that of Fig. 6, except that the oblique elevation has been placed at the left
side instead of the right, in order to avoid having impertant details concealed.
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142, The station point is located first, relative to the plan view. It

should be situated at such a distance from the object that the anple included
by the outer lines of sight sp-3, sp-7, does not exceed 45 deg., and {or the best
appearance 30 deg. or less is preferable.  Fifilure fo observe this results in
distressing distortion. An example of this distortion was given in Chap. I
Geometrically, it is perfeetly correct. Pictomally it is vile, Photog-
raphers arc often forced to this kind of distortion, owing to the fact that
physical obstacles prevent them from working at sufficiently distunt view-
points, but this situation nced not trouble the artist, It should be remem-
bered that the human eye sces clearly only in & cone of about 15 1o 3ildeg. or
even less. Beyond this, vision becomes more and moro Vi, N\ a,ithough
forms arc dimly recognized out to about 90 deg. TFrom thedeon, form is
practically indistinguishable, although light and dark are reeagnized out to
the point where the nose and eyclashes shut off the view/ODruwinzs utiliz-
ing thds twilight zone nre ocensionally uscful for (ltamattc effect,  I'he rule
applies also to the other view—the angle ap-1, s;o-.),~ 18 subject to the same
restriction. : o\

143. The observance of this prccautlon 31}0111(1 not lead the artist to
make the opposite ervor. I the angle in either view becomes much less than
15 deg., perspective depth starts to dm.tppear, and the uncomfortable flat-
ness of the isometric takes its place. .

144, Whenever practical, the dlcxtance of the station point [rom the
objeet (don't forget it's the sam@\in both views) should be placed where &
normal observer would be. ?bu wouldnt examine o house—thongzh you
might examine a buck—ﬁ‘q‘m a distance of 2 in.; you coukdn’t sec it. On
the other hand, it would(be idiotic to march off 60 paces to inspect o igarctte
case through a pair ofbinoculars.

145. One more/precaution—the station point should be so located that a
line from it to.fhe center of the object makes approximately a right angle
with the picfure plane in the plan view. In the elevation it should be
placed af, .Qflit:ight above the ground line corresponding to the cye level of &
normatgbserver. This is about 5 ft. We are now ready to begin.

146+In Fig. 26 the corner of the plan nearest the eye (sp) represents the
front right corner of the building. The top and bottom of this corner are
points 1 and 2, which appear to coincide in the plan. A line is drawn from
each of these points in cach view, townrd the station point, until the lines
strike the picture plane in points similarly numbered. The T square is now
placed with the edge of the blade at point 1 in the side view of the picture
plane. A friangle is then placed on the T square with its vertical edge on
point 1 (1, 2) in the top view of the picture plane. By sticking the point of
a pencil in the corner formed by the top edge of the T square and the vertical
edge of the triangle, as shown by the phantom view in Fig. 26b, point 1
in the image is located. Keeping the triangle in the same position on

the T square, the latter is moved up until the upper edge of the blade meets "
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point 2 in the side view of the picture plane, The pencil in the corner will
now locate point 2 in the image. When these points are connected, the
front right corner is complete.

147. Yoints 3 and 4, being one above the other are located in the same
way, and connecting 1, 2, 3, and 4 completes the right-hand wall. Points
5 and 0, not being on the same vertical line, must be separately determined.
Drawing the lines 2 to 5, 5 to 6, and 6 to 4 completes the visible side of the
rocf, From here on the procedure is merely more of what has gone before
and docs not differ essentially in other drawings, no matter how complex
the structure. Figure 26¢ shows how the job is finished. LN

148. More details require locating more points; that is all. As famil-
iarity with the method is acquired; considerable speed is possible ipayving
out purspectives with abso]utely impeceable accuracy. In practical work
when using this methed, it is strongly urged that the readdr ‘humber or
otherwise code his points, as has been done in Fig, 26, ’F“a,ﬂure to do this
will lead to confusion, such as combining the right side lower Tear corner with
the front corner, thereby eausing the cntire rlght—hand wall to disappear.
For a fuller treatment of this method, consulptiie book “Perspective '
Projection,” by Ernest Irving Freese, mentioneﬁ in Chap. IL '

149, A much morc common, and for somorobjects simpler, method is
ghown in Fig. 27. This is an cxtension of the ‘method already given in Fig.

. 7, Chap. II, where it was used to derive\ the perspective of a cube.

150, In Fig. 27a, we show three p¥thographic views of a small box with
a hinged cover. In Fig. 27b the top*vicw, or plan, is drawn at the desired
angle to the direction of Vision{ If & mechanical drawing is already avail-
able, all that is necessary is 'i: o.place it under a sheet of trucing paper and
proceed, Lines are now drawn from sp parallel to the side and front edges
of the box. Thesc willylecate the positions of vp: and vps in the picture

~plane. In Fig. 7 thé Horizon was placed below the line indicating the:

picture plane, but. h\re we have simplified matters by combining.them. TIi
should be rem@;tbered that the one line really represents two differeng
things. "

151, Next. 1t is necessary to detemune the appa,rent height of the box
underdbd Ziven position of picture plane, station point, ete. In order to _
do this, imagine the box to be inclosed in a rectangular solid just large
enough to contain it with the lid up. ~If this is done, all heights may be
referred to the nearest corner of the imaginary solid wherc they miay be
determined with accuracy.

152, Since the reasoning has already been given in Cha.p 11, only the
procedure will be detailed here. A line is drawn parallel to the pieturc

" planc from the corner of the subject nearcst the station point. It makes no
difference whether this line iz drawn toward the left or toward the right.
It was drawn toward the right in Fig. 276 only because this avoided inter-
forence with other construction lines. On this line the distances from p(nnt
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1 to point 2 and 1 to 3 are laid off as 1a to 2q and 1a to 32, These measure-

ments arc obtained directly from Fig. 27q, front view. Point 1a is made to

coincide with point 1. From la, 20, and 3¢ lines are drawn toward sp to meet

the picture plane at la,, 2ap, and 3a,. It is noteworthy that, although the
- point 3 is imaginary, it serves to locate many real points ater on.

163. It is now necessary to determine the exact position of the nearest
corner of lhe box, including the imaginary portion. A line is drawn from
point 1, {nward sp, and mecting the picture plane at 1, (coinciding with
la,), anid a vertical is dropped from 1,. Since 1, 2, and 3 all lie in the same
vertical line, their perspective images 1,7, 2/, and 3,/ will all lie in the line
just drawn. Exactly where depends on the discretion of the artist buf is
governed by respect for normal appearance, unless some special gffget is
deliberaicly sought. Since the problem of locating the box relative to the
eye level may prove to be a serious pitfsll, it will be wise to givethe follow-
ing eareful altention. 7\

164. According to Fig. 27a, the over-all height, incl,udfiﬁg cover, is 514
in. Objects of this size are usually placed on tables\"This brings them
relatively close to the eye level. A seated person mould have his eye level
between 10 and 20 in, above the table, and consegiently the same distance
above the point 1, which rests on the table. New'the line 1a,-3a, represents
the perspective length 514 in. on the verticgh dropped from la,. Hence the
point I,” must be placed at least twice, this distance below the eye level.
Since, in Fig, 27, eyc level or horizon, and the line representing the picture
plane coineide, the point 1,/ is placed ahout twice the length 1a,-3a, below it.

166. {mce point 1,’ is located, it is simply a matter of measurement to
determine 2,/ and 3./, Th léjlgﬁh lay-2a, is stepped off above 1./, and this
logates 2,7, In the same w% lag-3a, determines point 3,,

166. Lines drawn toward sp from points 6 and 7 intersect the picture
plane at %, and 7,. . Verticals dropped from these points show the lines in
which 6, and 7,704tst lic. A line from 4, 5 toward sp gives a similar
vertical, A liq&is“now drawn from 3, toward vp:, and, where it cuts the
verticals from8 and 7,, it marks off the top lef edge of the eover. A line
from 2,/ icivard op, marks off the bottom left edge of the cover and the top
left edgnof the box proper. Where the front left edge of the cover and the
top left edge of the box intersect, a line is drawn toward vps. A line drawn
from 5, toward »p, will intersect this line at the bottom right-hand corper
of the cover. A vertical is erected here, and a line is drawn from 7,’ toward
#ps. These will intersect in the top front right corner of the cover. A shord
line is drawn from here toward vpy, and a line to meef it is drawn from 6,"
toward vp,. ‘This completes the outline of the cover. :

157. Lines from 1,’ and 2,’ toward #p; will deternine 4,' and 5/, and a
line from 1,’ toward vp, will complete the external outline.!

I 'The torm outline js here used to designate any line bounding & surface, not neces-
sarily an “outer outline”; hence the nead for the redundancy “external outline.”
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168. The ““inncr outlines” arc similarly laid out, but, ag:in Fig, 25
lines that do not actually run out to the edges are referred to the edges for
aceuracy in locating them. Consequently, in Tig. 27¢, points 8 and 9 are

82538 -

;

| —~
—
o ¥
L /_,/
et -
28pr" —
,/ (a)

IBpl.— "1p'
T
oo

p 3p g

A
.-//\/ o

|
. 33.:**4" -

found by extending the left and front
inner edges to meet the outer edges.
Points 8, and 9,/ are defrrmined gg
before, and from them lines are drawn
toward wop: and opy,  respectively,
They will eross at 10, the inner front
left-hand  corner. Points 445 and
12, are delermined by pysjetlion to
these lines. From 11,/ «\Jfwe toward
vy, and from 12,7 aJipt 1oward op,
will interseet at 13,5446 top rear right-
hand corner, _ L ¥

169, IxtenedMthe line 13,/-12," for-
ward to the outside front cdpe, and
from herd dvop & verticel. By compar-
ison with such distances as 8,/-10,/, it
willy De ensy to estimate the position
Qf’bhitlt 14,/, which is thix same dis-

Ctance (thickness of the base) wbove the
bottom of the box. A line drawn from

this point toward vp, establislies the in-
side lower right edge of the box.  (Note
the important part played by the invis-
ible linc.) A vertical dropped from
13, will interseet this line at 15, and a
line from vp, through 15, gives the low-
er rear inside edge of the box,

160. The top, or cover, of Lhe boxis
constructed similarly. Inasrnuch asno
new principles are involved, we shall
leave it to the reader to work out for
himself. Most of the various points
can be cstablished in two or more ways.
This is valuable because it permits
cheeking results.

181. The method of finding perspective heights shown in Fig. 27b and
in Fig. 7 is perfectly satisfactory but somewhat cumbersome. Where only
two or three heights need be determined, it serves perfectly well, but, when
there are many levels to be fixed, the method of Fig. 28 is more convenient.
In order to show that results are the same regardless of method, we have
used the same subject as before. Basically, the method consists in moving
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the height lge 1, 2, 3 into the picture plane. In Fig. 28a this iz done by
extending the front edge of the box in the top view until it meets the picture
plane line at 1B, 2B, and 3B. Point 1,/ is found as already described in
Pars. 153 and 154, A linc is drawn from vpe through 1,' and extended
toward theleft. A vertical is dropped
from 1£3, 28, 3B in the pictire plane,
Tt will meet the extension of line
vpe-1, in point 18, Since this peint
is in the pieture plane, measurements

from i, cither up or down, will be in 7N

the samc zcale as measurements on the / / / \

top view, We may therefore use the " B—CL/D—é-\_'i’ )
1o Pll T &1

ruler or scale directly to lay off 2B o=
and 313, on this vertical, Y T _ FIDB“’ EIEP'“D’E ﬁ
162. in IMg. 28b lines arc drawn : | ‘1
from 273, and 3B, toward vps. Where 7
these moeet the vertical from 1, they
fix points 2," and 3,'.  The drawing is
cempletod in Fig, 28¢ in the same way 'S
ag in Tig. 27c. e
163. Two morc methods of meas- 3%
urement remain to be discussed in thig. 5%
chapter. Others are given in later®
chapters in special applications, ,{Onc
is an extension of the method ,3}}’&?\*11 in
Fig. 22 und described in Pa¥sn116 and
117. By means of this éxfension the
method is made to apply to lines not
parallel to the pictdrg plane. Figure
29¢ shows the prificiple of the method,
and Fig. 205 shows its application. If
you wixh, ydit may omit reading the
demongtrition of the principle and
concentidte on learning the method.
An understanding of the principle,
however, will make it easicr to re-
member the method. i -
184. Suppose the front of .the box A Sp Cp B Erp
already drawn is to be divided into five " Fm gg)

equal vertical panels. Referring back
to the plan, or top view, shown in Fig. 27, we use the method already

given (Fig. 22) to divide the line into five equal parts. Now Project the
line OX, which is used for this purpose, into the picture alopg with t%m haox
itself. This will give us the line 0,X, (Fig. 29a), which, sinee OX is par-
allel to the picture plane, will be horizontal line. :
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166. Since the lines A4, BB, etc.,, arc parallel to each other, their
perspective equivalents A4y, ByBiy, ete., will have o comumon vanishing
point vp, (vanishing point of measuring lines). Since they are horizontal,
this peint will lie in the horizon. Consequently, if we determine the posi.

tions of Ay, Bip, cte., by projection
from the top view, and the position of
vpa by drawing o line from sp, parallel
to AA,, BBy, ete,, to interseet the pic-
ture-plane line (alse the ey level, or
horizon, line), we can us¢d dp. by
drawing lines toward it (yéye Ay, By,
ote. These will cut thie Tower front
edge of the box in poinds A, B,, ete.
Verticals drawn npufrom these points
will produce  $ht requircd vertical

divisions, W
166, It would he foolish to use
such adrétundabout method to locate
A28y ete., when they might be pre-
jgcﬁc(l dircetly from the plan. The
Sabove analysis was given merely to
Op Pp By Ty Dp ’E,,;: v ghow the reasoning. Tt is possible to
.. © climinate the plan or top view alio-

(a) i .
? . gether and still get aceurate results.
¢ \ This is what ig done in actual practice.
\ \ 187, Since OF, may be any con-

venient length so long as it is equally
divided into five parts, the length of
line 0,E;, may also be anything so
long as the divisions nre equak

S Morecover, since E, 1s already known,
P .

R S NN being the outer corner of the hox ak

N R N NN ready drawn, pp, may be determined

Op Ap Bp Cp Dp Ep simply by extending E,,E, to the eye

Fra. a0 level without projection from the plan

at all,

168. The method in practice is shown in Fig. 20b. We start with the
box already drawn and the eye level known. Draw 0,X, horizontally and
hence parallel to the picture plane. Measure off on it any convenient five
equal units Opdy,, A1,By,, ete. Connect Eyp to E, and extend this line
to the cye level. This gives vps. Draw lines from A1,, Biy, Cip, and Din 10
vPm. They will cut 0,E, at 4,, By, Cp, and D,. Ercet verticals at these
points, and the job is done.

169. The method just described is most useful when the plan or top

view is not given. Figure 29a was used to prove the validity of the method, -
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not because it was necessary in working the problem. When a projection
is made from a plan, as is usually done in architectural work, the fo]]aw'ing
method, shown in Fig, 30, is preferable. This method is related to the
method of finding heights shown in Tig. 28. '

170. In ¥Fig. 30a the box iiself is drawn just as before. On the top view
the points 4, B, etc., which divide OF into five equal parts, are placed, and
fromn them lines parallel to the ends of the box are drawn to meet the picture
plane at Oy, Ay, By, ete.  From each a vertical is dropped. The lower left
cdge of the perspective image is extended forward from 0,. Where this
crosses the vertical from Oy, the point 0y, is established. A hormontal\ls
now drawn through this point, crossing the other verticals and’ establishing
points Az, By, ete. O\

171, Vigure 30b shows how these are RS e ’
used. I'rom esch a line is drawn back ...aA' y
toward »p;, t0 meet the lower front edge
in 4, 4,, By, ete. Erecting verticals at
each of these completes the work.

172. The alert reader will see that
this is a widely useful method. Not
only divisions of this kind, but unequal
divisions ag well may be obtained by it.
Moreover, there is no need to confing{™
it to dividing lines already est&bhshod N for)

It may be used also o establish the
fix fn‘ .

length of any horizontal on thelground

plane and, by projection, otaﬁy hori-
gontal, w hatever its level.s, e DO New
prineiple would be demonstra.ted by dis-

cussing these applicati:o}ls in detail here,

we shall leave it $q ¢he ingenuity of the p b )
reader to find other uses for this versatile " Fra, 31.
construction .y

173. A problem that causes more worry to the student than its real
dlﬁi(‘ult\; Wwarrants is that of placing correctly lines thai are not parallel
to one of the three prineipal directions of the average rectangular object.
That the difficulty is more apparent than real is evident when we go back to
two basie principles. First, any perspective problem can be solved by locat-
ing sufficient points; second, any straight line can be detcrmined by referring
it to alrendy established lines. " This problem may be solved both two-
dimensionally and three-dimensionally.

174. In Fig. 31e an example of the tw&dlmensmnal prob]em is solved.
This figure shows a corner of a backgammon board with the six triangles
lying within the rectangie ABCD. The points @, R, 8, T, and U, where
the bascs of these triangles mect, is determined by perspective division
as already explained. The vertical rectangle CDVW is now drawn using
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any convenient height CV, and this height is divided into six equal parts by
dircet measurement, At each of the divisions n perspeetive horizontal iy
extended toward the right, and the diagonal CT isalso deawn.  Where thege
cross the diagonal, verticals are now drawn, leaving {he series of small
rectangles lying along the diagonal CW. By drawing the opposite dingong)
in each of these small rectangles, the points %7, F, @, 1, I, and J are located
and, by projection to line CD, the points X, L, Af, ¥, O, and P>  These are
the vertexes of the triangles, and the complete fipures can now be drwwn in,
176. Such a eareful construction wounld not be necessary werg not
for the difficultty of estimating the correct placing of Jines not purnll®ito one
of the three main directions, One of the commonest faults in grwotessional
work {(not in that of beginners) is the tendencey to draw trinpg:l?-.»; ane other
nonrectangular figures with w slightly drunken list.  Thissukually results
from forgetting that foreshortening aflects angles us \\'cﬂ\,n:%:limzs. The effect
of ignoring this fact is diagramed in Fig. 315, Thodinst, wrong, picture is
an attempt to draw a vertical isosceles trianglesN*The angles 4 and B
have been made liferally, rather than pm‘s*pcctglﬁ&z,r equnl, They tlicrefore
appear unequal, and the apex of the trianglecdoes not lic above the mid-
point of the base, as it should in any wellSbehaved isosceles.  This effect
sometimes produces ludicrous results, gsiwhen a diamond-patterncd wall-
paper appears to stick out into the rogm instead of remaining quictly pasted
to the wall. Somctimes the opp@isite eficet is innocently achioved-—the
venturesome wallpaper goes stifding out into the yard, and the wail itself
secems to dissolve into smol;(s:,\'l‘hc unskilled worker usually tries to over-
come this wandering withjil-advised tones and modeling. This can only
produce dirty-looking pictures. These remarks, of course, do noy apply
where such effects ha¥e been deliberately sought for decorative or ne<thetic
PUTPOSCS. O
176. The lﬁtéhd pan in Fig. 32q illustrates one method for determining
angular fines(where the problem is three-dimensional, t.e., where the lines
in quest-io\ri 'do not lis in any of the three principal plancs. The pan illus-
trated e in. high, 4 in. wide, and 8 in. long. The sides taper down toa
base 3Nn. wide and 7 in, long, 7.¢., 14 in. smaller on all sides than at the top.
177. The method used to locate the base accurately, relative to the top,
and thus to give the corect inelination to the corner lines, is a standuurd pro-
cedure, indispensable for all but the most elementary perspective drauwings.
Instances of it have already oceurred in this book, but Fig. 32¢ represents
the first full-dress exampie of “freezing the form in a block of ice,” e,
representing the object as being enclosed in a fransparent rectangular
solid just large enough to contain it completely.! The proportions of this
block are estimated or measured by any convenient one of the methods
'Tt is sometimes convenient to allow minor protuberances to projeet beyond the

transparent enclesing solid, e.g., the eaves of a house, knobs, raised ornament, and the
like.
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" described in this chapter and are then used as a reference for the actual
dimensions. :

178. In Fig, 32¢ the rectangular solid A BODEFGH is the “block of ice.”
The actual base of the pan must be centered within the rectangle EFGH.
This centering is sometimes ignored, and orie of the intoxicated utensils
shown in Fig. 32b results. Since the basc reetangle of the pan is exactly
14 in. swaller all around than the rectangle ZFGH, the corners of the pan
will be zet in 45 deg. from the corners E, F, G, and H. Since EFGH is 4
by 8 in., it can be bisected into two perfect squares EFILJ and IJGH. 'The
diagonals of these squares will then give the necessary 45-deg. lines. . O\

O (b)
F1i. 32¢.—Tor the sake of clarity the o) Fra. 32b.
rounded corners and the beading have N
beert oritied, and the taper has been A 5%
exapzerated. 3 \Y
179. Any corner may now befelected from which to measure the neces-
sary 14-in. taper. The cor:;gr)q is used here because it affords the least
confusion of overlapping lings.’ The distance IJX is onc-cighth of HG (34
in, in 4 in.). This eighth™may be measured in any one of the ways already
deseribed, or it may b estimated fairly accurately by first laying off HY,
which is half of H@and cstimating HX as a quarier of HY. In any case the
point X is estahiished one perspective half inch from H. XN is drawn,
perspectively, pmllel to HF, cutting the diagonal II71 at peint N, one corner
of the pan. AFhis line is cxtended from N to meet the diagonal FI, where the
intersge-isi\bﬁ' establizhes the corner . From L & line is drawn perspectively
paralleNt®d FE, meeting diagonal EJ at the corner K. TFrom K a parallel to
B mects diagonal GJ at M, and the fourth corner is established. Con-
neeting A7 and N completes the base, and drawing lines AK, BL, DN, and
CM completes the drawing, :
180. Moro often than not this problem occurs in simpler form. An
object with a square top, such as a table leg, diminishes to a smaller square
where it touches the floor. In this case we simply draw the diagonals of
the base and use them direetly for establishing the position of the offset
corners, : '
181. Tn fields where high precision Is not required, many of the calcula-
tions described in this chapter will not be needed.  In fietion illustration,
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for instance, a free method of working, relying on the judgment of the well-
trained eye, serves as well as, or better than, the exact geometrical eon-
structions given here. To a lesser extent this is true also of advertising
illustration. Iven in these fields, scientific aceurncy of measurement is
sometimes wanted, while in architecture, industrial design, and cngineering,
cxactness is usually a prerequisite. Considerable freedom is of course
allowable in preliminary sketches and roughs, but, once a doesiz: has been
crystallized, the renderer had best stick quite closely to the fucls for fear

of creating a false impression through abuse of artistic leense. N\
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CHAPTER IV

THE CIRCLE, ELLIPSE, AND OTHER
TWO-DIMENSIONAL CURVES

182. The square, which is two-dimensional, and the cube, which\ is
three-dimensional, constitute the hasic building blocks for all ractih'near
forms, 4., all forms consisting of straight lines and flat planes\1 In the
same way the circle (bwo-dimensional) and {he sphere (three—dlm(‘nbmna,l)
are the basic materials of most curved forms. There are\eertain curved
forms the drawing and construction of which cannat. Ie' teduced to such
simple terms.  These are usually called plastic formsand are dealt with in
Chaps. V1L and VIII. There are also certain curv@\ﬁhat do not fit precisely
into cither category. Most of these oceur rarely*in drawing, but some of
them ave briefly dealt with here in order thatthe reader may be prepared for
exceptional cases, g™

183. The circle seen in perspective, ¢ é \In & planc not at right angles to
the line of sight, appears as another ‘type of two-dimensional curve—the
ellipse. Much toil is expended hy“art students laboring to reconcile the
flat; geometric abstraction of thefnathematician’s
ellipre with the spatial charagier of a drawing,
The mathematician deseribés ‘the ellipse in terms
of axes, conjugate diameters, conjugate foci, and
other terms useful for“ealculation but of small
artistic value. @?ertheless, there arc times
when it is usefu\{er the artist to know some of the mathematical terminology,
The importanb.terms are, first, the major axis, which may be described as a
straight ling*neross the greatest length of the figure; sceond, the minor azis,
a straight line across the groatest width of the figure; and third, the geometric
center, Which is where these lines cross. This last must not be confused
with the perspective ceuter, of which more later. These terms, except
perspective center, are ilusirated in Fig. 83,

184, The ellipse is a figure that can vary quite widely. It can be
cnormously large {the earth’s orbit is an ellipse) or extremely minute.
Moreover, the two axes may be in any proportion to cach other. The -
ratio between them determines the appearance of the curve.. When the

I'ra. 33.—Ellipso.

? The term flaf plane is of course redundant. Tt is used here to avoid the loose artistic
usage in which the word plene means mercly a surface or part of a surface, regardless of

whether it is eurved or flat.
- 59
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minor axis is almost as long as the major axis, the cllipse resembles a circle,
On the other hand, when the minor axis is very short in compuiison to the
major axis, the curve becomes long and thin, like » cigar.  When the minor
axis is reduced to nothing, the ellipse becomes n straight lioe, which is
sometimes constdered as o “degeneraie’” ellipse. Al these voriations turmn
up in everyday drawing, sometimes in a single picture.  Because the drawing
in which ellipses or parts of them do not ocear is a rarity, it is hnportant to
have plenty of practice in drawing them.

185, The cirele in any perspective drawing is most easily plucgd and
sized if constructed within a square, This is beeanse no direrfumpasure-
ments are possible on a eurve, TFurthermore, the \'isunliz:t!in;{ ‘o) propor-
tions of curves is much easier when it can be referred Lo rectibudnr figures.
In Fig. 34a we have drawn a circle enclosed in a square.  {he dingonals of
the square are druwn, erossing ot (e common
conter of both square andl gikele.  Also through
i J this center are drawn thi lines EF and (T con-
/ necting the mid-poifidy of the sides of 11e square.

Notice that the@irele touches the ~ides of the
square ex: Lct,ly at points E, F, ¢, and II, and
nowhere clsel™ Notice also th.LL the points I, J,
K, and L wnere the dingonals cross {he circle,

A G B

s can beltonnected by lines that form another
v H D squate, smaller than the first, and parallel to
T chgia JEon all sides.  Point P is the center for inner

\\qunrc, civele, and outer square.
186. Suppose this fighre to be made of wire. "o hold it together the
joints arc soldered atldll the lettered points. Holding the figure by the
points E and F , (e turn it until it is horizontal and somewhat below

.\
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Fra, 34b—Note that, although (R Fi1G. 34e—Perspective forced to

is the longest line in the ellipse, it does not,

. clarily discussion.
extend to the sides of the square.

the eyelevel.  This will make the wire CD come up and forward; the wire AB
will go down and hack. The square A BCD will now appear as in ¥Fig. 34b.
Remember that the joints are firmly soldered! The mere act of turning
will not dislodge them, The diagonals AD and BC will s&ll cross af the
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common center, t.e., at point P. The lines EF and GH will still meet the
sides of the square at the same points where the circle comes tangent fo it. The
circle will still louch the square af the poinis and these points only. The lines
IJ, JL, ete., will still form an énscribed square parallel to the circumscribed
square ABCD.  The general tendency is for students to “unfasten’’ these
joints, and it must be avoided,

187. The result of this turning will be that the circle will appear as the
ellipse of Iig. 34b. In this particular case the minor axis coincides with the
line GH. It is important to remember that this oceurs only when the center
of the enclosing square lies exactly above or below the center of vision and
when twe sides of the square are parallel to the picture plane. These two
conditions oeeur rarely in drawing groups but are very useful in dra‘wmg,s of
single civeular and cylindrical figures as shown in Chap. V. « \

188. suppose that the square ABCD is now turned abeUt'point P as a
pivet. It will then appear as in Fig. 34c. 'Will this af&aut the appearance
of the cirele? Not at all; a circle is the same from aXyiside. Notice that
the diagonals 4D and (,’B still eross at P, and that\bliey still intersect the
cirele ut the points I, J, K, and L.  E, F, (7, and Hremain the tangent points
for circle and square. DBoth squares, andsthe various diagonals, have
changed in appearance with the ehange in pgosition, although their relation-

‘ship has remained the same, but there iynbeffect on the appearance of the
eircle. Mo here is a rule to remember; o amount of rotating about its own
eenter will change the appearance gfa circle.

189. Figures 34a, b, and ¢ together demonstrate cerfain properties of
cireles and their perspective Qoh‘nterparta, cliipses, which arc highly impor-
tant to the artist. As ha&alréady been pointed out, a circle enclosed in a
square will have the samie center as the square (see Fig. 34a). It will be
tangent to (Z.e., juststolich) that square at the mid-point of each side, Tt
will intersect the diagonals of the square at points (Z, J, K, L} somewhat
more than tw oxh‘xrd% of the distance from center to.corner, (The exact
figures are Pd & 1/1.414PB.) Moreover, PF equals PJ, which gives us
ancther ua:efu’i comparison. More completely stated, PF, PG, PE, and PH,
which axg ghviously all equal, are equal also to PJ, PI, PK, a;nd PL. Con-
necting the points IJKL will produce 2 sinaller snscribed square parallel to
the outer or circumscribed square. 'The inscribed square is not a necessity
for construction purpoeses but is very useful for Lheckmg, to ensure getting
the curvature the same in all four quarters.

190. Certain comparisons between the mathematieal ellipse of Fig. 33
and the artist’s ellipse of Figs. 34b and 34¢ will be ‘worth making at this
point, So far as the curve itself is concerned, the two are identical, but,
because of their different uses, they must be differently handled. To the
selentist, the mathematical ellipse is the basis of certain problems in analytic
geometry and ealeulus, the orbits of astronomical bodies, and other thmga
that do not concern us. 'To the artist the ellipse is useful in just one
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way, as the perspective image of the cirele. This one usc is cnormously

important.

191. The differences are most easily seen in comparing TMir. 33 with
Fig. 34c. The most important thing by far is the fact that the geometrie
center O, of the mathematical ellipse, is not the same as the perspective
(or optical) center P, of the artist’s cllipsc. Toint O is the center of the
cllipse as ellipse, which is scldom important in drawing, whereas poing P
is the center of the circle of which the cllipsc is the image.  Reference to
Fig. 35¢ will make this clear. Point P is therefore highly important in
drawing, for it is here that the hub of & wheel, the pivot of a oinpass, the
pivot for the hands of a clock, ete., must be located. Confusighubetween
these two is responsible for many btrangu-lookmg drawings. )

192. Figure 345 shows rrother way in which the scientifieaind the graphie
ellipses may be confused. When the perspective circléys drawn in this
way, the line EF is often confused with the major axig’QR. Somclimes the

two oceur so close together that the error is negligible; Lut, swhen the -

perspective is sharp, .e., when the station Qohﬁf is close to the object,
the difference is marked. Note that QR, althengh longer than /7, does not
quite reach the sides of the perspective sc‘lua.re This is becanse of the

divergence of these lines as they come forward When we try to moke EF

the major axis, we get thig result:  «)

N\

: N ‘
193. Tigure 35 may Help to make these distinetions clearer. In IMig. 356

we have drawn o diagrdm showing the top view of a circle as scen from sp.
To make the distinotions clear, a rather forced view, with sp intentionally
too close to ﬂ;\ g oircle, has been used. ‘The outermost lines of sight just
touch the cir¢letat @ and R, These are connected by a straight line that
Crosses the dismeter GH at 0. When the image of Fig. 350 is drawn, it
will ber séen that QR forms the major axis of the resulting ellipse and that 0
is the ‘ehter of the ellipse but not of the eircle. If O is used as the hubof a
wheel, for instance, serious distortion will result. P, the center of the cirele,
is decidedly not the center of the ellipse. Note also that EF, although
actually longer than QR, as can be seen in Fig, 35a, appears shorter in the
perspective image of Fig. 350,

194. Buppose we want to draw a circular table top having the diameter
EF. Its position relative to the eye level and the line of sight will have been
determined by the other conditions of the picture, as will be shown in Chap-
VIII on perspective composition. By the methods already demonstrated
in Chaps. II and III, a perspective square ABCD is drawn having sides
equal to EF. The diagonals of this square are now drawn, giving us a result
like Fig. 36a. Through P, where the diagonals intersect, we draw 2 line
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perspectively parallel to AC and BD, and ancther line perspectively parallel
to 4B and CD. These lines will touch the sides of the square at E, F, G,
and If, where the cllipse (perspective circle) about to be drawn comes
tangent to the square. A little practice will enable anyone to judge relative
distances with remarkable accuracy. Choosing PC because it is less fore-
ghortened than PD or PA, we : ' : '

estimate the position of point K, '
gsomewhat over two-thirds of the
way from P to ¢ (Tig. 36b).
Projecting a line from K to I,
perspeetively parallel to CD, and
from K iv [, perspectively paral-
lel to A€, then from I 1o J, per-

Fra, 35, Fia, 36,

spectively parallel to AR, and finally connecting J and L produces the
inscribed square. We now have eight points through which the ellipse must
pass (see Fig. 86¢). - If a smooth curve is now drawn through these points, it
will be the desired ellipse shown in Fig. 36d. ' - A

195, The importance of the square in constructing the circle is seldom
appreciated by the student as long as he confines himself to izclated objects
of eircular or eylindrical form. But when he attempis the more complex
drawing, involving more than one such object, he finds himsclf lost. Drink-
Ing glasses, for example, will often appear to be floating above the table
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rather than resting firmly upon it. The enclosing square {or the cirele and
the enclosing rectangular solid for the eylinder will prevent such errorg,

196, There are certain properties that should be borne in mind whenever
the curve of Fig. 3Gd is to be drawn. If it is thought of as a cirele sesn
obliquely, rather than as an cllipse per se, many unnccessary crrors will be
avoided. Tirst, the diagonals of the square, and henee of its perspective
image, always cross at the true center of the cirele, which 1s nerer the same

as the eenter of the ellipse (Z.e., the geomet-
ric center), although it somctimes, ap-
proaches it so elosely that the difigrehte can
- safely be negleeted.  Second, lm sharpest
parts of the curve are alway<Gp the sharp-
est corners of the perspectiveskuare, and the
fa? sharpness of the cm‘mtu\ré: ¥ praportiona lo
the sharpness of thelangle in which 4l ds
drawn. Compare the curvature of FLH in
the obtuse angle DI with the curvature of
FJG in thegente angle FRG in Wig, 36d.
"Third, it famst be rcemphasized that the
h) perspective’ eirele is always tangent to the
pelqyéctne square af the perspeclive mid-
poilits of its sides, 2.c., nt points I, £, G, and
.H Another rule to be remembe re (l is that
N “neither the ellipse nor the civele of which it
7 s the image hos any corners. I'he queer
results that follow negleet of one or more of

Fro. 37 _(‘;i ) Cond ’:n‘ sharp- these prineiples are shown in Fig._.‘%?. .
angled quadrants nog sharp, (8) 197. 1t is often necessary, patticularly in
clipse not tangerf )to squste st large drawings, to draw cllipses with great
proper polnts, (c) mors on o direle. o cactness and to place them in position with
equal ex;z@;’r,i’ess. The placing and size are taken eare of by the enclosing
square;as/before.  With the square established, it is possible to plot with
mathemfatical preeision 12 points through which the curve must pass.
According to plane geometry, the lines joining any point on the circumfer-
ence of a circle to the ¢nds of a diameter will form a right angle.  Since the
use and not the proof concerns us here, we shall confine ourselves to dem-

onstrating the method.

