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PREFACE

Believing that no one study plays a larger part than
Descriptive Geometry in the shaping of the student’s
mind into the analytic thinking machine, necessary to
success in any engineering profession, the author has out-
lined and written the text with this as its chief aim.

To accomplish such an end, the following fixed ar-
rangement has been used in the case of each problem: (1)
Statement of given data and requirements; (2) Discus-
sion; (3) Analysis or brief statement of general order of
procedure in solution; (4) Construction of some general
case of the problem.

The author, after graduating from college, learned
the trade of boilermaking. Before the expiration of two
years at his work, from observation and experience, the
conclusion became reasonable to him that three-fourths of
the errors in construction were due, either to the inability
of the foreman to give his orders so clearly as to admit of
no misinterpretation, or to the general inability of work-
men to understand an order when given distinetly.

Students entering college are notoriously deficient in
the ability to answer a question concisely and plainly, to
express their ideas in any definite shape whatever, or to
obey explicitly an order. To rectify these defects in the
student, analyses have been given first place in the text,
inasmuch as they constitute a definite outline of procedure
necessary to the correct solution of each problem.

The text has been written in a conversational style,
because, in numerous experiences with notes, the author
has found this style to be the most effective in exciting the
student’s interest and in giving instruction clearly.




DESCRIPTIVE GEOMETRY
CHAPTER 1 |

ABBREVIATIONS, NOTATION, CONVENTIONS, ETC.

(1) It is of the utmost importance that each student
make this chapter a constant handbook of reference; for, in
the conscientious mastery of correct notation and conven-
tions, lies half the victory in Descriptive Geometry.

From a close observation of the many failures in this
subject, it has been estimated that at least three fourths of
them were due to carelessness in notation and conven-
- tions as well as general carelessness, thereby making De-
scriptive Geometry, one of the most beautifully definite sub-
jects known, a nightmare of indefiniteness and intangi-
bility.

It is not desired that any student attempt to memorize
this chapter of symbols and abbreviations, but that each
man refer constantly to it for information on how to letter
points, how to designate certain angles and the character
of line to be used for each different purpose. In a short
while all these will become fixed in each man’s mind by
their constant use, and Descriptive Geometry will have
been made a far easier subject for his small amount of
trouble. '

DRAWING ROOM PLATES

(2) Drawing Room Plates are to be left untrimmed,
814” x 11”7 outside.
Border Line to be a heavy ink line, 8” x 1015".
All work to be executed in pencil, (6H) unless other-
4




ABBREVIATIONS, NOTATION 5

wise directed. The work calls for a finished pencil drawing.
No thumb tack holes to appear on the finished plate.
Place the section, division, name, initials, and your
number, in the lower margin at the right of sheet as shown
in figure.
To be lettered in ink,
freehand vertical style of let- i\
ter. Porde '19
All plates to be handed ¥
in, finished or unfinished, at Al-Wel IST.4|F:_E
the end of the period.
The left border line and the ground line are reference
lines for the system of coordinates by which the location
of points cn the sheet is determined.

HOME PLATES

(3) Home Plates must be handed in at the beginning
of the period at which they are due in order to receive
credit.

Letter all notation neatly in vertical letters (Caps.
1/87, 1. c. 1/127).

All work must be completed in pencil (4H) using the
drawing instruments where necessary.

Where numbers, e.g. (46), are given with the prob-
lems, they refer to the articles in the text which govern the
conditions and requirments. Other problems will be
handled by placing with the given graphic data a state-
ment of requirements as follows:

Reqd: Plane thru P // AB.

Fill in the form in the lower right corner as in figure.

"'

leave
blank

1O | Al-I




6 DESCRIPTIVE GEOMETRY
STANDARD CONVENTIONAL LINES

(4) Ground lines
Given lines

Solid, medium weight.
Projection lines
Construction lines
—————————— 1/16” dash, 1/16” space,
" medium weight.
Aucxiliary lines ‘

3/8” dash, 1/16” space,
medium weight.
Hidden lines v
— — — — — 3/16” dash, 1/16” space,
medium weight.
Required lines

Solid, heavy weight.
Traces of Given planes
—_——t———— ——1/4”” dash and dot.
medium weight.
Traces of Required planes
—————.——.——.1/4” dash and dot.
heavy weight.
Axes of Solids
Axes of Revolution

1/2” dash, double dot,
medium weight.

ABBREVIATIONS

= Horizontal plane of projection.
Vertical “ o« “
Proﬁ]e . « [43 (43
Ground Line.

