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INTRODUCTION

Methodical guidelines to performance of practical tasks in
the discipline «Descriptive geometry» are developed according to
the syllabus of the course for higher education students of the first
(bachelor) level in the field of study 191 «Architecture and Urban
planning» of full-time education form.

Methodical guidelines contain the main theoretical data,
basic data to task; the technique of creation is described and
examples of definition of straight line of intersection of two planes
set by traces or triangle and traces are given, questions for
independent preparation and the list of the recommended literature
are given.

Tasks are performed by pencil on A3 format (album
orientation). Basic data and results are allocated with the
reinforced line. Auxiliary constructions show light line firm pencil.



BCTYIIL

MeroauuHi BKa3iBKM JO BHKOHAHHSI MPaKTUIHUX poOIT 3
HaBYaJILHOI AMCIMILTIHA «HapucHa reoMeTpis» po3poOJIeHi BiAIOBIIHO
10 cwiadycy Juid 3700yBadiB BUIIOI OCBITU MEPIIOTro (0akaiaBpChKOTO)
piBHS 3a OCBITHBO-IPOQECIHHOIO TMPOrpamMoI0  «ApXITEeKTypa Ta
MicTOOY TyBaHHSD) CHEIiaTbHOCTI 191 «Apxitekrypa Ta
MicToOyIyBaHHS IeHHOI (pOopMH HAaBYAHHS.

MeTomuyHI BKa3iBKM MICTSITh OCHOBHI TEOPETHYHI BiJJOMOCTI,
BUXI/IHI aHl 10 3aBJaHHs, METOIUKY MOOYIOBHU Ta MPHUKIAIN OOy JOBH
MPSIMOI TIEPETHHY ABOX IUIOMIMHH, 33JaHUX CIiaMi ab0 TPUKYTHUKOM i
CIILaMH, HUATAHHSI JUTS CaMOCTIWHOT i ITOTOBKH, CIIICOK
PEKOMEHIOBAHO] JIiTepaTypH.

3aBmaHHA BHUKOHYIOThCS oniBeM Ha A3 ¢dopmari amp6omMHOI
opieHTauii. BuxigHi maHi Ta pe3ynbTaTH BHIUISIOTHCS IMOTOBIIEHOIO
miHiero. JomomikHi MOOYJOBU TMOKAa3ylOTh TOHKOIO JIIHIEIO TBEPIUM
OJTBIIEM.

1. MAIN THEORETICAL DATA
The provision of the plane in space can be set by traces. Traces of

the plane are called lines of intersection of the plane with the projection
planes (Fig. 1).

frantal
trace

horizontal
trace

J}



Generally the plane has three traces (Fig. 1): the horizontal trace
Pw is the intersection of the plane P with the horizontal projection plane
H; the frontal trace Py is the intersection of the plane P with the frontal
projection plane V; the profile trace Pw is the intersection of the plane P
with the profile projection plane W. The traces of the plane P intersect in
pairs on the axes at points Px, Py, Pz which are called the origin points
of the plane traces (Fig. 1, 2). In Fig. 2 traces and points of an origin of
traces of the same plane P on the diagram are represented.

Fig. 2

Creation of the line of intersection of the planes is one of the main
objectives of descriptive geometry.

At problem solving of intersection of two planes the following
cases are possible:

— both planes are projecting rather same plane of projections;

— one of the planes is projecting and another is of the general
provision;

— both planes of the general provision.



2. INPUT DATA FOR CREATION OF INTERSECTION OF
TWO PLANES

Task. Construct a straight line of intersection of two planes given
in different ways.

Input data to the task get out of table 1 according to number of
option which matches number one after another in the list of group.

Table 1
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3. METHODICAL GUIDELINES
3.1. PLANES SET BY TRACES

Let planes P and S be set by their frontal and horizontal traces
(fig. 3). To define a straight line of intersection of the planes.

Py

Fig. 3

Two planes P and S intersect along a straight line, shown in Fig. 4
by a thick blue line, for the construction of which it is necessary to
determine two points 1 and 2.




In Fig. 5, a, the frontal traces of the planes intersect at point 1',
and the horizontal traces intersect at point 2.

1 I

Fig. 5

Since point 1" lies in the frontal plane of projections, its horizontal
projection (point 1) lies on the axis X. Respectively the point 2 lies in the
horizontal plane of projections, and its frontal projection (a point 2") lies
on axis x too. Therefore, we have the line 12 of intersection of the planes
P and S, shown in Fig. 5, b by a thick blue line.