198. Figure 38¢ shows the same square and inscribed circle as Fig. 342
but with different interior lines. Suppose that we begin simply with the
square ABCD, the inseribed circle, and the center lines EF and GH.  Again
consider the figure as made of wire. We now take another picce of wire

and with it join 4 and H. Next we locate the point S, halfway between 4

and E. This point is joined to ¢. The wires AH and SG will ¢ross at point
2, and this point will lie on the circle. Moreover, similar wires connecting




TWO-DIMENSIONAL CURVES 65

A to F and T to E (T being halfway between A and @) will intersect at
point 3, also on the circle, The points ¥ and 7, as already shown, are on the
cirele. o

199. If the circle were not already in place, the points £, 2, 3, and @
would show us, in part, where to place it, Conseéjuently, by an extension
of this construction, we are enabled to draw any cirele or cllipse.- In
Fig. 38% the square of Fig. 380 is seen ag lying on a horizontal plane. If
we call 77 point number 1, then 2 and 3 follow clockwise, and ¢ becomes

A T G B : Q

—

\ . Tra. 38.

peint 4 at the ‘bi%}ining of the next quadrant. We now have four points
through whjch’}he cirele must go, Fxtension of the method to the other
three quadrants will give us 12 points in all, as shown in Fig. 38c.
200°\¥e can now formulate a working method for use of the foregoing
principlés. A circle is to be drawn in a given square ABCD. The con-
struction is shown in Fig. 38, and the steps are as follows: Draw the
diagonals A0 and BC', Their interscetion is the point P, common perspec=
tive center of both square and circle, and true center of the original figure
(38a). Through P draw lines perspectively parallel to the sides of the
squarc. These will determine points B, F, ¢, and H. Put a number 1
next to point Z. TFrom A draw linesto H and F. These lines will cross EF
and GH st T and V, respectively. A line through U, parallel t_O_AC, cuts
AR at the point 7, and a line through V, perspectively parallel fo AB, cuts
AC at the point 8. Connect § with . 8G will intersect AH at point 2...
Conneet 7 with B. T will intersect AF at point 3. Put a 4 next to



66 PRACTICAL PERSPECTIVE DRAWING

point &, and proceed with the same steps in the next quadrant. This will
give points 5 and 6, etc. A caution is in order at this point. If you look
at the figure closely, you will notice that points 2 and 3 occur at the outer
vertexes of a little pair of triangles like this:

Z 3
Y

Students often try to use the inner pair, X and Y, and come to grick pEying
to fit the curve to them, \

201. The construction of the 12-point circle can be stated. \m p;('neral
terms, as follows: Given a square, either true or perspective, dyay the eirele

' in it. First, find the mld-*pnmh of each
ic side. Second, find the quader points of each

side (8, T, cte., in Fip 88). Third, from one
|0 corner draw lines to thie mid-points of the two

—8 opposite sides. Jotirth, from the nearest
quarter point Bieach adjacent side draw a
line to the ymid-point of the other wudjacent
side. Tlfth mark the oufer pml of intersee-
tiong (2 and 3, 5 and 6, ete., in Fig. 38c).
e Sixth; i;hrough these point,s and the mid-
points of the adjacent sides draw o smooth
\cnrve Repeat, in each quadrant.

202. A simpler variant of the foregoing
method iz illustrated in Fig. 38d. Culled the
eight-point cirele, it omits four of the points

!
iD (a)
|

- D ';.\?‘5} located in the above construction. Though
o \K not quite so accurate as the 12-point cirele, it
is sufﬁcmntly so}or most practicsl purposes. Since the construction is exact-

ly the sa.me, and since the figure is practically self-e}.pla.natory, we shall not
bother{with more description. Inmdentally, in Fig. 384 not all the con-
struction lines have been drawn in, and the diagonals are represented only
by that portion where they intersect to determine the pérspeetive center.

203. For the rare occasions when the artist really wants to draw an
ellipse as an ellipse and not as the image of a circle, the trammel method,
llustrated in Fig. 39, is sometimes useful.

204. In order to make use of the trammel methed, the major and minor
axes must be known., Take a strip of paper somewhat longer than half the
major axis and mark off on it 0B, equal to OB, half the major axis. Now
Tay off 0:C; equal to OC, half the minor axis. Place B; on the minor axs
and C; on the major axis, and make a dot on the drawing where O lies.
This dot will be a point on the ellipse. By swinging the strip into various
positions, but keeping B, always on the minor axis and €; always on the
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major axis, any desired number of points ean be located. It is advisable
to extend the ends of the minor axis on long, narrow ellipses, since B, some-
times extends beyond ¢ or D, '

206. There are other mechanical methods of drawing ellipses, but they
are of so little value to the artist as not to warrant description in this volume,
They will be found in works on architectural
or enginecring drawing, for they are princi-
pally useful in orthographic -or isometrie
projection. :

206. So far we have discussed the ellips
as though it were always scen in a horizontal
position. This is because the basic prinei-
ples could most easily be demonstrated in this
way. Wheels, handles, etec., are usually ver-
tical, however, while many other circular ob-
jects arc secn at various inclinations. This
does not pose any additional problems if the
enclosing square is used in the constructidn.
The toy wagon Hlustrated in Fig. 40, though™N)'
it properly belongs to Chap. V, shows some.)
features of the image of the circle in a yérti-
cal plane which need to be cmphasize&‘ here,

207. We begin by drawing the” wagon
body and four square blocksyad shown in
Fig. 40a. The square has’a,.v.ﬁ(%h and height
equal to the diameter of the wheel, and the
thickness of the block.js equal to the thick-
ness of the wheel. MM each of the squares
a perspective cirele” s now drawn, using
methods alrea‘d}&“&escribed. This is shown in Fig. 40b. The next step
would be to draw a similar circle on the rear square of each block, but, since
this progegs s covered more fully in the next chapter, we omit it here.

208\Phe completed drawing with construction lines removed is shown
in FigV40e, Notice particularly thai the major axis of the ellipse is not
vertical. It never is unless the center of the circle is on the eye level.
This fact is often puzaling to beginners, who feel that there is something a
bit unfair in the cllipse’s behavior. Nevertheless, it is important to remem-~
ber that a vertical ellipse does not necessarily have a vertical major axis—
. varely docs, in fact. We bave drawn in a dotted line showing the line of
‘the axle. Notice that the major ozis of the ellipse is perpendicular o ¢t

This is important in drawing wheels and all other objects having eylindrieal

character, and particularly important when drawing the ellipse freehand, as

discussed in Pars., 210 through 214. When drawing an ellipse with the aid
- of the enclosing square, the axes can be left to take care of themselves.
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209. If we are drawing a circle Iying in an inclined plane, neither vertien]
nor horizontal, the only difficulty is in drawing the enclosing square.  Thig
problem is covered elsewhere in this book and so will not be repeated here,
Onee the square has been drawn, the procedure is the same as before,

210. When drawings do not require the absolute maximum of precision,
it is quicker to draw the cllipse freehand and without the aid of the enclosing
square, As a matter of fact, the cllipse itsell, and mest other curves as
well, is almost always drawn frechand, even in drawings where the enclosing
square is drawn instrumentally.  French curves are used only whore(high
degree of slickness is wanted, Often the square is also drawny {réchand.
What we refer to here is drawing the ellipse without the aid of tig<eontrols.
The square sets both size and degree of roundness (which ig Wépendent on
its position relative to the eye level) for the ellipse, and it Aatyraliv requires

more skill and experience {o do without it, Since theselare ondy nequired -

by practice, it is urged that practice be begun at ande)

211. The form of the ellipse has by now beconitefairly familiar through
the controlled drawings made with the aid of ‘the square.  This provides
us with a standard by which freely drawnlélhipses may be judged. If an
cllipse drawn {recly does not compare well with those in Figs. 33 through 40
{except Fig. 37), corrections should beande.

212. Apart from size, the mo&gt:ﬁriportant characteristic of an ellipse
is its roundness. It may be almosta perfect cirele, or it may thin out toa
straight line. A ecircle just gn the eye level appenrs as a struight line;
as it is raised or lowered, it b€ebmes more and more like a circle. A common
water tumbler illustrates s very nicely. If you will hold one vhout 15 or
20 in. away and with the*top of the glass level with: the eye, you will notice
that the opening afihe top disappears into a straight line, while the base
has marked roundnéss, Closing one cye helps to see this effect.  If the
tumbler is nowNowered an inch or two, the top beecomes a narrow ellipse
(one with ;v.)'ehatively short minor axis) while the base becomes =till more
round in-dppearance. The top never overtakes the base (hoth become more
and oyt nearly circular in appearance as the glass is lowered) hut the base
is alwiys a bit ahead. I the glass is raised instead of lowcred, the change
is of course reversed. These effects are discussed at greater length in
Chap. V.

213. No two people will want to work in quite the same way; conse-

quently we can only give suggestions here as to methods for free drawing -

of the ellipse. Whatever the method, we must start by setting the size,

t.e., the length of the major axis. The roundness is governed by the .

length of the minor axis, which may or may not be drawn in, depending on
preference, though it will usually be found helpful. The next step is to
rough in the shape of the curve itself, This can be approached in either
of two ways. One is to work slowly, trying to get the shape nearly right
n a single stroke. The other is to use “whirling,” in which the pencil
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ig swung rapidly around seversl times, trying roughly to keep it to the sizo
set by the two axes. The natural motion of the hand and wrist (or arm
in the case of large ellipses) gives a good approximation of the cllipse. This
can then be refined and improved in one of the ways described in the section
on freshand drawing in Chap, I1. '

214. Modifications or combinations of either of these methods of working
will naturally be made by the individual worker according to personal
prefercnce. In any case considerable practice
3 ; will be needed, and it is suggested that g scries
‘. of ellipses of various ghapes and sizes, file those
in Fig. 41, be used as an exercisc it acquiring
A \ facility with this most useful of alleurves.

: . 215, The circle occurs in janiimerable ob-
jects in incomplete form, m@ul‘é"fre'queﬁtly in-
deed than it does in gomplete form. This is
even more true of tho thvée-dimensional exten-
sion of the circle—the eylinder., When a part
of a circle is usgé\d~ to round off a corner, it is
usually spokén’of as a radius to distinguish 3t
from the flattened corner, which is a bevel or -
chamfer, ~The table top in Fig. 42 shows, in its
roundédh corners, the use of the radius. It will
be foted that each corner is a guarter of a
N(jrcle, the remainder of which is indicated by the
Motted portion. Two features of the illustra-
tion warrant special attention.- -First, the cen-

Fiz. 41, ’ ' nia, 42.

ter lines of the square, EF and GH, show exactly where the straight edge
meets the curve. Second; the squarcs may be projected .from corner to cor-
ner, as indicated, to ensure gotting all four radii pemp.ectwe]y thf: same size.

218. Another problem comes up when s circle is to Ibe.dlwded into
sectors like a pie.  Spoked wheels pose this problem, usually with the added
diffieulty of thickness. The radiating high lights of 2 phonograph record

or the top of a silk hat are cxamples. ‘The problem is 8 simple one, often

unnecessarily confused by the habit of thinking of the cllipse as surch, rather
In Fig. 43¢ we show the curiously flat

than as the eircle it represents.
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cesult that comes from thinking of the circle in perspective as purely a
reometrical ellipse. In this picture the peometric center of the ellipse has
Seen used as the center of the circle. It is important to remember that the
senter of the ellipse and the center of the circle do not coincide. If the
perspective of the circle is drawn in a square, as in Fig. 43b, the true center
is automatically determined by the crossing of the diagonals. It is fiom
this point P, not O, that the high lights radiate.

217. Figures 43¢ and b involve another problem illustrated in ¥ig. 14,
This is the problem of concentric circles, which turns up whenever the open
end of & hollow cylinder is to be drawn. It also occurs in many other cives,

' 4 .\' \‘

(&)
Y10, 44,

such as the afore-mentioned Rﬁdnograph record, wheels, etc. As usual, the
difficulties arise from conceiving the circle as an abstract geometrical ellipme,
rathe'r than as a ecirele, whose position in space gives it the appearance of
an ellipse. The twigtedAppearance of Fig. 44¢ is very common in beginner's

irawings. The ngblem is to draw a large circle and s smaller cirele inside
1L.

21-8. Knowing that a circle appears as an ellipse, the beginner draws
an eﬂlgse\%g\represcnt the outer circle. So far, so good. Then, knowing
that thegmaller cirele is paraliel to (concentric with) the larger, he proceeds
to d'rs.xw & smaller ellipse that is geometrically parallel to the larger, not
realizing that there is a foreshortening of the distance between the ci;cles,
as well as of the circles therselves. He also fails to realize that concentric
circles do not appear ag concentrie ellipses. The common center is the
center of the cir(':le itself, not the center of the ellipse. This of course has
already been pointed out repeatedly, but the confusion causes so much
‘trouble that we bring it up once more,

_ 219. The corrcet solution of the problem is shown in Tig. 44b and
involves, as before, ﬂ}e enclosing square. This square is 50 essential to the
thorough understanding of the nature of the eircle in perspective that its
use should not be dispensed with until the correct conformation of every



TWO-DIMENSIONAL CURVES 71

circle is a matter of instirict. Moreover, the less we think of circles in terms
of ellipses the better. The term eilipse has been avoided in this book as far
as possible as being misleading.  Fundamentally, the fact that the circle
in perspective is an ellipse is as unimportant as that the square in perspective
is a monvectangular quadrilateral or the right triangle & scalene, These
ponderois terms serve only as a barrier between the student and true three-
dimensional thinking. To draw well instinctively he must think of his
paper, not in terms of a two-dimensional plane, but in terms of the space
the plune represents. )

220. Tt will be noted that Fig, 440 is drawn in parallsl perspective} as is
Fig. 340 It is preferable to do this whenever possible, boeause(}t, permits
dircet mvasurement on the lines AB, )
EF, and ¢, Any of these may be
gelectedd according to econvenience.
Whencever a problem involves cireles
or eylinders alone, parallel perspective
can be nused. Such cases are quite
commmenl, and the convenience of it
will be shown in the next chapter and
in the chapter on Perspective Compo- 4
sition, 1t may be useful to point ouf "
here thaf, since each of these ling§ Sy
paralle!l to the pieture plane, thé'pro-
portions of the two cireles cagbe éstah-
lished on the lines by diredt measure-
ment. Tn other wordg.,\i the small
cirele is two-thirds thexdiameter of the
larger, stmply mak8 QR two-thirds of
EF, or 17 twodthirds of €D, ete., in

"\

Fig. 445, N
221, Compound circular curves
frequentiyturn up. They may consist
of adaiyitber of equal arcs arranged in rows or chains; they may alternate the
direction of their curvature or repeat it; they may consist of a group of
complete circles, of semicircles, of ares more or less than semicircles, or of
any combination of any or all. In Fig. 45 a few of the simplest combinations
are diagramed, but a volume could be filled with them without repeating.
. The important, thing to remember in drawing compound cireular curves is
that each cireular sre should be treated as though the whole circle were to
be drawn, and careful attention should be paid to the size relations and
connecting points. ‘The latter are often pitfalls, but a careful use of the
enclosing square will help until facility is acquired.

222. Figure 45 uses the same lettering found on previous diagrams of the
tircle, and, since the figures are self-explanatory, we ghall not trouble to

Fig. 45.
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analyze them in the text. It is strongly urged, however, that the student
try a few compound curves for himself.

993. Tt is difficult to find examples from the world of practical things
which will typify problems involving pure circles, most real objects, even
the phonograph record discussed above, having substantial thickness. Tor
this reason, concrete examples of circular curves in practical drawing
problems are mostly deferred to Chap. V and the following chaptors.
. Nevertheless, Iig, 46 may be considered as the top of en ornamental garden

Fia, 4&;‘: "

pond, and s such it offers an example of the use of circular curves. No
explanation is needed, because dlhconstruction lines are indicated in the
figure. O '
224. The order of workis worth setting down, however. A rectargle
i drawn having the outide proportions of the pond. A second rectangle
is then drawn inside the(first, indicating the wall thickness. Om each corner
a square is drawn/having sides equal to twice the thickness of the wall
and a second se\t.of squarcs is cireumseribed about the first set with sides
equal to foyijts'ﬁmes this thickness. Directly adjacent to the first sct of
squares i§ asecond set, identical in size, of which there are eight in all, two
to eagh corner. When ecircles are drawn in cach of the squares, it is seen
. that eawh of them contributes a quarter arc of its circumference to the outline
as a whole, .
. 226. A problem that is puzzling by reason of its very simplicity is
ﬂh:tstra,ted' in Fig. 47. This is the drawing of an ellipse that is really an
ellipse, not a circle seen in perapective. This curve turns up frequently in
both complete and incomplete forms in trays, arches, tables, and numerous
| other.fom}s. It was very popular for picture and mirror frames during
. the Victorian period. Suppose Fig. 47a to represent the top of an elliptical
table, as seen from directly above (orthographic projection). Now suppose
that we look at it in the normal way, from a peint a foot or so above the
plane of the fable and a line of vision parallel to the minor axis of the ellipse,
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This will give us a new ellipse (Fig. 47h) differing from the original only
in ity degree of roundness. Here is a puzzle: the perspective of a circle is an
cllipse whose degree of roundness or flatness is dependent on its closcness
to the eye level; the perspective of an cllipse is another ellipse whose degree
of roundness or flatness is dependent on its closeness to the eye level, plus
the flattening of the original curve. What then is to distinguish the
perspective of an ellipse from that of a circle similar in size, but somewhat
clozer to the eye level? A

226. This is no mere academie question. ° ©
The author had exaetly this problem to con- b Q
iend with at a time when he was rather E ~ F
green, and when a fast approaching dead- A :
line left little time for solving .puzzles. . L 5
The job involved the drawing of an in- RN
terior consisting of an elliptical room— R4 8
clliptical floor, ceiling, lamps, wallg, stair £ Gip .
treads, sereens, and even a coneentric pat- M >A
tern of ellipses in the elliptical rug on the H D

floor,

227. The solution, of course, is very
simple, It consists in awvoiding patallel
perspective for the enclosing rectangle,
thereby bringing the ellipse into-iieh a po-
sition that its long axis is pob horizontal 2
(Tig. 47¢). When a clrclc‘]ﬁng in & hori- (¢
zontal plane is drawn m}s@rspcctwe, the el- : Fra. 47.
lipse so produced will hidve a long axis that is herizontal except under forced
angles of view., This'will be true no matter what the angle of the enclosing
square (see Figs! 84b and ¢). Thishoelds true of the. perspective image of the
ellipse also only if the enclosing rectangle is drawn in parallel perspective.’
Putting the enclosing square in parallel perspective, a sensible and timesav-
ing ex’pe@mﬂb in drawing & circle, is productive of misieading results when
appliedto its relative, the ellipse. Hence, in Fig. 47¢, the rectangle is
showd with neither side parallel to the picture plane. It is apparent at
onee that this is not merely an elliptical émage but the image of an ellipse.

928, Tt sometimes happens that a circle will appear like this. This
distorted effect is the result of the circle’s being too far away from the center
of vision, and of the artificial assumption of flatness in the picture plane. -
Since it is impractical to draw on spherical sheets of paper, we have two
alternatives. Whenever possible a station point should be so chosen as to
avoid forced perspective. Photographers who use wide-angle lenses will
appreciate the importance of this. When circumstances make it difficult or

* There is no apparent difference, except closeness 1o the eye level, when a rectangle
and & 8quare are drawn in parallel perSpectwe
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impossible to, establish & sufficiently distant station point to avoid an overly
wide cone of vision, we must resort to a little judicious forcing.  The result
of this forcing is more truthful than the geometrically correet solution which
ignores the basic wntruth of overwide angles of vision. The mcthod of this
forcing will be given in the next chapter.

229. A curve frequently confused with the ellipse is the oval. As its
etymology indicates, the word oval means egg-shaped. Strictly xpeaking,
the oval is the longitudinal seetion of the cge. In its commonest form the
oval consists of half an ellipse, cut on the miner axis, joined to holf a circle,
asin Fig. 48a. The oval may also consist of haltves of two ellipses of different

A - s . )
<P _

~

F16. 48—Note that X, the centor of fhe rectangle, does not coineide with 72, thre center of

A0,V curvature.
)

21
roundness but equal minoraxcs (Fig. 48¢) or even, more rarcly, of two cllipses
in which the minor axigdf one is the major axis of the other. Thesr curves
are all related to theforms called streamiined. In Chap. V we shall <ce their
application to thre¢-dimensional forms.

230. As with all curves so far discussed, the oval in all its variations may
be referred fovh rectangle for purposes of measurement and construction.
The pergpdetive drawing presents no difficultics once we understand the
principles’that govern their shape. Since the perspectives of two of the
variatiens discussed above are clearly shown in Figs. 48b and 484, no
further elaboration is needed here,

Nore: The remainder of this chapter concerns curves which, while oftenuscfulin
drawing, are not so common as those previously discussed, If the teacher or reader 80

desires, this section may be emitted now and returned to after the rest of the book has
been read.

231, A curve closely related to the ellipse is the parabola. This relation-
ship is not evident to the nontechnical reader, but the hyperbola, the para-
bola, and the ellipse are all what the mathematician ezlls conic scclions.
The reasons for this name need not detain ug here. The parabola is a curve
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fundamentally important in certain objeets of technical use-—searchlight
refiectors, for example, It is often met with in the decorative arts as the
profile of a bowl or vase, and, with the progress of modern design, it is
being used as & motif for many beautiful forms. These are usually the
three-dimensional parabeloid of revolution described in Chap. V, although, in
the form of supporting arches for bridges, ete., the two-dimensional parabola
15 often seen,

232. One mothod of constructing the parabola by purely graphic methods
iz shown in Fig. 49¢. In Fig. 49b this same construction is put into a
perspective view. It is rarely necessary for perspective drawings to.be
made with such elaborate precision. The simpler construetion of Fign49e
is usually sufficient. ' , p x,\\'
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232. One more curve is met often enough in practical drawing to be worth
analyzing here. This is thesdpital. There are ‘several types of spiral:
fogarithmic, Archimedean, te.” The one shown here is Archimedean, which
may be deseribed as thepath taken by a point rotating about a fixed point
and approaching theyfizgéd point at a rate proportional to its angular move-
ment. This is appreximately the type of eurve found in watch springs,

heating coils, ggo :
234. Figuxt\50 shows this construction. Once again we refer the curve
to a rectangblar figure, a square in this case. Figure 50 reprcsents a spiral

that m&kias\’thrce revolutions before ending in the center P.  To construet it

we draw/EF and GIT through the center P. The spiral will then cut each -
of thege lines in turn after each quarter revolution, and, since each complete
revolution brings it one-third nearer P, each guarter revolution brings it
one-quarter of one-third, or onc-twelith nearer P. Divide EP, FP, GP,
and HP each into thirds by points ', B, &, G”, efe. Call point & number
1. Now place a point (2) one-guarter of the way from G to ¢'. One-half
of the way from F to I is point 3. Three-quarters of the way from II to H'
is point 4. Poins 5 is point B’ and the beginning of the second revolution.
Point 6 is located one-quarter of the way from &' to G, point 7 one-ball
of the way from F’ to P/, and so on until we come to point 13, which coincides’

with P. A smooth curve through theset points makes the spiral._



76 PRACTICAL PERSPECTIVE DRAWING

236. The spiral may, of course, be curved in the oppositc way, and either |
case may be thought of as expanding from the center rathor than contracting
toward it, as it has been treated here. Thesc changes make no practical
difference in the drawing procedure.

236, In Fig. 50b the perspeetive is shown, Tundamentally there is
nothing difficult about it. In the instance shown, points £, E”, £, and F”*
may be located by direet measurement (EF being parallel 1o the pieture
plane) and &', G, H', and }' located by means of diagonals (not shown in
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:§ " Fia. 50, .
Fig. 50b) patgllel perspectively to BC or AD. If the drawing being made
makes it(impractical to use the parallel perspective of Fig. 50, one of the
methddsigiven in Chap. III may be used.

237. The spiral need not be constructed in a squarc, which gives it a
roughly cireuler form. It may also be drawn in a rectangle of any desired
proportions. The rows of material in an ordinary rag rug are often arranged
in this way. _ o

238, There are innumerable plane curves other than those deseribed
here, but they are of little importance in drawing. The eurious reader
should consult works on anslytic geometry, descriptive geometry, calculus,
or cngineering drawing, if he has oceasion to draw such curves as the
hyperbola, sine curve, cycloid, conchoid, ete.

2



CHAPTER V
THREE-DIMENSIONAL CURVES

239. Paradoxically, it is necessary to introduce this chapter with two
forms that are not, strictly speaking, three-dimensional eurves. Th(ﬁlgh
the cyiinder and the cone occupy space rather than mere area, thely curva-
ture itself is entirely two-dimensional. All other forms descrlbed in this
chapter are true three-dimensional curves.

240, Tt is regrettable that it should be neecssary o phrase this so
abstractly. However, if the foregoing paragraph is notleléar to the reader
untrained in mathematies, it is no great misfortunésfer an understanding
will develop along with practice in drawing, and wibh the specific examples
given below,  The eventual aim of all except. t $h€most abstract decorative
drawing is the creation of form and space, the study of drawing will
cventually cultivate what artists vanoubly ﬁpeak of as a ‘“sense of space”
or the “third-dimensional concept.” li¥s comes more with practice than
with conscious study, and with 1ts aquisition the meaning of Par. 239
will become elear,

241. The acqu1s1t1on of a genise of space is the reward of practice and
experience. At first it i ndgessary for the artist or draftsman consciously
to realize that a certain line goes from here to there in space and that this
must be represented graphically by a line going from this point to that on a
sheet of paper, butev¥entually he ccases to think of the paper as flat at all,
subconsciously 1deht1fy1ng it with the space he is depicting, just as some
musicians can &licar”’ the notes of a musical score. Naturally this ability
is not cultwa&d in a day, Even though it should require years, that is no
reason fors di&couragement for conscious effort will scrve the same purpose
at figsthand one day the artist will realize that he has acquired it unaware.

2427 Figure 51 illustrates some of the mistakes beginners make when
they start to draw cylinders. Once more we must repeat that two of these
troubles would be avoided from the start If care were taken to think of the
picture of the circle scen at an angle to the picturc plane as still a circle, and
only apparently an ellipse.

243. In Fig. 51a we illustrate an unnecessary error that turns up fre-
quently.” The upper end of the cylinder is fully visible, and no difficulty
is encountered. When the worker gets down to the bottom, howcver, he
simply draws a eurved line between the two verticals and considers his
duty done. 'This gives him & lower circle with right- and left-hand corners.
Circles do not, have corners. 'The falsity is revealed by continuing the curve

77
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a little farther, when it is seen not to curve around the cylinder at all, bug
to wander off into space. The cure may be summed up in & precept that
holds good in a thousand other instances: “draw the invistble lines””  Never
forget that the back of the cylinder is there, even though you can’t see i,
The second cylinder in Fig. 5la is drawn with the invisible part of the lower
circle indieated. It should be noted how the visible part of the curve

m i reeptibly into the vertie: .
Wrong Right crges impereeptibly into the vertical out

line, giving the fecling of truc roundness,
) rather than the squashed effeet of the ﬁrsi‘.
“geylinder.” Q
244, There are times, particujaely’ in dec-
orative or nonreprescntationd nwings,
“ - when the effect decried hmo 18 aeceplable

or even preferable.  Singdthis involves con-
siderations of dcsign.gmd aesthetics, which

- ' arc outside the scapovef this hook, we shall
not discuss them here, cxcept to say that
such results s}@u}d be the product of design
and forethenght, not ignorance.

246. Fipure 515 shows a subtler error.
The dmftsmnn has learned that the cirele has

no corners but he has forgotten that, as the
planc of that circle gets farther from the ey
_{Jevel, its elliptical appearance becomes more
open. Had the first cylinder in Fig. 51b been
drawn in a square prism, the vror would
have been evident; standing alone it 1« harder
to detect. The general rule is this: a circle
in a horizontal plane at the eyc level appears
as a stra,lght\lmc as this plane rises above, or drops below the vye level,
it appearsasan ellipse.  When the plane is close to the eye level, the cllipse
is long and narrow; when it is far from the eye level, cither above or below,
the elhpse 1s more open, 7.e., more nearly cireular, and the change in & curva-
ture is proportional to the dlstancc from the eye level.

246, In Fig. 51b the first cylinder shows a disregard of this; the lower
eliipse, though farther from the eyc level, showing the lesser curvature.

247. Figure 51c shows the third common error, easily avoided by drawing
the cylinder in a square prism as in Fig. 54a. In the left-hand drawing of
Fig. 51c the axis of the ellipse on the end is vertical. This scoems only
natural—vertical plane, vertical axis. Unfortunately, it isn’t so. Ordi-
narily, the axis of the ellipse will be approximately at right angles to the -
axis of the cylinder, as shown in the right-hand drawing of Fig. 51¢. We say
approximately true, because it is strictly true only when the cylinder i3
near the center of vision. There is one important exception to this general
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rule: when the cylinder is parallel to the picture plane, its axis is never per-
pendicular to the major axes of the end circles except when it lies on the
eye level.

248. Figure 52 shows the steps involved in drawing a eylinder accurately,
The first step, shown in Fig. 52q, is to draw a rectangle having the same
height as the desired eylinder and a width equal to its diameter. = An eye
level is chosen consistent with the size and position of the cylinder according
to the principles outlined in Chaps. T and II. The vanishing point is then’
located on this eye level and for convenience is centered above (or below?) it.

N\
/

\

/AN

(! ONY o (c’
\\ - Fra. b2, ’ :

Lines are now d.rawnﬁbﬁi the four eorners of the rectangle to the vanishing
point, N _ _

249. A poouliir’ question now arises. Where shall we place the back
of the squa-r@%ém we are constructing? As long as we arc drawing just
this isolatedeylinder this question has no specific answer. Generally we
may say\Swherever it looks right.” Plancs B or ¢ would do as well, for
purely‘geometric reasons, as plane A, actually selected. The only difference
is'that plane B implies an excessively close view, while plane € implies an
excessively distant view. Thus, while there is no geometrical reason for
preferring the position of plane A, there is a very compelling appearance
Teason, : .

250. When the square prism is completed, the remainder is simple,
With one important caution: never draw the side outlines first. Always begin
by drawing the top and bottom circles. The sides are then added by draw-
ing verticals at each side so that they are just tangent to the two circles.
If this order of work is not followed, there is a tendency to force the ellipses

out of shape to conform to a preconceived side outline.
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951, In the foregoing paragraph the words ellipse and eirele were both
used in reference to the same parts of the cylinder. This was done ndvisedly.
The term circle was used in referring to the ends of the eylinder, because
these ends are cirvcles in fact, and must be so thought of, if 2 veal three-
dimensional concept is to be cultivated. When referring to the side out-
_y lines touching the ends, it wus necessary

é == to speak of the ellipses becuuse in this
K= < |/ instance it was the apparent shape that had
{o be considered.

252, Tigure 53 demonstrates o piineiple

that was briefly referred to in &hap. 1V,

/, =TI Par. 228. When o eylinder ogéhincar the
, 0 / edge of a picture its angular tistance from

the line of vision will ghuse it to appear
_ distorted, nsin Fig. 53gf_“This re<ults main-
(a} ly from the artifieial\dssumption that the
picture plane is bedly flat,  As long as the
angle of vicwg@‘not too great, this assump-
tion workawwell enough; but, when circum-
stnnccs'f'oi'cé a greater angle than ubout 30
| deg., it becomes necessary to compensate in
| Somicway.
; . 953, In Par. 247 we pointed out that the
_Cmajor axis of the cllipse representing the eir-
. T-R'@f,’ cle on the end of a eylinder is usually per-
\ pendicular to the axis of the eylinder, but
S in Tig. 53a the axis X Y is not perpendicular
to OP. However, if we take n figure like

Xp=-=-8

(6) N<
Fra. 53.—The form shown at (e} .
must be used when the cylinder is 53¢ and then draw, tht‘{)llgh O and 7, X 1Y1

shown in relatieh./to rectangular - . : . > et
forms such as ass}}uarc tiled floor sue- and .X-;Yz pelpendiculm to OP and inceting

rounded byttound columns. The the sides in Q, R, 8, and 7, we may then
{%L”L;ﬁn%gr“:t?n“&: ﬁ;';‘t’;&'}mg when  draw two new cllipses using QJ2 and ST as

) axes. This will give Fig. 53b, which has the
same width as the eylinder in Fig. 53z but with the ellipses on the ends in a
better relation to the cylinder axis. Though this figure is not geometri-
cally correct, it is optically more convincing and hence more sound in work
of a pictorial nature.