Profile Ground Line.

(6)

II [

Laom<H




(6)

(7

ABBREVIATIONS, NOTATION 7

SYMBOLS

/ = “perpendicular to”

// = “parallel to”

/ = “angle”

-/ = “inclined to”

X = Angle between two intersecting Lines.
= “ between two intersecting Planes.
= “ between a Line and a Plane.

0 = Angle whlch any Line makes with H.
= Plane « “ H.

P — “ “ {1 Lme 143 “« Vv,
J— « “« «“ Plane « « v,

P — I “ o« Line “« « P,
— [ Y [ Plane « “« P,
NOTATION

a=—H i)rojection

a’=V “ of point A.

a’—P « .

tTt'= traces of plane T.
tT =H trace of plane T.
Tt’ =V trace of plane T.
t”t” = P trace of plane T.
h = H projection Y of the H piercing point of
=V . . « }every line.
v = H projection )of the V piercing point of
V=YV « }every line.
of the piercing point of
p = H projection |every line in either the P
pP=V “« plane or any given oblique
plane.
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o = H projection Yof an assumed point in any

o=V “ plane.
0, = revolved positions of Point
0, = O.

SYSTEM OF COORDINATES

(8) The left hand border line and the ground line
are the reference lines for the system of coordinates by
which the location of points on the sheet is determined.

z = distance of projecting line from left hand border line.
= distance of point above or below H, asy is | or —.
x = distance of point in front or behind V, as x is 4+ or —.

The coordinates are always given in this order and
the distances are stated in inches; e. g. the point located
by (6, 3, —21%) is 6” to the right of the left hand border
line, 3” above H and 214" behind V. If z=0, the pro-
jecting line is either at the border line or may be taken at

will,
LETTERING ON PLATES

(9) It is of the greatest importance that all points,
lines and planes shall not only be lettered, but lettered
carefully. The following alphabet of vertical letters
(Caps. 1/8”, 1. e. 1/12”) will be used thruout the
course. Kach man should, for some weeks, practice faith-
fully on these letters until both the manner of forming them
and their height have become a habit instead of an effort.

ABCDF F GHIUKLMNOPQRS
TUVWXY 7 & [P3456 7890

abcdelghKIMnoparsinywxyz




ABBREVIATIONS, NOTATION 9

/ADVICE ON STUDY METHODS

(10) It may not be amiss to give here a few sugges-
_ tions on the study methods that seem to give the best
results in Descriptive Geometry.

During the first two or three weeks it will perhaps
be difficult for some to see points, lines, and planes in
space without the aid of some mechanical devices. There-
fore it is advisable that each man make himself two sets
of cardboard coordinate planes ; one set that can be folded
together, the other set fixed rigidly by adding a profile
plane. This last set can readily be had by using the bot-
tom back and right end of any cardboard box. Pencils or
wires answer well for lines.

After the first two weeks or more of preliminary work
we have to deal with a number of characteristic geometric
problems, involving points, lines and planes; e. g. one of the
problems is that of finding the distance from a point in
space to a given plane. It is readily seen that as both the
point and the plane can be in any number of positions with
reference to the coordinate planes, it would be absurd for
anyone to memorize the solution of the problem with the
point and plane in certain positions and expect to.be able to
solve all similar problems by means of his memorized solu-
tion. However the basic principle of the solution is exactly
the same in every possible variation of the problem and
once this principle is understood and memorized, the
problem becomes elementary. This basic principle we call
the analysis of the problem, and a perfect familiarity with
all these analyses is absolutely necessary to a thoro un-
derstanding of Descriptive Geometry.

A fixed order of statement and arrangement is used on

et
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all of the problems in the text and the following method of
study is recommended :

(a) Read carefully the statement of the problem
which is given in heavy type, until you understand in the
abstract just what is given and required. )

(b) Read thru the analysis carefully several times
until you catch its meaning and understand the successive
steps of solution suggested therein.

(¢) Take up the construction as given, and work thru
it carefully until you understand it. By all means try to
look at the explanation in a general way; i. e. keep before
you the fact that the example given is only one of a multi-
tude of such problems that can be given and that perhaps
not a single other case of this problem will, when solved,
have .the same appearance as this solution. The principle
of the solution is what you must understand and memorize,
and NOT the picture of this one solution.

