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SOME BASIC TERMS

@

@

Line segment:

A part (or portion) of a line with two end points
Ray:

A part of a line with one end point.

Collinear points:

If three or more points lie on the same line other
wise these are called non collinear points.

Angle:

Two rays with a common end point form an
angle.

B
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OA, OB are rays & O is end point.

® Measure of an angle:

The amount of turning from OA to OB is called
the measure of ZAOB, written as mZAOB. An
angle is measured in degrees denoted by .
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An angle of 360°:

If a ray OA starting from its original position
OA, rotates about O, in the anticlockwise
direction and after making a complete
revolution it comes back to its original position,
we say that it has rotated through 360 degrees,
written as 360°.

S

This complete rotation is divided into 360 equal
parts. Each part measures 1°.

1° = 60 minutes, written as 60'.
1'= 60 seconds, written as 60".

We use a protractor to measure an angle.

@ Types of angles:

B
Right angle
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(i)
B

Acute angle
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(i)



Obtuse angle

A
(iii)

Straight angle
N
B ) A

(iv)
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Reflex angle

™)

Complete angle

(O

(vi)

@ Bisector of an angle:

A ray OC is called the bisector of ZAOB, if
mZAOC =m«£BOC.
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In this case, ZAOC = ZBOC = %LAOB.

Complementary angles:

Two angles are said to be complementary, if the
sum of their measures is 90°.

Two complementary angles are called the
complement of each other.

Ex. : Angles measuring 20° and 70° are
complementary angles.

© Supplementary angles:

Two angles are said to be supplementary, if the
sum of their measures is 180°.

Two supplementary angles are called the
supplement of each other.

Ex.

: Angles measuring 60° and 120° are

supplementary angles.

Ex.1

Sol.

Ex.2

Sol.

Ex.3

Sol.

Ex.4
Sol.
Ex.5

Sol.

% EXAMPLES <+
Find the measure of an angle which is 20°
more than its complement.
Let the measure of the required angle be x°.
Then, measure of its complement = (90 — x)°.
LX—(90-x)=20=2x=110=x=155
Hence, the measure of the required angle is 55°.

Find the measure of an angle which is 40°
less than its supplement.

Let the measure of the required angle be x°.
Then, measure of its supplement = (180 — x)°.
S (180-x)-x=40=2x=140 x =70
Hence, the measure of the required angle is 70°.

Find the measure of an angle, if six times its
complement is 12° less than twice its
supplement.

Let the measure of the required angle be x°.
Then, measure of its complement = (90 — x)°.
Measure of its supplement = (180 — x)°.

2 6(90—x)=2(180—-x)— 12

< 540 -6x=360—-2x—12

& 4x=192 = x=48.

Hence the measure of the required angle is 48°.
Convert 180° in degree, minute & second.
180° = 179° 59' 60".

Find the measure of the supplement of an
angle of §7°28'43".

We may write, 180° = 179°59'60".

.. supplement of an angle of (87°28'43")
= an angle of [180° — (87°28'43")]
= an angle of [179°59'60" — 87°28'43"]
= an angle of (92°31'17").

Hence, the measure of the required angle
=(92°31'17").



Ex.6

Sol.

Ex.7

Sol.

Ex.8

Sol.

Ex.9

Sol.

Ex.10

Sol.

Ex.11

If ZA = 36°27'46"
find ZA + ZB.

ZA + /B =36°27'46" + 28°43'39"
=64°70'85" = 64°71'25" = 65°11"25"

and ZB = 28°43'39",

Find the complement of each of the following
angles :

(i) 58° (ii) 16°

(iii) % of aright angle  (iv) 46° 30

(i) 90° — 58° = 32°
(ii) 90° — 16° = 74°

(iii) 90° %(900) =90° - 60° = 30°

(iv) 90° — 46° 30"
= 89° 60' — 46° 30'
= 43° 30"

Find the measure of an angle which is
complement of itself.

Let the measure of the angle be x°, Then,

Then, the measure of its complement is given
to be x°.

Since, the sum of the measures of an angle
and its complement is 90°

x*+x°=90°=2x°=90° = x°=45°

Find the measure of an angle which forms a
pair of supplementary angles with itself.

Let the measure of the angle be x°. Then,
xX*+x°=180° = 2x°=180° = x°=90°

An angle is equal to five times its
complement. Determine its measure.

Let the measure of the given angle be x
degrees. Then, its complement is (90 — x)°.

It is given that :
Angle =5 x Its complement
= x=5(090-x)
= 6x=450

= x=450-5x
= x=75
Thus, the measure of the given angles is 75°.

An angle is equal to one-third of its
supplement. Find its measure.

Sol.

Ex.12

Sol.

Ex.13

Sol.

Ex.14

Sol.

Let the measure of the required angle be x
degrees. Then,

Its supplement = 180° — x. It is given that :

Angle = % (Its supplement)

= X=§(180°fx) — 3x=180°—x

= 4x=180°

Thus, the measure of the given angle is 45°.

= x=45°

Two supplementary angles are in the ratio
2 : 3. Find the angles.

Let the two angles be 2x and 3x in degrees.
Then,

2x +3x = 180°
= 5x=180°
Thus, the two angles are 2x = 2 x 36° = 72°
and 3x =3 x36°=108°

= x=36°

Write the complement of the following angles:
30°20°

Complement of
30°20" =90°—30° 20"
=90°—(30°+20")
=(89°-30°) +(1°-20")
=59°+(60"-20") [O1°=60]
=59°+40"=59° 40’

Find the supplement of the following angles :
134°30" 26"

Supplement of an angle of 134° 30" 26"
=180°—(134°30"26"")

=(179°-134°) + (1°-30"26"")
=45°+(60"—(30"+26"")) [O®1°=60"]
=45+ (59"-30)+(1"-26"")
=45°+29"+34"" =45°29"34""

@ Adjacent angles:

Two angles are called adjacent angles, if

(1) they have the same vertex,

(i1) they have a common arm and

(iii) their non-common arms are on either side of

the common arm.