254. Figure 54a illustrates g cylinder “lying down.” Basically the
problem is no different from previous examples, A squarc prism is drawn;
in each end of the prism circles are constructed; and the outlines of the form
are finished by drawing lines above and below, tangent to the circles at
each end. Note that angles ae and bb are right angles.

266. Figure 54b shows the case of a horizontal eylinder with jts axis
parallel to the picture plane. The construction is identical with that of
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Fig. 54a. It can be seen, however, that angles aa and bb are not right
angles. Hcre again a little judicious forcing would improve the appearance
of the figure. : .

966. The clock in Fig. 54c is a favorite trick problem in perspective
clagses, because most beginners can be
relied on to got themselves trapped in the
clock tower. If the student will bear in
mind that there is another face that he
cunnot =ce behind each of those he can
see, the relation of major axis and cyl-
inder nxis will reveal itself, and no diffi-
culty nced be experienced. If the eircle
is constructed within the square as de-
seribed in the preceding chapter, this
difficulty will also be avoided. But 4D
when the student attempts to draw the NS
ellipse and use the vertical center line of
the square as its axis he is bound to get
into trouble.

957. When a cylinder stands by it-
self and there is no need to sct it exz %
actly on any particular horizontal planes,
it is possible to construct it by the short-
eut method of Fig. 56. The procedure
is as follows: Draw a Tectanglo having
the height AC of the cy]jndﬁggxa’nd 8 width
AB equal to the diameterpf the eylinder.
Let A B be the majonagis of the top, and
CD the major axiggi-the bottom ellipse.
Find the mid-péints P and O, of each of
these, Throgh O draw GH ab right
angles to. \C‘D. Make GH less than CD
and GONS/HO.  EF is drawn through P
in thévéame manpner, but EF must be
smaller than GTI, because the plane of the
top is nearcr the eye level. If the eylin-
der were to be shown as above the eye
lovel, the reverse would be true. Now
draw the ellipses AEBF and CGDH, and

the cylinder is complete. A . '
258, In Fig. 55, if the line AB had shrunk to a point, changing the

rectangie ABCD to a triangle PCD, the figure derived from it would have
been a cone, standing on its base. 1f ¢D had shrunk instead, the cone would
be standing on its apex. 1f AB should be made somewhat shorter than C‘D{

4

b
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making a trapezius instead of a triangle, the result would be a truncafed
cone. Since these forms arc constantly turning up in practice, it is well tg
remember that, by making the above modifications in the reetungle, they
may be constructed in the same manner as the cylinder.

F True Center 3
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c D c 0 D SO
G N £ \\‘\_(l!_// .
(o) (b)

‘\(' (c)
I'ta, 55, )
269. It is not generally renlized that o eylinder neod not he cireular in
cross section, and mereover that the axis n{;pq Aot be perpendieular to the
planes at the ends. The type of cylindechat meets these conditions is

T

Cirevlar
Section

~O

\V R
S
——
\J (el)

Fra. 66.—Nonright-eircular eylindera,

called, In geometry, a right circular cylinder. Other types are sometimes
met, and a few of these are shown in Fig. 56. Tigure 56a shows a right
elliptical cylinder, 7.e., a cylinder having an elliptical cross scction and an
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axis perpendicular to the end planes, Figure 56b is an obligue cireular
cylinder. In this case the cross scetion is cireular and the axis is not per- -
pendicular to the end planes. The end planes are elliptical beeause of the
angle they make with the axis, but the cross section at 90 deg. to the axis
is truly circular. Figure 56¢ shows an open curve giving a compound

Fra, 58,

cylinder with the axes perpendicular to the end planes. Figure 56d shows
the bottom of a curtain.  Note its kinship with 56c. i .

. 280. Drawing the cons is even simpler than drawing .the eyI}nder. i
Fig. 57a the construction for a right circular cone ste?ndlng on 1ts bE?SB Is
shown. The construction is identical with that for a right circular cylinder
except that, instead of a eircle at the top, the sides come fogether at the .
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-point P, which is called the apex. When the axis of the conc is horizontal
the construction is that of Fig. 575. ‘

261. When the cone is lying down on a horizontal plane, necurate con
struetion ig a little more difficult, Suppose Fig, 88 represents the elevation
or orthographic projection of the cone in question.  Any line Q7 {ealled an
element) makes the angle ¢ with the vertieal. The construetion is shown
in Fig. 580. Draw a perspective square ABCD having sidex equal to the
diameter of the base of the cone; then tip the square so that angles ACA, and
BDByare equal to angle a.  Draw a perspective eirele inside the ney square
A\BCD. From the center O, and perpendicular to the planesi,B,CD,

v (5

Fro. 59.

draw 0X. From @ daw QY so as to make angle a with OX. Where
OX meets QY is thesapex P, Trom P draw tangonts to the base circle.
The foregoing coneq:ructlon is not necessary in ordinary putoml work,
cstimation bemg\usually sufficient, but it may be needed in technical
illustration.

262. Am})ugh they occur rarely in drawings, other cones thun the right
circular type we have been discussing do oceasionally turn up.  The oblique
circulat, somne of Fig, 59 is simple to construct. It is a form sometimes seen
in such objects as sir ducts, delivery chutes, ete. It may cven take the
gxtreme form iliustrated in thc small sketch in Fig. 50a. Figure 5% shows
a right elliptical ecnc.  Since the similarity of construction to the cylinder
is so complete, we shall not bore the reader with an explanation of it.

263. One of the commonest forms encountered in drawing is the frun-
cated {cut off or mcomplcte) cone. An ordinary water tumbler is one
example. When great precision is required, the best method of drawing it is
that of Fig. 60a. A square pnsm having a width AB equal to the diameter
of the larger end of the cone is drawn in one-point pcrspc(,tnc At the
lower end CD the actual width EF of the lower circle is laid off and pro-
jected back toward the vanishing point. When the diagonals of the lower
square are drawn, they will cross lines Evp and Fep at points G, H, I,
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and J. These points_ determine the squarc within which the lower circle
is drawn. When the sides are drawn, tangent to the two circles, the draw-
ing is eomplote.

264. For ordinary work the quicker method of Figs. 60b and 60¢, which
is similar to that shown in Fig. 55 for the cylinder, is more practical. This
method may be used in the majority of drawings, provided certain charae-
teristics are taken into account. Note, first, that it produces a larger image
than does the method of Fig. 60q, and, second, that it makes no provision for
the exact placing of the glass on its supporting plane. Thus, though several
times quicker in cxceution, it places greater demands on the judgmentand
skill of the artist,
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265. Ordin ii'y,:in drawing such & plass as this, the thickness must be
taken into acediuit, although this is often so slight that it would be included
in the width'of the outline. In the case of heavy glass, wherc the thickness:
is appreciable, it is simply s matter of drawing a slightly smaller cone inside
the firstwote. Any slight curvature of the base would be invisible in & pure
outline drawing and hence could only he indicated by rendering, which is
beyond the scope of our subject. '

DOUBLE-CURVED FORMS

2668. We have already remarked that the cylinder and the cone are
solids having single or two-dimensional curvature. If you lay a pencil
against the side of a eylinder parallel to the axis, it will touch the eylinder.
throughout its length. If the pencil were placed against the side of a cono
and pointed to the apex, it would again touch throughout its length., If you
make this test with any sphere, such as a tennis ball, or any of the other
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double-curved solids deseribed below, you will find it impossible to make
the pencil touch more than one point.  Another way of demonstruting the
differenco between the curved solids just discussed and those we wre coming
to is to bend a reetangular sheet of paper around until the ends meet, A
very neat eylinder is formed. By making the seam overlap more at one
end than at the other, we can form a passable truncated cone. By carrying
this overlap to the hmit, we obtain a perfect cone except for the hise,

267. No amount of bending, however, will make it possible 1o form even
a poor sphere with n shect of paper without puckering,  For this reason,
manufacturers of tennis balls, bascballs, and the like, form the apaberial
with which they cover their products like this: A\

2 A

w P

When two picees of this shape arc stitehed or cemiented to a spherical core,
they permit a minimum of puckering. Iven ,‘,*Q:hl(!y are not yuile perfect,
ag o careful examination will show; there grdvtisually some truces of strain
at the scams. o\ o

268. We may secm to have straycd"rdther a Jong way from ihe subject
of drawing, but this distinetion betavgen two- and three-dimensional curves
is not usually made clear enoughy,aitd lack of knowledge of it lead: stndents
into unnccessary difficulties. . #AMew one-sentence descriptions niwy be pub
down as follows: ™

la. Single-curved surfg}cs (eylinder and cone) contain sonw: =lraight
lines, or rather, straight-lines can be drawn on them in certain positions.

18, Double-curyed ysurfaces (sphere, ellipsoid, ovoid, cte.) coutain no
straight lines, apd~.\traig11t lines cannot be drawn on them,

2a. Pcrfec\&éingle—cumed surfaces may be made from {lat materizl without
puckering. «3 .

%.,P@fj‘éct double-curved surfaces may be made only by molding, furging,
carving, Jor some other process that will alter the shape in three direetions
at once.

269. Many others might be listed, but 2b is particularly important
beeause it contains the essence of much that is highly important in all the
plastic arts. The double-curved surfaces treated in this chapter arc all of &
relatively simple character. Further on, we shall encounter sufaces of

subtle and irregular eurvature. These are called plastic forms.  1'he sphere,

ete., are the connecting links between the forms we have been treating,
called architecionic or teclonie, and the plastic forms. Since plastic forms
are the most difficult to draw, it will pay the reader to study carelully the
remainder of this chapter, even though it may be rather heavy going. This
effort will be well repaid in increased facility of understanding later on.

T
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270. It will be recalled that the circle ean be drawn in a square, Its
three-dimensional relative, the sphere, can be drawn in a cube. In drawing
a circle we find it convenient to draw the two diameters at right angles to
each other. 1In drawing the sphere it is helpful to draw three cross sections
through the center at right angles to one another. These cross scetions are
circles of the same diameter as the sphere.
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Tic. 6lo €0 —In @ compass center for outline of sphere is slightly below point 0.

27190 Elra\ving a sphere the first step (Fig. 61) is to draw a cube having
sides@]‘ae"same length as the diameter of the desired sphere.  This is unneces-
sary in cases where the exact location of the spherc is not important, for the
ontline is a circle and may be drawn as such; but, when the sphere must be
located with precision, the following procedure or the abbreviation of it
deseribed in Par. 275 and in Fig. 62 must be used. In any case these steps
should be studied, as they are basic in the drawing of & large number of
more ¢omplex forms. : :

272. The next step (Fig. 61b) consists in locating and drawing three -
plancs through 0, the center of the cube, one plane being parallel to the top
and bottom, one to the front and back, and one to the sides. This is casily
done by methods given in Chap. TII. These plancs will cross in lines AB,



38 - PRACTICAL PERSPECTIVE DRAWING

CD, and EF, and the points 4, B, C, ctc., are the points where the sphere .
just touches the cube. These points of tangeney are important when locat-
ing the sphere relative to other objects,

273. It is really these cutting plancs, rather than the cube itself, which
we usc in this construction. On them three perspective cireles, ACRD,
AEBF, and ECFD, are drawn, as shown in Tig. 6lc,

274. In the final stage (Fig. 61d}, n smoath curve is dravn around the
outside of the eireles.  This is the outline of the sphere.  1f the sphere is at
or near the center of vision, this outline will itself be & eirele and may be

Q"

{6/ o
Fig, 82,
drawn with o compass. If too wide an angle of vision has heen nused and
the sphere is near the outer limits, it will have a somewhat distorted outline
if striet geometric accuraey is’adhered to. In most pictorinl work it is
better to fo ec the cireulax outline in such cases, for the result will be visually
more pleasing for reaspny-similar to those given in the case of thw -vlinder
(Pars. 252 and 253).C\Further explanation of these reasons will be iound in
Chap. XIV. [0
276. It is possible to climinate many of the operations detailed in the
preceding pai{agmph and in Fig. 61, These were given in full in order to
promote gtritctural comprehension and to make casicr the understanding
of sorig of the forms that are related to the sphere and are described in the
remainder of this chapter. Figurc 62 shows the mcthod most uscful in
practice. Any onc of the central planes may be located without the trouble
of drawing the rest of the cube. In this figure we have used ECFD because
it happened to be convenient, but either of the other two would have served.
(In locating the sphere on a horizontal plane, one of the vertical scctions
ghould be chosen.) When the required plane has been located and the
ellipse drawn, the compass point is then placed at O and a circle drawn
- which just touches the ends of the elfipse. If great exactness is not required,
it is sufficient to locate O and simply to swing a circle with a radius a trifle

greater than OF, not troubling to draw the cllipse at gll. This is shown in
Fig. 62c.
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Nowg: The remainder of this chapter deals with forms of 5 more subtle and unusial
character than those discussed so far. Though they cceur frequently in practical
drawing, a knowledge of them is not abselutely vital to the nnderstanding of the general
subjeet of perspective. The reader or teacher may therefore find it desirable to omit
this seetion for the time being, returning to 3% after the balanee of the book has been
studied, A study of these forms will aid greatly in the comprehension of advanced
drawing problemms, parficularly these involving plastic forms, although it may be wise
to delsy consideration of them until the whole subjeet of perspective hag been digested.
The forms are discussed in this chapter for systematic reasons—zince they are spaec
curves, they come naturally under the chapter heading.

\ / Fra. 83,

276. The spheréhas three close relatives, all of which may be constructed
by using the n%thdd of Fig. 61, Unfortunately, the quick method of Fig.
62 is not, ayailable for these forms, since they arc not compass curves. The
first ()£..th§?r;é is best exemplified by the ordinary football (American—not
Engliéh\).\‘ Tt is one variety of ellipseid and is called a prolate spheroid. Xf
an ellipse is revolved about its major axis, it will generate tais form. If is
not necessary for the reader to remember these names, but the construction
of the forms is often useful.

277. The construetion of this solid can easily be understood if we think
of a stretched-out sphere. If it is stretched along one line, it will shrink
at right angles to that line. In Fig. 63a we start with a set of squares af
right angles to each other, just as in Fig. 61b, then stretch the line AB to
the length 4,8,. To compensate for this, the lines CD and EF shrink to
C.D; and E,F,. This gives us the new cross-scctional planes, indieated
by solid lines, of Fig. 63¢. Two of these planes hecome longer and narrower,

'
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while ECFD becomes smaller but keeps its square shape.  T{ we now drayw
the three curves that naturally fit these rectangles, we shall have the resylt
shown in Tig, 63b. If this is compared with Fig. tle, it will quiekly be seen
what essential change hng been made., These curves form ihe skeleton
for drawing the new form,

278. In Fig. 63¢ the skeleton has been covered with an outline.  This
produces the prolate sphoroid, which is often confused with tie cge form,
or ovoid, just as the ellipse is often confused with the oval,  The coustrue-
tion of the ovoid is shown further on.

P\ % Tio. G

279. If ou glnary rubber ball is compressed instead of siretched,
the resul “1\1'}\ e the oblale spherodd, shown in Fig, 61, In this case one
of the axesshrinks (EF in Fig. 64). The compression along thix line causes
e:\panswhhlong the other two axcs, A B and CD, extending them to the new
Iengthﬂ #A283 and C:Ds. The plﬂ,nc A2C:2 B0 18 o perspective sqiue,’ and
a perspective circle may be drawn in it. The other two plancs A ._stBze
and CoE.D,Fy are rectangles of unequal sides and thus contain cliipses.
These curves are drawn in TFig. 646, and the outline is added. This form
does not turn up as often in drawing as some others, but an example may be
scen in the average doorknob. On a vastly larger scale, the carth itself,
being slightly flattened by the effect of its rotation, is an oblate spheroid.

280. Figure 65 illustrates a form susceptible of wide variation. Bird’s
eggs arc this type of form. It is thiz which gives the name oveid to this

! The word plane is used here in its popular sense as something having length and

width or height and width only, no thickness. In geometry a plane is considered o
have no limit in its two dimensiona.
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form. If the oval of Fig. 48 in Chap. IV is rotated about its axis, it will
eut an ovoid path through the air.  If the sphere of Fig. 61 is stretched from
B to Bs as shown in Fig. 656, it will produce the same resuit. The part.o[
the ovoid to the left of plane CEDF is half of a sphere. 'The part to the right
of this plane is half of & prolate sphereid.

AR -
c

/

\

o) : L&
Fie. 65. \

281. The ovoid may also be made up\of“halves of prolate spheroids of
ditferent degrees of curvature, and in a:iloﬁg narrow form is familiar as the
“streamline’ shape, which is the badie' shape.of ajrplane hulls, This form
is important in many applications, ®ince it offers & minimum of resistance
to movement through air or Water and :
hag zo captured the po u@{:’imagina—
tion that we now have,%étreamﬁncd”
icehoxes and stovesyySince shapes of
this kind are consfaptly turning up in
the practice of didwing, it is well worth
studying, N

282, Thé;.: drawing construction for
the o:.»;(),id:,' ‘presents no  difficulties if
the G&Qs‘tﬁmtion of the preceding figurcs
(81 through 64) has been understood.
Consequently, it need not be repcated
here. :

283, If the parabola of Fig. 49 in
Chap. IV iz rotated about its axis, it
gencrates a paraboloid, shown in Fig. 66. To construct it the three cross
sections are drawn. Two of these arc parabolas, the third a circle. This
form is found in special-purpose reflectors of many kinds: automobile
headlights, military searchlights, hand flashlights, desk lamps, and wherever
light must be conccntrated in a beam. It differs from the sphere and the
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spheroids in being open at one end, but the drawing construction involves
nothing now. Its curvature may vary from a shape almost as long and
narrow as a cigar to something as nearly flat as the crystal of o watch, 0f
the latter, the most spectacular example is the new 200-in, reficetor of the
Mount Palomar tclescope. Naturally this type of form will turn up
oftener in technical drawing than in general illustration.

284. Machine screws, springs, circular (so-called “spiral”) staircases,
some varicties of ornament, coils of many kinds, ete., are based on the
eylindrical heliz shown in Fig. 67. The helix i3 sometimes nistermed
spiral, after its two-dimensional relative, 1f you wind o picee of.ﬁring
around a pencil, you will have a very good helix, O\

Fra. 67,

285. Suppos.e(a\hclix is to make four complete turns in descending from
top to bottorpl)f"a cylinder. To draw it the procedure is as follows: Drawa
eylinder, lagpte on its base four points equally spaced about the eircum-
ference, &nd ecrect verticals at cach of these points. Divide cach of these
vertitals into four parts. (If, as in Fig. 67a, the helix starts at point 4,
it will have reached point B, one-quarter of the distance AE, at the end of
its first revolution. Furthermore, at the end of its first guarter turn it
will have dropped one-quarfer of this distance, or one-sixteenth of ihe entire
drop. This means that, by the time it has reached the line FJ, it will have
dropped one-quarter of F&.  When it reaches the next ling KO it will have
dropped one-half of KL, at PT three-quarters of PQ, and will finish its
revolution at point B.) Tet point A be 0 (zero), then point 1 is 14 /G below
F, point 2 is 14 (24) KL below K, point 3 is 34 PQ below P, and point 4 18
44 AB below 4, 7.e., point B is point 4.  Similarly point 5 is 14 GI{ below @,
and so on until we reach E, which is point 16, The curve is now drawn
through these points.
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288. Although less common than the eylindrical helix of Fig, 67, the
conicsl helix of Fig. 68 does oceur, partieularly in technical work. The
prosedure is practically the same except that the four points A, F, K, and P
at the top of the eylinder come together at the apex V7 of the cone. In
order to prevent overlapping, in this fizure the four equidistant points E,

{at ) '\‘ ()

(el : ' )
Fie. 62,

J, 0, and 7' at the base are placed so ihat lines connecting them will not be
parallel to the picture plane or the line of sight. In this case it is more con-
venient, to start the drawing from the base of the cone rather than the top,
as was done with the eylinder. The pontechnical artist need not concern
himsell with this form, since it appears rarely in practice.

287. We come now to one of the most diffcult of all the curved forms—
the torus. The doughnut is a torus. The commonest example of thig
eurve is the inner tube of & tire, while the shoe of the tire is a modification
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of the same curve. Advertising illustrators sometimes get around the
difficulty by tracing photographs, but this help is not alwuys available, or
sometimes the size and position are wrong. Conscquently it hus seemed

worth while to deseribe the construction here,
= Since the construction miven is helpiul in laying out

[ details such as tive tread, ete., it is given in some
TT\ detadl,

B 288. The torus may be deseribed @< o cylinder
bent around in a cirele until the ends meet. Tt is
therefore o “curved curve.” O

289. Suppose we are drawing an ighgr tube,
We start by drawing a square A BUH (Pl 69a)
having sides equal to the over-all dinticter of the
form. The square EFGH 13 ll(w.f dbawn, parallel
to the fist square and sepapgtéd from it by the

L distance IJ (or BF, ¢te)) equal to the thickness of

NN the tube.  We now havetorconstruet the “hole in

\k ?,hc doughnut,.” Slll(f,t!j\th(: t.ul)c proper s circular

K in cross scetion, thévhole will be » distance IK,
(o) kL perspectively equal™to IJ, in from the out=ide, So’

b we draw the gquare hole KLMN-OPQR, centered

Jinside the (dquare solid ABCD-EFGH, using the

diagonals 88 guides. Cireles are drawn in cach of

these.8guares, as in Fig. 60b, and the sides con-

n cf\éd’ to form inner and outer cylinders, giving us

the* “square ring” of Fig. 69c. Cro=s-secetional
»wtuares ST, YZ, ete., are now drawn at convenient

"7 positions, and circles are drawn inside them.  The

outlines drawn around these civeles completes the

job, ns shown in Fig. 69d.

290, If the reader has had trouble following the
description of the steps involved in this construction,
it is suggested that he take peneil and paper and
try performing them himsclf. If undestanding
still cludes him, it might be well to pass it up for
the time being and return to it after studying the
succceding chapters. With further practice this -
form will seem much less formidable,

291. There exist many other three-dimensional
curves, but most of them arc of interest only to the
mathematician or the engincer. For the curious a
book on descriptive geometry and one on ealculus will show the properties
of such curves as the hyperboloids, conoid, hyperbolic paraboloid and others.
They turn up too rarely in drawing to warrant discussion here, '

Al
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992, One more form, however, may be mentioned before we end this
chapter. This is the warped surface. 1f you take two sticks and fasten
rubber bands of equal length, equally spaced, between them, as in Fig. 70a,
they will mark out a sort of planc between stick AB and stick CD. If you
now twist these sticks to that they are no longer paralle! to each other, you
will get the result shown in Fig. 70b, which is an exaggerated ilhistration of
what bappens when a plank of wood warps. The line BF will retain its
original length while the others will stretch, with the maximum stretch
occurting at AC and BD. The lines will all remain straight, and yet the
surface they lie on will be curved. -

993. This type of curvaturc has considerable value In drawings wifere a
feeling of movement is to be captured, and it has been widely used im'modern
sculpture where its value in design is enormous. It is on the-borderline
of the plastic forms discussed in Chap. V1L AL '

984, The past two chapters have been rather abstract-insubject. The
repson i¢ the natural one that very few real objecis a,r}'e,'perfect examples
of the forms discussed in these chapters, being rathéx modifications or com-
pounds of them. It was therefore felt to be more advisable to defer discus-
dion of such real objects until they could be dea:{ﬁ 4&ith in their proper order,
yather than to drag them in where they would ‘tend to confuse rather than
enlighten. . o\ o

205. In this chapter the distinction Between outline and edge has become
important, Outline does not really 8Xist except in 2 drawing, but an edge is
a pesitive and meagurable thing, “Outline is the demarcation between an
object and surrounding spaceﬂwhereas_an edge may be wholly within an
object. A sphere has n i{dées', “while a cube has both. A cylinder has
edges at top and bottom ;%d none at the sides. These terms are frequently
confused. The sm@Q'éketches below should make the dilfercnce clear.

—Outline and Edge

_SPHERE

CU!;J"E
Fulge not Qutting

CUBE
QOutre only

Cutline Edges

Remember: Edges may be outlines, or outlines may be edges, but many oul-
lines are not edges, and many edges are not outlines. :



CHAPTER VI
COMPOUND FORMS

296, Practically all renl objeets are compound forms, i.c., instead of
being cubes, spheres, rectangular prisms, ete., they are combinationsef two
or more of these, or in some cases of two or more of the same ela&el forms,
LEven when an objeet seems Lo be a simple eylinder, for ex@ipiple, it will
usually be found that its thickness makes it, for drawing puEpo=c3, ot one
but two cylinders, one inside the other.  Jven more freqidgitly we find parts
of forms combined with other partinl or complete formegyund the bewildering
varicty that may be built up from these is likely to¢enfuse the xtudent until
experience shows him that nearly every ohjcpt,\\no matier how complex,
may be resolved into one or more of the bagié\gcometric forms vr into the
plastic and soft forms discussed in Chap. YT

297. Since the number of v:xriutioug,;ﬁot"counting size, of fornw in actual
daily use runs into the billions, it istimpossible to discuss in this chapter
more than a few typical exnmplcs..jf()’ur purpese here is to provide working
methods, not to solve every prgblem ever to be encountered.

298, In actual dmwing‘pr;}cticc the student will find that it pays him
well in time saved and in setndness of drawing to take a few minutesto make
a mental analysis of the object he is drawing with the purpose of noting 1nto
what Dasic forms ityigy be resolved. To illustrate the meaning of this as
well as to demonstrate o working method, most of the examples in this -
chapter are présérited in semireverse order. First we shall show the com-
plete dra.wir;gl')‘,xhcn wo shall go back to the beginning and show how it was
built up'..\'.‘j"

2992 Wo two persons will proceed in exactly the same manncr, and it 18
not oliw'purpose to inculeate a rigid formula, Such variations as the reader
may find suited to his temperament are all to the good, provided it is borne
in mind that solid construction and thorough understanding of the anatomy
of the thing drawn must precede the finishing. No amount of fussy orna-
ment, flourishing signature, or slick airbrush work can do anything to make
a bad drawing good, but it is surprising how well a good drawing can survive
poor technique. This must not be taken as an argument for bad technique,
of course, and it will usually be found that good technique grows naturally
out of good drawing. -

300. The drawing of compound forms will turn out to be less difficult in
practice than one would at first expect, because construction lines may
usually be made to serve for two or more parts of the form. Furthermore,
Ly 96 .
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some small details need not be completely analyzed. The scale of the draw-
ing and the thickness of line used will usually suggest where o stop in fine-
ness of detail.  Still further, much work may be saved by treating repeated
forms, such as stair steps, fluting, reeding, decorative moldings, ete.,
as groups rather than as individual units. Methods for doing this were
chown in Chap. III and will be further elaborated in this ehapter.
' 301, In Fig. Tle we show a form that is really quite simple, consisting
purely of a combination of rectangular solids all of the same thickness.
Despite the simplicity it is surprising how often students have difficulties
with +his fype of structure. The main source of trouble i3 inability, tomgee
the basic simplicity. TFor this reason we show the complcte article it Fig.
7la, then show in the following figures how the drawing is built upuitiom its
elemants. . : . )

30%. The article from which the illustration was made“was a display
table built for the exhibition of small articles and hav\itig the dimensions
shown, Since the material used was 1-in. plywood hroughout, thickness
dimensions have been omitted. \

364. In drawing an article of this kind it is cdﬁenient to use a standard
of measurement that will compare with the principal dimensions in as easy
a Tatio as possible. In this case a 2-ft. culieywas taken, as indicated by the
¢haded section. The resson for using. $hig was that the given dimensions

all make easy ratios: 6 in. is one-quager of 2 ft.; 1 ft. i one-half of 2 ft.; 3
ft. is one and one-half times 2 ft..80c. A 3-ft. cube might have been used
with a trifling gain in accuracy(due to the larger scale, but it would not be
worth the additional trm}blg\ of performing graphic division by three.
Division by two involves hothing but finding the intersection of fwo
diagonals; division byhree involves other measurements as well.

304, Tn this instende all the gross dimensions fit exactly into the fractions
and multiples ofthe % ft. cube used as & standard of measurement. Should
this happy ® {emot exist, it need cause no trouble. A matter of an inch or
g0, over or gnder the cxact half, quarter, or what not, may be egtimated and
allowed {61‘__"by eye measurement with adequate accuracy. But should the
artigt'not trust his own acouracy ab cstimation, or be under strict limits of
tolerdfice or precision, the cube may be broken down into eighths, or even
sixteenths. With such refinement it is possihle to form estimates literally-
quite as accurate as the most carceful projection from plans. Unfortunately,
it iz just as much trouble, too.

306. The first major step in the work is the construction of two rectangu-
lar solids, as shown in Fig. 71b. The first of these is the larger one; 2 ft.
high, 3 ft. wide, and 5 ft. long. n terms of the cube this solid is construeted
by multiplying the cube by one and one-half to get the width, and by two
and one-half to get the length. The second of the two solids is another
cube, 3 ft. on a side. This solid is sct back 1 {t.—one-half of the unit cube—
from the front edge and centered on the length. All these operations may
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easily be managed by the methods given in Chap. III for the multiplication
and division of cubes.

306. Tigure 715 is interesting in that it gives a simple instance of what
may be called implied volumes. That is to say, while there is no actual
material in the space below the shelves, nevertheless the table occupies
this amount of space, and it must be allowed for, as will be w:en in the
chapter on Perspective Composition.

O }; (c} (o}
" Fia. 71,

307 Quite incidentally, and as a sort of bonus for work conscientiously
done, the breaking down of a drawing into basic forms gives us a clear
insight into the intentions of the designer. In this instance we have 2
fairly simple example of the “interpenetration of volumes,” which is 2
fundamenta! procedure in contemporary design. Indeed the drawing of
various objects is one of the ways of studying principles of design and will
show the logic behind good ones (including natural forms such as trees)
and the chaotic lack of logic in a bad one.

308. The gross solids having been established, the next step (Fig. 71¢)
consists simply in reducing these solids to the actual planes of the object
itself, No attempt should be made at this stage to work out the thicknesses;
to do so will only confuse the work. The only actually new construetion in
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Tig. 71c is the insertion of the central supportlng memher 4ABCD. The eon-
struetion of this is too simple to require comment.

309. The final step, shown in Fig. 714, consists in the addition of the
minor dimensions—the thicknesses of the various members. Fxeept for
the necessity of watching the direction in which these are added—down
from the horizontal planes, back from the front vertical, and forward from
the rear vertical-—these should give no trouble. Carclessness about these
directions may add & couple of inches to one of the volumes, quite destroying
the proportions. The central supporting member warrants & bit of extra
attention, beeause its thickness should be: caloulated both right and~eft
of the plane ABCD of Tlc, 1.6, 14 in. each way. Although this may’stem
unduly fussy, it is surprising how obvious a slight error of ccntmng gan
hecome.

310. Though the table of Fig. 71 happens to be an umwually sm:ple
example, practically every object, however complex, caxt, /be broken down
into elementary forms that are, in themselves, easy to draw. Once this
hasie simplicity has been discovered, the remainder ofthe drawing becomes
largely a process of combination and refinementy’ W is difficult at first for
the student to sce the importance of this, bui; with eontinued graphic
experience he comes to practice this anglysls into basic forms almost
instinctively and without effort. This abmost unconscious habit is one of
the things that contributes to that ease and sureness of the professional
artist which is the despair of every~bggmner

81i. The nexf example intreduces a combination of cuwed and plane
rectangular forms. Figure 72@ shows 8 wastebaskef of mmple design.
Analyzed into its element 1§ ebngists of two half cylinders, 8 in. in diameter -
and 12 in. high, attacheds\)gether by two rcctangles 4 in. wide and 12 in,
high.

312. In beginning the drawing (Fig. 72b), a rectangular solid 12 in, hxgh
12 in. wide and/84n. thick is first construeted. The width is divided into
three parts (Qh\s.fp 11T showed how to do this) by planes AB and CD.  The
space from~f1;ont to back is divided in halves by the plane EF. This gives .
us twg\aq‘aalcs at the top, AGHI and CJKL, overlapping by half, and a
similéir pair of squares at the bottom.

813, In cach of these four squares a circle is drawn (Flg T2¢). These
form the ends of two overlapping cylinders. The outer halves of each of the
eylinders are joined by the rectangles ACMN and GJBD, which complete
the basic form. ' '

314, In Fig, 72d the bead is added. The dotted line indicates the top
outline of Fig. 72¢. Since the bead is so small, ifs proportions must be
estimated, for all construction would be swallowed up in the width of a
pencil line. On the near side all of the bead is visible both above and below
the original outline, but on the far side only the upper part of the bead is’
visible. Attention should also be given to the transition of- outlines at the
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left and right sides of the drawing. Failure fo handle this correetly will

result in a drawing in which the bead seems to expand on the far side,
315. Figures 73a and. 74a show, in elevation, o type of form often

encountered.  These are forms in which all variation in shape tukes place

{c) (d)
Fro. 72,

along an axis. A cross section, taken anywhere along the axis, is always
circular, but the circle may vary enormously in diameter. Because s0
many manufactured articles are made on the lathe and the potter's wheel
and its modern descendants, this is perhaps the commonest form we encoun-
ter. One cannot look around the most sparscly furnished room without
seeing a dozen examples—drawer pulls, table legs, bottles (from molds made
on the lathe), lamp sockets (stamped from lathe made dies), dishes, and
others in wide variety.
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316. Because of the wide use of forms of this type, we are deseribing in
detail two metheds for their construction. The first method, detailed in
Fig, 73, should be used where a high degree of accuracy is wanted and where
the object is to be the principal or only part of a picture. The sccond
method, detailed in Fig. 75, is sufficiently aceurate for nearly all purposes.
and iz much quicker to use, but this second method will be used more
intelligently if that of Fig. 73 is understood thoroughly.

317. Figure 73¢ is the elevation, or {ront view, of a spun-metal vase.
It is our task to convert this clevation into a perspective drawing. To facili-
tate this we draw first a rectangle 4 BCD, which just encloses the entire put-
line, and the line EF, which pagses through the joint between bowl angd base.