(d) Then close the book and see if, with your under-
standing of the problem, you can formulate an analysis of
your own. Be especially careful in your choice of English.
If you can formulate an analysis of the problem it is a good

indication that you understand it. .
' &




CHAPTER 2
REPRESENTING THE POINT AND LINE.

(11) Descriptive Geometry is that branch of mathe-
matics -which has for its object the solution of all geo-
metric problems which arise in representing objects or
geometric magnitudes by drawings.

The geometric magnitudes mentioned above are repre-
sented by drawings that are known as projections which
are made on three conventional intersecting planes.

COORDINATE PLANES OR PLANES OF PROJECTION

(12) The three conventional planes mentioned in the
preceding article are called the planes of projection or
coordinate planes, and are: a Vertical plane, a Horizontal
plane, and an End or Profile plane which is perpendicular
to both the Vertical and Horizontal planes.

For convenience, we call the Vertical plane the V
plane, the Horizontal plane the H plane, and the Profile
plane the P plane.

In Fig. 2 these three
planes are shown in their
relative positions.

GROUND LINE

(13) The line of inter-
section of the H and V
planes is known as the
ground line and for conveni-
ence is abbreviated to GL.

The H and V planes Fig. 2.
form four diedral angles, each 90°. These angles are named

: 1




12 DESCRIPTIVE GEOMETRY

the 1st, 2nd, 3rd and 4th and are taken in the order shown
in Fig. 2.

PROJECTIONS

(14) The projections of objects on these coordinate
planes are such representations as will have the same ap-
pearance as the object itself to the eye of an observer when
the observer is in a certain position.

The choice of positions in which the observer may be
placed (these positions being called points of sight or view
points) of course gives rise to fwo kinds of projections.

SCENOGRAPHIC PROJECTION OR PERSPECTIVE

¢ (15) When the view point or the eye of the observer
is at a finite distance, e.g. 100 ft. from the projection
planes, no two lines of sight from the view point to different
points of the object are parallel and the projection is either
smaller or larger than the object itself. Such projections
are scenographic. Any picture, photograph or painting
is a scenographic projection.

ORTHOGRAPHIC PROJECTION

(16) In Orthographic Projection however, the point
of sight or view point is always at an infinite distance from
the coordinate planes; hence for convenience, we will as-
sume that the lines of sight from the.view point to all points
of an object, however large, are parallel and perpendicular.
to the planes of projection. e.g. To obtain the projection
on the horizontal plane (the H projection) we imagine the
point,of sight to be at an infinite distance above the H
plane; to obtain the projection on the V plane (the V pro-
jection) we imagine the point of sight to be at an infinite
distance in front of the V plane. A similar condition holds
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for the profile plane, the point of sight being at an infinite
distance to the left of the profile plane. Thus we see that
in obtaining the orthographic projections of an object on
the H and V planes, we must have two points of sight. One
of the projections (H) has the appearance of a top view of
the object and the other (V) the appearance of a front
view.
PROJECTING LINES

(17) In obtaining the projections of an object it will
be seen that the H projection of a particular point A, will
be the point in which the line of sight thru A pierces the H
plane. A similar condition holds for all points. The por-
tions of these lines of sight between the object and the plane
of projection are called projecting lines. The projecting
lines of a point might then be defined as the perpendiculars
dropped from the point to the planes of projection. Ada’
and Aa, Fig. 3 are projecting lines.

PROJECTIONS OF A POINT

(18) Summarizing the conclusions of the last several
articles, we may say that the H projection of a point A, is
the H piercing point of a perpendicular dropped from A
-to the H plane. The V projection is the V piercing point
of a perpendicular dropped from A to tie V plane. The
P projection is the P pierc-
ing point of a perpendicular
dropped from A to the P
plane. These prejections
are lettered as in Fig. 3; the
H projection, a, V projection
«’, and P projection, a”.

The projections of all Fig. 3. .
points are lettered in a similar manner.
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ALPHABET OF A POINT
(19) A point may be placed in nine (9) different
positions with respect to the coordinate planes and GL;
these nine positions constitute what is known as the alpha-
bet of a point. These positions are respectively :

1 Inspaceinthe 1st angle. 5 Inthe H plane before V.
2 Inspaceinthe2nd angle. 6 Inthe H plane behindV.
3 Inspacein the3rd angle. 7 Inthe V plane above H.
4 Inspaceinthe 4th angle. 8 IntheV plane below H.

9 In the Ground Line.
These positions are shown in Fig. 4.”

Fig. 4.