C
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In the given figure, ZAOC and ZBOC are
adjacent angles having the same vertex O, a

common arm OC and their non-common arms OA
and OB on either side of OC.

Linear pair of angles:

Two adjacent angles are said to form a linear pair
of angles, if their non-common arms are two
opposite rays.

B 0 A
In the adjoining figure, ZAOC and ZBOC are

two adjacent angles whose non-common arms OA
and OB are two opposite rays, i.e., BOA is a line

- ZAOC and ZBOC form a linear pair of angles.

Theorem 1 :

Prove that the sum of all the angles formed on the
same side of a line at a given point on the line is
180°.

Given : AOB is a straight line and rays OC, OD
and OE stand on it, forming ZAOC, ZCOD,
«/DOE and ZEOB.

To prove : ZAOC + ZCOD + ZDOE + ZEOB
= 180°.

Proof : Ray OC stands on line AB.
ZAOC + ZCOB = 180°

= ZAOC + (£LCOD + £«DOE + ZEOB) = 180°
[6£COB = ZCOD + ZDOE + ZEOB]

= ZAOC + ZCOD + /DOE + ZEOB = 180°.

Hence, the sum of all the angles formed on the
same side of line AB at a point O on it is 180°.

Theorem 2 :

Prove that the sum of all the angles around a point
is 360°.

Given : A point O and the rays OA, OB, OC, OD
and OE make angles around O.

To prove : ZAOB + Z/BOC + ZCOD + ZDOE +
ZEOA =360°

Construction : Draw a ray OF opposite to ray OA.

Proof : Since ray OB stands on line FA, we have :
ZAOB + ZBOF = 180° [linear pair]

ZAOB + /BOC + ZCOF = 180°  ...(i)
[©/BOF = /BOC + Z/COF]

Again, ray OD stands on line FA.

.. ZFOD + ZDOA = 180° [linear pair]

or ZFOD + /DOE + ZEOA = 180° ...(ii)
[@£DOA = ZDOE + ZEOA]

Adding (i) and (ii), we get :

ZAOB + ZBOC + ZCOF + ZFOD + ZDOE +
ZEOA = 360°

.. LAOB + ZBOC + ZCOD + £ZDOE + ZEOA
=360°

[® ZCOF + ZFOD = /COD]

Hence, the sum of all the angles around a point O
is 360°.
Vertically opposite angles:

Two angles are called a pair of vertically opposite
angles, if their arms form two pairs of opposite rays.

Let two lines AB and CD intersect at a point O.
Then, two pairs of vertically opposite angles are
formed :

(i) ZAOC and Z/BOD (i) ZAOD and /BOC




Theorem 3 :

If two lines intersect then the vertically opposite
angles are equal.

Given : Two lines AB and CD intersect at a point O.
To prove : (i) LZAOC = ZBOD, (ii)) ZAOD = ZBOC
Proof : Since ray OA stands on line CD, we have:

A D

0
C B

ZAOC+ ZAOD = 180° [linear pair].
Again, ray OD stands on line AB.
. ZAOD + ZBOD = 180° [linear pair]
. ZAOC + ZAOD = ZAOD + ZBOD
[each equal to 180°]
- ZAOC = «ZBOD
Similarly, ZAOD = ZBOC

|= IMPORTANT POINTS ||

@

Two angles are called adjacent angles if —

(1) they have the same vertex,

(i) they have a common arm, and

(iil) uncommon arms are on either side of the
common arm.

Two adjacent angles are said to form a linear

pair of angles, if the non-common arms are

two opposite rays.

If a ray stands on a line, then the sum of the

adjacent angles so formed is 180°.

If the sum of two adjacent angles is 180°,

then their non-common arms are two opposite

rays.

The sum of all the angles round a point is

equal to 360°.

Two angle are called a pair of vertically

opposite angles, if their arms form two pairs

of opposite rays.

If two lines intersect, then the vertically

opposite angles are equal.

Ex.15

Sol.

Ex.16

Sol.

Ex.17

% EXAMPLES <«

Two lines AB and CD intersect at O. If
ZAOC = 50°, find ZAOD, ZBOD and
/BOC.

ZAOD + ZAOC = 180° (linear pair)
ZAOD + 50°=180°
ZAOD =130°
Also ZBOD = ZAOC

(vertically opposite angles)
& /BOC = ZAOD = 130°

(vertically opposite angles)
. 130°, 50°, 130°.

In the adjoining figure, AOB is a straight line.
Find the value of x. Hence, find ZAOC,
ZCOD and ZBOD.

(Bx+7)°+ (2x — 19)° + x° = 180' (linear pair)
= (6x—12)=180°

= 6x=192°

= x=32°

S LZAOC=3x+7=332)+7=96+7=103°
ZCOD=2x-19=2(32)-19=64 - 19=45°
ZBOD = x° =32°,

Two lines AB and CD intersect at a point O
such that ZBOC + ZAQOD = 280°, as shown
in the figure. Find all the four angles.

C B



Sol.

Ex.18

Sol.

Ex.19

Sol.

® ZAOC = ZBOD = x(Let)
(vertically opposite angles)
- ZAOC + (£LAOD + ZBOC) + ZBOD = 360°
= x+280° +x=360°
= 2x=280°
= x=40°
- ZAOC = ZBOD = x° = 40°.

and ZBOC = ZAQOD = % = 140°.