318. The first step in making the perspective is the “expansion®.of the
rectangle 4BCD into a solid or square prism. The method for this was
given in Chap. V, Pars. 248 and 249, and in ¥ig. 52. The vgnishing point
may most conveniently be located at about twice the height Of'the rectangle
and should be direetly above center. When the solid(isdrawn from the
rectangle, lines should also be projected back fromJand F, to give the
squate EFKL. O

319. The next step is extremely important.and is frequently forgotten—
with weird results. It is shown in Fig. 73c. (Tl diagonals of the two lower
squares are drawn; then from M, N, O, and P lines are drawn back toward
the vanishing point. These will inte;gédt’ the diagonals at points Ey, Fy,
K, etc., locating the small squares ‘..E']FlKlLl and O JJ1. These small
squarcs will then be properly ccntered. In each of them (Fig. 73d) a per-
spective cirele is drawn, and oneds also drawn in the large top square A BGH.

520. The next step, ame\gﬁoim in Fig. 734, is the most difficult but is
essential to full understanding and sound drawing. It consists in drawing
the curved lines A:Hs, B2, BT, etc. These lines are the edges that would
be produced were ﬁ];(e. ¥ase 10 be cut straight down by a saw, starting at
As, Be, R, ete. _ Bush imaginary cuts are called sections and are important
in the drawing’éf"many types of forms. We shall mect them again in the
chapter on plastic forms. They must be considered as “ribs’” and must not
be confusddwith the outline. ' o

391\ Having produced the skeleton of the form in Fig. 73d, the next
step (Fig. 73¢) consists in drawing the outline so that it just fits snugly over
the skeloton. This is the same process described in Chap. V for the sphere
and its refatives. The base merely requires completing the eylinder.

322. Figure 74 is worked out by & process that does not differ essentially
from that of Tig. 73. ‘To facilitate construction, planes are passed through
the joint of neck and bowl and through the level of maximum width. It
should be noted that the outline of the neck does not join the outline of the
bowl. The two arrows of Fig. 74¢ indicate this feature. This fact is often
overlooked when the quick method of Fig. 75 is used, with the result that
the neck appears to be pushed back. )
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323. In actual practice the methods just described arc not used except -
in work requiring maximum preeision.  The mecthod shown in Fig. 75 is
quite scecurate enough for all ordinary purposes and permits the work to he

“done very quickly, It issimply an extension of the quick method of drawing
the eylinder illustrated in Fig. 55, Chap. V, and deseribed in Par. 257.

324. Figure Ta is the clevation or front view of a lamp. The base of
the lamp is identical with the vase of Fig. 74 except for the addition of a
cap over the top to support the fixture.

326. The actual work is done in Fig. 75b. Instead of drawing an enclos-
ing rectangular solid, the various horizontal Yines, 4, C, E, ete., arellsed
direetly as the major axes of ellipses.. The only difficulty is to 'd\etgsrmine

N\

(a) N
Fra. 74,

the correct degree of roun tié%s\s or sharpness of curvature of the ellipses.

Remembor that the ellips&learest the cye level at A should not be so open

as that at G N - _ '

326, ‘With a littl®\practice this becomes quite easy to estimate correctly,
but at first the following method is recommended as giving good control and
as aiding in é\si;ifhating the curvature of the intermediate ellipses. The
ellipses at cach end, 4 and G, are first drawn, with the horizonfals as major
axcs. ‘Thé“minor axes will lie on the center line. The ellipse at A, near
the eg:é‘l'é%;el, should be made quite long and narrow, while that at G should
be relafively round, though by no means circular. < The lines AB and GH .
are now drawn. It will be noted that these lines appear to converge toward
the upper right as though drawn toward a vanishing point, It may be
convenient to extend the lines to locate such a poing, although it is not
usnally necessary. Similar lines arc now drawn at each of the horizontals,
asat € and E. (Those for the neck of the base have been omitted from.the
diagram to avoid confusion.) The slopes of thesc lines are interm?dl.ate
between the slopes of AB and GJ7, as though all were drawn to the vams‘r'nng
~ point., The points D and F, determined by the intersections of these lines
with the center lines, will give points through which the ellipses must be
drawn in order to have the right curvature.
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327. In completing the ellipses it should be remembered that we are here
using the geometrie rather than the optieal centers, and that the ellipge
should pass at an equal distance above and below the major axis, TFor

for} v:f'.

fc)

(c)

Fio. 75.

instance, at E, the minor axis extends the equal distances x, 2 above and
below the center I.

328. The method deseribed for determining the curvature of the eliipses
is not geometrically exact but provides sufficient control for most work.
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328. Once the ellipses have been drawn, it is a simple matter to com-
plete the drawing by adding the outline. Care should be taken that
this cutline is not eonfused with the profile shown in the elevation, as Fig, 74
demonsirated.

< ] |

! \\ @

~O Tra. 76.

330. In drawing the bindings on the shade it must be remembered that
the outlines of these continue around the back also. Otherwise a result like
that of Fig. 75d cnsues, flattening and disfiguring the form.

331. The bottle in Fig. 76 shows a siinple compound of cylindrieal and
rectilinear forms. The rectangular solid that forms the body presents no
difficulties, but the student sometimes has trouble putting the cap in the
center of the upper plane. Here again the indispensable diagonals show
their value. The point where the diagonals cross, 4 in Fig. 76b, is the center
of the square FGHI, within which -the base circle of the eap is drawn.
Lines projected up from F, G, H, and I, equal to the height of the cylinder,
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are connected by the square JKLM, completing the rectangulur solid withiy
which the cylinder is drawn.

332, The above described method for drawing the cap is necessary enly
when the picture is large and of a character requiring rigid nccuracy in ig
construction. Ordinarily the cap would be drawn as shown in Fig 76
The center A would be found by means of the dingonals and the major and
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minor axes of the lower ellipse drawn through it. Care should he taken to
make the major axis horizontal. The height of the cap is estimated and the
point N placed at this height above 4. The vertical sides of the cylinder
are drawn up from the lower ellipse. A horizontal through N meets these
verticals at O and P. This horizontal is the major axis of the top ellipse.
The minor axis QR is drawn through N, perpendicular to OP. 1t must be
slightly shorter than ST.

333. The light fixture illustrated in Fig. 77 shows how a more complex
form is built up. (Notice that, since this objeet is designed to be bung
high on a wall, only the lowest part is at eye level, the rest being above it.)
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Since the ﬁgmes are nearly self- explanatory, we shall call attentmn here to
only a few salien{ features.

334. In Fig. 77b we show the rectangular bOlld that would be the first
step in constructing the drawing. This solid would enclose the entire

By (d}
_ Fra. 78z to e
fixture. The slab, denoted by X’s in the figure, is drawn vertically through
the center, setting the width and height of the central member of the fixture.
885 In Fig. 77c the two subsidiary slabs, denoted by ¥, are g,dded fothe
thicker central stab.
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336, In Fig. 77d the curves are added. In Tig. 77¢ the figure is extended
to the left and right faces of the original enclosing solid, and the curves W

(f)
Fia. 78f—An application of the ab-
stract forms, dingramed in Figs. 78a through

¢, ia tho pipe fitting shown here. The only
difference between this and Fig. 78e is the
thickness and bead at each opening. With

different proportions and & few rivets we \ ™% H : T ¢
eould have the boiler and smokestack ofsay™ inder meetmg another off center.

locomative, Other instances will no deybt
aceiir to the reader, \

N\
340. The building shewnin Fig
pounding of forms. Anagl} 1

Fia. 79,

and Z are drawn. Notice the dotted
outline, which is almost, but not quite,
like W,

337. Figure 78 illustrates o prob-
lem that causes much grief, sithough
it is not nearly so hard ns it looks,
This is the intersection of twa geylin-
ders. The mecting line of » {¢omo-
tive smokestack and boilés” is an
example. The problem g ¥airly sim-
ple when the axis of thé small cylinder
is perpendicular toshat of the uther.

~ The method is ghown in the figure and

needs no explhitation.

338. Whan the axis of the small eyl-
inder is.ghlique to the axis of the larger
one, lie’ job is a bit more difficult.
The procedure is shown in Ifig. 79.
1339, Occasionally we have one cyl-

This case, and the construction, is
shown in g, 80.
81 demonstrates several types of com-

sis of the complete drawing in Fig. 81a will show

Fie. 80,
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how the complex form may be broken down into & few simple forms.  First
we have the plane of the left-hand wall. Next thore are the two plancs of
the main wall mecting each other at a slight angle along the line A4, and
finally the rectangular solid of the wing on the right. These major forms
are the first to be drawn, as shown by the dotted lines in Ifig. 814,

341. The six balconies come next. As shown by the solid linex in Fig,
81b, these are drawn first as though they were continuous from top to hottom
and are then picrced in Fig. 8lc. The reason for this procedure is that the
horizontal dimensions and forms, including the quarter cylinder at tiic right,
can thus be settled for all six balconies at once. The space bel dedert the _
baleonies is then laid off on any convenient vertical such as B3 (fwotice its
relation to AA), and the necessary horizontals are drawn.  Ford ritwings of
this kind, where planes meet cach other at angles greater oy.l,gs?é than o right
angle, it is often convenient to determine extra vanishing peints, ns indicated
by the lines pointing toward vp; and vps in Tig. 8le. N

342. The various vanishing points serve for aflisttbsidiary horizontals,
such as the tops and bottoms of the windows apddoors and the decorative
bands on the wing to the right. S

343. The student is usually appalled when confronted with the task of
drawing anything so apparently complexias'the average arehitcctural work.
In Fig. 81 alone, highly simplified thoitgh it is, there are 53 windows and
doors visible or partly visible. Forfithately, the difficulty is more zpparent
than real. These windows are.anbther example of multiple or repeating
forms and are drawn by maggproduction methods.

344. In Fig. 814 the Kec:taﬁgular opening cach window and door makes
in the outer surface ofxthe' wall is laid out. Notice that cach vertical line
serves a8 boundary, giot'Tor only one, but for five or six windows or doors.
Similarly, horizonfale'in the central part of the building ecach scrve to set
the tops of seyenlAvindows at once. Only the left and right wingx require
special trea:tﬁent, and even here the decorative bands do douhle duty,
and the qp}ger horizontal of each window is set by a height similar to that of
its ngig}rbbr below, The positions of the various lines are luid out in
accbrdhnee with the principlos of measurement set forth in Chap. 1II or
with projection methods discussed in Chap. XII.

346. The reveals of the windows and doors are next worked out. These
measurements are likely to give some trouble, since they are so small in
comparison with other dimensions. As a result they are likely to be
cxaggerated, and care should be taken to guard against this.

346. When the construction lincs are cleared away, the rosult will be
Fig. 8la. :

347. The half round table of Fig. 82a, although much simpler than the
building of Fig. 81, poses a much more subtle and difficult drawing problen.
This statemen$ usually comes a8 a surprise to the student, who is likely to
feel that anything simple is, ipso facto, easy and, conversely, that anything
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intricate must be difficult. We have already shown the facility with which
Fig. 81 may be constructed. The simple table of Fig. 82 requires much more
care,

348, In Fig. 82 the rectangular enclosing solid is shown with the prinei-
pal subsidiary divisions already laid out. In Fig. 82¢ these are used to
lay out the curves of the actual table and the half ring on which the legs
must touch the floor. The taper of the legs is also establishcd. Par-
ticular attention should be given to the way this taper is worked cut. The
legs are first drawn as though without taper. The squarcs where they
touch the floor (A, B, C, and D) are drawn at the full size. Thc\imaller
squarcs are then centered within by means of diagonals. Unled: this is
done the whole table will appear to lean. QO

fa)

349. The clock in Fig. 834s'an interesting problem. The building up
of the external form is relatively simple, as shown in Fig. 83D, but the placing
of the numerals about, thevdial ig rather tricky. In most cases it will be
sufficient to work by(trial and error, but occasionslly rigid accuracy is
wanted in placing the’rumerals exactly 30 deg. apart. In Fig. 83 the esti-
mation method isyiised. Figure 92 shows more exact procedures.

360. Even{ when the figures are placed by estimation, the greatest
obtainablefceuracy is desired. To get this it is best to start by estimating
the divisian into even thirds of one of the less sharply curved quadrants;
that"ftem 3 to 6 is used here, as shown in Fig. 83¢c. When the vircle 18
drawe within a squarc, the figures 12, 3, 6, and 9 are placed by the mid-
lines already drawn; 10 and 11 are now easily located by lines drawn through
the center of the cirele from 5 and 4, respectively.

351. The locations of the figures 1 and 2, and 7 and 8 are then deter-
‘mined as follows: From the point on the outer circle where 10 touches if,

- & perspactive horizontal is drawn to the right, locating a similar point for

2. Aline from this point through the center of the circle locates 8. From

the peint where 5 touches the outer circle, a vertical is drawn upward to

locate the point where 1 touches it, (These operations could just as easily

be performed on the inner circle, but by using the larger one we can have

greater accuracy with less eyestrain.) By drawing s line from 1 through the
~ center the figure 7 is Jocated.
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352, Although the method described above is not perfectly accurate,
it will be found sufficiently so for ordinary purposes. Where great pre-
cision is wanted, it is best to work by projection from orthegraphic drawings.
Ordinarily, in high-precision work this would be dene as a matter of course.

(d}
Fra. 84— Tl front holf of the saucer in the elevation at {¢) ig shown as though eut away in
order to show the base of the cup/

Since mechanical projection methods arc discugsed in detail in Chap. X1T,
we shall not take them up here. There ake other methods for obtaining
mechanical accuracy without resort to_projections. QOne of thege is shown

in Fig, 02. D
L]
A
I s
M D

R
““"-..
fc)

(a)

353. The cup and saucer of Fig. 84 belong to the class of turned forms.
The thing that troubles most beginners is the weird tendency of the eup to
float perversely in the air above the saucer. This phenomenon is iliustrated
in Fig. 84b. It results from using the plane of the rim of the saucer instead
of the hottom of the inner surface as a place to Test the cup. The cup is
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made to behave itself in Figs. 84c and d. When using this approximate
method, a slight correction must be made to avoid having the cup appear to
be too far forward in the saucer as a result of using the geometric rather
than the true eenter of the ellipse as the center of the saucer.

354. Somewhat surprisingly, such simple forms as that shown in Fig, 85,
which are produced merely by cutting away picces of a larger Tt still
simpler form—a cylinder in this case—give trouble cut of all propertion
to their intrinsic lack of complexity. The cause is the tendency to think
in terms of drawing only. I the artist imagines himsclf in the placg of the
person who originally made the object, and mentally follows hie\mnrk,
the problem of drawing becomes cnormously easier.  In this iSgtee, the
original of this illustration wag a model for a perfume bottle. M Gas made
from a cylindrical bar of transparent plastie, 3 in. in (ha,mctu aned 6 in,
long. ‘Fwo longitudinal slices were sawed off opposite :Jmlcs Jeaving the fHat
surfaces 4 and B. Rectangular notches were then u.LL‘ et cach side of these
~flats. The resulting modified cylinder was then toppt,d with an opague
cylindrical cap 2 in. in diameter and 2{ in. in héight.

355. The drawing should follow graphicgllithe same steps.  The con-
struetion of one large and one small cylinder in correct proportions and
having the same axis presents no new problem.  In Figs. 85 and ¢ we sec
how the remaining physical operatlons are followed graphically Ly the artish.

356. This brings us back to.an’ interesting point, first mentioned in
Chap. I. When this book wag first outlined it was the author's iniention
to call it “Structural Perspeetive.” It was found, however, that this title
would be misleading, c u,s\ing prospective readers to expect o text dealing
entirely with bulldmgs,xdges and the like. Af the suggestion of James
C. Boudreaun, dlrectorﬂf the Pratt Institute Art School, it was changed to
its present title ag bemg more expressive of its purpose. Noncthelesy, the
structural app::b:e%h to drawing—the manner whereby any picture is bullt
up, tht»hmil'c be of a bottle or a locomotive—is still important. It I8
the authoi’s belief that any drawing is easier if the structure of the model is
understsod That of Fig. 85, for instance, becomes almost absurdly casy,
an€{ the rule holds good throughout all Sub]ect‘:

MULTIPLE FORMS

357. By the term multiple forms we refer to the sort of thing that is
repeated in identical shape two or more times in a single object. Theve are
almost always arranged in some kind of systematic order that greatly
facilitates the work of drawing them. We have already spoken of one
instance in the building of Fig. 81 and have let others pass unremarked.
Multiple forms occur in almost every object; indeed it is difficult to find
objeets in which they do not cceur.  Sinee this greatly reduces the Jabor of
_drawing, it is something for which to be thankful. '
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358. As we have said, examples abound, but the speeific mention of a
few can do no harm. Almost any table will have three or four identical
jegs. The leys of a piano, of a typewriter, the drawers of a chest, the panes
of a window and a thousand others suggest themselves.

359, Oue of the simplest of these is the diaper-patterned wallpaper
iustrated in Vig. 87a and b. Before this job is undertaken, it’ will be
helpful to yecapitulate some of the material of Chap. TI1 in order to show
how it applics to our special needs here. Qur reason for doing this is that
all flat repent patterns—wallpapers, fabries, bricks, tiles, etc.—can be
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drawn most easily and accurately by referring them to the common checker- -
board pattern and modifications thereof. Tt is the modifications that some-
times cause trouble, and in Fig. 86 we show how to manage them.

360. Suppose that we are drawing an interior and Fhat the rectangle
ABCD in Tig. 86a represents one of the walls, not including thc.: basebo?,rd,
and suppose that we want to divide it into squares of such a size that just
five of them ft into the height of the wall. To do this we first draw a
vertical EF at such a position that AE and CF are perspe.ctwely cqua.l_ to
AC or, in other words, so that AEFC is 2 perspective square. Th.e vertical
AC is now divided into five equal parts, by means of marks atpoints G, H,
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I, and J. TFrom ocach of these, lines are now drawn toward vp,. We now
draw diagonal AF. (EC would also scrve, but not quite so well.) Thig
diagonal would cross the horizontals at Gy, H,, ete., and at each of theg
points verticals are drawn. We now have part of the wall divided into
‘squares of the required size,

361. The reader will have noticed that the procedure jusi deseribed
is simply the process of perspective division given in Chap. JII, The
remainder of the work, shown in Fig. 86b, is simply an application of the
principles of perspective multiplication. ~

362, We now draw a line from K through L, which givedshie'a new
diagonal. This is cxtended to cross the horizontal through )it I, and
the horizontal through J at J;. When verticals are erected-atrtiese points,
we have completed the laying out of the necessary squ{}rggs.\ ’

363. Had the wall been longer than here, the pliocéss coutld have been
repeated as many times as nceessary. Students.dré” somctimes puzzied
when the available wall space is too narrow to pemit drawing & full square
on it. In this case we may either imagine an. gxtension of the wall beyond
the actual corner or start with a smaller unitfsuch as a square 3 by 3 instead
of 5 by 5.

364. It is also possible in Fig. 864 to'tise the points X and 1 as guides
for the second diagonal. This wpuld make it possible to establish more
new points in one operation, which would be more convenient in the case
of a long wall. The drawbagk I8 that two points so elose together will not
determine the direction of{aline through them aceurately enough for a
drawing of this type, where any error is multiplied along with the squares.

366. More often tﬁg\l not, the height of the small squares wiil be such
that there will be part’of a square left over, 4.e., the wall may be 574 times
as high as the indigtdual squere. Any such fraction is simply disregarded,
the lines AB @H"CD being drawn ot the top and bottom of the uppermost
and lowesf complete squares. The remaining spaces will take eare of them-
selves, a8 they do at the right end by BD.

366, ‘Figures 86¢ and d apply the prineiples of Fig. 864 and b to a similar
space i a horizontal plane. In this case we have no vertical that ean be
dircetly divided by measurement, so we must make use of one of the methods
given in Chap. III. The most convenient is probably the mcasuring line
method described in Pars. 163 through 171, Once G, H, I, and J have been
placed, the procedure is practically the same as before.

367. Figure 87a shows one use of the checkerboard in a vertical plane,
the dotted lines being the same as the solid lines of Fig. 86b. This is &
pattern that repeats completely in each of the squares. Using the dotted
Tines as guides, the double diagonals are easily drawn. In the center of
every diamond of every second horizontal row, the floral motif is drawn.
Tven if it were practical to construct so many of these precisely, it would not
be necessary, since their scale is so small that a rough indication is sufficient.
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However, it is well o remember that perspective affects oven the appearance
of the flowers

QY

If this simple difference is ignored the flowers will appear to be gr(}%&ng oub
of the wall instead of boing printed on it. This is the reverse of ‘the usual
difficulty, which is the production of an appearance of thrée—dimensional
solidity on the paper. 1ere it is essential to avoid this solidity ; otherwise,
instead of & flat wall, we shall have an excessively forme} garden.

Fra. 87,

368. Figure 870 is a slightly more subtle application. Here the dia~
monds arc not the same in both dimensions, being half again higher than
wide. At first glance this would secem to preclude the use of squares.
Nearly all printed patterns, however, repeat in squares of 36 in, or simple
fractions thercof (18, 9, 8, 414, 3), and, by taking an area of 3 by 3 squares,
we can include g complete unit. Each diagonal is drawn so that it goes
from the corner of one square, to the right or left two squares and up three
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squarcs. The position of the stars is determined by the crossing of the
diagonals.

369. Figures 87¢ and d show similar applications to floor patierns such
as tile or linoleum. The figures are sclf-explanatory.

370. Figure 88 is an example of three-dimensional multiple form, The
. eighty-odd members of & piano keyboard would make a tedious job if they
" had to be constructed one by one, but it is a simple matter to handle them
en masse. For the sake of elarity the glight overhang of the ivory facings
of the tops of the white keys has been omitted from this illustration, and

“iF1a. BR,
the line 4 B represents the usually unseen intersection of the front and top
planes. \

871. Consiruction ib\‘begun by laying out the limits of the keyboard,
i.e., the front lines A.B and EF, the rear line GH, as well as the left and/or
nght ends if thep, appear in the picture. The measuring line CD is drawn
wherever convenfent and is used to lay off on 4B the widths and positions
of the blacl&]{ejrs These are then projected back to GH and down to EF,
as shown, '\

372.3The drawing of the hlack keys is similar to the drawing of the bread
pa:ni@l..\Chap. III, Fig. 32. No such elaborate construction is necessary, of
couxge, and, once the construction of a single one has been completed, the
rest may be estimated with the aid of lines I/ and KL. A couple of critical
details should be pointed out here. Notice that, while the front and the
two side planes of each black key slope away from the vertical, the rear
plane has no such slope. Note alse how the apparent slope of the near
corner line of the black keys changes according to whether the keys are t0
the loft or right of the picture. 1% is unnecessary to calculate the various
slight changes, and, though there iz a vanishing point, it is too far above
the pieture to be useful. However, by careful drawing of the keys at each
extremity the intervening slopes may casily be estimated. Fven this
precaution will be necessary only in a close-up.
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373. Figure 89, while actually simpler than Fig, 88 offers some impor-
tant features. For the first time we introduce the problem of scale and its
relation to the amount of detail that can reasonably be included. This
asually comes up in archifectural work and exteriors where the scale of
subjeet matter is nearly always large, while detail may be quite fine and
delicate, For example, a trec a hundred feet high may have leaves only
an inch or so long. In this case such detail iz treated more as fexfure than
as structure, and as such it comes under the head of rendering.

\ '\’ 3 Fic. 59.

374. In thisinstance it is impossible in 2 drawing so small to include
any mo‘dmgs\m ‘the window muntins, and for the sake of clarity the track
for the uppbr sash and the plercmg of the shutters has been omitted. In
gpite of- d,hese omissions, five main planes show olearly in each window,
nam@li that of the curtains or Venetian blinds, the front planc of the lower
sash, the front plane of the uppcr sash, the plane of the outer wall (which
is also the rear plane of the shutters), and the front plane of the shutters.

375. The principal interest of the figure lics in the way in which dimen-
sions established for one window are made to serve for others. The upper
left-hand window ig drawn in full. Its horizontal lines also serve by pro-
jection for the upper right-hand window, leaving only the determination
of verticals for this. Similarly the vertical lines of the upper left-hand
window are extended downward to become those of the lower left-hand one.
The two windows thus derived become in their turn the “parents” of the
window to the lower right. The method for doing this is so apparent that
the lines have been omitted from the diagram to avoid confusion. I% is
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this ability of such identical forms to “reproduce their kind” that makes
the work of drawing them much less trouble than might be expected.

378. The staircase in Fig. 90 shows how principles already demonstrated
may be applied to forms repeating on different levels. The rectangle ABCD
sets the height of the staircase and the distance from the front of the lowest
step to the front of the top step. The line CF sets the width of the stairs,
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The(haights of the risers are marked off on AC at A;, As, 4, ete.  Since AC
is a true vertical, these divisions may be made directly, From the top
near corner of the lowest step, A1, in Fig. 90a, a line is drawn to B. This
line gives the slope of the stairs. From A, 4,, etc., perspective horizontals
are now drawn towsrd vp.. These will cut the line 4,8 at By, Bs, By, ete.
Short verticals dropped from each of these points will define the end of cach
riser, while the horizontals will define the end of each tread.

377. The point & is now determined by the intersection of lines from E
toward vpy and from D toward »p,. Next the point H is found ai the
intersection of a vertical from @ and a perspective horizontal from B toward
vy, A vertical from E and a perspective horizontal from A, toward ¥p:
intersect {o determine E,,. The line E,H gives the slope of the far side
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of the stairs. Horizontals toward vp, from By, Bs, cte., moet By H at Hi,
H., ete.  From each of these a vertical is drawn and a horizontal toward
sps. This completes the drawing of the stairs proper. L e
378, The construction of the railing and its supporting'f)osts is most
casily done by eye, if care is taken that the height of the rail from the steps
is kept perspoctively constant from bottom to top. This is most easily

I (c) i/
\\, Tra, 91,

accon‘l‘ﬂlfsﬂed if it is remombercd that this line has a common vanishing
point with 4,8 and EuH of Fig. 90a. It is rarely necessary to find this
point, for o carcful estimate, guided by the slope of other Iines, will usually
serve, but should it be wanted it can be found by extending either A5
or By, H to meet a vertical from vps. If estimation is not close enough for
the given requirements, the vertical posts may be spaced more precisely
by the measuring line method along the line IJ, as shown in Fig. 90b.

- 879. Tt is often necessary to draw circles, cones, or cylinders, polygons,
prisms, or pyramids, divided into perspectively equal parts. Since such
forms usually appear as secondary details, a good eye estimate is ordinarily
correct enough, but study of Fig. 91a will make such estimation more
intelligent. In this figure we have used a 16-sided prism as presenting a
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typical problem. A similar solution may be used to derive the forms shown.
in Fig. 91b. Four real objects related to the above forms are shown in
Fig. 91¢.

380. In drawing such forms as that of Fig. 91a by eye rather than by
projection, most workers fail in that they make the natural but CTTONEQUS
assumption that the eye sees halfway arocund the form. Thus they expect
to sec 8 of the faces on a 16-sided prism. When the drawing is made
accordingly, there results a sense of crowding and flatness. Heference to
the projected drawing in Tlig. 91a reveals the source of the error.  With the
prism aligned as it is there, note that only 6 of the 16 faces arc visih}on the
near side.  (By turning the cube one thirty-second of a revolutisq 1t would
be just possible to see seven of the faces.) Thus while tho f rofithalf of the
cllipse ApBp is divided into only six parts, the rear half is divitted info ten,
Failure to take this into account results in the distorted{form of Mg, 91d.
{Should the foregoing seem somewhat obscure, the readeér should refer back
to the discussion of the circle and ellipse in the Brst part of Chap. IV,
particularly Tig, 35 Par. 193.) O

381. Another error often made in drawingforms of this class freehand
is illustrated in Fig. 81d. It arises from fagi%re to recognize that not all
the faces will appear of equal width to the 6ye. Since the remed ¥ iz evident,
in Fig. 91a, we need not elaborate on it

382. The clock in Fig. 92q showshow a circle in a vertical planc may be
divided into perspectively equal Yarts. The simple method of T ig. 92a
will work only when the eircle i8%0 be divided into an even number of parts.
When the number is odd, th@more complete construction of Tig. 925 must
be used. When the nunther of divisions is a multiple of four, as is the case
with the cloek, the elterhative construction of Fig. 92¢, in which points I and
J are used to loeatedllremaining points, may also be used when convenient,
Thisis a more exagt’example of the similar problem in Fig. 83, without the
estimation of gpating used there.

383. Rettwning to Fig. 924, we have the rim of the dial drawn within
the perspeetive square ABCD. The problem is to locate the 5-minute
ma,rks\aﬁjacent to cach numeral. This problem is solved by swinging the
circls_out of the plane ABCD, in which the angles cannot be measured
directly, into a new plane, parallel to the picture plane, in which they ean
-be measured directly. The procedure is as follows: Draw a horizontal line
starting from ¥ toward the right.  On this line [ay off the distance FO, equal
to FB. Using 0y as 5 center, draw a circle with OF ag radius. Using T
square and 30-60-deg. triangle, divide the circle into 12 parts. From the
pomnts Iy, Jy, K;, Iy, thus located, draw horizontals to meet the line BD at.
Iy J3, ete.  From each of these points draw perspective horizontals to meet
th-e perspective circle at I, J, ete. These will locate the 5-, 10-, 20-, and 25-
minute marks. (The quarters, of course, are already known.) It is
unnecessary to locate the other divisions in this manner, As can be seen,
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the 35-minute mark is set by drawing a line from the 5-minute mark through
the perspective center 0, the 40-minute mark by a line from the ten, ete.
The single minute divisions may now be estimated with ease and accuracy,

but, if perfect precision is required, the above method may be extended b
use of a protractor or dividers, :

PN Fia. 52.

384. If it h&pﬁens t0 be more convenient, the work may be done to the
left of the d@l; ‘using AC as BD was used and radius equal to EA. An
a-ltemative:ﬁlethod for drawing this with only I and J as references is shown
in Fig, 02¢" :

386) With the single minute marks worked out we now have & con-
venient sct of reference marks to establish the position of the numerals.
Care should be taken to sec that the perspective height of all numerals is
kept uniform.



CHAPTER VII
PLASTIC AND SOFT FORMS

286. The various objeets and forms discussed so far have bren mainly
- of the class known as fectonic or architeclonic.’ It is now nceessurgnfor us
to consider another class, generally called plastic forms.  Since thost make
up fully half, or more than half, of the objects we may be edllet) upon to
draw, their importance is clear. The drawing of these requitey in spproach
vather different from that used in drawing toctonic §8wins. While the
remarks in the following few paragraphs may not ap flyst appenr to bear
directly on the subject of drawing, experience willghow that they have a
very important bearing indeed, and that a better understanding of thie nature
of plastic forms facilitates the drawing of thema,”

387. What is meant by the term plastisy and in what way does it differ
from fectonie? A mere dictionary definitipn will not help us here. It is
essential that the difference be made visally and structurally clear.  Speak-
ing generally, we can gay that tectfqnib and architcetonic forms are those
made by cutting, simple bending,and/or combining relatively rigid materials
such as lumber, metal sheets,£ods, tubes, bricks, tiles, c¢te.  Thus u brick is
8 tectonie form, and by jg)inihg together a large number of bricks o wall is
built, the wall belng arch'\ﬁefitorﬁc. SBuch a form is easily drawn by reference
to its height, width, @ud-thickness. Tectonic forms need not necessarily
be straight-sided»or characterized entirely by plane surfaces, & drum,
a conical lamp ghade, or a glass tumbler are all tectonic forms despite their
curvature. \What characterizes plastic forms particularly is the fuct that
cross sectiéhs'taken at different places will ordinarily differ in both ~ize and
shape. \‘I’f'a glass water tumbler were to be sawed across at two different
pla}ees:in a direction parallel to the base, the resulting cuts would be identical
circles. A conical goblet would yicld circles of different sizes, but, since both
are circles, their essential character would remain unchanged. These
fwo instances are shown in Fig. 93a. The vase illustrated in Fig. 93b is o
step away from the purely tectonic form of Tig. 93e; although the cross
sections yemain circular, the size of the circles varies with the doubly curved
profile. In Fig. 93¢ the plastic quality of the form is dominant, the cross
sections varying in both size and shape.

1 Though the words tectondc and archilectonic are, aceording to Webster, synonymous,
they are coming to have a distinetion of meaning into ohjeets constructed for use on &
relatively small seale, such as boxes, tables, shelves, ete., (tectonic), as contrasted with
houses, office buildings, dams, bridges, ete. (architectonie),

124
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388. The examples shown in Fig. 94 bring out the contrast by using
pairs of subjects. TFigurc 94g js tectonic, consisting basically of -half a
sphere with & cone attached. No such simple description can be applied to
the pitcher of Fig. 94b.  The hood and fender of the old-style car in Fig, 04¢,

Fiag. 94.

formed of flat sheets of metal, unchanged except fo? cutting, l?e_ndmg, and
joining, are distinctly tectonic forms. At the time 013 ertmg (19‘%2)
American manufacturers universally use such forms as Fig. 94d, in which
hood and fender arc each formed from a single piece of cold metal sheet,
forced by gigantic pressures to flow into the plastic forms. The old type
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telephone of Fig. 94e, now almost extinot, gave way to the plastic form of
Fig. 94f.1

389, A careful study of the structural differences in these examples will
show that a different method of drawing construction is demanded by the
plastic form. Plastic forms are nearly always simpler in detail than
corresponding tectonic forms; unfortunately, they are at the same time more
subtle and demand more skill and understanding. The necessury edges,
axes, plancs, ete., of tectonic forms are inherent in the material; in plastic
forms they must be searched for.