POINT DETERMINED BY ITS PROJECTIONS
(20) If thru the H projection, a, of a point A, Fig. 5,
a perpendicular be erected to the H plane, it will contain
the point A ; likewise a perpendicular to the V plane thru
the V projection, a’, will contain point A ; hence the point
is determined, being the intersection of these two per-
pendiculars.

LOCATION OF POINTS
(21) If thru the projecting lines Aa’ and Aa, Fig.
5, a plane be passed, it will be perpendicular to both H and
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V and intersect H and V in lines perpeudicular to GL;
these lines with A« and A«
form a rectangle in which the
distance from ¢’ to GL equals
Aa and the distance from a to
GL equals A«’. From the
above we deduce the following
axioms:

(a) The distance from
a point to the H plane is Fig. 5.
shown by the distance from
its V projection to GL.

(b) The distance from a point to the V plane is
shown by the distance from its H projection to GL.

.

(c) If a point lies in V its H projection is in GL;
it cannot be in GL otherwise.

(d) If a point lies in H its V projection is in GL;
it cannot be in GL otherwise.

REVOLUTION OF THE COORDINATE PLANES

(22) Probably the question has already entered our
minds of how to represent these three coordinate planes of
projection on a single sheet of paper or blackboard. The
answer to this question is, that two of the planes are
revolved about certain axes until they coincide with V. This
will be more easily understood by reference to Fig. 6.
Revolution: Using GL, the line of intersection of H and V,
as an axis, the part of H in front of V is revolved down,
the part behind, up, of course, until H coincides with V.
Using G,L, as an axis the portion of the Profile plane in
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Jront of V is revolved to the rtght the portion behmd to the
left, until P coincides with V.

In the revolution just explained, the V projections of -
pomts are not affected; i.e., the V projections of points
in the 1st and 2nd an«rles are
above GL, and below GL for
the 3rd and 4th, regardless of
any rcvolution of planes;
however, the. H projections of
‘all points in front of V, either
in the 1st or 4th angles, being
in the portion of H which was
"revolved down, now come be-
low GL; see Fig. 5, then Fig.
7 (1). The H projections of
all points behind V, in either :

the 2nd or 3rd angles, are Fig. 6
found above GL since that part of H was revolved up.

As the H plane is revolved about GL, as an axis, the
H projection of a point moves in a plane which is per-
pendicular to GL; hence after the revolution the H pro-
jection is found on the perpendicular to GL, dropped from
the V projection of the point.

AXIOM

The two projections of a point must be on the same
perpendicular to GL.

The orthographic projections of the nine positidns
which constitute the alphabet of a point, are shown in
Fig. 7.
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Fig. 7.
LINES

A23) Since a right line is generated by the motion of
a point in some fized direction, the H projection of a right
line is made up of the H projections of the successive pos-
itions of the generating point. The H projecting lincs
of all these points, being perpendicular to I, constitute
a plane which is perpendicular to H; the line of intersec-
tion of this plane with H is the H projection of the given
line. From this we see that the H projection of a line
may be considered the line of intersection with H, of a plane
which passes thru the given line and is perpendicular to
H. This auxiliary plane is called the H Projecting Plane
of the line. The V projection of a right line is obtained
by passing thru the line a V projecting plane and finding
its line of intersection with V.

Since the H (V) projection of a right line is a right
line, the projection may be determined by dropping perpen-
diculars from the extremities of the line to H (V) ; the line
joining the H (V) piercing points of these perpendiculars,
Trig. 8, is the required H (V) projection. :

LOCATION OF A LINE

(24) The two projections of a line being given, the
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line is in general completely determined. For, if thru the -
H projection we pass a plane perpendicular to H, and thru
the V projection a plane per-
pendicular to V, the line will
lie in both of these planes,
hence is their line of intersec-.
tion.

TO PASS A LINE THRU A GIVEN
POINT

(25) Since the projec-
tions of a line are made up
of the projections of all points oxr the line, the projection
of a line which passes thru a glven point, pass thru the
projections of the point.

Fig. 8.

ALPHABET OF A LINE

(26) In finding the different positions in which a
line may be placed with respect to the coordinate planes,
we limit our choice of location to one angle at a time and
name the a]phabet to correspond to the angle, viz., alphabet
of a line in the 1st angle, ete.

These positions in the 1st angle are shown in Fig. 9.

V projection a line, perpendicu-
1 Perpenaicular to H} lar to GL.
H projection a point.

2 Perpendlcular to V}iH projection a line perpendicu-

lar to GL.