Ex.20

In figure, OA, OB are opposite rays and
ZAOC + ZBOD = 90°. Find ZCOD.

C

Sol.

A O B

Since OA and OB are opposite rays.
Therefore, AB is a line. Since ray OC stands
on line AB.

.. ZAOC + ZCOB = 180°
— /AOC + ZCOD + Z/BOD = 180°
[® ZCOB = ZCOD + /BOD]
— (LAOC + /BOD) + /COD = 180°
— 90°+ £COD = 180°
[® ZAOC + /BOD = 90° (Given)]
— ZCOD = 180° - 90° = 90°

In figure, OP bisects ZBOC and OQ, ZAOC.
Show that ZPOQ = 90°.

Ex.21

Sol.

A 0) B
According to question, OP is bisector of ZBOC
L Ll=22

. 1 £BOC

and OQ is bisector of ZAOC Ex.22

£3=/4

or /4= ZA0C

14 4= 4BOC+AAOC
2

_ /BOC+ ZAOC _ @_900

2 2
In figure OA and OB are opposite rays :

(i) Ifx =75, what is the value of y ?
(i) If y =110, what is the value of x ?
Since ZAOC and ZBOC form a linear pair.
Therefore, ZAOC + ZBOC = 180°
= x+y=180° (D)
(1) Ifx =75, then from (i)

75 +y=180°

y =105°.

(i) If y =110 then from (i)

x+110=180
= x=180-110=70.

In figure ZAOC and ZBOC form a linear
pair. Determine the value of x.

AL 0o

A o B

Since ZAOC and ZBOC form a linear pair.
- ZAOC + ZBOC = 180°

= 4x+2x=180°

= 6x=180°

_ 180°

= X =30°

Thus, x = 30°

In figure OA, OB are opposite rays and
ZAOC + ZBOD = 90°. Find ZCOD.



Sol.

Ex.23

Sol.

Ex.24

¢ D
4 0 B
Since OA and OB are opposite rays.

Therefore, AB is a line. Since ray OC stands
on line AB. Therefore,

ZAOC+ ZCOB = 180° [Linear Pairs]
= ZAOC+ ZCOD + £ZBOD = 180°

[6 LCOB = ZCOD + £ZBOD]
= (LAOC + £BOD) + ZCOD = 180°
= 90°+ ZCOD = 180°

[® LZAOC + ZBOD = 90° (Given)]

= ZCOD=180°-90°
= ZCOD=90°
In figure ray OE bisects angle ZAOB and OF

is a ray opposite to OE. Show that
ZFOB = ZFOA.
B
< i o) - >
A

Since ray OE bisects angle AOB. Therefore,
ZEOB = ZEOA (D)
Now, ray OB stands on the line EF.

ZEOB + ZFOB = 180° ...(i1) {linear pair]

Again, ray OA stands on the line EF.

Z EOA + ZFOA = 180° ....(1i1)

Form (ii) and (iii), we get

ZEOB + ZFOB = ZEOA + ZFOA
= ZEOA + ZFOB = ZEOA + ZFOA

[® ZEOB = ZEOA (from (1)]

= ZFOB = ZFOA.

In figure OE bisects LAOC, OF bisects
ZCOB and OE L OF. Show that A, O, B are
collinear.

Sol.

Ex.25

Sol.

F

A o B

Since OE and OF bisect angles AOC and
COB respectively. Therefore,

ZAOC=2/EOC (D)
and ZCOB =2ZCOF ....(i1)
Adding (i) and (i1), we get
ZAOC+ ZCOB =2/EOC + 2ZCOF
= ZAOC+ ZCOB =2(£EOC + £COF)
= ZAOC+ ZCOB = 2(LEOF)
= ZAOC+ ZCOB=2x90°
[® OE L OF .. ZEOF =90°]
= ZAOC+ ZCOB = 180°
But ZAOC and ZCOB are adjacent angles.

Thus, ZAOC and ZCOB are adjacent
supplementary angles. So, ZAOC and ZCOB
form a linear pair. Consequently OA and OB
are two opposite rays. Hence, A, O, B are
collinear.

If ray OC stands on line AB such that
ZAOC = ZCOB, then show that
ZAOC =90°.

Since ray OC stands on line AB. Therefore,
ZAOC+ £ZCOB = 180° [Linear pair] ...(1)

C
< P 0 3 >
But ZAOC=ZCOB (Given)
ZAOC + ZAOC = 180°
= 2/ZA0C=180° = ZAOC=90°



Ex.26

Sol.

Ex.27

Sol.

In Fig., lines A, and A, intesect at O, forming

angles as shown in the figure. If a = 35°, find
the values of b, ¢, and d.

Since lines A; and A, intersect at O.
Therefore,

Za= Zc [Vertically opposite angles]
= ZLc=35° [.. La=35°]
Clearly, Za+ Zb=180°
[Since Za and £b are angles of a linear pair]
= 35°+ /b=180°
= Zb=180°-35°
= /b=145°

Since /b and Zd are vertically opposite

angles. Therefore,
Zd=/b= £Zd=145° [.. £Lb=145°]

In Fig., determine the the value of'y.

Since ZCOD and ZEOF are vertically
opposite angles. Therefore,

ZCOD = ZEOF = ZCOD = 5y°
[.. ZEOF = 5y° (Given)]
Now, OA and OB are opposite rays.
ZAOD + #DOC + ZCOB = 180°
= 2y°+5y°+ 5y°=180°
= 12y°=180°

180° _
12

ye=15.

= y°= 15.

Thus,

Ex.28 In Fig., AB and CD are straight lines and OP

Sol.