390. Most perspective texts ignore plastic forms altogether. "Thére are
two principal reasons for this. First, a majority of the texts are yritten hy
architects, and emphasis on the architectonic naturally prfdeininates.
Second, tectonic and architectonic forms were almost univerwl in manu-
factured articles until quite recently. This was because oldey mnufactur-
ing methods inevitably produced this type of form. WHeére many articles
were once produced by relatively laborious eutting,‘bending, and joining
operations, they are now turned out more casily and quickly by stamping,
drawing, molding, and die casting. These newgﬁrbcesscs make o necessity
of a type of form that was formerly rare and(costly to produce. One need
only consider the enormous growth in the,pée’ of plastics in the past 140 years
to appreciate this,. Thus modern technblogy affects not only our mode of
life hut our mode of drawing. Ny

391. As was demonstrated in Fig: 93, the plastic form with continually
changing cross section cannotbe drawn by methods suited for tectonic
forms. In a strict sense g réally complete structural analysis is impossible
with plastic forms, Wheh. we have the length and one cross scction of &
cylinder, we know all We)need to know to make an accurate drawing of it,
but in the nose of gh#irplane no two cross sections are alike. An ordinary -
house could be deferibed sufficiently in a couple of hundred written measure-
ments, no longetthan the customary list of specifications, and an architectural
renderer c_qu,}&ma.ke a passable picture of it, but measurements alone do not
sufficientlydescribe plastie forms,

3923 Phis does not mean that plastic forms cannot be accurately drawn
or that’ they need a tremendous number of construction Iines. On the
contrary, the drawing process is usually simple, but also subtle.? Our
first example of practical construction is the sauceboat shown in Fig. 95a,
which gives the three needed orthographic views.

393, Complete measurements and construction for a form of this kind are,
as already explained, impossible, but the really necessary measurements and

1 The instruments now being manufactured have returned partly to tectenic form,
owing to the combining of the ringing mechanism with the base.

% Plastic forms bear about the same relation to tectonic forms that the infinitesimal
caleulus bears to algebra. Indeed there is more than just an analogy here, the calculus
having been devised for the purpose of measuring areas and volumes of the more subtle
typea of curvature,
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construction are relatively easy. The secret lies in finding the crétdeal
lines, those which determine the character of the form, which define the
place where & curve changes from convex to concave, for example, the
axial linez in symmetrical forms, the limiting lines and planes, etc. Thus,
while complete construction is impossible, fortunately it is also unnecessary.
394, The experienced professional  will often draw forms of this type
without using even fhe construction given here. This is bccause his
trajning permits him to émagine this construction without actually setting
it down. The student, however, is advised not to omit the construci;ign. '
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365. Tf the bowlis considered alone and the tray and handleare disregarded
for the present, the first step, shown in Fig. 95b, is o establish the rectangle
ABCD, which passes longitudinally through the center and sets the over-—ai’.l
height and length. This plane is highly important, for it divides the object
into symmetrical halves. The rectangle EFGH is next drawn, perspectively
perpendicular to ABCD and passing through the center of the foot. The
vertical line I.J, where these two rectangles cross, is the vertical axis of the
foot. The Yines KL and MN are now drawn through O, slightly above
the lowest point of the bowl. These two lines are not absolutely necessary
but will be helpful in establishing the curves needed later on. The rectangle

®
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POQRS is now drawn, and finally TUVW, which is & square and sets the
limits for the circular hase of the foot. .

396. Now imagine that the sauceboat has been sawed in halves vertically
lengthwise, 4.6, by & saw cutting through in the plane ABCD, and that
another such cut has been made in the plane BEFGH. These imaginary cut
edges, known technically as sections, form the skeleton of our picture,

397. In Ifig. 95¢c these are constructed. The plane A BCD i« taken first,
The point 44, the lowest point of the lip, is marked off at the proper distance

‘cL:" —= S
- MY (g
N\ Fra. 98f and g,
"’\s.

below A, and\the point By, the rear extremity, at the proper distance below
B. The’, chrve AB; may now be drawn freehand with considerable
accuragy,‘owing to the precise establishment of these control points. The
cure B1F; of the fransverse section is similarly drawn. It should bo noticed
that h'ese two section lines correspond to the profiles shown in the side and
front views, respectively, of Fig. 95a.

398. The top edge of the bowl is the most difficult line to draw. Itis
not only a subtle curve but a three-dimensional one. It is almost impossible
to grasp the spatial echaracter of such lines without a great deal of practice.
The {ype of analysis used here, however, will permit the student to get
correct; res‘ulFs.even without experience and, by aiding comprchension will
serve to d1m1n_15h somewhat the amount of practice necded. ’
Simgzi.tir?}?ine tﬁe top view .of Fig. 952 to be drawn in a perspective
b we have been using. The top edge of the bowl would then

o represented by the eurve AFBE in the rectangle PQRS of Fig. 954. The
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rectangle, which has already been drawn, serves as a guide for making a
perspective of the top view of Fig. 95a (not a perspective of the top of the
bowl!). 'Ffhe resulting curve AFBE is the horizonial component of the space
curve we want, and, by confining ourselves to this for the moment, we can
attend to one difficulty at a time.

400. We are now ready to complete the curve by adding the vertical
component, 7.e., the third dimension. The points X and ¥, where the -
edge actually touches the plane PQRS, are established first. - The points
Ay, By, Ey, and Fy are already set, Two vertical lines, 1 and 2 in Fig, 95d,
tangent to the extremities of the curve, are drawn to indicate the Jimits at
each end. We now have six points through which the edge lire)passes,
as well as lines 1 and 2, which it just touches. This gives us@ight guide-
posts in all, making it relatively easy to draw the edge accurgd;{glif by making
a smooth curve through them. 7\

401. It is possible to establish any desired number of intermediate
points on this curve, and in some industrial applications such high precision
may be desirable, but in general pictorial work the’eight guides used here
will, with a little practice, prove mote than engugh. .

402. The next step is the outline of thesbewl, Since this is a tangent
to the section lines 4 .B; and E.F:, it may b& drawn quite easily with these
and the cdges as guides. Care should“be taken that outline and section
line are not confused where they ané\élose together as at A.. '

403. The construction of theJodt, shown in Fig. 95e, presents no prob-
lems not already covered in Chap. VI. Nevertheless it may be more con-
venient, for the reader if wa Qﬁrﬁmacrize it here. The square TUVW, having
sides cqual to the diatetér of the base circle, has alrcady been drawn.
This establishes poings:%ig, B,, B, and F,. Next the -cross-section lines
AsA.A,45 and By ~éﬁc., are drawn. These are the perspective equivalent
of the side view.4n Fig. 95a. The section lines from Fy and E. are not
essential butgﬁéy' help in understanding the form. They are identical with
the lines jusia, drawn. The stepped cylinders that can now be built up, plus
the curvéd neck above, may now be eagily drawn. _

404, 'The construction of the handle and of the tray is shown in Fig. 957
Since no new prineiples are involved, we need not discuss it-in the text.
Figure 65g shows the finished article. :

405, The reasor that this illustration hag been discussed at such length
is that the principlcs'thus established hold good for all varicties of plastic
form. We shall cover a few other objcets to show certain special features,
but it will be seen that the methods of Fig. 95 apply with siight variations
to suit varied circumstances. These methods may be listed in the form of
a program showing order of operations. These would run about as follows:

1. Lay out rectangle giving over-all height and le.ngt.h.
2. Lay out rectangle giving over-all height and wgdth.
3. Lay out rectangle giving over-all length and width.
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Note: Wherever possible these should pass through such parts of the form as will give

“gignificant sections” or profiles such as A8, and E,\F, in Fig. 95,

4. Draw in the section Hines (as 418y, ete.)

5. Wherever the surface is cut, determine the edge (as A, 5,B,F)).

6. If necessary, lay out supplementary rectangles and determine supplementary
sections.

7. Enclose these sections or profiles in. an outline—as skin covers the skeletan—with-
out waste to achieve smoothness, and yet be gencrous enough to avoid lumpiness,

406. Number 7 merits some further comment. There is more than an
accidental analogy between drawing construction :and the construetion

of the human form. By putting down outline without regard, for the
¢\
N\S ©

2

o\ _ _ F1e. 06,
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skelfatorn_\;of ‘section lines, a type of drawing is inevitably produced that is
formb. remin:iscent of fatness. In the hands of an artist of skill and
experience, th_ls may be just a pleasing softness. Less skillful work pro-
duces a drawing indicative of pathological eorpulence, with the smooth
but ﬁajbby outline of a sausage or balloon. The effort to avoid this by
stretching the “skin” or outline too tight produces a bony and emaciated
effect that is neverthcless healthier in a drawing than is the opposite.
Moreover, it is far easier to correct than “overweight,”

-407. Where the form in question has no symmetry about an obvious
axis, the dra_,wing problem is more diffieult. Human and animal forms
present an infinite number of such problems. Though laid out sym-
metrically, the human form is rarely seen that way except in the artificial
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-posture of the soldier standing at attention. Even a single live model
never looks twice alike, because of large or small variations in posfure,
muscular effort, ete. It is largely because of this variability that, while a
gingle course in still-life drawing may embrace all types of inanimate forms,
however complex, & single type of living being, such as the human figure,
requires as much and more study.

408. In order not to overload this book with complexities that would
tend to ohscure rather than reveal the principles involved, we usc in Fig. 96
a piece of abstract seulpture to illustratc one type of asymmctrical form
and the problem of drawing it. The drawing of a form of this kind £an be
handled most readily by working directly on the visible outlines and edges
at the start, then checking and correcting with the aid of se,qti‘oﬁs taken
at various places caleulated to characterize the form. This\procedure in
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dr&“'ing\'is’;just the reverse of that we advocate for the less subtle forms
sucl 2y Tig. 95 and should not be adopted by beginners, for they are likely,
quiteinnocently, to abuse the freedom of the method and inadvertently
to draw the boneless forms referred to above. On the other hand, when
the student has been well drilled in the anatomy of inanimate objects,
he may safely be trusted to draw the outline without any preliminary or
corrective framework at all, this part of the work being petformed in his
‘head. Not even the practicing professional can afford to ignore the exist-
ence of the framework, even though he omits it in actual drawing. When
modeling, which is beyond the scope of the present volume, is undertaken,
the importance of the section is still greater. ' ' .

409. The pitcher of Fig. 97 shows problems gimilar to but not identical
with those of Fig. 95. The construction will repay close study.

2 &
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410. Figures 98 and 99 show, respectively, aircraft and automobile,
These two objects are constantly being required of the illustrator both of
fiction and of advertising. Since, as a drawing problem, the airplane is
the simpler, its procedure is given first. Because more can be learned from

Fia. 88b.—(Reproduced by courtesy of Air Trails Magazine.)
a study of the figures than from any amount of discussion, we shall give
only the briefest summary here.

411. The first thing to seftle in a picture of this kind is the direction of
flight. This determines the action. It is given by the center or thrust
line of the fuselage. - Next, size and relation to the available space roust be
fixed, as shown in Fig. 98a. Both these factors are taken care of by the
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~ long ::ect-angle that cncloses the fuselage profile and the two tapering
quadnla,t-e.rals that enclose the wings. Note that the latter are deflected
upward slightly to take care of the dihedral angle. These set the over-all |
dimensiens.

Fro, 08d.—(Reproduced by couriesy of Adr Trails Magazine.)

412, These rectangles are now used to draw the fuselage and wing

profiles. When these have been drawn the various cross sections are

then added. Particular dare should be given to the eross scetions of tail

members. Though these sections are quite thin, they are by no means

negligible, and failure to take them into account will result in a rather
papery appearance, : '
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© 413. Engine nacelles are largely round in eross section and are therefore
relatively easy, but care must be taken that the axes ave cort:ect-ly placed,
since on hany craft these are not in the cen't,er plam:'a of- the wing. -
414, Fuselage cross sections are useful in establishing the? pomtmps of
the bombardier's compartment in such a craft as that of Fig. 98, pilot's

\

el

i

;

Fig. 99,

cabin, turrets if any, ete. In a transport, private passenger, or fighter
plane, there will, of course, be fewer such details.

416. Wing cross sections must also be drawn, and, when the “skin”
1s drawn over these, the work is complete, except for erasing the internal
structure. In cutaway drawings made for cducational purposes, the
‘structure is deliberately left in,
 416. The body of a motorear is much less & functional part of the
mechanism than is the fuselage of an airplane. Any number of protuberances
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may be added to it on the ground of “improving” its appearance without
interfering with operation. For this reason a drawing made in the more.
superficial mannor “from the skin in”’ will often prove perfectly adequate.
Nevertheless, there are sharp limits to the allowable superficiality, and
great carc must be excreised to see that fenders match in height and that a
feeling of straightness and symmetry is preserved through all the eurvature
and jungle of accessories. The wheels are particularly troublesome and
have been treated separately in ¥ig. 99 in order to show the construction.
When a strictly factual representation is required, it is a good idea 1o hegin
with the four spots where the whee]s touch the ground to set the smc, and
to build up from there. O\
SOFT FORMS % *~\

417, Soft forms are even more difficult to define thamere ‘plastic forms,
and, unless well understood, they are very hard to dram? well. This applies
to all drawing and was well expressed in an apleh¥m of a teacher who
used to say, “To draw well, you must know well™ As nearly as it ean be
expressed, soft forms are made along tegtomi¢lines but acquire plastic
character by reason of the material they apemiade of. The only important
clags of this type is that of upholstery, tushions, ete. These materials
are 5o canstantly with us and so mughused in pictures that careful study
of them is advisable, Of course it.s'{[ioﬁld be remembered that the complete
constructions used in making these itlustrations are used hcere for purposes
of explanation and need be performed only by the student tackling such
work for the first time. ¢Asfacility is acquired, he may omit or telescope
much of this work, provided, as always, that it is performed mentally.

Failure to do this resulds in either a disagreeable hardness of appearance
or its counterpart (ayformless mushiness.

418, The recta%ngular sofa cushion of Fig. 100 shows all the basic prin-
ciples 1nvoh\&. In makmg a cushion of this type the upholsterer takes
two large, rectangular pieces of cloth for the top and bottom and a long
strip_of“miaterial about four inches wide for the sides. From these he
fornds 4 mort of shallow cloth “hox,” which, if it were stiff enough, wonid
look like Fig. 100q. When the stuffing is added, it causes the flexible fabric
to bulge cut. This raises the center of the top, lowers that of the bottom,
etc. The material has to come from somewhere, and so the corners con-
tract into curves. By passing planes vertically through the center, we may
caloulate this change for drawing purposes, as shown in Figs. 1006 and c.
In Figs. 1004 and ¢, the drawing is completed, as for any plastic form.

419, The beginner and the incompetent professional are likely to Jesve
drawings of such things in the preliminary stage of Fig, 100, which suggests
a plinth, or a base for a stone column, rather than a restful cushion. Sucha
quality in an advertising illustration for furniture is fatal, since no-one
wants to spend his money for upholstery stuffed with concrete. At one
time the writer was afflicted with an assistant who could not be persuaded
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to take account of this. Therefore he could be trusted orfly tF) graw things
with straight lines snd simple curves. Wo;ker? .Of this 151?1 rﬁajcurally
gravitete to the lowest grade of client, who 1s willing to overlook incom-
petence in order to get his work done f:heaply. . e oxch
420, Figure 101 shows these principles applied to a more YL}-.pu'_,a‘f pll‘o (i
lem. The steps shown in Figs. 1005, ¢, and d are z_ﬂmost never performe
in professional practice. The average worker goes directly from the tectonic

Fre. 101.

form, roughly drawn in to set the size and relation of parts, to the soft
form of the actual object. 'This is the evolution of Figs. 101a and 1010
After some years' experience the professional may even condense the \v?rk
of Fig. 10la to a few lines, performing the remainder of the const-ruc!:-lon
mentally or even subconsciously. Even then such teleseoping of operations
can be carried too far, with an uncertainty and inaccuracy of result that
-will not satisfy an exacting client. Incidentally, it is interesting to note
how the rigid lines of the tectonic form persist in Fig. 101 in those parts
of the chair where the framing is near the surface.



CHAPTER VIII
PERSPECTIVE COMPOSITION AND FIGURES IN PERSPECTIVE

421, We have concerned oursclves thus far with the drawing éf\indi-
vidual cbjects. Though this is undoubtedly the important part of drawing
per se, 15 does not tell us how to make pictures, which in mosf, \f:étsé‘s consist
of groups of objects. Although one object usually dominates a picture,
it is rare that it will stand alone, and a distegard of accegsoyies is likely to
convey » lifeless appearance. O -

422. The term perspective composition is used{Dere to distinguish it
from aesthetic composition, The latter, whick\is concerned with the
arrangement of pietures so that a pleasing op Peautiful impression may be
given or a vivid emotion or experience conyeye' , 18 in itself a highly complex
subject and not within the scope of thig book. Perspective composition,
on the other hand, is concerned with.the grouping of objects in pictures in
such a way that they shall bear pfoper size and distance relationships to -
each other, and that no two or mere objects shall appear to ocoupy the same
space at the same time. Theugh relatively easy to manage, these relation-
ghips are often overlopked) and one sometimes sees pictures (and not
always by beginners) in\swhich two pieces of crockery appear to be fused
together, or 2 table $0p secms to pass clear through the waist of some
unfortunate diner\%/ o

4235, Nearly/all objects in the visible world are resting on horizontal
planes of ohd.gort or another, or attached to vertical planes. The only
exceptiox}s.fs}e birds, flying insects, aireraft, efo. There is no need to
considei™tBese separately if the problem posed by earth-bound objects is
praperly solved.

494, One other problem of perspective composition is that of direction—
the way objects face. This is also relatively easy to bandle and will be
treated later in this chapter. o .

425. Because nearly all objects rest or hang on something, the problem
of perspective composition resolves itself in most cases to a consideration
of the ground plan. The term ground is used here in the broadest sense to
include any horizontal surface on which an object rests. (When we have
to consider g group of objects hung on a wall, the same procedun? is followed
with the plan rotated to a vertical position.) In most cases this causes no
difficulties, but occasionally an object must be drawn that iz larger at the
top than at the base. Here one often goes astray. There being no obvious
conflict of areas on the ground, a drawing like Fig. 102a may be produced.

' 137 ’
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Figure 1020 shows the top view (orthographic) of su.eh a placement, and
Fig. 102¢ shows the overlapping needed to fnake possible such an arrar}ge_
ment. These miracles are best avoided. Figure 105-3d shows'the correetion,
426. This type of error is the more annoying in that 1t‘ often passes
unnoticed until a picture is completed, and much time and pains have beeln
spent on careful rendering. Though not chvious to the untmme'd eye, it
induces a sense of uneasiness that is fatal to the success of some pictures.

\ g Fia. 102,

A

427. Wh “he has become conscious of this trap, the student may try
to avoid it iprexaggerating his spacing, but the picture may again be ruined
by diffuseliess and disorganization, A more exact control is needed.

428 The architectural renderer, who works from plot plans carefully
calculated as to spacing, is fortunate in this respect. The problem (.)f
perspeetive composition is automatically solved when he projects from this
plan, and his only difficulty is in the choice of a suitable direction. I_n a
case like this the entire plot may be considered a single object—the various
trees, houses, hedges, etc., then being considered, not as objects in them-
selves, but as projecting parts or features of the plot.

429. If the general artist works, as does the architectural renderer, from
a plan or top view, and projects this to form his perspective, as dcmonstraFBd
in Chap. II and elaborated in Chap. XII, this same automatic spacing
takes place, and the problem does not arise. Most pictures are drawn
directly in perspective, however, without projection from a previously
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prepared ground plan or top view. The solution in practice is to consider
the maximum horizontal area required for each object and then to reserve
that amount of space on the ground plane as 4t is seen ¢n perspective. This -
may conveniently be done by laying out on the perspective of the ground
plane the maximum lateral dimensions for each object. This will avoid
overlapping and yet permit close spacing without waste. Such a precaution
was taken in drawing Fig, 1024, o

430. As time goes on, the student will acquire a spatial sense or three-
dimensional concept that will enable him to dispense with these aids, but,
no matter how great his experience, he will always find it helpful to thigk.of

each objecet in a pleture in terms of the area of ground it eovers. | \
xS

for)
2N/ Fig. 103a.
7.3 _

43i. In Fig{ 3030 we show, in orthographic projection, the proportions
of a beveragé set of spun copper. The problem is to make & drawing in
which thc\'i)jfcher and four of the tumblers will stand inside the rim of the
tray w-itim’ut crowding or waste of space. It is also necessary to make the
tumb}?ré appear to be the same height. T _

482, Since this is not a job calling for high-precision work, it will be
best to start by making a rough drawing that will set the various relaticns
tentatively, as in Fig. 103b. = At this stage we must try to get the sizes and
proportions as nearly correct as possible by eye; but we must avoid overmuch
erasing and correcting, for this will defeat the whole purpose of the- rough
draft and require more time for less aceuracy than a complete projection
from plans. Tt is particularly.important to draw not only the visible but
the hidden parts of the circular bases and to bear in mind that the bases of
the tumblers must be separated by sufficient space to allow for their greater
width at the top. :
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433. As the student gains in experience, he will find that his ;bi'iity to
estimate pfoportions of this kind grows to an accuracy as!;omshmg 1;.0
himself and that he may even proceed direetly to the final renderin g from this
rough stage without going through the controlled procedure detailed be]mfv.
Nevertheless, it is desirable that he perform the controlled procedure in
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order to get an insight into the laws involved and to achieve, while still
inexperienced, a reasonsble aceuracy.

434. While the eye level hag already been approximately placed by the
rough sketch, it is now necegsary to draw it in place, for it affects the rela-
tions of all the objects in the picture. The best position for it is from one .
and one-half to three times the height of the pitcher. This is most easily
calenlated by measuring the height of the pitcher through the centers of
base and top and adding enough to bring the eye level to the desired height,
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as shown in Fig. 103c. The eye level here used is about the normal
one for such a group, Only one vanishing point is needed, because all the
objects are round and one point is sufficient to caleulate the relative apparent
sizes. It is most convenient to place this point above the center of the tray.

435. With the vanishing point in place, lines are then drawn tangent
to the sides of the tray, and a horizontal line is drawn tangent to the front
of the tray as in Fig. 103¢. The width of this horizontal is determined by
* the lines from the vanishing points intersecting it at points A and B. The
line AF becomes the line by which all other lines are scaled. Usine the
line AB as the width, a rectangle CDEF is now drawn, with the heigh€equal
to the proportional height of the pitcher. For example, should the)line A B
be fwo-Lhirds the actual width of the tray, CE showld be twathirds the

N\

height of the piteher. We may also arrive at the same result by considering
? T D "
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the ratio of size of pitehér and tray. This pitcher is 714 in. high, and the
tray is 1134 in. wide “The height of the rectangle should therefore be made
about two-thirds'¢fthe width. The latter way of thinking of proportions is
usually bette \:fc;i' we need to consider not the scale of the drawing, but only
the re]ation’s‘rc:} its parts.

438, Nofc that the base OD of the rectangle is put as far below AB a8
the Kase of the tray is below the rim, Obvious as this may seem, it is
neglected more often than not by students, who leave the pitcher and
fumblers foating in the air 3/ in. above the bottom of the tray. .

437. In Fig. 103d an clevation of the tray, pitcher, and one tumbler is
constructed in the rectangle. It isa good plan here to constrt}ct the perspec-
tive of the tray by the enclosing square methed, in order to give ageuracy to
the one object that controls the position of all the others. Tl}e pitcher and
the four tumblers may now be drawn by the more rapid ap%:lromzfnatff method
~deseribed in Chap. V, Par. 257. These two steps are given In Figs. 103¢
and ¥,

4‘2’8. It is worth noting that it is not necessary to draw the tumbler
elevation exactly in a vanishing line with the image of each tumbler., One
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such elevation suffices for all four, for this reason:in any one plane perpendic-
ular to the line of sight, equal heights will appear equal. “Thus, if we
project back toward the vanishing point to get the height and width of 4
tumbler at & in plane HIJK (Fig. 104) these same dimensions will sepve
equally well for tumblers at Gy and G».  This prineiple is of R L importance
in perspective composition, and in frechand work it is wise to Leep it in
mind.

- 439, There are other ways in which this drawing may be managed,
Tor example, it may be projected from a top view, or the move complete
construction based on a group of rectangular solids may be usgddas in
TFig. 105. However, it is rarely desirable to use the pl‘()jc(_‘l’ig\m\‘ﬁ'om the
top view when dealing with movable objects, for it is too inflexibl " makes

N\ TFig, 106.

no allowanee for improv‘in\g“the arrangement after the perspective has been
* drawn except going badk and repe’zting the whole scrics of operations. In
drawing an 1nter101’~ # is sometimes wise to project the floor plan, walls,
and fixed furmtum leaving the movable pieces for direct drawing after the
enclosing soli 3s set. '

440, The procedure of Flg 105 sometimes produces an interesting
a.noma],)( *When the angle of view is rolatively wide the tops of the tumblers
neaf the sides of the picture will appear as distorted cllipses. ‘[his cffe(?t
was Wentioned in Chap. V and is explained in detail in Chap. X1V, Itis
sufficient to say here that the approximation of Fig. 103 is really closer to
what the eye sees than is the more exact work of Fig. 105.

441, The steps shown in Figs. 103¢ and d may be omitted if no great
accuracy is required, and, once one tumbler has been drawn, the others
may be compared directly to it. .

442. Perhaps the simplest kind of group is that consisting of one object
resting on another, such as the lamp and table of Fig. 106 and the bowl of
flowers on the windowsill in Fig. 107, The commonest error in work of this
kind is the failure to draw the vase, lamp, bowl, or whatever as though it
were really resting on the supporting plane. This error, frequently seen
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in the cheaper kind of professional work, results from forgetting that, how-
ever many objects the picturc may contain, i ean have but one horizon.
The error in Fig. 106a, wherc the base of the lamp is square, is fairly appar-

ent; in round objects, such as Fig. 107¢, it is more subtle, and the correction
often eludes beginners. :

L

Fiz. 107, .\\ J

Iil

443, The drawing of interiors is eYce]]ent \'actice in group drawing in
general, Z.e., in perspective composition. ! JAnother virtue of interiors ig
that even the simplest will introduce a. f#ozen or more subsidiary problems,
with the result that skill in a varictylof ,]obs is quickly cultivated.

444. Hince an interior has nedgssatily definite limits as to floor area
and cciling height, it is best o4 b(‘gm by setting down these limits at once,
t.e., by drawing first those hnes which show the floor line, corner or corners,
and sometimes the cefling line as in Fig. 108¢. This of course applies to
cases where a particulaf yoom or type of room is to be depicted. The fixed -
features, such as wmdo“s doors, ete., may also be outlined at this stage.
In advertising illngbration the movable furniture is usually the important
part of the picfWy€, the room being merely a background or setting for it.
In this ccﬂ(,\t‘}e furniture may be drawn first and the room later drawn
around if, ﬁooﬁt Even then it is wise to remember that therc are physical
hmltarhgna te room size and that a bedroom floor seeming to cover half an
acre will look absurd, no matter how beautiful its furnishings.

445, Iiven befure this first actual step, the artist should pause and
consider what the picture should include and what point of view will show
it to the best advantage. It s possible to show all four corners by means
of a somewhat artificial convention shown in Fig. 109, but ordinarily a
cholce must be made. When only one or two pieces of furniture and
perhaps a window or door are of importance, a single corner will serve as
well as & more comprehensive view. Indeed, it will serve much better,
for interest will not be squandered on nonessentials. Figure 110 is such a
drawing. Tt is surprising how completely the character of a room may
be conveyed by such a restricted view. The principal funetion of this sort
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of picture lies in its ability to display important features, and it is frequently

used in conjunction with and supplementary to a more complete view.
446. The most useful view for all-round purposes is that which will

include most of two adjacent walls, as does Fig. 108. Nearly all the signifi-

- =

i
57
i

- — 1] Nl |

F1e, 110~Drawing Inid out instrumentslly, using perspective graph method deseribed in
Chapter 13, paragraphs 479 through 483, then finished freehand.

" cant pieces of furniture may be included in such a view, and the two visible

walls will establish the character of the entire room. If some important

part js perforce omitted because of being beyond the borders or behind

the observer, it may be supplied in a supplementary view such as Fig. 110.
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447, When it is necessary to crowd as much information ag p.?gsiue _
into a single ordinary view, it is usually best to ma};c use of o On(.)-p‘omt’. or
parallel, perspective, as in Fig. 111, althfmgh an lmpl.'()vemcnt mllnterfest
of presentation is sometimes made by using a two-point perspective with
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one point just off eenter and the second at a great distanee, as in l"ig: 1'.12.
These have the advantage of showing three walls at once and permitting
complete information to be presented with the aid of one other view of one
wall only. N
448, When all possible information must be given in one V'ICW,.I.’D is
customary to draw the rocom ag though it had only two walls and no Ci;:lill’lg,
and as though it were viewed from outside. Several variations of this are
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possible. The omifted walls may be shown in outline as though made of
rlass, as was done in Fig. 109, or may be presented as though broken away.
When any of these expedients is used, it is usually advisable to adopt a very
high viewpotnt in order to minimize the hiding of one piece by another,
Such a drawing has the advantages of giving a maximum of explanatory
detail in & minimum of space, and of doing it in a single operation; its
" disadvantage is that its artificiality may be puzzling to the layman. It
is very useful to the architect or decorator, beeause it enables him to study
the room a3 a unit, _

449. Once the part of the interior that is to be represented hag‘been
selected, the placing of the cye level and vanishing points should be,under-
taken. Tt is surprising how strongly these control the eﬂectiveﬁeﬁs ‘of the
result. The eye level is usually put at 5 fi. or a trifle over; bécause this
is the normal eye level of a standing person, If it is set toe Iow, the room
and all its equipment will appear to have been built for giants—if too high,
for midgets. When specisl conditions, such as an awkward format calling
for a frume taller than wide, must be met, it mayybe necessary to use a
different cve level. In such a ecase it is best to piake the departure from
the norm drastic enough to be recognized {or what it is, putting it at 12
or 15 [t. 50 that the change may clearly lqc:a’rcsult of special requirements
and not of incompetence. The eye level will ordinarily be about twice the
height of an ordinary table, or a]a;}ift five-eighths of the height of the
ceiling, N )

450, The vanishing points/are governed by two considerations: they
must be far cnough apart fo frevent a forced appearance, and they must be
g0 placed that the most‘siém\ﬁcant details arc presented with the least fore-
shortening, Tor the formrer a simple rule that covers nearly all cases is as
follows: keep the distarice between the vanishing points equal to or some-
what greater thanthitee times the width of the picture. When the picture
is higher than\\tm wide, the height should be used as the unit. As to the
second coqsijd}ration, any plane that contains much important detall
should basplaced so that this detail requires a minimum of foreshortening.
For exatuple, a bed, in which the headboard and footboard alone have much
charactér, should be shown with the vanishing point for the enclosing
rectangles at some distance. The mattress, ete., between may have their

' principal vanishing point quite close by and may be drastically foreshort-
encd. Since these parts are common to all beds of whatever pattern,
there is no purpose served by completc delineation of them. This sup-
bression of unnecessary detail is done in Fig. 113. '

451, When there are equally significant features at right angles to one
another, we must compromise by putting the vanishing points almost
equally on each side of the center of vision. A perfect 45 deg. view is
usually uninteresting, so it is a good plan fo bring one glightly closer than
the other. '
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452. When the angle of view that will most effectively present the
important features has becn selected, it is best to draw next the structural
features, such as doors, windows, and heams, if any, and the built-in furni-
ture, such as book-cases, etc., as also shown in Fig. 108a. Again an excep-
tion must be made for the advertising illustrator, who is free to arrange
these features to suit the movable furniture, rather than the other way
around. The illustrator of fiction has naturally even more freedom, sinee
& room is for him only a background or stage set, and he nced only see that
his drawing of it does not violate fundamental laws or show absurgities of
proportion.

@ N\ ®)
Fia, 113—(a) Detail bad in headboard ahd footboard. (b) Subsidiary details subordinated
by sharp foreaho{t.ening; important detaila emphasized,

453. The placing of §Hie"movable pieces is most easily done by ronghing
in their outlines and then carefully laying out the floor area each will require.
The reason for suck’a “proceeding is that it permits exact size comparisons
among the iudivi\dual pieces and the room itself. Furniture is thus placed
in a drawing exdetly as it is in a real room with regard to the floor arvca each
piece occupies, and the floor space between pieces for adequate and casy
traffic flow.” This step is shown in Fig. 108b.

454.)The final step, Fig. 108¢, in drawing the interior consists simply in
drawinhg the various pieces one by one ag though they were so many separate
drawings. It is safe to concentrate on the individual pieces at this stage,
because the large relationships have now been solidly established. Begin-
ners often start work on the details too soon, producing excellent drawings -
~of details but never a picture. The interdependence of the parts of &
picture must always be kept in mind; the horizon and vanishing points
of & wall are the same as those for a table supposed to be parallel to if, and
their scale must be the same as well,

466. It is strongly urged that the hidden lines of the furniture and walls
be drawn in quite completely and erased only when the drawing is cleaned
up for presentation. Naturally not all hidden detail need be drawn, since
the overlapping lines would become impossibly confused, but all those which
‘establish beights, spacing, and support should be kept.
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466. In drawing interiors, as indeed in all drawing, it is helpful to think
of onesell as actually placing real furniture in & real room. The skilled
worker actually forgets that he is working on a plane and sees his paper
instead as a portion of three-dimensional space in Which he builds and
-places the objects of his picture.

FIGURES IN PERSPECTIVE

457. As was pointed out in the last chapter, it is impossible to draw
plastic forms completely by the precise control methods possibleswith
tectonic forms. Nevertheless, sufficient control for practical purposes is.
obtainable with inanimate objects of plastic character. Whensye come
to the human figure with its myriad variations of position and{pbsture, even
these controls begin fo loge their validity, - Ncvertheless, perspective
principles apply just as inexorably to the appeara,rice\. of the figure as to
- that of a house. This means, therefore, that praetical control methods
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must be established for the principal perspective effects on the appearance
of the figure, O _ _ . T

438, Of these éffgbts by far the most important is size, and ordinarily
the height of the\'ﬁgure'is the only dimension we need to establish, the
remainder of\ €he figure being proportioned to the height. Any of the
methods degeribed in the chapter on measurement would serve the purpose,
but a nu.qibbr of simpler means are available for this particular ;job. .