3 Lying in a plane per-}Both projections perpendicular
pendicular to GL to GL.

}V projection a point.




POINT, LINE, AND PLANE 19 .

Fig. 9.
4 Parallel to H & in-}V projection parallel to GL.
clined to V H projection inclined to GL.
5 Parallel to V & in-)V projection inclined to GL..
clined to H H projection parallel to GL.

6 Parallel to both H any V — Both projections
parallell to GL.

7 Inclined to both H and V — Both projections
" inclined to GL.

TO ASSUME A RIGHT LINE

(27) In assuming a right line, the projections may
be assumed at pleasure; e.g., Fig. 10, to assume a right
line in the first angle, draw the V projection in any pos-
ition and in any direction above GL; select two points, a’
and b, on this projection as the V projections of two
points, A and B, of the line. Drop perpendiculars from e’
and b’ to GL; any line, ab, below GL connecting any point
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a on the one perpendicular with any point b on the other
perpendicular, will be-the H projection of the required line.

TO ASSUME A POINT ON A LINE .

(28) Since the projections of the point must lie on
the corresponding projections of the line and on the same
perpendicular to GL, assume any point ¢’ on the -V pro-
jection of AB, Fig. 10, and from ¢’ drop a perpendicular
to GL; the point ¢ in which this perpendicular intersects ab
is the H projection of point C.

(29) If two lines intersect, their - e
projections will intersect, and the | l |
points of intersection of their pro- ° | {

i

jections will be the projections of & i

their point of intersection. a :

Since the point of intersection \C,\lb
is common to both lines, its V projec- Fig. 10. -
tion lies on.the V- projection of each line, hence at their
intersection; likewise the H projection of the point of
intersection is the intersection of the H projections. These

two points, being the projections of the same pomt must
lie on the same perpendicular to GL.

TO ASSUME TWO INTERSECTING LINES

(30) Assume at will both projections of one line AB,
Fig. 11, and one projection, cd’, of the other line CD, in-
tersecting a’d” at any point o’. From o’ drop a perpendicula.t
to GL until it intersects ab at o; thru o draw the H projec-
tion of CD in any desired dlrectlon

IF TWO LINES ARE PARALLEL THEIR PROJECTIONS ARE
PARALLEL.

(31) Thru the lines AB and CD, Fig. 12, pass the two H
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.
\

Fig. 12.

* projecting planes. These two planes are parallel since
the one contains two intersecting lines, AB and Bb, parallel
respectively to the two intersecting lines, CD and Cd, of
the other. Then we have two parallel planes cut by a third
planes (the H plane) ; the lines of intersection, ab and cd,
are parallel. . .



CHAPTER 3

PLANES

(32) Planes are represented on the coordinate planes
of projection by their lines of intersection with these
planes. These lines of intersection are called the traces
of the plane; e.g., the line of intersection of a plane T with
V is called the V trace of T, and the intersection of T
with H is called the H ¢race. In Fig. 13a, plane T is
shown in perspective. In Fig. 13b plane T is shown as rep-
resented in Orthographic Projection; likewise the manner
of lettering the respective traces and the conventional
line used to represent a plane trace* Tt is'the V trace and
Tt, the H trace.

THE TRACES OF A PLANE MUST INTERSECT ON GL (unleas
the plane is parallel to GL).

(33) Since plane T, Fig. 13a, is oblique to GL it must
intersect GL in some point; this point is common to V and
T, hence lies on their line of intersection, Tt’; it is also
common to H and T, hence lies on their line of intersection,
Tt. The point in which T intersects GL has been proven

common to T¢ and T¢, hence Tt and Tt must intex;sect ina -

point on GL.

Further we see that the traces of a plane intersect in
the point in which GL pierces that plane. Therefore if a
plane is parallel to GL this piercing point is at ifinity, i.e.
traces intersect at infinity and for our purposes are par-
allel to GL.

LOCATION OF A PLANE

(34) It is readily seen that the plane is definiteiy
determined by its traces, for thru these traces (two inter-

22
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secting lines) one and only one plane can be passed, and
that the required plane.

3
.4
5
6

7

Fig. 13a.

"ALPHABET OF A PLANE

(35) As with the line, in placing a plane in its dif-
ferent possible positions with respect to H and V, we limit
our choice to one angle at a time.