Ex.29

and OQ are respectively the bisectors of
angles BOD and AOC. Show that the rays OP
and OQ are in the same line.

In order to prove that OP and OQ are in the
same line, it is sufficient to prove that
ZPOQ = 180°.

Now, OP is the bisector of ZAOC

= /Z1=/6 ...(1)
and, OQ is the bisector of ZAOC
= /3=/4 ...(ii)

Clearly, £2 and Z£5 are vertically opposite

angles.
L2=/5 ....(1i1)

We know that the sum of the angles formed at

a point is 360°.

Therefore,

L1 +22+ L3+ L4+ L5+ 26 =360°

= (L1 + £6)+ (L3 + £4) + (L2 + £5)=360°
= 2/£14+243+2/2=360°

[Using (i), (ii) and (iii)]

= 2(L1+ L3+ £2)=360°

= ZL1+/22+/3=180° = ZPOQ =180°

Hence, OP and OQ are in the same straight
line.

In Fig., two staright lines PQ and RS intersect
each other at O. If ZPOT = 75° find the
values of a, b and c.




Sol.

Ex.30

Sol.

Ex.31

Sol.

Since OR and OS are in the same line.

Therefore,

ZROP + ZPOT + £TOS = 180°
= 4b°+75°+b°=180° = 5b° + 75° = 180°
= 5b°=105"= b°=21
Since PQ and RS intersect at O. Therefore,
ZQ0S = ZPOR

[Vertically oppsostie angles]
= a=4b

— a=4x2]=84 [ b=21]

Now, OR and OS are in the same line.

Therefore.

ZROQ + £ZQOS =180° [Linear pair]
= 2c+a=180
= 2¢+84=180
= 2¢=96= c=48
Hence,a=84,b=21 and ¢ = 48
In fig if ZAOC + £BOD = 70°, find ZCOD.

[ b=284]

C

A o B

ZAOC + ZCOD + «BOD = 180°

or (ZAOC + ZBOD) + ZCOD = 180°
or 70°+ ZCOD = 180°

or ZCOD = 180°—70°

or ZCOD =110°

In fig. find the value of y.

p

3y

2y + 3y + Sy = 180°

180° _

00

= 10y=180° = y= 18°

@ Parallel lines:

The lines which are in same plane and do not
intersect each other an y where, i.e. distance
between parallel lines is same anywhere

p t a b

@ Transversal line :

A line which intersect two or more given lines at
distinct points, is called a transversal of the given
lines.

/ »m
Here A || m and p is transversal line.

* Part of transversal which is between the two
lines is called intercept (AB).

IMPORTANT POINTS "

@® Two angles on the same side of a
transversal are known as the corresponding
angles if both lie either above the two lines
or below the two lines.

@ The pairs of interior angles on the same
side of the transversal are called pairs of
consecutive interior angles.

@ If a transversal intersect two parallel lines,
then each pair of corresponding angles are
equal.

@ If a transversal intersects two parallel lines,
then each pair of alternate interior angles
are equal .

@ Ifa transversal intersects two lines in such a
way that a pair of alternate interior angles
are equal, then the two lines are parallel.

@ If a transversal intersects two parallel lines,
then each pair of consecutive interior angles
are supplementary.




If a transversal intersects two lines in such a
way that a pair of consecutive interior angles
are supplementary, then the two lines are
parallel.

If two parallel lines are intersected by a
transversal, the bisectors of any pair of alternate
interior angles are parallel.

If two parallel lines are intersected by a
transversal, then bisectors of any two
corresponding angles are parallel.

If the bisectors of a pair of corresponding
angles formed by a transversal with two given
lines are parallel, prove that the given lines are
parallel.

If a line is perpendicular to one of two given
parallel lines, then it is also perpendicular to the
other line.

If a side of a triangle is produced, the exterior
angle so formed is equal to the sum of two
interior opposite angles.

If all sides of a polygon are equal it is called a
regular polygon.

Sum of all the interior angles of a polygon of
n-sides = (n —2) x 180° (n > 3)

Each interior angle of a regular polygon of
(n—2)x180°
n

n-sides =
Sum of all the exterior angles formed by
producing the sides of polygon = 360°.

No. of sides of polygon

_ 360°
180°— each interior angle

£ 1/ £

A

L/
z// Jé / /

7 T/

/ g

Corresponding angles

Y v
Exterior Alternate angles

A /
h s/ f!
/ / /

— _J
~—

Interior alternate angles  Cointerior angles

Ex.32

Sol.

Ex.33

Sol.

« EXAMPLES %
In figure m || n and £1 = 65° Find Z5

and /8.
ﬂ/}h
) R
m 3 7
246 .
n W
We have,

Z1 = /3 [Vertically opposite angles]
and, /3= /8
L1=/8
= Z8=065° [0 LI1=065°(Given)]
Now, £5+ £8 =180°
= /£5+65°=180°
= Z£5=180°-65°=115°
Thus, £5=115° and £8 = 65°.

[Corresponding angles]

In figure m || n and angles 1 and 2 are in the
raito 3 : 2. Determine all the angles from 1 to
8.

It is given that £1 : £2=3:2. So, let
Z1=3x%and £2 =2x°

But Z1 and £2 form a linear pair.
L1+ £2=180°

= 3x°+2x°=180° = 5x°=180°

_ 180°

= X =36°

Z1=3x°=(3 x36)°=108°
and,/2 =2x°= (2 x 36)°="72°
Now, L1 =/4and £2= /3
[ Vertically opposite angles]
Z4="72°and /3 = 108°



Ex.34

Sol.

Ex.35

Sol.