489, \Fhe simplest casc is one in which a group of figures is seen, all - -
standinf; on a flat plane such as a floor, courtyard, or level ground. If the
eye level is at a normal height of slightly over 5 ft., the problem beeor[:les
very simple. Suppose, as in Fig, 1144, that therc are to }:)e persons sta{ldmg
at points A, B, and €. The heights are here determmed.by the simple
device of drawing verticals up to the horizon. Now, if 4 is a rait.hcr tall
person, his head will come entirely above the eye level. If B'IS rather
short, his head will come below it, and if € is average, his head will be half
above and half below the horizon. Onee these proportions have be'en
established, completion of the figure becomes strictly a matfer o-f life
drawing, with which this book is not concerned. In order to avm.d an
appearance of incompleteness, Fig. 1145 shows the completed figures, highly
simplified in order not to eonceal construction. .
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480. The case illustrated in Tig. 115 is slightly more eomplex but should
produce no real difficulties. Hcre the eye level is somewhat higher than
normal. The line XY is drawn at about 5 ft. 3 in, above the floor, This
is done by any of the methods described in Chap. IIT. To find the height
" of the man at A, a line is drawn from A perspectively perpendicular to the
floor line. This locates point A;. From A; a vertical to XY locates 4,.
From A; a line is now projected hack
to meet the vertical from A at A,
AAs will then be 5 ft. 3 in, high.
Since this man is more thabhstally
tall, all of his head comeq abjove 4.
The sizes of the men atD ahd C are
similarly determined’,x‘gﬁé head of the
short man at B heing ‘entircly below
By, while that_aof the man at ¢ will
have €, near\ipgcentor.

461. When the required figures are to be dra‘qxn’ 28 standing on an open
level lawn or field, the problem becomes ever simpler. This casc is illus-
trated in Fig. 1316. In order to show a different offect the cye level here
has been placed rather low, as though the feene were viewed by a spectator
reclining in a lawn chair. Sinee th;—_g‘w{rzil] line here is not suited to the
purpose, the measuring line may be placed wherever convenicnt, and the
construetion may be simplified, by* using parallel perspective. With any
convenient method, the vertiofhNM X is established as 5 ft. 3 in. or slightly

+

Fra. 118,

F1a. 1186.

more. This line may be put wherever it is wanted, preferably well to the
side in order to keep the construction lines away from the principal parts
of the picture. Through M and X lines are drawn to any convenient point
vp on the horizon. To find the height of the man at A, a horizontal line
is drawn from 4 to meet Myp at A;. A vertical from A1 meets Xvp at Ao
From 4, another horizontal is drawn, and a vertical is erected on 4. These
two will meet at A5, This point is about at the chin of a man slightly

taller than ordinary. The heights of the men at B and € are found in the
same way. :
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462, The convenience of this method lies in the fact that the horizontal
lines are true horizontals and need not be drawn toward a vanishing point.
When instruments are used, these lines may be drawn with theT square.

463, When the height of one figure is already established, as when the
principal figure is drawn first and the rest of the picture made to fit, a still
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morc dircet method may be used. - This is shoivw in Fig. 117. Suppose
the figure at 4 has been drawn and the heights'of persons at B and C are
desired. A line is drawn from A through Band extended to meet the hori-
zon at vps.  From A; another line is drawn to sps. A vertical erected at
B will meet Awps to give the requiréd height. = The height of the figure
at €' is found in the same way. o\

464. As many vanishing peints may be-
‘used as there are figures, butimany of these
will not be needed. Th rQ‘ are tWo Teasons.
First, all figures at the ;gme distance from
the picture plane will have the same seale;
thus two men- of 11;}1?: same height at B and
D will appear polave the same height. In
more pract-i«%;l“ terms we may say that, if
the fect «0f> B and D are on tho same
horizongal, they will have the same apparcnt
height) We are of course disregarding
individuat differences in favor of simplicity.
The sccond reason why a great many vanish-
ing points will not be nceded is that, when Fie. 118,
four or five figures have once been sealed at
various distances, the remainder may be cstimated or interpolated with
considerable aceuracy. :

465. If one or more of the figures stands on a plane that is bigher or
lower than the principal figure, the problem is very little more difficult.
Figures 118 and 119 illustrate such a gituation. In Fig. 118 the standard
height has been established at a convenient position, and the height of the
man at A is set by projecting horizontals from A and A, in the same
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manner as in Fig. 115. The standard height is now projected back to the .
vertical A 445, which is aligned with point B by drawing BR;, as the figure
shows, This vertical is continued up beyond As. Taking B, as the base

Fra. 119, 7

point, B,B; is measured off equal to A48 A vertical from B and a hori-
zontal from B will now intersect at Bggiving the height of the figure at B.
466. Another method of accomplishing the same result is shown in

. 7\
Fra, 120.—Note that the horizon passes
thrnuéh the eye of the seated figure, indieat-
ing that the observer was also seated, By
meana of such evidence, ag well as the
position of the vanishing points, it is
possible 10 deduce the conditions under
which & given picturs was made, if drawn
- on the spot, or the conditions of projection,
if drawn by geometric methods. Photo.
graphs may also be analyzed in this way,
and, if thoy econtain objects of easily

determinable size, may yield much useful
data,

™\
s Y

Fig. 119.  Here the height of the figure
at A is used as the standard, The
point B being set, the point /2, must
then be found directly below B on
the same plane {the floor plane in
this case) as point 4. A line drawn
from A through B, meets the horizon
at vp. A vertical is drawn from vp.
Next a line is drawn from 4 through
B to meet this vertical at vps. A line
isnow drawn from A, which was
established by the conditions of the
problem, to ps. A vertieal erccted
at B will meet this line at B, and give
the desired height. The same method
may be used for determining the
height of a figure in a lower planc.
467. Wehave deliberately confined
ourselves to discussing a standing
figure of average size. The 5 ft. 3 in.

eve level (or head eenter, in some of the foregoing exampleg) has heen chosen

as being about average for an adult

a trifle higher than the average



COMPOSITION AND FIGURES - - 153

woman’s, and a trifle shorter than the average man’s, Adjustments for
slight variations in normal heights have already been mentioned. '

468, A few general ohscrvations may be made., Construction will be
much simplified if the artist uses the normal height of a standing adult
human figure for all such perspective calculations, even when drawing
seated figures, children, or animals. Tf separate standards were to be set
up for each figure in a composition, the construetion lincs would become so
numerous and complex that the paper would become a spiderweb of con-
struction, and the picture would be complctely lost.

469. The seated figure at B in Fig. 120 illustrates this method of -wiotking,
By perspective comparison with the standing figure at A, the height of a
standing figure at B is calculated; the seated height bci.ng.\bbtgjned by
subtracting the length of the femur, about a quarter of the ¢ye<lovel height.
Had the figure at B been a standing child 30 in. tall, it{ould simply be
‘necessary to make the height a trifle less than half of RB? .Corrections for
. the relatively small variations in normal adults hayealréady been discussed.
Thus, by using a single standard height and therhbreating each figure as a
study in life drawing, construction may be kept)at a minimum. .

470. One or two more precautions mu§t’b} observed, particularly when
working from models. Tirst, if a figure\in a composition is seen as from
above, it is a capital error to put theatiodel up on a high stand and then to
" draw from the studio floor. This-Bractice, often followed by professional
workers who should know betfe'r, results in the eurious and irritating
“floating” effect. Remembel,\to0, that, if a figure is supposed to be stand-
ing on a plane above the ey‘é}cve], it should not be drawn as though the top
of the head were visible.\\f‘inally, a figure supposed to be at a great distance
should not be drawn ftom too close a viewpoint, This last error is very hard
to dotect, but it\dees produce pictures with a subtle and disagreeable
distortion. ~f§“ o ' :
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CHAPTER IX
LABORSAVING DEVICES

471. The professional illustrator or renderer, who does much of hig work
under stringent limitations of time, finds it necessary to adopt mang prac-
tices not essential in the more leisurely work of the fine arts. Ag'the same
time be must meet rather exacting standards of accuracy. Agsun the mere
volume of his work makes it desirable to eliminate as much as possible of
the routine of perspective construction or to perform it w1th the maximum
speed consistent with technical requirements. As a. restlt of these condi-
tions, the distinction between freehand and instrumendal drawing has lar gely
broken down. The eommercial worker uses ingtfushents whercver that use
will promote speed and accuracy, and he works“freehand wherever it suits
his purposes. Very few drawings are made either wholly instrumentally
or wholly frechand.

472, By far the most useful 1nstr:uments are a large drawing board, a
good quality T square of the samg) length as the bhoard, and two or three
triangles. 'The triangles should, be' of fairly good size, one 30-60-deg. and
one 45-deg. It is usually helpful to have a couple of small ones for fine
work, and a lettering tx a@gfc Some extra-long thumbtacks (half inch
shank) and some stand T\a‘ quarter inch tacks or Scotch drafting tape are
also needed. A complete set of drafting instruments is of great assist-
ange, but, if they a.r}a\not available, the artist should have at least onc good
COmpPass. 75 ‘\

473. Th&é&aﬁving board, T square, and one triangle will save an immense
amount of, ﬁ‘i}ne To drawa good vertical freehand calls for slow and careful
work, whereas it can be done in an instant with T square and triangle.
Honzoﬁtals are made in almost no time with the T square, but for the
making of perspective drawings the most useful application of instruments
is that shown in Fig. 121.

474, The drawing is first laid out roughly freehand in order to get an
ides of the final effect, and the position of the eye level is fixed. The extreme
end lines of each prineipal plane are now extended in order to find approxi-
mately where the vanishing points will come. If vp; happens to be closer
to the center of the picture than vps, the paper should be kept to the left
of the board to allow for this, as in Fig. 121a.

476. In the next step (Fig. 1215} the horizon or eye level of the drawing
~ is aligned on the board with the T square, and the paper is then tacked or
taped down. The position of the vanishing points may now be set tenta-

154
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tively by laying a triangle along the top or bottom lines and marking the
point where its edge crosses that of the T squarc. Since there will be some
-error in the freehand rough, some 'pompromising will be necessary at this
stage. For this the vanishing points may be moved back and forth hori-

£ .
fiorizoror| £ e Lo/

(o)

(c} N
Fé, 121, _
zontally until the most suitable" position is found. The vanishing points
must never be raised or lowered Singly but may be moved up or down fogether
by changing the horizon ling\as a whole.
478. Once the most bractical position for the points has been found, 2
half inch thumbtack, (or facking these,
*a gommon pin) igdriven about hali-
way into the Qvard at cach point.
From here qif?‘}h"e drawing of perspec-
tively corsb,c’t lines becomes a simple
mattorgfswinging the T square about
the taeks as pivots, as shown in Figs.
121¢ and d. On a complex drawing
this arrangement will save literally
hours of trial and error. Turning the
T square upside down prevents the head from catching the edge of the
hoard, .
477. The procedure just described has its limitations. Since students
are often obliged to carry work back and forth hetween home or dormitory
and the classroom, they naturally prefer small and light drawing boards
on account of their portability. Unfortunately, in the attempt to :ge’s
both vanishing points within the limits of & small board, they will bring

Fra. 122.
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i;hém too close together. Every fall the teacher has to explain ten or fifteen

times that such a picture as Fig. 122 is not satisfactory. Even a huge -
drawing board will not entirely eliminate this trouble, for extremely large

drawings will sometimes require vanishing points at a great distance apart,

Sometimes, also, it is desired to show one face of the object almost, hut not

quite, parallel to the picture plane. In this case the vanishing pcint may

be situated 10 ft. or more from the board,

478. Artists more energetic than ingenious have been known in such
cases t0 lay out their work on the floor and get their perspective lines by
attaching a cord to a nail. Fortunately there are several ways i which
such trouble may be avoided.

Fia. 123,

£79. The .et;héd illustrated in Fig. 123 has the advantage of requiring
no additiona}linstruments or accessories. Tt consists essentially in making a
perspectivegaaph. The first step is the same as that of Fig. 121—a frechand
rough. 48 ;He'tennine approximately the desirable placing of the horizon and
vanishing points. This is shown in F ig. 123a. The desk shown would have
a normal height of 29 or 30 in—about half the eye-level height. In Fig.
123b, using the near corncr AB as a measuring rod, and extending it upward
by an amount equal to AB, we get point € such that AB = BC. 'The hori-
zon is now drawn through €.
- 480. If the lines AX and AY are extended, both vanishing points will
be off the board. But, since we have the horizon established, we can make a
grid or graph of perspectively correct lines which can then be used as &
guide,

481. At any convenient place along AX the vertical 4,0, is erected.
Af any convenient place on A Y the vertical A:Csis erected. A0y, AC and
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~A(s now represent perspoctively equal verticals, and, if each vertical is
now divided into an equal number of parts, the lines connecting the divisions
will be perspective horizontals and will vanish at #p; or ¥p; in the horizon.
Any equal number of parts will serve, but, since AC is already divided into
halves by point B, we begin by bisecting 4, and A3Cs. Fach half thus
formed iz bisected in turn, giving the quarter divisions, AE, E.B,, ete.
This step is shown in Fig. 1236, In Tig. 123¢ the lines FF,, FF,, BBy,
BB, ete., have been drawn,  Note that they are continued beyond the points.
482. Wc now have eipht perspectively correct horizontal lines. It is
relatively easy to judge the correct inclination of lines falling betweemthese
guides, and the rough drawing may now be corrected and complebed, as
shown in Fig. 123d. _ O
483. Should more precision be wanted, it is an casy mattedto divide the
lines once more into cighths, and of course ary number O divisions, even
or odd, can be made by the use of the scale or dividerss .
484, Tt is sometimes helpful, especially in infetior work, to draw a
perspective grid on the floor or ground plane. Thigean easily be established
"\ .

‘.\' Fra, 124,
by any of the ,nieaiods deseribed in Chap. 1II. By making each square
cqual some sts\\ﬁdé,rd unit, such as 6 in. or 1 it., the individual pie.ces may be
compated dii‘ect-ly to the floor grid for size, instead of being projected from
measu;;in’g;.’]ines in the picture planc. Such a grid is shown in Fig. 124.

485.) Since the operation of laying out the grid is often tedious, charts
have been published with the grid, and height lines as well, already laid out.!
They provide two charts for parallel perspective, two for a 45-deg. Vie".?, two
for a 30-60-deg. view, and two fora 60-30-deg. view. - In each'palr one
chart is provided with a horizon and scale adapted to interior views, the
other with horizon and scale adapted for exterior views. Figure 125 shows
one of the charts. : -

486. Several instruments have been devised to aid in working with
inaceessible vanishing pointa.. Probably the most useful is the centrolincad.

1A get of eight such charts, designed by the author, may be purchased from the
Reinhold Publishing Cerporation, New York. T
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This instrument has & blade like a T square, but the head consists of two
shorter blades attached to a pivot. 'They may be swung around the pivet
to give any angle desired. By putting two thumbtacks in the drawing
board and guiding the head against them, the effect of & distant vanishing
point is obtained. This instrument is useful in laying out large architectural
renderings.,  Another such instrument is the eycline.
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487! Another device helpful in architectural work is that of using curves
cuf from thick cardboard or celluloid and attaching them to T squarc and
board. Bricefly, the method is as follows: A sheet of the material used is
cut into two pieces hy a cireular arc having s radius equal to the desired
distance of the vanishing point from the head of the T square. The two
picces are then lined up as before cutting and are placed so that the center
of the curve would lie on the horizon., The concave piece is put on the
inside and the convex piece outside. Next, the T square is placed with
its working edge on the horizon and its head lying on the convex piece.
The coneave piece is now attached to the board and the convex piece to the
head of the square. If this is carefully done, it need not interfere with the
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primary function of the square. The square may now be swung around
with the two curves in contact, and the center of the curve will be the
remote vanishing point. ' S _

488. When a slight error can be tolerated, it is customary to use only a
single curve, the concave one, and to use the T square head as i$ is, swinging
it around by corner contact.” This will actually mean that the center of
the blade rather than its working edge is the correct line, but the error is
small encugh that it may usually be neglected. Curves cut to certain
standard radii are commercially available, _

489. Other methods of obtaining correct results despite inaeceéssible
vanishing points have been devised, but those deseribed above. a0 the

2\
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o\ d Fra. 126,

\ ' : . .
commonest. In the opinion of the author the perspective graph method
is the most useful, because it does not depend on special ins'trument.s and
may thorefore be employed away from the studio or drafting room without
the obligation of carrying awkward, delicate, and expensive eqwtlipment.
However, where all drawings are made in one place, and where their nature
is relatively specialized, as in architectural or interior rendering, the use of
such instruments may be a great timesaver. N

490. For centuries attempts have been made to devise a machine that
would perform all the routine operations of perspective drawing. So.far,
. however, the manipulation of the machines has proved to be more time-
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consuming than the work they are designed to eliminate. One suich machine
recently designed cost about five thousand dollars, and a well-trained
engineer was required to use it. It is possible that the problem will be
efficiently solved in the future, but the widespread use of such elaborate
cquipment as will probably be needed is open to doubt.

491. In a drawing where a number of similar objects are shown, such
as a line of houses, there are usually sets of parallel lines not belonging to
one of the three principal groups. Figure 126 illustrates such a case, The
roof lines A B, DE, GH, and JK are parallel to each other and so will have g
common vanishing point. Since these lines are in the end plancgof the
buildings, this vanishing point will lie directly above vp.. Similagly the lines
BC and HI will have a vafifhing point
directly below vps.  Thewerticul through
vps, in which thqsé'"'supplmm:ntary
vanishing points lig,(hay be considered
as a “vertical Nopizon.” Though this
is a contradiction in ferms, it is
nevertheledg) useful for deseriptive
purpoges.)

402) Once the slope of the fwo lines
hagbeen established, they may be uged

' Lo find vpea and vpb.  The usefulness
Fre, 127, N sk
~yof these supplementary vanishing
points lies in the fact that th@\remainder of the roof lines may then be
drawn by reference toward them. '

493. The procedure is'safollows: The rectangle A CLM is first established
and its eenter found by \drawing the diagonals. A vertical is now drawn
through this center, &hd the point B is placed at the desired height on the
vertical. AB isydrawn and extended to meet a vertical through rp, at
vpea. A similgiestension of BC determines vpeh. DE, GH, and JK may
now be draiwkﬂirectly to vpza while HI may be drawn toward vpsh. The
overhang, b the eaves is now established and lines A1B;, DiE,, H,I, ete.,
are alsq drawn by using these vanishing points.

494/ 1t would be possible to get the same result by repeating the same
construction as used on the plane ABCML for each end of the building,
but trouble, time, and construction are saved by the supplementary vanish-
ing points.

495. Bhould one or more of the roofs have an opposite pitch, as shown
in Fig. 1266, the supplementary vanishing points would then be in a vertical
through vp,.

496. Although less necessary and less frequently useful than for the
roof problem just described, the same construction may be used in drawing
hinged members, such as the box of Fig. 127. No new principles are

_involved in this illustration. T e
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497. Supplementary vanishing points may be applied also to sloping
strects, as shown in Fig. 128, Here the principle is the same, but it is
perhaps worth mentioning that window lines, ete., although they may be
stepped up or down, do not partake of the sloping quality of the street but
run to the regular vanishing points on the true horizon.

498. In working out such problems as that of Fig. 128, it is best if the
buildings are first drawn as though on level ground, as shown by the dotted
lines, and their meagurements thereafter shifted up with the help of dividers
or paper-edge comparisons. Note should also be taken of the small tri-
angular scetions that must be added te the base of each buildingfe com-
pensate for the uneven ground. \
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499. @e}e uneven, rolling ground is involved, it is best to establish
only onedor two slopes in this manner and the remainder by estimation,
O’Ghﬁj'ﬁ'iée the picture will be lost in a staggering amount of construction.

\500. Where a large number of oblique horizontal lines must be drawn,
45 in the tile floor of Fig. 129, it is helpful to cstablish extra vanishing pointe
for thesc also. These points will lie on the horizon proper and hencc give
little trouble. 'This figure, by the way, is gimilar to Fig. 87¢ i_n Chap. V1.

" B01. An everpresent difficulty in the work of any artist is a I'cn(.)wledge
of when to stop in the rendition of detail. Though the answer is in large
part dependent on what must be expressed in order to meet the requlrcrfl_ents
of the specific task, a few guiding principles may be given.' ’.I:he dttmmant
rule in any case is this: Do not altemipt 0 render detail finer in d?,mens:wn th:an
the particular tnstrument in use. 'Thus, if a pen making a !ine g4 in. .w1def
is being used, a width of 1{go in. cannot be expressed with it, and the single
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line must serve for both extremities. Obvious as this may seem, it is fre-
quently overlooked, and we often see drawings in which finy details are
inadvertently doubled in size and importance, while the whole lacks unity.
502. The subsidiary rules are, first, details finer than a certain dimension
(which depends on the style and judgment of the artist) bul not so fine as to be
smaller than the tnstrument in use should be ircated as texture. This principle
is often used in the drawing of large crowds. The dominant and nearest
figures are drawn carefully as individuals, while the erowd proper becomes
simply a textural part of the area shown. Although this may scom mere
indolence on the part of the artist, it actually contributes to the effectiyeness
of the result by preventing the scattering of interest on irrelevant o sub-
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sidiary backgrg ad.  Second, all detasl that does not coniribute to the com-
posttion, e_ﬁ'e.ct%eness, ot importance of the picture should be omitied entively.
For example, although window muntins are usually enriched with moldings,
it wodld be absurd to attempt to show them in an architectural rendering
of & corhiplete building,

§03. In drawing lamps, vases, and other objects symmetrical about 2
central axis, much time may be saved by drawing carefully only half the
object o one side of the other of the axis, Since half proportions are
impossible t0 judge accurately, the whole should first be roughed in. One
half is then refined to the required degree of accuracy. This half is then
traced carefully with a sharp peneil and the rough half is erased. The axis
should be drawn on both the drawing and the tracing. The tracing is then
“flopped,” i.e., turned over and transferred to the other half of the drawing.
It is unnecessary to rub the back of the tracing with lead for this job-



CHAPTER X
ONE-POINT AND THREE-POINT PERSPECTIVE

504. Though by far the greatest numbcer of pictorial drawings are made
with two principal vanishing points, there are certain specialized fields and
types of drawing in which two vanishing points are cither too many\or not
enough. Great simplification in measurement and manipulatidn)is made
possible by the use of a single vanishing point. Three-poinf perspective,
on the other hand, permits spectacular effcets and helps sgniﬂwhat to over-
come distortion, which we shall discuss later in this ghaptcr. Since it is
impossible in ordinary drawing to have more than three prineipal vanishing
points, we need carry the matter no further.

505. One-point perspective is also called 'gm%trilel perspective, because
not only verticals but one of the two principal Sets of horizontal lines will
appear truly parallel in the drawing. Ths is a great convenience, since
foreshortening and convergence need &g calculated for only one principal
set of horizontals, Measurementg;bf *vertical and horizontals in a par-
ticular plane may often be made @irectly with the scale.

606. One-point perspectivens “used largely where a single plane is of
primary importance, as in~ghowing the fagade of a building. It is also
useful where a number ‘of\btildings are grouped about a central concourse
or strect and where iuterest is distributed equally on either side. In
interiors it is uschuldor showing three sides of a room in a single drawing.
Because it is easy-to cxecute it is speedy and, since scalc measurements
may be used, Gecurate. '

507. These advantages are not obtained without some sacrifices.” It is
difficult 30 create an interesting or dramatic composition in one-point
perﬁp&ét\f\re, because it tends toward statie rather than dynamic balance.
Tn cAwtless or ignorant hands it produces some painful distortions. Finally,
in drawing buildings, cabinets, or other objects f_rom the outside (i.e.,
positive volumes) it permits us to show properly only one or two plancs of
the cbject, while two-point perspective permits showing two or th{'ee.
When the attempt is made to show three planes in parallel perspective,
distortion is unavoidable. This was often overlooked by the painters and E

1Tt is arguable, according to modern physical concepts_inv?l\fing a multidimensional
space, that more than three might one day beneeded. Tftime1s c_onmd('ared as the fou.:t_h
dimension, the motion pieture may be considered as having fOIlI‘-lel’le{lSlf)Da.] perspective.
Attempts have been made from time te time to produce & four-d:lmerimonal p_erspectw'c
o paper or canvas, and the futurist school of painting based some of its theories on this
toncept.
163
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engravers of the early Renaissance, to whom perspective was a new instru-
ment, and the buildings in their pictures often appear to be out of square.
508. Probably the most useful application of parallel perspective is in
"that type of architectural rendering which is intended to show only a fagade,
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as in a building housing a store or group of stores. Rendered elevations
are frequently used for this purpose, but they are difficult for the layman
to understand and may be misinterpreted. Figure 130a shows the plan
and elevation of such a structure. The translation of this inte parallel
perspective is extremely simple. The first step is to draw a new elevation
on drawing or tracing paper and to establish on it the eye level or horizon.



ONE-POINT AND THREE-POINT PERSPECTIVE | 165

The vanishing point is now placed at or near the center of the picture and
on the horizon. _ : -
- 509. Trom each point on the elevation where two or more lines interseet,
lines are now drawn to the vanishing point. These lines represent the
boundarics of the receding planes (i.e., planes perpendicular to the picture
plane). Such planes include the cciling, the floors of both show windows,
and the floor of the entrance path. _
510. The next thing that must be settled is, “How far back should
the back planc of the show window appear in the perspective drawing?”
There is ho definite answer to this question; there is, rather, an infinite
number of answers, If an observer whose eyes arc 5 ft. 3 in. ahove'the

23 N

A . U
TFig. 131.—The practice of layigg but the drawing instrumentally and then ﬁnis%ling free-
hand is weil suited to subjecta x{f&hese types, and particularly to upholstered furniture, Is
makes for speed in setting the predominantly straight lines while permitting enough freedom
1o introduce the slight varisfilons from perfect smoothness that characterize soft forma. Tn
“"hard’ pieces, such as thd ehést-desk combination, this practice helps to relicve the overslick
mechanical effect that wélﬁd result from a drawing made wholly instrumentally,

ground stand ﬂit;.‘; point opposite the middie of such a building, his. view
will have angye level and single vanishing point gimilar to those illustrated
in Fig. 1300" If hé is close to the structure, the rear plane of the show
windows Will appear relatively far back; if he is at & ‘considerable distance,
those‘same rear planes will appear relatively close to the front plane. Our
only rccourse is common sense. < The line AB, representing the lower rear
line of the door, is drawn where, in the judgment of the artist, it will gixie
the entrance path the most truthful and pleasing appearance. Once this
is done all the other Jines follow. Figure 130c shows the complete picture.

511. Tt should be noted that all the horizontals involved in this picture
aro drawn either with the T square or with a straightedge centered on vp,
except for the curves at the corners. Even these make use of the squares
established by one or the other of these aids. 'This effects a great saving In
time, '
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_ 512. If the drawing above had been worked out by projection from the
plan with a fixed station point, there would naturaily be no necessity to rely
on estimation as to whether the front and rear plancs were properly related.
Even here it i3 wise to remember that the station point must not be placed
so close as to produce a violent perspective or so far away as to ecause
flatness. Tt is suggested that Chap, II, Pars. 42, 43, and 44 be reread.
513. The use of parallel perspective in connection with interiors has
already been discussed in the last chapter and need not be repeated here,
Its use iz often advisable in the ease of furniture and other objects where all
the significant features lie in a single plane. Two such objecets are shown in
Fig. 131. It should be noted that there is very little more work intgived in

. - " - - . N
making these than in making simple {ront views or clevations. { )
"N

THREE-POINT PERSPECTIVE s

514. The dramatic possibilitics of three-point persp’éctive are so great
that its use has naturally been scized upon by, ftetion and advertising
illustrators whose business it 1s, not only o give infornation, but to capture
attention and to convey excitement, That therd-are other proper uses for
it has largely escaped the attention of artist§and draftsmen outside these
fields. There are several reasons for thit v The first is that three-point
perspectives, constructed by projectionwith geometric accuracy, are about
three times as difficult fo make as two-point perspectives, and about nine
times as difficult as one-point perspectives. In fields where such projection
is a routine procedure, such ag engineering and architecture, they have
therefore been practically i%;up.red. Nevertheless, in spite of its difficulties,
three-point perspective\ﬁ\aséesses definite advantages, apart Irom its

- dramatic quality, worthy of being explored by the architect, engineer,’
renderer, and the illggfrator of merchandise for advertising, whose business
it is only to tell thefacts about his wares.

515. Whenrekternal requirements dictate that objects must be shown
from abnogr&}l‘iy high or abnormally low viewpoints, the ordinary one- or
two-pointuperspectives fail dismally. The two-point bird's-eye view, used
in mughjarchitectural work, is satisfactory enough where all the buildings
are Yow, but for the skyscrapers of a large modern city the parallel verticals
employed in it produce painful distortion. On the other hand, little of the
grandeur of a high ceiling and vaulting columns is conveyed by the common
two-point perspective usually employed. In both these cases (the second
1 sometimes called a “worm’s-eye’” view), three-point perspective over-
comes the drawbacks.

516. In Chap. II, Pars. 41 and 42, reference was briefly made to the
principles of three-point perspective as applied to the cube. It can readily
be seen that working out complete projections for an actual article or build-
ing iz a job of considerable complexity. It can be done, but it is not
ordinarily practical, especially since equal accuracy is attainable by simpler
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means. There is nothing new in the procedure; it simply makes use of the
eube and the methods of multiplying and dividing it, already described in
Chap. 111

517. If great accuracy is wanted in a drawing in three-point perspective,
the first step is to draw 2 standard measuring cube from the desired position
of the station point, projecting it carefully to ensure accuracy, as in Fig.
10. This cube may now be used as the measuring standard. Before
tackling an actual problem, it will be necessary to consider more carefully
just how the three-point perspective of the basic cube is worked out. The
procedure for drawing the cube of Fig. 10 is the same as that for Fig\f
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Fra. 1 335"\_1:1“ or top view drawn and oblique elevation projected from it

exceptthad the orthographic projections must be worked out in three steps,
as showat in Fig. 132. '
B18. If the cube thus worked out is used as a standard, it isnow possible
to draw accurately a three-point perspective hy the measurement methods’
of Chap. ITI. Figures 4¢ and 4b were drawn jn this manner, and any
number of applications will ocecur to the ingenious, The drawing may, -1’[‘
preferred, be completely worked out by projection, but the cube method is _
ordinarily more convenient, rapid, and equally accurate. _

519, Tn advertising illustration, it is often necessary to }?l_ace an _1H1%stra,~
tion in an awkwardly tall and narrow space. By usinga high viewpoint, a
Tow, broad object may be made to usc such a space comfortably_, bU:t 1.;he
ordinary two-point perspective is unsatisfactory beyond certain limits.
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In Fig. 133a for example, the désk as shown looks sﬁrain'ed and artificial,
even though technically correct. The three-point perspective of Fig. 133h,

Tne. 134, -

‘while somewhat of & novelty to the conventional.eye, h.s‘ 5 8 much more
natural appearance, and one instinctively realizes that this is the way the

sbject would really look if seen from an elevated position.
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620. Similarly, the immense heights obtained in modern steel and
concrete construction can be only feebly indicated by the conventioral two-
point perspective. Figure 134 gives a better idoa of the scale of such work,
. and innumerable other examples may casily be found.

521. In most work it is unnecessary to work out the elaborate and precise
perspective of Ifigs. 10 and 132. 'The average illustrator will find that he can
get quite adequate accuracy by estimation alone, provided he bears in mind
one cardinal faect—in three-point perspective the verticals as well as the
horizontals must be foreshortencd, and the shortening due to distance must
alse be taken into account. This is unnecessary in two-point perghestive,
because the verticals are parallel to the picture plane. Aside from this, the
ordinary methods of frechand drawing already given in Chap;\ﬂ"apply.



CHAPTER XI
COMMON ERRORS

522. Most of the matters discussed in this chapter have already been
touched on in other parts of the book, They are being sef. down heredina
_ sort of perspective museum of horrors in order to aid the student in gvoiding

\ : LA
the pitfalls that trap the beginner and the weaknesses that betray thelazy o
slipshod professional worker. M .

(a) oW (6
Fre,J25. '

523. The cllipse, or circle in peré‘péctive, is responsible for a wide variety
of errors.  One of the commogest is shown in Fig. 135a. Here the outer
eylindor was drawn correctlyt; then the inner curve, showing the opening, was
drawn geometrically parallel instead of pers;gectfively paraliel to t}:te outer
curve, Chap. IV (Ifa{fs;."217 through 220, and Figs. 43 and 44) gives the
. reagoning involvegk; '

\W

Top not #rue Efljpse Corrected ' Buase not frue Ellipse Corrected
(at ' (b
Tra. 136, :
b24. Perhaps the most distressing error in drawing the circle in pez:spe(-:— .
tive is the beginners’ habit of putting corners On'l!}. The absurdity is
evident even to the layman, yet the habit is gurprisingly common. The
most obvious form of this error is shown in Fig. 136a. Here the supposed

ellipse at the top is not an ellipse at all, but the intersection of two ares.
171
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A much more frequent error of the same type is shown in Fig. 136b. This is
found often in the work of people who should know better, Here the upper
_curve is drawn correctly, and the lower one is simply an arc connecting
the two side outlines. This arises from the supcrficial assumption thag, .
since the rest of the curve cannot be seen, it isn’t there. Well-trained
professional workers make it a habit to draw lightly all of the eurve, then to
erase the hidden part, as shown on the right-hand side of Fig. 1365. Thisis
also discussed in Chap. V, Pars. 242 through 244, and Fig. 51.

525. Another error is the result of giving the ellipse the wrong curvature
for the plane on which it is supposed to lie, This difficulty may dagily be
avoided by use of the enclosing square. O\

626. In drawing by projection methods foreshortening is antomatically
taken care of, and the beginner is usually surprised at how drastic its effcets
arc. Infreehand drawing he tends to underestimate it with peculinr results.
A desk 28 in. high and 30 by 50 in. horizontally should not appear as in

(a) NS (67
O Fra. 187.