ALPHABET OF A PLANE IN THE FIRST ANGLE

1 Perpendicular to both H & V — Both ‘traces per-
pendicular to GL.

2 Penpendicular to H[V trace perpendicular to GL.
and inclined to V {H ¢ inclined to GL.
Perpendicular to V[V trace inclined to GL.
and inclined to H | H . trace perpendicular to GL.
Parallel to V— H trace parallel to GL.
Parallel to H — V trace parallel to GL.
Parallel to GL and inclined to H & V — Both traces
parallel to GL.

Inclined to H, V, and GL — Both traces inclined to GL.
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PLANES ARE UNLIMITED IN EXTENT

(36) Plane T, Fig. 14, is not limited to the portion
of the plane in the first angle. Producing the traces thru
GL, we have immediately, the traces of the portions of the
plane in all of the other angles. From this we deduce
that: The traces of a plane are NOT limited by GL.

Ir’-' s’ / /,.' k4
Vo , w ./
|1 iz 3/ M ¥ s " YA
o / /

E:LR I\s T'/ z< ! .
] \ l ~ '
! \ i [ v W T \\\

\ ! 4 W
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Fig. 14.

TO ASSUME A PLANE

(37) In assuming a plane in space, the traces may be
drawn at pleasure; however, they must intersect on GL
unless the plane is parallel to GL.

AXIOMS

(a) If two planes are parallel their respectlve traces
are parallel.
For if two parallel planes are cut by a third plane, (the H plane) the
lines of intersection, (the H traces) are parallel; likewise the V traces.

(b) If a plane is perpendicular to H its V trace is
perpendicular to GL.

(¢) If a plane is perpendicular to V its H trace is
perpendicular to GL.
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PROFILE PLANE

- (38) As explained in Art. 22, to represent the Profile
plane on the same plane with V, it is necessary to revolve
P about its line of intersec-
tion, G,L,, with V, until it G
coincides with V. - The por- 2nd 1st angle
tion in front of-V, 1st and
4th angles, is revolved to g
the right, the 2nd and 3rd

angles to the left. The an- 3rd 4th
gles of the Profile plane are

then as indicated in Fig. o 't

15. Fig.'15.

H ANb V PROJECTIONS OF POINTS AND LINES IN THE PROFILE
PLANE

(39) When we are dealing with the H and V projec-
_tions of any point or line which lies im the Profile plane,
we consider that plane to be in its originael position, i. e.,
perpendicular to GL. In this case G,L, represents both
the intersection of P with 'V and P with H; hence both
the H and V projections of the point or line lie on G,L,.
Whenever in any problem, it is required to find the
Profile piercing point of a line, let it be understood that
the H and V projections of that piercing point are desired
and not the Profile projection unless so specified.

PROFILE PROJECTIONS OF POINTS, ETC.

(40) When we are dealing with the Profile projec-
tions of points and lines, the Profile plane is considered as
revolved about G,L, until it coincides with V. In this case
G,L, represents the intersection of P and V, and GL, the
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intersection of P and H; or for convenience, G,L, may be
considered the V plane, and GL, the H plane viewed edge-
wise.

As explained in Art. 18, the P projection of a point
A is obtained by dropping a projecting line thru A perven-
dicular to P; the piercing point of this perpendicular in P
is the P projection of A. It will be seen that this project-
ing line, Fig. 3, pierces P at a distance above H equal to Aa,
which in turn equals the distance from a’ to GL. Likewise
it pierces P at a distance be-
fore V equal to Aa’ which is : "G
equal to the distance from I
the H projection, a, to GL.
IThen after revolving the
Profile plane about G,1,; in-
to V, Fig. 16, a” will be g+
found above GL a distance L
equal to the distance from
@’ to GL, or on a line paral- a
lel to GL thru o’; likewise o
since A is in the 1st angle, L d
a” will be to the right of Fig. 16
G,L,, a distance equal to the g 0.
distance that the H projection, a, is below GL. The con-
struction for finding the Profile projections of points in
the various angles, from their H and V projections, is
shown in Fig, 16.




CHAPTER 4

SIMPLE RELATIONS OF THE POINT, LINE, AND PLANE

41) Problem —1—To find the H and V piercing
points of a given right line.
Analysis:

(e.g., the H piercing point)

Since the H piercing point of a line lies in H, its V
projection lies in GL; its V projection lies also on the V
projection of the line, therefore at the intersection of the V
projection of the line and GL. The intersection of a per-
pendicular to GL thru this point, and the H projection of
the line, is the required H projection, since the H projec-
tion of the piercing point must lie on the H projection of
the line. B

If we substitute H for V and V for H in the above
analysis, we have the analysis for the V piercing point.