If traces of the same name do not intersect within the drawing, as
shown in Fig. 6, then they can be intersected by cutting planes, namely
the method of auxiliary cutting planes. It is better to use level planes,
because then there will be level lines (frontal or horizontal) in the
intersection.

12



In Fig. 6, the planes P and S are intersected by horizontal cutting
planes R (Fig. 6, a) and T (Fig. 6, b).

Fig. 6

The frontal traces Ry and Ty intersecting with the frontal traces Pv
and Sy of the given planes give the frontal projections of the points
whose horizontal projections are incident on the axis x. Through them
there pass horizontal projections of horizontals according to which the R
and T planes intersect the given planes. The corresponding pairs of
horizontal projections of the horizontals in the section determine the line
of intersection MN, which, of course, coincides with the line of
intersection 12, which was determined in the manner described above.

The problem can also be solved using auxiliary level cutting
planes, but not horizontal ones, but frontal ones.

Fig. 7, a shows how, instead of an auxiliary level plane, an
auxiliary secant plane of general position Sy, parallel to a given plane S,
can be used. It intersects the given plane P along a straight line parallel
to the line of intersection of the given planes P and S (Fig. 7, b). Having
determined the direction of the frontal and horizontal projections of the
straight section, determine the positions of points 1 and 2" (segment
PxSx) using the ratio in which points 1; and 2;" divide the segment PxSix.

13



Sy

SH

Fig. 7

If one of the planes set by traces holds the projecting position
(plane S), then the projection of the line of intersection of the P and S
planes will coincide with the corresponding trace of the projecting plane
(in Fig. 8 — with a horizontal trace of Sy of plane S).

Fig. 8
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Note that when the plane S is rotated relative to the straight line of
intersection of the planes, the position of the origin point of the traces
Sx, the frontal and horizontal traces of the plane S changes, but the
projection of the straight line of intersection onto the frontal and
horizontal planes of projections remains unchanged (thickened blue line
in Fig. 8, Fig. 9, a; b).

S[’

a !

SH

Fig. 9

Fig. 10 shows the construction of the line of intersection of two
horizontally projecting planes given by traces, and in Fig. 10, b the
horizontal traces of the planes P and S intersect above the axis x.

I P v S vV

Fig. 10
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Fig. 11 shows the intersection of two planes P and S, whose
horizontal traces are parallel. The line of intersection is a horizontal line
parallel to the horizontal traces of the planes (in the figure, the blue line).

Fig. 11

Fig. 12 shows the intersection of two planes of general position
given by traces whose horizontal traces intersect above the axis x.

Py

Sy

Fig. 12
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In fig. 13 for definition of a straight line of intersection the
method of auxiliary oblique-angled projection is used. The projection
occurs in the direction of the frontal trace Sy of the plane S. Since the
horizontal projection of the frontal trace Sy coincides with the axis X, the
horizontal projection of the projection direction will be So. With this
direction of projection, the plane S is projected onto its horizontal trace
Sk, that is, into a straight line.

Fig. 13

One point of the straight line intersection of the planes (point 2) is
defined as the intersection of their horizontal traces P4 and Sh. And to
determine the second intersection point (point 1), the plane P is
intersected by an arbitrary horizontally projecting plane R. The
intersection of the planes P and R is the line BC. Projecting this line in
the direction of projection, we obtain the line B:C;, which, when
intersected with the trace Swi, gives point 1:. The point 1; as a result of
an inverse transformation gives the second required point 1 of straight
line of intersection of the planes (Fig. 14).

17



Fig. 14

3.2. PLANES SET BY A TRIANGLE AND TRACES

b

PH

Fig. 15
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Let a plane be given in
the form of a triangle ABC,
the side AC of which lies in
the horizontal plane of
projections, and the plane P
is given by the frontal Py
and horizontal Py traces
(Fig. 15).



At first the given planes intersect auxiliary horizontal plane S (Fig.
16). In the intersection with triangle ABC, we obtain a straight line 12,
and in the intersection with plane P, we obtain a horizontal line, the
horizontal projection of which is parallel to the horizontal trace of plane
Pw (in Fig. 16, the blue lines). The horizontal projections of line 12 and
the horizontal intersect at point m, which belongs to the line of
intersection of the planes. The frontal projection of the point m' lies in
the secant plane S and belongs to the frontal projection of the line of
intersection of the planes ABC and P.