Fig. 187¢. The distorfion is easy enough to see after the drawing is finished.
The hard part is,:tt}é,void it in the first place. The cure is to start by estab~
lishing the oyer-all proportions at once and never to start on details until
these are ,gﬁtxsfactoriiy aceurate. Amnother habit may be cultivated to
advantage® When judging the appearance of a drawing, try to forget that
it is€ rawing. Think past the picture to the object depicted, and try to
judge ‘the proportions as you would those of the real thing, Thus, not,
“Does this picture of a chair seem to be well proportioned?”’ but, “Ts that
chair well proportioned ?” _

627. Although it is rather unusual, beginners sometimes achieve weird
effects of transparency and reversed forms by running hnes to the wrong
vanishing points. This happens particularly in the shorter lines. The
maker seems to feel that, though the lines must go to some vanishing point,
any old point will do. Figure 138 illustrates this, the lines at the feet of
the table being drawn to the vanishing points oppesite the correct, ones.

628. Closely allied to this and unfortunately much more common is
the habit of treating short lines as though their direction did not matter.
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This game trouble creps up when the line is far from the center of interest,
or when the object being drawn is a subsidiary object in a group. In this
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case the principal objects will be drawn ¢ a.rcfu]th;: r??fnstgzdszﬁisﬁﬁé
objects will be handled as though they had A les given in Figs.
points from the rest of the pieture. Although the exarnp? _ S
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4 -
139¢ and b may seem exaggerated, they often crop up in work supposed to
he of professional caliber,

529. Carelessness about vanishing points for subsidiary objects causes
great trouble when a number of objects are intended to be lying on a plane,
Many a beginner sheds tears over efforts to make things “lic down,” simply -
through failure to realize that there can be but one horizon in a given picture,
and that, if two rectangles, such as the napkin or the enclosing square for

fa)

~
7

Fia, 140,

the plate and the table of Fig. 140q, are parallel on"i}hc pair of sides, they
will be parallel on the other, \

B30, Sometimes, especially in freehand dga’,\ﬁhg, the importance of the
horizon is forgotten, and such peeuliar respits as those shown in Tig. 141
occur. The reason for this error was démdnstrated in Chap. II (Fig. 14
and Par. 71). It must never be forgetten that all’ horizontal lines will
vanish in the horizon and that the horizon must be horizontal.

*
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FIG.\%f&—Left—hand vanishing point {#p1} lower than right (rps); that is, the herizon s not
horizontal.

531. When the horizon or eye level is wrongly placed, the person seeing
the picture has the fecling that his sense of proportion is being deccived.
The table in Fig. 1424 looks gigantic—big enough to walk under ercet—
while that in Fig. 142b looks quite normal. It is simply a matter of having
the eye level at a relatively correct height. ‘The room in Fig. 143 looks as
though it were built for midgets, and a tall man is likely to duck when he
sees it. The rule in general is this: The eve level should preferably be
placed where it would normally be for a person of average height. If it is
0o low, all objects will appear abnormally large; if it is too high, they will
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appear insignificant. Since this is more a matter of judgment than of
measurable fact, some discretion must be used in applying the ruleé. Cir-
cumstances frequently dictate the necessity for using especially high or
low viewpoints. In such cases it is wise to make the departure from the
norm sufficiently drastic to be recognized as a needed expedient and not
_ the result oi the artist’s incompetence.

(al N\ (b}

Fio, 142, {a) A bad choice of eye level not only, makes the table seem to be 10 £, high
but, by showing it nt an angle from which it was notdesigned to bhe seen, gives it an unfz}var-
ahle appearance. This iz particularly important™in advertising flustration. (b) Higher
eye level pives correct soale. &N

™\
3

532, The hurried or careless worker often forgets that forms having a
common axis in faet must have a common axis in the i.mage. The lamp
shade and basc of Fig. 144 illustrate a frequent error of th1§ gort. . The error
is often so slight that it passes unnoticed and is the more distressing because
- of its very subtlety, producing as it does a sense of gnbalance, thg_cause
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not being easily apparent. The remedy is clear, and it is well to make a
habit of drawing center lines for forms of this type.

b33, Skew lines cause much confusion, These are lines that are not
parallel but do not intersect, because they lie in different planes. This is
obvious enough ih three-dimensional objects but by no means so obvious
when the object is reduced to two-dimensional paper representation. The

Fra. 144, Fre. 145.

®

remedy for this eonfusion is the cultiifaﬁon of & sense of what may he called
“paper space,” a feeling that the dtawing is rather than merely r¢presents
space. Teachers call this the\three-dimensional concept and recognize its
acquisition as the most inipertant part of the student’s training, more
important indeed than all his technique, and vitally necessary to costhetic

accomplishment. In ,\Fig.' 145, although the floor line X¥ runs hehind the

o

T

\

(a} 7.7
Fra. 146,
table, it is at first difficult for the student not to feel that it somehow con-
neets point A on the back leg to B on the front, € to D, and so on.  Attempts
will even be made to render this line as somehow & part of the table, and
sections like A BGH will be treated as separate panels having nothing to do -
with the rest of the wall. '
534, The abuse of parallel perspective illustrated in Fig, 146 was
fairly common (and excusable) when the science of perspective was young.
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There is nothing in this picture that is wrong by the standards of purely
geometrical perspective. However, a pieture of this kind must be not only
mathematically correct, bub optically convineing. Indeed, it is more important
that it be convineing and sound-looking than that it be scientifieally.
flawless. . '
536. 1 ihe reader will make the following cxporiment, the inherent
absurdity of Tig, 146a will be explained. Stand in the center of a room -
and fix the cyes on the end wall, Now, without taking the eyes from the
end wall, attempt to draw the wall to your left, If the room is a large one,
asmall part of the drawing, that representing the part of the loft wall nogcst
the end you arve looking at, may be represented with reasonable aetyracy.
The rem:uinder will be a meaningless blur. Yet the maker of B: Jréxving
such as I'lg, 146a asks us to imagine ourselves g >
standing in the center of a street, staring straight
down its length, and yet seeing clearly what we are |

not looking al. _ : %
636, Strangely enough, if the distortion jg) %
balanced, as it were, as in Fig. 146b, the djst(){te\d

effect is not nearly so noticeable and may: &veh be
pleasing in its rather statie symmetry. 2N

537. A similar effect may be produeed in two-
point perspective, as in Fig. 147, where the object
shown is far from the line of vision™s The effect has
been carried to an extreme hef®, in order to make
the point, yot such distortions.are by no means rare.
If such o picture were madguaally complete, it should
show how the observersalose and eyelashes chscure
part of Lhe image, ("This sort of distortion has its .
place where an unu}{ial pictorial effect is the primary goal, but it is worse -
than uscless foioBjective description. _ L

538. Tn Cltap. IX, Fig. 122, Par. 477, and elsewhere in previous c_hap.tcrs,
the crror of keeping the vanishing points too close together was e':_iplamed.
The réason “violent” perspective appears 80 queer i_s the assumption of the
artist that examination was made from too close a position. If t]:Ee
reader will stand 2 ft. away from & large tablc and attempt to dra,w' it
completely, he will understand this better than he would from reading
any writien explanation.

539. In Chap. VIII on Perspective Composition, the phenon:.aencm of
_two solid forms occupying the same space simultaneously. was discussed.
It is advisable that the reader refresh his memory by rereading Pars. 422 -
through 429, for this is an error that oceasionally slips by _thc most: 'skﬂ]ful. :

540. One of the most frcquent canses of flatness in & drawing was
shown in Tig. 91d, the result of failure to recognize that cvenly spaced

divisions on a cylinder, such as fluting, recding, or striping para]}el_to the

N

Tiia. 147,
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- axis, will not appear evenly spaced in the image. This flat effect is some.
times exploited for decorative or amusing purposes; but, when it results
from ignorance, the effect is tinny and emaciated. The artist must. remem-
ber that all detail near the outlines of a cylinder is compressed in the Tnage,

into relatively small space, and that the effect is directly proportional to -

closeness to the outline. The method for caleulating this cifect, when

falt

N\ )
AN Fia. 148, F:a. 149.
high prgeision is necessary, is given in Chap. VI, Pars. 379 through 381, in
connection with Fig, 91, ’

541. Forms of the kind shown in Fig. 1484 cause considerable trouble.
There is an almost universal tendeney to draw them as shown in Tig. 148e.
The student. feels that the side outlines of the neck of the article ought to
extend down and out to the extremities of the base. Since he fecls that
this -ought to be so, he makes it so in his drawing. This gives a pinched
look to the object. ' '

b42. The error is another result of failure to distinguish between edge,
which in any given object is fixed and positive, and outline, which may be
fluid and movable. The outline of Fig. 148a, which is as the object would
be seen on the eye level, is correctly carried down and out to the extremities
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of the base. But this cutline changes with every change in posmon of the
object relative to the eye level.

543. It wonld be possible to get this outline correct for any given posi-
tion by drawing in five or six cross sections at equal intervals between top
" and base, and it would do no harm for the student to do this on one or two
drawings. Such a procedure is entirely too laboricus for practical purposes,
however. DPractice in drawing three or four forms of this kind, such as
bottlenecks, pipe flanges, silver hollow ware, ete., will soon give enough
experience 1o permit sufficiently accurate judgment of the effect. This
judgment wuy be guided by the knowledge that the effect increasesdn
proportion s the object departs from the eye level. This varlatw{l is
shown in JMig. 149. Incidentally, the rather strained effect of. {;he last
drawing in J7ig. 119 is an interesting example of the bad results of“carrymg
one- or two-point perspeetive too far. This drawing shouldﬁma]ie use of
third vanishing point for the verticals in order to avoid hav(ng them appesar
too long. \



CHAPTER XII

WORKING FROM BLUEPRINTS AND OTHER MECHANICAL
DRAWINGS

544, The making of perspective drawings from mechanidal \1ra;wings
alone, with no actual objects to work from, is routine pragtiey in several
ﬁelds, particularly architecture, interior demgn, industrial demgn and, $o a
lesser extent, enginecring, The purposc of perspective drawing in thecse'
fields is visualization for the client or employer of, préposed objects or
structures. This often necessitates the making, of'stich perspectives from
raechanical or orthographic drawings, whichj\sphile they convey much
aceurate information, give only a poor idea{ef what the proposed object
will look like, The trained technician of ,é@urse can visualize quite clearly
with the aid of mechanical drawings, but-in his relations with the layman
the use of perspective drawings is impartant.

545, This is particularly true’ of architects, interior designers, and
mdustn&l designers who usually work with lay clients, and even the indus-
trial demgner working in ,a Yarge organization under speeially frained
supervisors finds perspectlye drawing the quickest and most vivid way to
convey his ideas. Qrecently, perspective was to most engineers merely
another tough brandl%f deseriptive geometry. Lately, however, the stress
of war condltlons has produced a need for this kind of drawing.

B46. Thiz weed is the outgrowth of the sudden shortage of trained
personnel. | Iju\has been found that much time can be saved in training
workmen\ﬁ"ﬂle training ean be confined to teaching them their jobs and
not spendlng additional weeks in teaching them to read blueprints. If
the manner in which a given mechanism is to be assembled can be conveyed
L‘Iearfy by means of perspective drawings, there is no need for the man to
spend additional unproductive time learning rules and conventions of
tochnical drafting,

547, Two types of drawing meet this need. These are cufaway and
explosion drawings. Phanfom views are also sometimes used. In cutaway
drawings part or parts of the external housing are drawn as though eub
off to expose the internal construction. In phantom views the same result
is achieved by drawing the housing as though it were transparent. Both
these types of drawing have their uses, but the explosion drawing, often
used in conjunction with a normal type of drawing, is probably the best
method, since by its help all parts of s mechanism ean be shown clearly and
separately, and may even be dimensioned, while at the same time their

180
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relation to each other is also made clear. The aireraft industry, requiring
as it now does vast numbers of new personnel, and having unusually intri-
cate problems of assembly, has pioneered in the use of this type of drawing
and has developed it to & high point of usefulness.

548. The industrial designer, whose work frequently parallels or overlaps
that of the cngineer, also finds drawings of this type useful. Since there is
no esseniial difference in the drawing problems of the industrial designer
and the cugineer; we shall treat them together here.

_ 2 .
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T'1c. 150a.

549. Architects’ and interior designers’ work is often para!lel alse. In
this chapter we are therefore treating these ficlds as a unit. Sinee we h'ave
already covered interiors in Chap. VIII, we ghall concentrate on exteriors
here, _

560. In Chap. III (Pars. 140 through 148, and _Fig: 26) one method of |
producing perspectives by projection methods was discussed. A sec{?nd :
method was given in the same chapter in Pars. 149 through 172 and Figs. .
27.through 30. Since the examples used in those figures were kept very
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simple to avoid obscuring the basic prineiples, we give here further examples

- of a more practical and realistic kind, No new prineiples are involved,
50 we shall confine ourselves to showing the evolution of the results in the

figures. The reader should refresh his memory by rereading that section. _
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such problams os thiz it is often helpful to use boils first and seconsd foor plans.

In working ol

The projeciivn may be done on tr

Tie. 1800k,

Cura

plan for the other as the work progresses.

racing paper, substituting one

s different plans are kept in corresponding positions,

must be taken to see that corresponding points on th

b51. Figure 150¢ shows the plans and elevations for a house. These
are utilized in Fig. 1505 in projecting a perspective of the house by the same
methods as those of Ifig. 26. In this instance only a few of the projection

lines have becn indicated.
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552. "U'his method of construction has the disadvantage of requiring a
great deal of drawing-board spacc. It has several compensating advan-
tages, however, One is that it eliminates the necessity. of finding vanishing
points except as a check, thereby obviating the need for the expedients
deseribed in Chap. IX, Pars, 473 through 488. Morcover, in spite of its .-

..\'\\ 6@:md Line \ A{ ///

\‘ ) Sp - - -

Fre. 151 —Drawings of this kind shonld be made very large in order tz 1:?;111;131;10 airchc:rfi?;
and prevent cyestrain. The scale of the plans used _sh0111§ be onc;qflal ell nch fo the foos
or larger if possible. This applies particularly to residential or n}t e:ﬁfmadctaﬂs beiug- On
public and commercial buildings a smaller scale may be used, the finer

ventionalized or omitted.

seeming complexity, considerable speed can be achicved if the procedm_*e

recommended in Chap. 1T, Par. 146, Is use(?I. . . .
553. In these and the o{’;her Jlustrations involving architectural subjects

we have not included much background, bf:cause .the {reatment kof suclci- _
matter belongs more properly to the subject of rendering. guch batlz grou_lih
material as appears on the plot plan can nevertheless be projected along wit

the remainder of the perspeetive.
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564. In’ Fig. 151, using the opposite side of the house of Fig. 150, we
show a more conventional method of working. This method is mmﬂar to
that of Figs. 27 and 28, Chap. III, Pars. 149 through 162. In problems
of this kind the use of the ground line to get horizontal measurements and
of the vertical measuring line for vertical heights can be a great convenience
because of the many small details that may thus be quickly and acoumtely
established. In Fig. 151 two such horizontal measuring lines arc suown,
and the vertical corner AB of the house itself, being placed i in the plcture
plane, hecomes the vertical measuring line.

bbb. In all architectural perspectives the placing of the statmn polnt
i.e., the position of the hypothetloal ohserver, is of the highest ifnportance.
Unless some special purpose is to be served, the eye level shaiild first of all
be set at the height of & normal person. This can be oonsldorod a8 an cven
5 ft., since the scale of architectural drawings is such as #o\make a difference
of a few inches meaningless. The next consideration:ié’the placing of the
station point horizontally. Since we are workingpom plans, this is quite
easy. First, the station point should be so sitpated that a line (sp-X in
Fig. 151) drawn from it, perpendicular tq the“picture plane, would pass

" approximately halfway between the left andvright extremities of the plan.

If this is not dore, distortion will resulb, ."Second, the station point raust
be situated at a distance from the obj act sufficient to avoid violent perspec-
_ tive, or, in other words, so that tho dhgle C-sp-D of Fig. 151 is not so large
as to imply abnormal visicn,

566. These points are of. great importance. They have already been
covered in Chap. III, a,(s ’142 through 145. In practical work some
additional considerations ay have to betaken into account. For example,
although such a practrce is unusual, it is sometimes wise to show a building
as though seen from’ an upper story of & building opposite. This may help
in avoiding dlstor.tlon in the drawing of tall buildings, although it detracts
somewhat, fr(in“ the dramatie quality by lessening the cffect of towering
height. Agam a greatly elevated viewpoint makes possible certain advan-
tages, (The bird’s-eye view (two-point perspective) is very valuable in
gividg information about groups of buildings, town plans, apartment build-
ing layouts, etc., without subjecting the layman to the technicalities of
understanding and interproting the architect’s plot plan. Figure 152
shows such a use.

667. In crowded cities, where immense buildings are erected close
together, it is impossible to get the long vistas necessary for full appreciation
of large structures. Though decentralization may correct this condition
in the distant future, we still have present realities to contend with. In
~ these circumstances it is sometimes wise to place the station point closer to
the object than normal and to accept the inevitable violent perspective in
place of the artificial assumption that the observer stood at a distance of
500 or 600 ft. and saw the building in question through two or three inter-
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vening structures ag though they were invisible. In either case we have to
compromise, and the result depends largely on the judgment of the renderer.
668. In many, if not most, cases, it is possible to place the near vertical |
corner of the building in the picture plane. A great saving in time may be
effected by this means, since this line (4B in Fig. 151) will retain its true
length in the perspective view and all height measurements may he made
directly on it with the scale, just as they are given in the various elevations. -
By reference to this line, heights anywhere on the building may be deter-
mined quickly and accurately. . ~

{f@? 152.—(From a design by Thomas Philibert.)

659, It is,\a{o;ﬁetimes convenient to let some other vertical lie in the
picture plapé\and to use that other line for height reference. Sueh & proce-
dure W&'ag'i;sé'd in Fig. 28, The nearest corner is the most generally useful,
howe{en, ™ :

INDUSTRIAL PERSPECTIVE DRAWING

560. The same general considerations apply to the making of perspective
drawings by the industrial designer and the enginecr as to all other fields.
That is, the station point should preferably be sct at & norma} eye level unless
some special purpose can be served by raising or loweru:'tg it; it shoul-d -not
be so cloge to the object as to produce an abnormally wide angle of vision;
the perpendicular from station point to picture plane sh?uld pass about
halfway between the left and right extremities of the obgects.. All th_ese
rules may be violated to some extent for the fulfillment 0.f spe.ci-al require-
ments, for example, the engineer, who is more concerned with giving preclse _
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el

Fis. 163.—(a) Orthographie drawing of a ratchet. (b) Perspectivo of enclosing rectangles
projected. Height and position of smaller rectangles measured on line 4B, which appears
af true length since picture plane passes through it. Viewpoint somewhat forced to clardy
diagram. (¢) Circles drawn in enclosing rectangles. (d) Teeth determined by projection to
outer circle. MNext inner circle determines depth of teeth. Use of index numbers helps o
keep track of projection lines. (&) Perspeetive of ratchet,
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information than with appearance, may accept some distortion in preference
to leaving some important piece of data obscure. Nonetheless, the above
" rules are the norm and should be departed from only when the benefits
are clear.

561. Tn industrial work the seale of the objects s usually much smaller
than in architectural work., The usual 5-ff. eye level will, more often than
not, lie entirely above the object, and the horizon is consequently relatively
high, Obviously, in drawing objects only a few inches to a foot in height,
such an eye level is entirely too high, and ecompensation is achicyed by
drawing the object as though on a table. In general we can say that ob jects
large enough to stand by themselves on the flor should be drasifrom the
normal 5-ft. level; smaller objects, normally placed on tahlesy fhould be
drawn with an eye level caleulated from the table top, 7.e.,.f rom 114 to 234

¥ia. 154e~-Small ghuares drawn Tra. 154d—Construction and guide
at corners andhuded as puides in lines removed.
drawing ares. \

ft.; objects n\\s'oinﬁa.lly suspended from walls or ceilings, such as light fixtures,
should be ‘drawn with the eye level below., Again much depends on the
discretjenriof the artist.

62, Figure 153a is an orthographic drawing of a ratchet. In Fig. 153b
and the following, the orthographic drawing is translated into a perspective.
Since no new principles are involved, little purpose would be served by
discussing this figure in the text, but careful study of the figure itself is
recommended. In actusl industrial practice the drawings are usually far
more complex, but the basic method is the same and may be more readily
understood in the simple example. '

§63. The method of Figs. 26 and 150 may also be adopted to advantage
in work of this kind, particularly where the forms concerned are largely
rectilinear. Figure 154 is an instance of this use, Note that the picture

plane has been carried through the near corner, somewhat simplifying the
construction.
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564, Figure 155 shows an explosion drawing. This drawing was made
. by Richard Gerofsky, as a problem in industrial design at Pratt Institute.
~ Careful study of this drawing is recommended. It conveys complete
information as to both assembly and design, only dimensions being omitted.

Tra. 156,

Because it is in perspective, it is comprehens'%ble to the lamanl in E'wi,y
that no orthographic representation can posmbly be. On sxmﬁ) eo Ije(.:, 8,
sueh as the table of Fig. 156, dimensions may be mt:lude(% and t e (g{p 0.31011
drawing used as a complete working drawing. Though isometnc ;‘am;]lli?
will serve the same purpose, the distorted appearance they prese.nt 1.3 muan

some to those untrained in technical drafting, and the perspective is usualy

more easily understood.



CHAPTER XIII
PRACTICAL SUGGESTIONS

566. In his everyday work the artist finds that the most froguently
encountered problem is that of correct proportion. If he is w orkmg from
mechanical drawings, this problem is solved automatlmlly as alpart of the
projection process itself, although even then there is oft€n) wome scope -
for judgment, especmliy in small or minor parts, in “hmh the exactness
gained by projection would not he worth the labor and ‘ponfusion involved.
But in freehand drawing, or in the combination of f rech;md and instrumental
work customary in advertising illustration andNn' rendering, judgment
of proportion is involved almost every t-ime'a;\hr{e is put down, Pince »
single drawing may require a hundred or mere decisions about proportion,
the cultivation of a good “eye’ is of thegreatest importance. Geometric
devices have already been given whergby proportion may be accurately
gauged, but, as progress is made and\experience and practice are acquired,
it will be possible to dispense with much of this work by performing it
mentally, effecting a saving of/hoth time and labor.

566. Every artist acquires\his own methods of judging proportions, and
experience will form habitd that become quite unconscious. There are,
nevertheless, certain guides that can be used as the basis on which more
individual methods €& be evolved.

567. One of the’most useful of these is the method of squares. This
congists in viswalizing, on the object to be drawn, squares based on the major
dimension'sngor example, suppose we are drawing the front of a house.
This fromtds 19 ft. from ground to roof and 40 ft. long. We now visualize
a squa.re\havmg the height of the house as the length of its side to be drawn
on ‘the front plane. It is now possible to visualize a second square laid
alongside the first. These two squares would nearly, but not quite, reach
the far end. The imaginary squares may now be lightly indicated in the
drawing, the allowance for excess made and the proportions of the whole
front thereby established. Using the same size square, the proportions of
the end of the house may be similarly established.

568. The smaller parts, such as windows and doors, may now be worked
out by breaking the squares down into smaller units. More lines may be
imagined or visualized on the structure itself. 'We may visualize a line
passing horizontally around the house midway between ground and roof and
note that the tops of the first-floor windows come nearly to this line, while
the bottoms of the second-floor windows pass about three feet over it

199
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This three feet itself may be estimated as a portion of & smaller square based
on the half height. The top and bottom lines of the windows on both floors
may be similarly placed with regard to roof and ground lines.

569. The proportions of the windows themselves may be established
similarly. Suppose them to be 3 ft. wide and & ft. high. Since the height
has already been cstablished, the width is worked out by drawing 5-f.
gguares and then cutting off two-fifths from the width.

Q) Fre. 157.—(Pratt Institute pholographs.)

570, The foregoing gives only a hint of what niay be dofze in e_smmatl_ng
proportion by this means, and the individual must rely on hig own ingenuily
in applying it. Since every picture constitutes a new p-roblem, no hard and
fast rules can possibly be given. The photograp}]s in Fig. 1567 show how the
various problems presented by these objects m_{gh’ﬁ be worked out. Note
that it is not, necessary that the lines of the imaginary squares actually pass
through lines they are meant to locate. It is usually adequate to note ;tha-t
such and such a line on the object is a trifle above or belo?zv th(.a half height,
or a couple of inches to the left or right of the end of the (imagined) square,

eto,
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B7i. It is not always necessary actually to sketch the squares on the
drawing, although it is usually helpful' in the preliminary stages. Asg
the work approaches completion, various actual lines take the place of the
imaginary lines as guides and aids. Too many guide lines may so confuse
the work as to he a hindrance, and the intelligent worker will always keep
the number of extrs lines to the minimum required for accuracy. As
experience is acquired, it will be found possible to visualize some guide lines
not only upon the object but upon the drawing itself,

572. Another method closely related to that just deseribed malees use of
actual measurement from a distance, It should be noted that this. nfethod
1s not approved by all teachers, for they feel that it slows up thegtudent’s
cultivation of a sense of proportion. This is certainly true to sginé‘cxtent,

Y N .

N Fra, 158,

)
and the use of the methodishould be confined to establishing the principal
proportions, because otherwise much time may be wasted and a habit of
relying on artificial aidmay be inadvertently cultivated.

673. In the sitaplest case suppose we are drawing a piece of furniture
from a direct 18t view, i.e., in parallel perspective, in which case there will
be no foreshortening of height or width, and these dimensions will appear
in their t2Q# proportion to each other. Taking a spare pencil, brush, or
any piece’of equipment that is conveniently long, straight, and not too
thick of heavy, hold it vertieally at arm’s length, as shown in Fig. 158, and
with one eye closed move it so that the top end is in line with the tap end
of the vertical line to be “measured.” Place the thambnail so as to align
it with the lower end of the same vertical. The distance AB, between
thumbnail and the tip of the brush handle or whatever, is now used as the
vertical height on the drawing. The horizontal width is established in
the same way.

674. Using the height and width thus determined, a rectangie is now
drawn. Though smaller in scale than the original, this rectangle will have
exactly the same proportions. The smaller proportions and details may
now be worked out by the same process within the larger ofics,



PRACTICAL SUGGESTIONS ' 193

676. Care should be taken in using this device to avoid varying the
distance of the brush handle from the eye and object between measure-
ments. This means that the body must be erect and the arm thrust out
to its fullest extent without twisting the shoulders. A chair with a stiff back
is a great help in this respect. . ' o

576. This method is not exact enough for very refined measurements,
It works well for getting the major proportions, but no attempt should be
made to force it to work for which it is not fitted. For example, in Fig,
158 the height of the leg could probably be gauged quite well by this means,
but for the drawer handles it would be entirely too coarse. Such“detaily
are much better judged by the eye, which is anyway the findl sourt of
authority in judging any drawing. O c

577. It is not always desirable to have the drawing ,the same size as
measurements of this type will produce. Sometimes/he size has been
predetermined and the drawing must be made to fit\Bometimes the draw-
ing 50 made would be too small to include sufficiett detail or so large as to
be awkward or to run off the paper. In casesthe measurements are too
small, cach of them may be doubled or trebledas it is transferred to the
paper, or, if they are too large, they may be'halved. Again some line, the
width, for instance, may be set down at,the desired size on the drawing, and
the measurements may then be used\idircctly by establishing the ratios
only. For example, a horizontal lme is drawn showing how large this width
is to appear in the picture. The width of the object is now gauged with the
brush handle, and then, without removing the thumb from its mark, the
number of times this a’g‘ufement can be fitted into the vertical height
is determined. Suppo;g%ﬁs is one and one-half. A vertical is now drawn
one and one-half tinges the length of the previously drawn horizontal, and
the correet propoftien is thus established even though the original width
was cstablishedwcuite arbitrarily. ' )

b78. Anoﬁief convenient way of enlarging or reducing dimensions Wlul'e
maintaining proportions in their correct ratio is the diagonal method. This
methoddis worth eareful study, because it is applicable not only to perspec-
tivc'd;‘éiﬁng but also to a wide variety of other work—Ilayout, lettering,
typography, the sizing of drawings for reproduction, and a host of other
uses. L
579. Suppose you are making a drawing on a piece of papEI: XZ, as shf)wn
in Fig. 159. Measurement by the brush-handle method just deseribed
gives the rectangle ABCD for over-all proportions. In order fo make
full use of the paper, it is necessary to enlarge this.rectangle w.thc keeping
its proportions constant. This is done as follows: Extend 1_;he lines AB _and :
AC, draw the diagonal AD, and extend that. Now choose & c'onw_ament
width (or height), such as AB;. Drop & vertical from By, This will cut
the dingonal at Dy. A horizontal from D, will then cut the extended vortical

AC at €. AB,C.D, is the desired rectangle.
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580. Tf more details are wanted, the procedurc is illustrated in Fig, 159%.
Since the lines BD and CD have been established as the control lines, all
points that are to be used in fixing positions for the enlarged details must
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be referred to them. Thus the points E, F, G, H, I, and J are projected
horizontally to the points E,, F, etc., on the line BD, and the point J is
also projected to the point J; on the base line €D, because it will be needed
to establish the width of the vertical member. Lines are now drawn from
4 though Eg, Fy, ete., and extended to cut B,D, in the points E,, Fy, etc.
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A line is also drawn from 4 through J; to cut CiD;yin J. Figure 159
shows how these points are used in the construction of the enlarged drawing.

581. 1t should be noted that the left-hand vertical member need not be
enlarged in this manner, for its width is determined by cor:npa.rison with
the right-hand one. Moreover, although it is perfectly posgible to use the
same procecdure for all the details, such as the horizontals between the

- drawers and for the handles, it would result in a maze of construction lines

while producing no sufficient increase in accuracy to justify the trouble.
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It is br::st, therefore, to draw the smaller details by eye or by methods
ribed in earlier chapters. . . ) o
des%&)? It.nis possible to abbreviate slightly the work “}ig;vii;‘g;%eei |
internal details by the method just descrlbgd. On:ﬁ i lg:n o belooated
cstablished on the enlarged drawing, any P‘}l;ts on tha .
directly, rather than indirectly as in Tig. 159. le using the same prin-
583 Viguro 160 shows & more ebors’s exﬁlﬁpndle measurement the
ciples. Suppose we have obtained - by bruls -AaEJ?t”D ‘u Fig. 1600, and
drawing contained within the small rectal.:tg_e T};e 'p.r'mcipal horizontal
wish to enlarge it to fill the rectangle ABi.C1Ds. e P . ad I on
lines are first extended to the right, locating pownts &, X1, &, &2, a56 & 7
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vertical BD. Lines from A .through these points are now drawn and
oxtended, as shown in Fig. 160b, to locate E,, Fy, cte., giving the enlarged
position of the horizontals. As shown in 160c, lines are now drawn {from 4
. through points J, X, L, etc., on the horizontal through H, and cxtended to
the horizontal through Hy, locating points Ji, K1, Ly, etc., the top corpers
of the ground-floor windows in the enlarged position. In Fig. 160d these
points are now used to locate the vertical sides of the windows and door.
The less important details are now added by estimation, and the enlarged
drawing is completed. ~
B84, In this example it would haye been
possible to use any of the variougKokzontals.
That through I was sclected(as" combining
the maximum of scenracy Wiizh the minimum
of additional constructign®" In certain cases,
where perfect exactnessis desired, it may be
wise to enlarge all £hi details geometrieally,
but generally ;hs\\éain in accuracy is not

\ TQ worth the (Jabot and confusion of the
\ \ 1&% / additional ¢omstruction lines.
\ S / 686, Ehe reader will have noticed that
\ § this censtruction may also he reversed, and
\ \ g / large, drawings may be reduced with equal
\ \ la / facility.

¢~ 586. When the artist is able to take up
. a position wherein he sces his subject in
exactly the perspective desired for the
picture, or as more often happens, when he
is not working to a predetermined perspee-
tive, it is possible to use brush-handle
measurcment, not only for lines parallel to
the picture plane, but also for lines and
planes at an angle to it. In this casc the
method will give a measurement of the
foreshortening, a great help in some instances, for there is always a tendency
to underestimate the effect of this factor.

587. One precantion must be observed at all times: The brush handle
must be kept parallel to the picture plane, t.e., transverse tc the direction
of vision. If this is not done, all sorts of weird distortions will result.
This does not mean that the artist roust be exact to 1 deg., but that any
substaniial error (say 10 deg. or more) cannot be tolerated.

688. In Fig. 161 we show how the method may beused. The first step
is to establish the nearest vertical at A. Holding the brush horizontally,
the foreshortened distance from vertical A to vertical B is next measured and
finally the foreshortened distance from 4 to C.

C Yy Fia. 161,
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§89. The ;?erspective length of diagonal lines or of lines that appear
at an angle owing to perspective may also be measured in this way, provided
always that the rule of keeping the brush handle parallel to the pigture -
plane is observed, .

590, I_t is offen useful to have some kind of numerical standard for con-
venicnce in reckoning. In thesc cases it is possible to substitute a ruler for
the brush handle, the usefulness of the printed scale being compensation
for the added weight and awkwardness of the instrument.

591. The practicing professional artist soon acquires an ability_to
estimate the proper angle at which to draw the various perspectivéshori-
zontals in a picture, and he will set them down frechand with a sureobss and
accuracy cqual to that achieved by geometric methods. THe)ease with'
which the experienced worker does thiz is often discﬁouraging:td,the heginner,
who despairs of ever freeing himself from the neeessity £or geometric aid.
There are two expedients that will greatly facilitate: progress. These
were touched on in Chap, II, and we shall briefly reéeapitulate them here.