From the above analysis, a rule may be deduced
which perhaps is more easily remembered than the an-
alysis. '
Rule: To find the H piercing point of a given line,
produce the V projection until it intersects GL; this point
is the V projection of the H piercing point. The intersec-
tion of a perpendicular to GL thru this point, and the H
projection of the line, is the H projection of the H piercing
point. '

Construction: ' v

Given: Line AB, Fig. /?lf :
17. . ! : :
I

i
Reqd: H and V pierc- & !
ing points of AB. . | /
Produce o'’ to GL; nL--a
this point of intersection is Irig. 17.
27
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I/, the V projection of the H piercing point. At 7/, a per-
perpendicular to GL is drawn, intersecting ab in h, the H
projection of the H piercing point. ab produced, inter-
sects GL at v, the H projection of the V piercing point;
the intersection of a perpendicular to GL at v with a’t’,
locates v, the V projection of the V piercing point.

The H and V piercing points of lines whose projec-
tions are perpendicular to GL, may easily be determined
by referring the line to the Profile plane;i.e. by producing
the Profile projection until it imtersects GL and G,L,,
thereby obtaining the Profile prOJectlons of the H and V
plercmg pomts

The H and V piercing points of every right line used
in descriptive geometry are lettered as in Fig. 17, hh’, vv’
and each man will save himself unlimited mistakes and
poor grades, if he holds himself rigidly to the practice of
lettering these points immediately upon locating them.

— TO ASSUME A LINE IN A GIVEN PLANE

(42) If a line lies in a plane T, Fig. 18, it must
_pierce the V plane in a point common to both planes,
therefore in a point on their

V' (]
. . . : T
line of intersection, the V d
trace. For similar reasons it =7
must pierce H in a point on ~ X

1

the H trace. Hence to assume z<—20 S
¢ line in a given plane as- \/
sume any point on the V trace N

as the V piercing point, and .

any point on the H trace as the N
H piercing point of the re- Fig. 18.
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quired line; the line joining these two points is the re-
quired line,

To assume a point in a given plane, first assume a
right line as explained. Any point of this line is the re-
quired point.”

A HORIZONTAL OF A PLANE

Any line which lies in a given plane T, Fig. 19, and is
parallel to H, is called a horizontal of that plane. Being
parallel to H, it has only one piercing point (V), and its V
projection is parallel to-GL. By a simple application of
Plane Geometry, it can be proven also, that the H projec-
tion of a horizontal is parallel to the H trace of the plane.

A horizontal of a plane may be assumed by assumin g
its 'V piercing point, and drawing the V projection thru v’
parallel to GL and the H projection thru v parallel to the

H trace.
A VERTICAL OF A PLANE

Any line which lies in a plane T, Fig. 19, and is paral-
lel to V, is called a vertical of that plane. Being parallel
to V, it has only the H piercing point and its H projection
is parallel to GL. The V

projection of a wvertical is R
parallel to the V trace. The e
method of assuming a verti- v /-/ o o'
cal is similar to that of a /7”7%
horizontal. R I :
Obviously, a horizontal S . Lot
or a vertical is the easiest N~ ! SO
and simplest line that can \,,'—-—-'b
be assumed in a plane, and .
its value as a working tool \-r

cannot be overestimated. Fig. 19.
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TO PASS A PLANE THRU A GIVEN LINE

(43) Since by Art. 42, a line which lies in a plane T,
pierces V and H in points which lie on the V and H
traces of T, obviously the reverse of this proposition is
true; i.e., if a plane passes thru or contains a given line,
AB, its traces must pass thru the respective piercing
points of AB, and unless drawn parallel to GL, these
traces must intersect on GL.

(44) Problem — 2 —To pass a plane thru two inter-
secting lines

Discussion: (1) -

Since the plane is to contain the two given intersecting -
lines, its traces will pass thru or contain the respective.
piercing points of these lines.

Analysis: (1)

Find the H and V pierc-
g points of the giwen inter-
secting lines and thru these
piercing points pass the re-
spective traces of the re-
quired plane.

Construction:

(iven:Intersecting lines
AB and CD, Fig. 20.

Reqd: Traces of the
plane of AB and CD.
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By Problem 1, the V piercing points of AB and CD
are v’ and v/, and the H piercing points are k and h. Bhe
V trace of the required plane T, passes thru " and?’ and
the H trace thru h and h. The traceixmmt'intersect on
GL. \ :

4y

Discussion: (2) ' v
Frequently one or more of the desired piercing points
are inaccessible, or perhaps all may coincide in a point on
GL. If then a third line be drawn from some point of
one given line to a point of the second given line, this
auxiliary line will lie in the plane of the given lines.