Now, £6=/2°and £3 = /7
[Corresponding angles]

= Z6=72°and L7=108° [@ £L2="72°]

Again, /5= /7 and £8 =46

s Z5=108°and £8 =72°

Hence, Z1 = 108°, £2 = 72°, /3 = 108°,
4 =72° /5 =108° £6 = 72°, L7 = 108°
and £8 =172°.

In figure AB || DC and AD || BC. Prove that
/DAB = ZDCB.

A B

D C

Since AD || BC and AB is a transversal
intersecting them at A and B respectively.
Therefore

/DAB + ZABC = 180°
[Consecutive interior angles] (1)

Again, AB || CD and BC is a transversal
interacting them at B and C respectively.
Therefore,

ZABC + ZDCB = 180°
[Consecutive interior angles]  ....(i1)

From (i) and (ii), we get

/DAB + ZABC = ZABC + ZDCB

= /DA B=/DCB

In figure AB || CD. Determine Za

C 55° D
) 0/4\! X
) ; .
< 380 >
A B

Through O draw a line A parallel to both AB
and CD.

Clearly, La=L1+/2 ...(il)
Now, £1 =55° [Alternate £s]
and /2 =38° [Alternate /s]

Ex.36
Sol.

Ex.37

Sol.

Za=55"+38°
= Za=93".
Thus, Za=93°
In figure AB || CD. Determine X.

Through O, draw a line A parallel to both AB
and CD. Then,

[Using (i)]

Z1=45°
and £2=30°
/ZBOC=/1+2/2
So, x =360 - ZBOC
x =285°
In figure AB || CD. Find the value of x.

[Alternate £s]
[Alternate £s]
=45°+30°=75°
=360 —75=285°

Hence,

108°
E{x°
112°

Draw EF parallel to both AB and CD.

Now, AB || EF and transversal AE cuts them
at A and E respectively.

/BAE + ZFEA = 180°

= 108° + Z1 = 180° = £1 = 180° - 108° =
72°

Again, EF || CD and transversal CE cuts them
at E and F respectively.

/FEC + ZECD = 180°
B

es]
7/m<
3
) vy

= /2+112°=180°
= Z£2=180°-112°
= £2=068°

Now, x=/Z1+ /2

= x=72°+68° = 140°



Ex.38 In Figure AB || DE. Prove that ZABC +
/BCD = 180° + ZCDE.

D E

A B

Sol. Through C, draw CF parallel to both AB and
DE. Since AB || CF and the transversal BC
cuts them at B and C respectively. Therefore,

ZABC + Z£1 =180° (i)
[® conseu. interior angles are supplementary]

Similarly, DE || CF and tranversal CD
intersects them at C and D respectively.
Therefore,

ZCDE = £2
Adding (i) and (ii), we get
ZABC+ /1 + /2=180°+ LCDE

[Alternate angles] ....(1i)

E
- ———————— 2'C
F 1
:A 3

— /ABC+ /BCD = 180° + ZCDE
[® £1+ /2= /BCD]

Ex.39 In Figure PQ || RS, ZPAB = 70° and LACS =
100°. Determine ZABC, ZBAC and ZCAQ.

A

P 70° 0

— 100
RB c S

Sol. Since PQ || RS and transversal AB cuts them
at A and B respectively.

.. ZABC = ZPAB [Alternate angles]
= LZABC=70° [® LPAB = 70° (Given)]

Now, PQ || RS and transversal AC cuts them
at A and C respectively.

.. ZPAC=ZACS [Alternate angles]

Ex.40

Sol.

Ex.41

Sol.

= /PAC=100° [® LZACS =100°]
= /PAB + ZBAC = 100°
[6@ ZPAC = /PAB + /BAC]
= 70°+ ZBAC = 100°
= Z/BAC =30°
Now, ray AB stands at A on PQ.
- ZPAC+ ZCAQ=180°
= 100° + ZCAQ = 180°
= ZCAQ=180°
Hence, ZABC =70°,
/BAC=30°and ZCAQ = 80°.

In Figure if £2 = 120° and £5 = 60°, show
that m || n.

sS4
o))

h
(N
y

=
=~
o]

We have

Z£2=120°and £5 = 60°

But £2 = /4 [Vertically opposite angles]
Z4=120°, Z£5=60°

= L4+ /5=120°+60°=180°

U

Z4 and /5 are supplementary angles.
= Consecutive interior angles are

supplementary.

= ml|n.
In figure show that AB || EF.
4 B

We have,
/BCD = /BCE + ZECD
=36°+ 30° = 66°
ZABC = ZBCD



Ex.42

Sol.

Ex.43

Sol.

Thus, lines AB and CD are intersected by the
line BC such that ZABC = ZBCD i.e. the
alternate angles are equal. Therefore,

AB||CD ()
Now, ZECD + ZCEF = 30° + 150° = 180°

This shows that the sum of the interior angles
on the same side of the transversal CE is 180°
i.e. they are supplementary.

EF ||CD ...(11)
From (i) and (ii), we have

AB||CD and CD || EF = AB | EF.
Hence, AB | EF
In figure given that ZAOC = ZACO and

ZBOD = ZBDO. Prove that AC || DB.

D
A
[0}
C
B
We have,

ZAOC = ZACO and ZBOD = ZBDO
But ZAOC = ZBOD [Vertically opp. Zs]

ZACO = ZBOD and ZBOD = ZBDO
= ZACO=/ZBDO

Thus, AC and BD are two lines intersected by
transversal CD such that ZACO = ZBDO i.e.
alternate angles are equal. Therefore, AC || DB.

In figure AB || DC if x = %y and y = %z,
find the values of X, y and z.