§92. "I'he first of these is to draw the horigenvon the paper or hoard
whencver possible. Since the two principal Sahishing points always lic
in the horizon, it will be much casier to visualize their position if this line
is dvawn early in the work. It is often desirable to draw freely a few of the. -
main lincs of the subject or its encloging rectangular solid before setting
down the horizon, in order to determiine a desirable location for it, but in
any case it should be placed ag ston as practicable. The artist who is
working freehand and withguzx actually setting down his vanishing points
is somewhat in the posit'ﬁ@“of a billiard player aiming at an imaginary
ball-—a, real one is hardendugh to hit accurately—but if he at least knows
that the imaginary spét he is aiming at lies on a certain line, his task is
much simplified. . Frequently one or both vanishing points will lic within
the limits of the.board, in which case the problem does not arise; but the
horizon should\Be drawn in any case. In very “deep’ perspectives, i.e.,
bird’s-eye‘é;ﬁd near bird’s-eye views, this may be impossible. In such
work it (i3 hecessary to visualize the horizon and its vanishing points in
the dir_beyond the board. -

593. The horizon has another use in that it is perspectively para]lel._ to
any and all horizontal lines regardless of direction. If those lines lying
farthest from the horizon are first drawn at the desired inclinations, it will
be relatively easy to estimate the correct inclinations for lines in between.
This corresponds to the mathematical Process of in'terpolatitm, E::CiTG}?OEG-
tion, i.e., working beyond the original lines, is pOS'Slble also, prowded_care
is taken that slight errors are not permitted to build up, as they are likely
to do when working this way. o .

594, If trouble is experienced in drawing straight ']mes ‘frechand, tha
following expedient may be useful: First draw the de&:,lred‘ line free}y and
correct its obvious errors. Then, holding the drawing n a horizontal
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plane close to the eye (or if it is tacked down, stooping to bring the eye
close to the board), sight along the line as you might along a billiard cue
or goli-club shaft to sce if there is any warping. This sighting foreshortens
the line so sharply that any curvature or change of direction becomes casily
vigible, and correction may be applied. It is well, however, to practice
drawing straight lines, checking them afterward with a straightedge, in
order to acquire as quickly as’possible the ability to dispense with such
time-consuming work.

595. Now and again problems come up that cause difficulty cut of all
proportion to the simplcity of the subject matter. The thudedegged
stool, shown orthographically in Fig. 162 is an cxample. The average
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Fic. 162,

worker neatly.always draws the two nearest legs too close together, giving
an appeqrx}n\e of instability to the stool. The correct construetion is given
in Figs162h and ¢, The first step is to draw the circles A and B, which
definia ‘the positions of the top and bottom of the legs. Now the perspective
centers of each of these is found (it may be estimated accurately enough;
see Chap. IV), and each circle is divided into four parts by horizontal and
vertical lines passing through the centers. Each of these four parts is now
divided into thirds, and the divisions thus determined are used as shown
in Fig. 1625 to locate the center lines of the legs. Care should be taken
that these thirds are estimated correctly, with the foreshortening properly
accounted for. These center lines are then used as shown in Iig. 162c.
Ii an unsymmetrical placing of the Iegs is preferable, the same basic con-
struction is used, but the center lines are located differently, as shown in

Fig. 1624, the divided circles being used to keep the spacing of the legs
perspectively correct, :



PRACTICAL SUGGESTIONS 199

596. While the division of the circles into 12 parts may at first seem
unnceessarily elaborate, in problems of this character it go greatly facilitates
estimation as to be well worth the trouble. B

597. The drawing of any figure having a number of sides not divisible
by four and not compounded of right angles always poses some problems.

TN

=T
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Fra., 168. 8N

The stool just described was essentially aproblem in triangles; a star, for
example, ig really a problem in dray;nig‘a pentagon. Any regular_ polygon
may be drawn within a circle, a.nd,as we have repeatedly emphagized, any
cirele may he drawn within a square. Thus a pentagon may be drawn
accurately with the aid of g.\gerspective square and a true square t-oget_her.,

Fic. 164.

as in the clock problem in Fig. 92, and as shown in Fig. 163b.1 .Notz )
the star in Fig. 163¢ appears squashed; it does ’not seem to be ylél]%f f;fc(;
Although it is rarely necessary to draw stars with such care, the ! elthe
between the two parts of the Fig. 163 should be remembered gven when § v

are drawn frecly.

that
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598. Any other polygon may be managed by the same process, provided
it can be drawn in a cirele. Sometimes, however, no side of the square
used for drawing the circle will lie parallel to the picture plane. In this
case it is necossary, where maximum accuracy is demanded, as in engineer-
ing and some architectural work, to resort to & double projection. An
irregular hexagon constructed in this manner is shown in Fig. 164. The
occasions when such an elaborate construction will be needed are rare but
not unknown, and it is well to be prepared.

599. In drawing highly irregular plane figures, whether curved or
composed of straight lines, it is sometimes helpful to work by first.drawing
a gnd of squares, Graph or cross-section paper is very useful in such cases.
Figure 1654 shows an irregular plane figure obviously not “dp\awdble” by
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the ordinary methods applymg % simple circles, polygons, ectc. The
mesh of squares shown in Fig\65b is drawn over it, and the lines are
numbered for easy identiﬁga:tibn. Letters or symbols wiﬂ do just as well,
but the numbers are soﬁs@ti’mes convenient for measurement also. The
- grid is now drawn in{perspective, and the various points and lines are
drawn in place on the berspective grid, as shown in Fig. 165¢.

600. The size)0f the individual squares may be anything desired but
should be governed by the complexity of the figure and the degree of accu-
racy needed{ 'With sufficiently small squares the accuracy can be as fine
as the ﬁneness of the pencil line will permit.

604, The grid method is also adapted to enlarging or reducing drawings,
where.4, great deal of detail must be accurate]y transcribed from one scale
to another. For this reason the method is in wide use by muralists. A
grid of squares is first drawn over the original pieture as in Ifig. 1660. An
enlarged or reduced grid is now drawn and numberced to correspond with
fﬁht? original. Tt is then a simple matter accurately to redraw the picture
in its new size.

602. One caution should be observed—be sure the small squares are
truly square in both grids, or serious distortion may result. Slight changes
in proportion may be deliberately sought, however. One of the author’s
most successful pictures resulted from making the squares a trifle taller
than they should have been in the enlargement

.
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603. One of the most troublesome of all repeat figures is that based
on the hexagon, It refuses to be resolved into rectangles based on squares
and thus makes estimation of size and proportion very difficult. There are

‘pumerous ways of managing this pattern, and some ingenuity is required
to draw it correctly in perspective. We give here a solution for a typical
. problem. This may be varied to suit different conditions.
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804. Suppose we are required to draw in perquc.tive t]_u? pattem ihowlz .
in the rectangle 4 BCD of Fig. 167¢. 'The first step 18 to draw the rec haalgn
itself in perspective. Next, a smailer rectangle AEFG 18 dm:;; i Sd Of‘ou;
This rectangle need not necessarily include six m.es hory zontf v 0 three
vertically as shown here; but it must have thig ratio .of six to hopr;hiie the
to two, or twelve to eight, ete., for its diagonals will only t_{e " ‘depends.
correct slope, and it is on the diagonals that the whole construction €67
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In this particular case the rcetangle AEFG is next divided into thirdg
by the vertical lines HI and JK, and the diagonals AG@ and EF are drawn,
605. The individual hexagons may now be worked out in several ways.
In Fig. 1675 the line JI was drawn through point L, already cstablished
by the intersection of diagonal AG and vertical HI, and the linc O through
N, which was similarly established. The point @ on a perspective hori-
zontal with O was used to draw QX and QH; then the lines RS, 7'U, and
VW divided the rectangle AHFI into quarters. From this point on the
completion of the work is mainly a matter of filling in the lines and need
not be elaborated on, ~

606. Inasmuch as the operations described above seem mWdh more
complex when described than when performed, it is advisable forihe reader
to take the trouble to follow the steps graphically, reprdduting step by
step the construction of Fig. 167b. The whole sequence will thereby
become more understandable. It is well also, for thésake of pructice, to
complete the entire figure. o\

607. We have already had two occasions foNdeal with the problem
of objects having hinged joints. The first wagia'wather elementary example
in Chap. III, in which the hinged cover of.\j& box was made to stand at a
right angle to the body, a position Tairly @ady to deal with. .The difficulties
occur when we have to deal with the idtermediate positions. In Chap. IX
the problem was solved by the ugeﬁbf auxiliary vanishing points.  Still a
third method is possible, and in genctal it is the most practical. This makes.
use of the fact that a cover or-door, swinging about its hinges, swoeps out a
cylinder in space, with the.hihiges as its axis, and a diameter cqual to the
width of the doer or co e~§ ' The cireular compact shown in Fig. 1684 may
appear to be an excep‘%n, but it may be drawn according to the same
prineiples. ’ S
~ 608. The prirciple of using the cylinder as a guide for hinged members
requires no explénation, a little study of Fig. 108 being sufficicnt. The great
advantage, e methed is that it permits the selection of any desired posi-
tion in the ‘whole 180 deg. of normal swing and may even be extended to
cover the'entire 360 deg., if such a free swing is permitted by the construe- -
tiohof the object. Care should be taken that calculations be made expressly
for the plane in which the hinges lie, such as ABCD in Fig. 168b, and not for
other parallel planes, such as EFGH; otherwise distortion will result, as
shown in Fig. 168¢. This does not matter greatly when the swing is larger
relative to the distance between planes, as in the door of Fig. 168«, but it is
serious when dealing with thick covers such as Figs. 1680 and .

609. When lettering is to be done in perspective, as quite often oceurs in
architectural rendering of commercial exteriors, there is no unusually diffi-
cult problem involved. The same prineiples upon which any sound drawing
is based should be utilized. Specifically, the lettering should be constructed
in perspective just &s it would be in eleyation or.direct view, except that the



PRACTICAL SUGGESTIONS 203

; 'y g.’ ers’ ¥ m -

gy My SO
e o
= ﬁ‘“

(e} (F)

Fig. 168,~(e) The swinging method is very useful when furniture is to be drawn not
parallel to the walls of & room. As shown hers, the rectangle of the base is first rotated to the
desired position; then (f) the piece is drawn on the new base, the sides of which may be extended

to find the auxiliary vanishing points, .

610. All important height measurements and the thickness of all hori-
zontals should first be measured off on some convenient vertical, preferably
the nearest, as shown in Fig. 160s. These are then projected toward the
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L3

vanishing points. This will therefore govern both the diminishing apparent
height of the receding letters and the proportional diminishing thickness of
the strokes. The width and spacing of the letters may most conveniently be
governed by laying off equal spaces horizontally, as shown directly in Fig,
169a and perspectively in Fig. 1696, These may be any convenient width, .
but, for all-round uscfulness, perhaps the best is a width cqual to the height

Fra. 1689 ,

of the letter, giving a unit comparable.’tb the printer’s em, used in measuring
type widths. ) o

611. Script or italic lettering;as'shown in Figs. 169¢ and d, need not eauvse
any difficulty, provided the (];Jove described steps are supplemented by the
use of a few guide lines forslope. Note that this slope, constant in Fig.
169¢, does not a,ppear‘q\ﬁ’te constant in Fig. 1604. Although in small or
short lines this slight,change may safely be ignored, it should be taken into
account in drawing§/where the lettering is a major part of the picture.
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CHAPTER XIV
CONCLUSION

612. The foregoing chapters have been concerned ‘principally w1th\the
subject of perspective as a practical working tool, as a part of the techmca.l
equipment of those artists whose work requires an objectived realism of
representation.  In this chapter we shall discuss s few aspects of perspective
not direetly concerned with its value from a practical(Standpoint, yet
important if the subject and its relation to the general knowledge reqmred _
of the competent artist or draftsman is to be well uniderstood.

613. Reference has already been made to the faehthat the whole science
of ordinary perspective is founded on the assu,mﬁmn that rays or lines of
sight from the object pass through an mlagn}ary transparent plane, pro-
jecting thereon an image of the object edrresponding to that seen by an
observer at a given position. Althoughithis assumption serves pericetly
well under all ordinary conditions, it\must be admitted that there is a cer-
tain artificiality about it. To be s;lqi'iétly accurate we should assume, not 2.
plane, but a section of a transpatent sphere, because in actual fact the image
of an object is projected, notyupon a flat plane, but upon the inside of a
sphere, specifically the rétind of the eye. Tt will be seen that this artifi-
clality is shared by bqth the usual drawings of the living artist and the
inanimate camera, § &

614. This lack\of strict scientific fruth of representamon need not he
taken too serio8ly. There are three principal reasons for this. First, the
use of the ﬂa:.%ibture plane resulis in a picture that is psyr_;hologicallg'r more
convmcmg than one drawn with the sphere as standard. Though in fact
the eye\sees ‘straight lines away from the center of vision as curved, the brain
compensatcs for this unconsciously, just as it does for the fact that the actual
image on the reting is upside down. The various implications of these
Iatters are properly a part of the study of psychology, and the curious
reader is referred fo teachers of that subject if he wishes to study them
further,

615. Another reason why we do not ordmanly use a spherical picture
“plane” is the fact that to do justice to it we should have to make our
drawings on spherical surfaces. It is rather appalling to contemplate the
problems of expense, storage, and transportation of drawings made on
sections of spheres. Nevertheless, such drawings have their speeial pur-
poses and have been made use of in museums and displays. ‘More ofifen
cylindrical picture “planes” have been used. These appli.catmns provide

: 205
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convincing views for wider angles than do the more conventional flat
pictures. : _

616. The third reason for disregarding “spherical perspective’ is the
fact that the 15 to 30 deg. of spherical surface included in the normsl view
approximates & plane sufficiently well that the representation of the picture
plane as truly flat does no great violence to our sensibilities, and the slight
gain in scientific truth would consequently not be worth the labor involved.

617. This may be made clearer by an example. If you leok af a terres-
trial globe you will see the land arcas of the world in their true prdportion
to one another. Now look at the kind of flat map of the word *alled a
Mercator projection. In this type of map the parallels of,\léitfﬁude and
meridians of fongitude are spread out flat and drawn as if $heir disiances
one from another were cqual. You will notice that thelands nesr the
cquator look practically the same as on the globe butethat the farther you
go from the equator the more they seem to spread oub, until near the poles
the proportions become utterly absurd, If the flat map is carried as far
as 95° north latitude, a country like Greenldnd” swells up until it looks
bigger than all North America. This is awresult of trying to represent too
much of & sphere on a flat surface. Hofwever, if we consider a relatively
small section of the globe, say NortheAmerica, south from the Canadian
border to the southern tip of Mexigo} 1t will be seen that it can be repre-
gented quite well in the flat projac}ﬁoil. As far as appearance is concerned,
the difference can be detected only by careful comparison, and it is only
when measurements are to pexmade that corrections for distortion must be
applied. &\™
618, The area just s;hken of represents about 30 deg. either north and
- south or east and, Wést—about the same as or slightly greater than the
field of view of, an/average picture. We are therefore quite justified in
disregarding the ®mall differences,

619. Tt és}w"hen we begin to include cones of vision larger than 30 deg.
that difficulties arise. Near the center of the picture all may be well, but
near e ymargins odd things oceur—circles change their appearance from
ordinary cllipses to bent affairs that seem to climb or droop, eylinders
take on an oval shape, round balls resemble footballs, and the corncrs of
buildings take on an unearthly sharpness. These effects may be deliberately
sought and exploited for their dramatic or amusement value, but in draw-
ings requiring an objective visual realism they are serious drawbacks.
Avoidance of these effects is easy and has been discussed in the preceding
chapters,

620. The photographer often finds himself in a situation where these
anomalies must be overlooked in the execution of a difficult job. With the
aid of an extreme wide-angle lens, he makes the best of a bad situation,
as he must when taken into a room and commanded to make a view showing
three walls, ceiling, floor, and contents, With the aid of some really
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rema-rkab]e. optical equipment, lenses that seem to “see” behind them,
he ean do it—he can even show four walls if you insist. But the results
are hardly convincing., Kveryone is familiar with the banquet picture
showing three or four hundred people in 4 confined space. The photog-
rapher gets them all in—at a price—but the people near the camera at the
extreme left and right appear to have heads of rather original design—the
chin is dircetly below onc eyve, and similar distortions affect the rest of
the body. . : _

621, No amount of refined lens grinding will eorrect this condition,
but, by curving the picture plane into & cylinder, as is done in the Qirkub
camera, the distortion is overcome for long horizontal groups. O\

622. Another conventional assumption in perspective draWihg is that
the observer views the scene with only one eye. This means.that the effcet
of depth and solidity that is partly the result of binocula vision must be
achieved by other means—change insize, shade, shadat?g,"ﬁerial perspective,
ete. Although binocular (i, two-eyed) vision\3'not of the greatest
importance and is of negligible value in pictorial work, it has, nonetheless,
certain impertant applications. Everyone Jg familiar with its uses in -
photography to enhance the sense of spaees In certain fields, however,
it may come to have considerable yalpe"._ Three-dimensional figures in
mathematical works may be moregasily understood when scen stereo-
scopically than when drawn in ordindry perspective or, as is more common
in technical works, isometrically. - : ) .

623. The preparation of’a stereoseopic drawing is a rclatively easy
matter, the only difficuligi\being that everything must be done twice. The
work must be done very accurately, or double vision may result. There
will be two statien’points instead of ene and therefore two sets or four
vanishing pointg, o sets of projection lines, and of course two images.
These images¢Wwill be similar but by no means identical. -'_l'he customary
rules as to distance from object to station point apply. .

624, For ordinary purposes a distance of from 2_}:§ to 3 in. between the
statiorl.points will serve. Tn a scale drawing this dimension must also be
scaldd/in proportion. Tor special purposes this may be r.nade greater, but
making it smaller will usually destroy the effect. Increasing 13.]’18 scparf}tlon
will have the effect in the viewer of diminishing the apparent size of objects.
(Stereoscopic views made from airplanes have been taken from hundreds or
thousands of fcet apart.) A

626. The double perspective is projected -] ; L
views must later be separated unless the two-color. method s to be used.

Tt is usually convenient to make the two pictures rather 1.arge and .pk;o;c;:-
graph them down for use in & conventional Viewef"’- taking into account, 1‘e
reduction in .wc.»rking out the station points. Figure 1?0 show.s a simple

1Dgtails concerning this and other atereoscopic dovices can be found in books and
articles on sterecscopic photography- .

ust Like amy other, but the
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example of .bil-loeular projection, and the interested reader may work out
others by similar methods. To pursue the subject here would earry us
beyond the scope of this text.

626. In order to know the subject of perspective as an isolated subject,
it is only necessary to study carefu.]ly enough the principles and applieation
of it. But thorough comprehension, in terms not merely of perspective
in the abstract, but of the relation of perspective to the whole art and
science of drawing, is another matter and is only aequired through much
and constant practice. To be a master of the subject of perspective requires -
what is spoken of as the three-dimensional eoncept or sensé of space, apd a
sense of objective spatial relations,

627. These phrases are by no means clear at first glance, but anlahalogy
may help to illuminate them. In studying a foreign langusge one often
begins by acquiring vocabulary, grammar, pronunciation, etes,\which might
be termed the “technique” of the language. Having ma,”sf:ered these, the
budding linguist is usually able to read the languageslowly and to write .
it even more slowly but at least comprehensibly. AnAmerican or English-
man studying French, for example, would ai tbis?&tége be working out his
thoughts in English, translating them inte Erefich, and then writing or
speaking them slowly, but with practice gMime arrives when the student
finds himself thinking directly in French.) -His technique, Z.¢., his grammar
and pronunciation may be faulty, butbe feels “at home” in the language.

628, "T'he student of drawing: goes through a similar development.
There comes quite quickly with~practice, a time, corresponding to the time
when the linguist begins to $hink in French, when the drawing is no longer
something on s piece ofufneompromisingly flat paper. At this stage the
paper disappears, as it\were, becoming instead a section of space. The
artist ceases to think;of himself as translating solidity into flatness and -
feels himself to be\’drawing in space. The pencil no longer-see.ms-_to trace 8
line from point(te“point on a plane surface but instead to be going from here
to there in £hpee-dimensional space. When this stage bas been reached,
however dfnperfect his technique, the worker is entitled fo congratulate
himsel,\ahd say, “I can draw.” o :

629/ Notice that he does not say, “I can draw heads,” or “I can draw
automobiles,” but simply, “I can draw.” Handy little PamIfMCtS are
published on specialty drawing. The serious worker will learn little from
them beyond what he can get from copying set poses, but if he can really
draw, he can draw anything. '

630, This does not mean that it is sufficient to know the geometric

rules, or even to have a good spatial ‘sense, to make & good drawing of a

particular subject. It is necessary also to study the subject, to cor'nmd::,_
as was urged in Chap. I, its anatomy, whether hul-nan, ar‘nmal, or mzmmaer:
The copying of surface appearances results inewtal;;ly in weak I=allc|:| S?;i -
ficiel drawing. If you are drawing aircraft, don’t stop at the ou
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appearance, but think of how the ship is put together—Ilearn what 2 nacelle
is and why, what gives the wings their characteristic shape. . As a reward
for this extra effort you will find that the actual job of drawing becomes
easier, while the picture itself gains in strength and solidity. Drawing
made easy usually means drawing made weak, but knowledge of your
subject as well as of the science of drawing can make drawing casier and
more“solid. -We repeat the words of a fine teacher, “To draw well you
mus$ know well.” :

€31. There is one more matter that should be brought to the attention
of the artstudent but is not of particular importance to the reader whe may
wish to use perspective for technical or scientific purposes. T«hl% is that
perspective is a science, or, more exactly, a technical tool, and‘ls not and
cennot be a.substitute for design or aesthetic sense. On.the other hand
it is an absolutely essential part of the cquipment of any artist or draftsman
whose work requires a visually.convincing realism, foxJwhatever purpose.
There is a tendency to assume that a picture is ncceg€arily good because it is
technically accuratc. It must have more than téehhical accuracy; it must
have design, interest, and & reason for being,, 72 writer would not be con-
sidered even intercsting, let-alone importagit,were his sole claim to fame
the fact that he pussessed a large vocabulary and that his grammar was
flawless.. AN

632. At the same fime the wrifer whose vocabulary was limited and
whose grammar was sloppy weftld be inarticulate or incoherent. The
writer’s means of communicafion is the written word, and he must be
competent to manage it. iT:h(} objective or descriptive artist’s means of
communication is drsmmg\or modeling, and a knowledge of perspective is
essential to his competence in drawmg However noble or important the
picture he may hav& gtored up in his mind, it is of little value to him and
none o the World\at large if he is incompetent to communicate it. Inartic-
ulate and ineolidrent drawing is by no means unknown, A sound knowledge
of the craffg;}essentml if this is to be avoided.
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SUGGESTED READING

Not. many books on the subject of perspective per se were consulted in the prepara-
tivn of this volume beeause it is mainly the outgrowth of commercial work and class-
room- experience. However, two books may be reeommended for readers interested
principally in architectural perspective. These are: “Perspeetive Projection” by, R
Irving Freese, Reinhold Publishing Corporation, New York, and “Handbopk of Per—
spective Drawing” by James C. Morchead and James C. Morehead Jr. ” pﬁbl]?hed by
James C. Morehead, Oarncgle Institute, Pittsburgh, Pa.

For readers mterestcd in drawing as applied to industrial nf-;sdsz “Engmeermg
Drawing” by Thomas E. French, MeGraw-Hill Book Company, ]'_uﬁ., New York, is the
standard text on the subject. Professor French’s book treats pexgpectwo only in pass-
ing but is extremely valuable in that it gives very complete infarmation, not only about
the techmigue of technical, i.e., orthographic drawing, butalsc about many kinds of
mechanical equipment, as well as providing an admmbig\malyms of many important
geometric and industrial forms. \

“Line” by Edmund J. Sullivan, Charles Scnbnér’sé Sous, New York, is a hook not
eoncerned with perspectwe itself, but conta:mmg n.great deal that is helpful about the
subiject of drawing in general.

“Drawing with Pen and Ink” by Arthur ‘LNGuptlJl Reinhold Publishing Corperation,
New York,  Although pen and ink d.ramng is not 8o much used now as at the time this
book was written, the book contams 80 ‘tuch of value concerning the arrangement of
subject matter and general prmclp aof rendering, particularly of architectural subjects,
that it remains a very useful and camprehenswe book,

For readers sufficiently 1n$@ested in the proccsses that make seeing possible, “The
Universe of Light” by Sig'William Brags, The Maemillan Company, New York, pro-
vides r good popular t{s@tment of optical phenomena,
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INDEX

A

Addition and subtraction (see Division;
Multiplication}

Alreraft, 132-134, Fig. 98

Architectonic forms, 124-128, Figs. 93, 94

Automobile, 134, 135, Fig, 99

Axes of cllipse, 59, Fig. 33; 62, 63, Fig. 35

B

Binoenlur perspective, 207-209, Fig. 170
Bird's-eye views, 184, Fig. 152
C
Center of vision, 21, 22
Charts, perspective, 167, Fig. 125
Cirele in perspective, 60, 61, Fig. 34
center, 62

division, 122, 123, Fig. 92 N

Cloek, 122, 123, Fig. 92 A
Cone, division of, 121, 122, Fig. 91 {®
lymg down, 84 Fzg 58 ¢ \J
nonright- eu-culm:, 84, Fig, 59}\\
prism method, 83, 84, Fig 67
rapid methed, 81, 82, <
truncated, 84, 85, Fig, 60
- Cutaway dra.wmgs,.%
Cylinder, axis re‘hktmn in, 78, 79, Fig. 51;
&0, 81, Flg\
in compoah{m, 139-142, Figs. 103-105
d;stor,t.lon\in 80, Fig. 53
dlvlé!Qn*of 121, 122, Fig 91
errors in dramng, 77-79, Fig. 51
Intersecting another, obliquely,
Fig. 79 '
off eenter, 108, Fig. 80
perpcndiculurly, 107, 108, Fig. 78
nonright-cireular, 82, 83, ¥ig. 56
prism method, 79-81, Figs. 52-5¢
rapid method, 81, 82, Fig. 55

D

Diagonals, use of, for division, by any
number, 36, Fig. 19 )
in halves, 22, 23, Fig. 12; 33, Fig. 17

108,

Diagonals, use of, for multiplieation, by
any numbcr, 36, 37, Figs, 19, 20
by two, 34-36, Fig, 18
for multiplieation or division ‘in h\ori-
zontal planes, 37-39, Fxg sa1
Distortion, 17, Fig. 9
causes, 18, 19, 27, Figs. 9, ‘IE
n cn-cles and cyh.nders, }7 1, 172, Figa.
135, 136
mfomshoMm&{’& Fig. 137
in one-point,’br parallel, perspective,
29, Fi%jlﬁ
preventiofi; 18, 19
by reve:g.éd vanishing pomts, 172-173,
MFigs. 138, 139
in two-point perspeative, 177, Fig. 147
Dfivision, by any number, 36, Fig. 19

N of cireles, by five, 199, Fig, 163

irregulasly, 200, Fig. 164
by three, 198, Fig, 162
in halves by intcrsecting diagonals, 22,
23, Fig. 12; 38, Tig. 17
of horizontals, by extension to picture
plane, 55, Fig. 30
by measuring line, 53, b4, Fig. 29
in horizontal planes, 37-39, Fig. 21
of lines, geometrical method, 38, 40,
Fig, 22
paper edge methed, 41, Fig, 24
Double-curved forms, 85-95
Double-projection method {sez Freese
method)

E

Edge and outline, difference, 95
Ellipse, 59, 60, ig. 33 '
concentrie, 70, Fig. 44
eight-point method, 66, Fig. 38
geometric and perspective centers, 62
ingeribed-square method, 62, 63, Fig. 36
'in perspective, 72, 73, Fig. 47
relation to eye level, 68, F1g 41
sectors, 70, Fig. 43
tmmmcl method 66, 67, Fig. 39
twelve-poind met.hod 6486, Fig. 38

- 213
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Ellipsoid (see Spheroid}
Enlarging and reducing, diagonal method,
193-196, Figs. 159, 160
grid method, 200, Fig. 166
Explosion drawings, 180, 181, 189, Figs,
155, 156
Eye level, 12
effect of relative height, 17, 18, Figs. 8,
0; 174, 175, Figs. 142, 143
(See also Horizon)

F

Figures, 148-153, Figa. 114-120
animal, 153
¢hildren, 153
on different levels, 151, 152, Fips, 118,
119
on level ground, elevated eye level, 150,
Fig. 115
low eye level, 150, Fig. 116
normal eye level, 149, Fig. 114
seated, 152, 153, Fig. 120
secondary, from prineipal, 151, Fig, 117

Foreshortening, 1, 2 R\
underestimated, 172, Fig, 137 N
Frechand drawing, 23-30 LN
of one-point, or parallel, perspettives,
_ 29, Figs. 15, 16 <
Freese, Ernest Irving, 15 ’{”,\
. method, 14, 15, Fig. §;%46:10, Fig. 26,

182, 183, Fig. 1505188, Fig. 154
Furniture - (see Interiorsi™
: A\
N
Grid, on ﬂoo&;?gi-ound, 157, Fig. 124
Grid methedyfor enlarging, 200, Fig. 166
for plang figures, 200, Fig. 165

s \ H

H%hts, determination of, 16, 17, Fig. 7;

. 49-B1, Fig. 27; 52, 53, Fig. 28
Helix, conical, 93, Fig. 68

cylindrieal, 92, Fig. 67 )
Hexagonal figures, 201, 202, Fig. 167
Hidden lines, to check errors, 26, 27, Fig. 13
Hinged joints, 202, Fig, 168
Horizon, 15

effect of varying height, 15

vanishing points in, 15, Figs. 6, 7
Horizontals, division of, by extension to

picture plane, 55, Fig. 30
by measuring line, 58, 54, Fig. 20

PRACTICAL PERSPECTIVE DRAWING

I

Industrial perspective drawing, 185-189,
Figs. 153-156 -
Instruments, 154
Interiors, 143149, Figs. 108-113
order of work, 143, 148, Fig. 10%
selection of viewpoint, 143-147
of eye level and vanishing points, 147
L
Lettering, 202-204, Fig. 169
M D
\S
Measurements, minon, 4145, Fig. 25
paper cdge, 40, 41, Figs. 23, 24
Measuring line mgthod, 53, 54, Fig. 29
Minor measuf’éghents, 41-45, Fig. 25
Mechanicalhdrawing, 10, 11
MultipleMorms, 114-123
Multiplication, by any number, 36, 37,
N Figs. 19, 20
(I horizontal planes, 37-39, Fig. 21
paper-edge method, 40, 41, Fig. 23
by two with diagonals, 34-86, Fig. 18

0

Oblique lines, locating, 55, 56, Fig. 31
Oblique planes, locating, 56, 57, Fig. 32
One-point perspective, abuse of, 176, 177,
Fig, 146
distortion in, 29, Fig. 16
example, 6, Fig. 3¢
freehand, 29, Fig. 15
limitations of, 163, 164
in practice, 163, 166, Figs, 130, 131
procedure, 21, Fig, 1
use of, 7
Orthographic projection, 10, 11
Outline and edge, difference, 95
Ovsl, 74, Fig. 48
Ovoid, 90, 91, Fig. 65

F

Paper-edge measurements, 40, 41, Figs. 23,
24

Parabola, 74, 75, Fig. 49

Paraholeid, 01, 92, Fig. 66

Parallel perspective (see One-point per-
spective)

Patterns, repeating, 115-118, Figs. 86, 87

*Perspective Projection,” 15
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Perapective projection, Freese method, 14,
15, Pig. 6
with vanishing points, 16, 17, Fig. 7
Phantom views, 180
Pictare plane, 1
cffeet of distance from eye, 4, Fig. 2
horizontal, 2, 4, Fig. 1b
tilted, 4, Fig, le
vertical, 2, Fig. 1a
Plastic forms, 124-126, Figs. 93, 94
asyrametrieal, 131, Fig. 96
provedure for drawing, 129, 130
Prism, 121, 122, Fig. 91
Projection, orthographie, 10, 11
Projection, perspeetive, Freese method,
14, 15, Fig. 8, with vanishing points,
16, 17, Fig. 7.
Proportion, “brush-handle’ method, 192,
Fig. 158, 106, 197, Fig. 161
Judging, 190197
Pyramd, 121, 122, Fig, \1

R

Reducing (see Enlarging)

S N\
Bingle projection method, 186, 11\F1g 7
49-53, Figs. 27, 28; 184, {ngs 151, 153
Bkew lines, 176, Fig. 145
Soft forms, 135, 136, Fige,\100, 101
8pliere, cube method 87488, Fig, 61
rapid method, 88,\E1g 62
Spherical projection; 205, 206
Spheroid, oblate N30, Fig. 64
prolate, 83% 90 Fig. 63
Bpiral, 75; \’?6 “Fig. 50
Stairgl ses 120, 121, Fig. 90
Statl%} point, 11
best position, 14, 48, 184 .
Subtraction and addition (se¢ Division;
Multiplieation}
Suggested reading, 211
Supporting plane, relation to resting ob-
ject, 142, 143, Figs. 106, 107

215

Surfece, warped, 95, Fig. 70

Symmetrical objects, 162
T

Teetonic forms, 124126, Figs. 93, 04
Three-point perspective, basie cube
method, 167, Fig. 132
example, 6, Fig. 3a, Fig. 4
in practice, 166-170, Figs, 10, 132-134
procedure, 18, 19, Fig. 10 e
uses of, 7, Fig. £
Torus, 93, B4, Fig. 69
Turned forms 100
prism method 101-103, Flgs 73, 74
rapid method, 103-105Fig. 75
Two-point perspect;ve, cxample, 6, Fig, 3b

N
\\

wide use of, 7 .\
\ U
N

Upho]sl:c\f {see Soft forms)

W

v

AN

3 “Vanishing points, 4-7, Fig. 3

auxiliary, for diagonal or oblique lincs,

164, Fig. 129
for slcpmg planes, 160, 161, Figs 126-

128 '

centrolinead method, 157, 158

charts, 157, Fig. 125

curve method, 158, 159

determination of, 16, Fig. 7

on different lechs, 174, Fig. 141

extra, Tor vertical planes, 108, 110, Fig.
81

horizon, relation te, 16

pin and strajght-edge method, 154, 155,
Fig. 121

reversed, 172, Fig, 138

too close, 155, 156, Fig. 122

W

Warped surface, 95, Fig. 70
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