Analysis: (2) .

Comnect any convenient point of the one given line
with any point of the second given line. The piercing
points of this auxiliary line are points of the traces of
the required plane.

(45) To pass a plane thru two parallel liﬁes

Analysis: . ‘

Two lines cannot be parallel unless they lie in some
common plane. The traces of this plane are drawn thru
the respective piercing points of the given lines.

(46) = To pass a plane thru three points

Analysis:

Connect any one of the given points with the other
two by right lines. The plane of these two intersecting
right lines is the required plane.

(47) To ﬁa.ss a plane thru a given point and given
right line.
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Analysis:

Connect the given point with any point of the given
line by a right line. The plane of these two intersecting
lines is the required plane.

(48) Thru one given lme, to pass a plane parallel
to a second given line.

Analysis:

If thru any point of the first given line, an auxiliary
line parallel to the second given line be drawn, the plane
of these two intersecting lines is the required plane.

(49) Thru a given point, to pass a plane parallel to
a given line.

Analysis:

Thru the given point pass a line parallel to the given
line. Any plane passing thru this line will pass thru the
given point and be parallel to the given line.

(50) Thru a given point, to pass a plane parallel to
two given lines.

Analysis:

Thru the gwen point pass two lines parallel respec-
tively to the two given lines. The plane of these intersect-
ing lines is the required plane.

(61) Thru a given point, to pass a plane parallel
to a given plane.

Discussion:

By Art. 37, if two planes are parallel their respective
traces are parallel. Also we have learned that to pass a
plane thru a given point, it 'is first necessary to pass a
line thru the point and pass the plane thru the line. In
this problem it is necessary that this auxiliary line be par-
allel to the given plane, otherwise it is impossible to pass
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thru it a plane parallel to the given plane. e. g., if a line
AB be drawn thru the given point perpendicular to the
given plane, it would be impossible to pass thru AB, a
plane parallel to the given plane.

Analysis:

Thru the given point, pass a line parallel to-the given
plane. The required plane will pass thru this line, its
traces parallel respectively to the traces of the given plane.

Construction:
Given: Plane T and point
O, Fig. 21.
Reqd: Plane thry O par-
allel to T.

Thru O, a line parallel
to T is drawn; for the
sake of simplicity a Hor-
izontal is used. The V pierc-
ing point of this Horizontal is
at ¢ and the V trace of the
required plane S, passes thru
- ¢/ parallel to Tt’, the H trace -

- thru 8 parallel to T¢'. Fig. 21.

~ (52) Problem — 3 —To find the line of intersection
of two given intersecting planes.

Analysis:

The line of intersection of two planes is a line common
to both planes; therefore its H piercing point lies in the
H trace of each plane, hence at their point of intersection.
The V piercing point of the line of intersection, lies at the
intersection of the V traces. The line joining these twa
piercing points is the required line of intersection.
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Construction: ’ .
Given: Planes 8 and T, Flg 22.
Reqd: Line of intersection of S and T.
The point of intersection N
* 9/, of the V traces of S and T,
is the required V piercing /
point of the line of intersec- e
tion; its H projection, v, on I~ n
GL. The H projection, h, of S\ :
the H piercing point of the \ |
required line, is the intersec- B
tion of Ss and Tt; its V pro- sy
jection, #’ is on GL; vh and Fig. 22.
v'h’ are the H and V projections of the required line.

CAUTION ‘

(563) As stated before, a large percentage of the dif-
ficulties experienced by students in Descriptive Geometry,
is due to carelessness; fully one half of this carelessness is
in the failure to properly letter the H and V piercing
points of lines, and the lines of intersection of intersect-
ing planes. For this reason each student will do well,
to hold himself rigidly to the immediate and proper
lettering of the lines of intersection of planes, and pierc-
ing points of lines, until it becomes a fixed habit.
Except in a few special cases, which will be given, the
line of intersection is always indicated by its piercing
points, as in Fig. 22.

SPECIAL CASES OF LINE OF INTERSECTION OF PLANES
(54) 1—Either pair of traces do not intersect on
limits of drawing.
Analysis:
Draw an auxiliary plane parallel to the V plane. This

nf.




RELATIONS OF POINT, LINE, AND PLANE 35

plane will cut <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>