B
57

a0y

A D
Since AB || DC and transversal BD intersects
them at B and D respectively. Therefore,
/ABD=/ZCDB = ZCDB=x°
In ABCD, we have
y°+ 7%+ x°=180°

Ex.44

Sol.

o 3o 2302180
8 303

= iz"-l—z"+ lz"2180
8 2

= 2= 180° X — = 96"
15

Now, y= %Z:>y: % x 96° = 36°

and ngy:x:§ x 36° =48

In figure lines AB and CD are parallel and P
is any point between the two lines. Prove that
Z/ABP + ZCDP = ZDPB.

A B

A A
<
v

v

v

Through point P draw a line PM parallel to
AB or CD.

Now,
PM || AB
= LZABP = ZMPB [Alternate angles] ....(1)

[By construction]

It is given that CD || AB and PM || AB by
construction. Therefore,

PM || CD

[® Lines parallel to the same line are parallel
to each other]

= ZCDP = ZMPD [Alternate angles] ....(i1)
Adding (i) and (ii), we get
Z/ABP + ZCDP = /MPB + /MPD = /DPB



Ex.45

Sol.

Ex.46

Sol.

Prove that two lines perpendicular to the
same line are parallel to each other.

Let lines A, m, n be such that A L n and
m L n as shown in figure.

We have to prove that A || m

AN
: L3
« 12 2
D
Now,
Alnandmln
= /1=90°and £2=90°
= L1=22

Thus, the corresponding angles made by the
transversal n with lines A and m are equal.

Hence, A || m.

Prove that two angles which have their arms
parallel are either equal or supplementary.

Given : Two angles ZABC and ZDEF such
that BA || ED and BC || EF.

To prove : ZABC = Z/DEF
or ZABC + ZDEF = 180°
Proof : We have the following three cases:

Case I : When both pairs of arms are parallel
in the same sense fig. in this case,

AB || DE and transversal BC cuts them at B
and G respectively

4
/ D
B /G C
E F
- Z/ABC = /DGC ()

[Corresponding angles]

Again, BC || EF and transversal DE cuts them
at G and E respectively.

/DGC = /DEF ...(ii)

Ex.47

From (i) and (ii), we get
ZABC = ZDEF

Case II : When both pairs of arms are
parallel in opposite sense in this case,

e
V4

AB || DE and transversal BC cuts them at B
and G respectively.

7

.. ZABC = ZEGC ...(ii)

[Corresponding angles]

Again, BC || EF and transversal DE cuts them
at G and E respectively.

.. Z/DEF = ZEGC [Alternate angles] ....(iv)
From (iii) and (iv), we get
Z/ABC = ZDEF.

Case III : When one pair of arms is parallel
in the same sense and the other in opposite
sense. In this case,

A
D

/

B G/é
F E

AB || DE and transversal BC cuts them
ZABC = ZBGE [Alternate angles] ....(v)

Again, BC || FE and transversal DE cuts them

weee(VI)

angles are

/DEF + ZBGE = 180°

[® Consecutive interior

supplementary]
From (v) and (vi), we get
ZABC + ZDEF = 180°

In figure bisectors of the exterior angles B
and C formed by producing sides AB and AC
of AABC intersect each other at the point O.

Prove that Z/BOC =90° — % ZA.



Sol.

Ex.48

0
/DBC=180°- £ZB

%LDBC =/Z0BC =90°—- ZB/2

Similarly, ZOCB =90° - ZC/2
In ZOBC, we have,
Z0BC + Z0CB + ZBOC = 180°

or (90° — £B/2) + (90° — £C/2) + ZBOC = 180°

ZBOC =180°—(180°— £B/2 + ZC/2)
=/B/2+ £C/2 ()

But ZA+ /B + ZC=180°

or /B+/ZC=180°-ZA

%(413 +£C) = %(18007 ZA)

%4B+ %4C:90°—AA/2

Hence, from (i), we have,
ZBOC=90°- ZA/2
In fig, given that AB || CD.

(i) If Z1=(120 — x)° and £5 = 5x°, find the
measures of £1 and /5.

(i) If Z4 = (x +20)° and £5 = (x + 8)°, find
the measure of £4 and /5.

(i) If £2 = (3x — 10)° and £8 = (5x — 30)°,
determine the measures of /2 and /8.

@iv) If £1 = 2x + y)* and £6 = (3x — y)°,
determine the measures of /2 in terms of'y.

(v) If £2 =(2x + 30)°, £4 = (x + 2y)° and
Z£6 = (3y + 10)°, find the measure of /5.

(vi) If £2 =2 (£1), determine /7.

(vi)If the ratio of the measures of £3 and
/8 1s 4 : 5, find the measure /3 and /8

(vii))If the complement of 5 equals the
supplement of /4, find the measures of
/4 and /5.

Sol. (i) since Z1 and £S5 are the corresponding angles

and corresponding angles are equal.
Ll=/5 = (120 —x)° = 5x°

120
X:_
6

= 120°=6x = =20°

Z1=(120 —x)° = (120 — 20)° = 100°
and, /5 = 5x° = (5 x 20)° = 100°

(i) Since Z4 and £5 are consecutive interior
angles. Therefore,

Z4+ £5=180°

[-.  Consecutive interior angles are
supplementary]|

= (x+20)°+(x+8)°=180°
= 2x°+28°=180° = 2x°=180°—-28°
= 2x=152°
Z4 =(x+20)°=(76 +20)° = 96°
and, Z5=(x+8)°=(76+ 8% =84°
(iii) We have,
L2=/4

=x=76°

[Vertically opposite angles]

and £4= /8 [Corresponding angles]
£L2=/8

= (3x—-10°=(5x-30)’=3x—-10=5x-30

= 3x-5x=-30+10 =-2x=-20

=x=10
£2=03x-10°=3x10-10)°=20°

and Z8 =(5x—30)°=(5x 10 -30)°=20°

(iv) Since /3 and Z6 are consecutive interior
angles. Therefore

Z3+ 26 =180°
But Z1 = /3 o L1+ 26=180°
= (2x+y)°+(3x—y)° = 180°



()

— 5x=180°
Z1=2x+y)P=(12+y)

But Z1 + /2 =180°

o (T2+y)° + £2=180°

= x=36.