Similarly, another point of straight line intersection is determined,
namely point n, by crossing the given planes with the auxiliary
horizontal plane U (Fig. 17). The auxiliary plane intersects the plane
ABC along the line 34, and intersects the plane P horizontally. The
horizontal projections of the horizontal and line 34 define the position of
point n (its horizontal projection). The line mn is the horizontal
projection of the line of intersection of the given planes, and m'n' is the
frontal projection.

The part from the intersection line to the base of AC of the triangle
becomes invisible, as does part of the frontal trace of Py (Fig. 17). Fig.
18 shows the general construction.

Fig. 16
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In fig. 19 the intersecting frontally projecting S and U planes are
carried out through the sides of a triangle of AB, BC. These planes
intersect the plane P along lines 12 and 34 (points 1 and 2 are the
intersections of the corresponding traces of the planes P and U, and
points 3 and 4 are the intersections of the planes P and S). The horizontal
projections of lines 12 and 34 at the intersection with the horizontal
projections of sides bc and ba give points e and d, which form the
horizontal projection of the line of intersection. Their frontal projections
belong to the frontal projections of the corresponding sides of the

triangle.
Sy \ /(/,»
b

Fig. 19
Using projection transformation methods to solve the same

problem does not differ fundamentally from the case when both planes
were given as triangles. The construction is even simplified, since in the
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plane P there is no need to construct a horizontal or frontal, since they
are already given - these are the horizontal and frontal traces of the
plane. Therefore, using the method of replacing projection planes, the
new axis x is placed (Fig. 20) perpendicular to the horizontal trace Py,
replacing the frontal plane V with a new frontal plane Vi, in which the Z
coordinates of all points don't change.

bl

Fig. 20

The new position of the frontal trace Pv; is determined using an
arbitrary point M, which is set on the frontal trace of the Py plane (Fig.
20) (the Z coordinate of the point on the frontal planes of the V and Vi
projections is unchanged). As a result of this replacement, the plane P
becomes frontally projecting, and its new frontal trace Pvi in the

22



intersection with the new projections of the sides of the triangle gives the
points e;" and d1", which form the frontal projection of the straight line in
the new system of projection planes H and V1. The resulting straight line
of intersection along the lines of projection connection is transferred to
the horizontal and frontal projections of triangle ABC.

In fig. 21 the solution of this task is illustrated with the method of
plane-parallel movement. The new horizontal trace of the Pn: plane is
placed perpendicular to the axis x (it is rotated by an angle ¢), and the
plane becomes frontally projecting. During such movement coordinates
Z all points, the sizes of elements of the horizontal projection and their
relative situation don't change. The new position of the frontal trace Pv1
is determined, as in the previous case, by an arbitrary point M, which is
set on the frontal trace of the plane. In the new position, the intersection
of the planes is determined by the intersection of the trace Pyvi with the
new projections of the sides of the triangle (points e:" and d.").

b’ b,
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Fig. 22 illustrates use of the method of oblique-angled auxiliary
projection.
bl

~

(&

Fig. 22

The direction of projection coincides with the line of the plane P,
namely, with the frontal trace of the plane Py (the horizontal projection
of the frontal trace coincides with the axis x). The projection occurs on
the horizontal projection plane H. After such a projection, the plane P
turned into a straight line that coincided with the horizontal trace P, and
the triangle turned into a triangle acb; (side ac lies in the horizontal
plane of projections, so it remained stationary). The intersection of the
planes — line die; — is returned by inverse projection to the horizontal
projection of the triangle, and from there along the lines of the projection
connection, namely to the frontal projection.

24



4. QUESTIONS FOR INDEPENDENT TRAINING

1. What is orthogonal projection of a point?

2. How many coordinates of a point are necessary to set the
provision of a point in three-dimensional space?

3. How many orthogonal projections of a point set its position in
three-dimensional space?

4. What do two points define — a line or a segment?

5. What straight lines of special situation do you know? And
planes?

6. What straight lines on their relative position exist?

7. How it is possible to set the plane?

8. What is a trace of a line? A plane? How to construct them?

9. What main lines of the plane do you know? Their properties.

10. How to construct the intersection of two planes?
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