[ x=236]

= /2=(180— (72 +y))° = 22 = (108 — y)°.

We have,
L2=/4 [Vertically opposite angles]
and L4 = £6 [Alternate angles]
L2=/4=/6
Now, L2=/4
= 2x+30=x+2y=2x-x-2y+30=0
= x-2y+30=0 (D)
And, Z4=/6 = (x+2y)=QCy+10)
= x-y—-10=0 ...(2)

Subtracting (2) from (1), we get
x—-2y+30)-(x—-y—-10)=0

= —y+t40=0 = y=40.

Putting y = 40 in (2), we get x = 50.
Z4=(x+2y)°=(50+2 x40)°=130°

But /4 + £5=180°
130°+ £5=180° = £5=150°

(vi) We have,

(vii)

L1+ £2=180° [Linear pairs]
£2=2/1 = Z1+2/1=180°

= 3/Z1=180° = Z1=60°

But L1 =243  [Vertically opposite angles]
Z£3=060°

But £3=/5 [Alternate angles]

and £5= /7 [Vertically opposite angles]

L3=/7 = L71=60° [0 £3=060]
We have, £3:48=4:5.So, let
/3 =4x and /8 = 5x.
= Z5=4xand £8=5x
[® £3 = Z5 (Alternate angles)]
= 45+ 48=4x+5x

= 180°=9x = x=20°
L3 =4x=4x20°=80°
and £8 =5x =5 x20°=100°

(viii) We have, Complement of £5 = Supplement

Ex.49

Sol.

of Z4
= 90°-/5=180°- /4
= 90°- /5=180°—(180°— £5)

® L4+ £5=180°
® £4=180°-45

= 90°-4L5=15

= 2/45=90° = £5=45°
Z4 + £5=180°
= Z4+45°=180° = £4=135°

In fig, OP || RS. Determine ZPQR.

R S
O P

130°
110°

Q
Produce OP to intersect RQ in a point T.

Now, OT || RS and transversal RT intersect
them at T and R respectively.

.. ZRTP = ZSRT
= ZRTP = 130°
= ZPTQ=180°—130°=50°

[@ Z/RTP + /PTQ =180°

Linear Pairs

[Alternate angles]

Since, ray QP stands at P on OT.
Z0PQ + ZQPT = 180°

= 110°+ ZQPT = 180° = ZQPT = 70°
ZPQR =180°— (70° + 50°) = 60°

[® Sum of the angles of a triangle is 180°]



Ex.50 Prove that through a given point we can draw

Sol.

only one perpendicular to a given line.

If possible, let PL and PM be two
perpendicular from a point P on a line A as
shown in fig.

A

M L

We know that two lines perpendicular to the
same line are parallel to each other.
Therefore,

PL | PM

But there cannot be two parallel lines passing
through the same point. Therefore, through a
given point we can draw only one line
perpendicular to a given line.



10.

11.

12.

13.

IMPORTANT POINTS TO BE REMEMBERED

An angle is the union of two non-collinear rays
with a common initial point.

An angle whose measure is 90° is called a right
angle.

An angle whose measure is less than 90° is called
an acute angle.

An angle whose measure is more than 90° but less
than 180 is called an obtuse angle.

An angle whose measure is 180° is called a
straight angle.

An angle whose measure is more than 180° is
called a reflex angle.

Two angles are complementary if their sum is 90°.

Two angles are supplementary if their sum is
180°.

Two angles having a common vertex and a
common arm are called adjacent angles if their
uncommon arms are on either side of the common
arm.

Two adjacent angles are said to form a linear pair
of angles, if their non-common arms are two
opposite rays.

Two angles are pair of vertically opposite angles
if their arms form two pairs of opposite rays.

If two lines intersect, then vertically opposite
angles are equal.

If a transversal intersects two parallel lines, then
each pair of -

(1) corresponding angles are equal
(i1) alternate interior angles are equal

(iii) interior angles on the same of the same side
of the transversal are supplementary.

14. If a transversal intersects two lines such that,

either -

(i) any one pair of corresponding angles are
equal, or

(ii) any one pair of alternate interior angles are
equal, or

(iii) any one pair of interior angles on the same
side of the transversal are supplementary then
the lines are parallel.

15. Lines which are parallel to a given line are

parallel to each other.



EXERCISE # 1

Very Short Answer Type Questions

Q.1

Q.2

Q3

Q.4

Q.5

Q.6

In given figure, Ray OE bisects ZAOB and
OF is a ray opposite to OE. Show that
Z/FOB = ZFOA.

_
FO\

A

In figure, AOC is a line, find x.

A B
600
(e 3x

In figure, AOB is a line, determine x.

A 0 B

T 60° 400
/%\D
C

In figure, OA and OB are the opposite rays:

C
Yy /X
A [9) B

(i) Ify=110° what is the value of x ?
(i) Ifx =75° what is the value of y ?

In figure, ZAOC and ZBOC form a linear
pair. If a— b = 80°, find the values of a and b.

C
a° be

A 0 B

In figure, % and MN intersect at O.

Q.7

Q.8

Q.9

Q.10

Q.11

(i) Determine y when x = 60°

(i) Determine x when y = 40°

In figure, lines AB, CD and EF intersect at O.
Find the measures of ZAOC, ZCOF.

In figure, p, q and r are parallel lines
intersected by transversal t at X, Y and Z

respectively. Find £1, £2 and /3.

e
50° ,

A

A A

[\S)
k_(x
v v
- e

In figure, OP and OQ are opposite rays. Find

X.
D
o C
B0 x+200°
P 0 Q

In figure, ZPOM and ZQOM form a linear
pair. If x — 2y = 30°, find x and y.

In figure, lines p and q intersect at O.

If x = 35°, find the values of y, z, w.




IE Short Answer Type Questions

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

In figure, OE bisects LAOC, OF bisects
ZCOB and OE L OF. Show that A, O, B are

collinear.

& I
< »

A o B

In figure, AB || CD and EF || DQ. Determine
/PDQ, ZAED and ZDEF.

In figure, m || nand p || q. If L1 = 75°, prove

that £2=/1+ % of a right angle.

r s

Prove that two angles which have their arms

parallel are either equal or supplementary.

In figure, AB || DC. If x = %y and y = %z,

find the values of x, y, z.
B

Al

Two lines AB and CD intersect at O. If
ZAOC + ZCOB + ZBOD = 270°, find the
measures of ZAOC, ZCOB, ZBOD, ZDOA.

If the bisectors of angles ZABC and ZACB
of a triangle ABC meet at a point O, then

prove that ZBOC =90° + %A.

Q.19

Q.20

Q.21

If two parallel lines are intersected by a
transversal, prove that the bisectors of the two
pairs of interior angles enclose a rectangle.

The angles of a triangle are arranged in
If the
difference between two consecutive angles is
10°, find all the three angles.

ascending order of magnitude.

In a AABC, ZABC = ZACB and the two
bisectors of ZABC and ZACB intersect at O
such that ZBOC = 120°. Show that
LA =/B=/C=60°

Long Answer Type Questions

Q.22

Q.23

Q.24

Q.25

In figure, PT L QR and PS bisects ZQPR.

If ZQ =65°and ZR = 33°, find ZTPS.
P

59 33°
Q T S R

In figure, ABCD and BPQ are lines. BP = BC
and DQ || CP. Prove that
(1) CP = CD (ii) DP bisects ZCDQ.

Q

4x°
A B

C D

ABCDE is a regular pentagon. Find each
angle of ABDE.

In figure ZQ > ZR and M is a point QR such
that PM is the bisector of ZQPR. If the
perpendicular from P on QR meets QR at N,

then prove that /MPN = % (£Q - ZR).

P




Q.26

Q.27

Q.28

In figure side QR of ZPQR has been
produced to S, if Z/P: £Q: ZR=3:2:1
and RT L PR, find ZTRS.

P

T

Q R S

If the angles of a triangle are in the ratio
2 : 3 : 4, find the three angles.

In figure, POQ is a line. Ray OR is
perpendicular to line PQ. OS is another ray
lying between rays OP and OR. Prove that

ZROS = %(ons — ZPOS).

S R

90°

T A
o
Qv

Q.29 In the given figure, ray OC is the bisector of
ZAOB and OD is the ray opposite to OC.
Show that ZAOD = ZBOD.

Q.30 In the given figure, AB is a mirror, PQ is the
incident ray and QR, the reflected ray. If
ZPQR =112°, find ZPQA.
P R

112°



ANSWER KEY

A. VERY SHORT ANSWER TYPE QUESTIONS:

2. 40°
4. (i) 70°, (ii) 105°

6. (i) y = 60°, (i) x = 70°
8. £130°, £130°, £130°
10. x = 130°, y = 50°

B. SHORT ANSWER TYPE QUESTIONS :

13. ZAED =34°, Z/PDQ = 68°, ZDEF = 68°
17. 90°
C.LONG ANSWER TYPE QUESTIONS :

22. 16°
26. ZTRS = 60°
30. ZPQA = 34°

3.20°

5.a=130° b=50°

7. ZAOC = 35°, ZCOF = 105°
9.50°

11. y=35°z=w=145°

16. x =48°,y=36°,z=96°
20. 50°, 60°, 70°

24. ZEBD =36°, ZBED = ZBDE = 72°
27. 40°, 60°, 80°



EXERCISE # 2

Q.1

Q.2
Q3

Q4

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

At 4.24 pm, how many degrees has the hour
hand of a clock moved from its position at
noon?

Define adjacent angles.

Find the sum of all interior angles of
hexagon.

Find the sum of all interior angles of
pentagon.

If a angle is three times as large as its
complement then find it.

In given figure, QS and RS are beisectors
of exterior angles Q and R. Then find
ZQSR + /P/2.

P

Find the angle which exceeds its complement
by 20°.

In the figure AB || CD, then find ZEFD.
D

60° C
30°

F

What value of x will make AOB a straight
line ?
B C

2x+ 309

2x —50°

(@)

What value of x will make CD || EF,
if AB || CD?

Q.11

Q.12

Q.13

Q.14

Q.15

A—QB

65°

3094

C D

Find the value of x in the following figure ?

Find the value of x in the given figure.

30°

In the figure if BD || EF, then find ZCEF.
A E F

40°
B C

D

In the figure PQ || ST, then find ZQRS.
P _Q

100°

110°

R

In the adjoining figure, BD and CD are angle
bisectors. Then, find the relation between
/D & ZA.




ANSWER KEY

1. 132°

2. They lie in the same plane and have a common vertex, they have a ray in common, the intersection of their
interiors is empty.

3. 720° 4. 540° 5.67.5°

6. 90° 7.55° 8.30°

9. 50° 10. 145° 11. 30°

12. 30° 13. 140° 14. 30°

15. /D= %LA



