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Lines and Angles

In the Chapter

In this chapter, you have studied the following points:
1. If aray stands on aline, then the sum of the two adjacent angles so formed is 180° and vice-versa.
Thisproperty iscalled asthe Linear pair axiom.
2. If twolinesintersect each other, then the vertically opposite angles are equal .
3. If atransversal intersectstwo parallel lines, then
(i) each pair of corresponding anglesis equal,
(i) each pair of aternate interior anglesisequal,
(iii) each pair of interior angles on the same side of the transversal is supplementary.
4. |If atransversal intersects two lines such that, either
(i) any one pair of corresponding anglesis equal, or
(i) any onepair of aternate interior anglesisequal, or
(iii) any one pair of interior angles on the same side of the transversal is supplementary, then the
linesareparaldl.
5. Lineswhichareparalel toagivenlineareparalel to each other.
6. Thesum of thethree angles of atriangleis 180°.
7. If asideof atriangleis produced, the exterior angle so formed is equal to the sum of the two interior
opposite angles.
Segment : A part of aline with two end pointsis called aline segment.
A line-segment is denoted by AB and its length is denoted by AB.
Ray : A part of a line with one end-point, is called a ray.
A ray AB is denoted by AB.
We can denote a line segement AB, ray AB and length AB and line AB by the same symbol
AB. Sometimes small letters i, m, n ete. will be used to denote lines.
Angle : An angle is formed by two rays originating from the same end point.
The rays making an angle are called the arms of the angle and the end-point is called the
vertex of the angle.
Collinear Points : If three or more points lie on the same line, then they are called
collinear points, otherwise they are called non-collinear points.
Types of Angles :
(i) Acute angles : An angle whose measure lies between 0° and 90°, is called an acute
angle.
(ii) Right angle : An angle whose measure is equal to 90°, is called a right angle.
(iii) Obtuse angle : An angle whose measure lies between 90° and 180°, is called an obtuse
angle.

(44)
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(iv) Straight angle : The measure of a straight angle is 180°.

(v) Reflex angle : An angle which is greater than 180° and less than 360°, is called a reflex
angle.

(vi) Complimentary angles : Two angles whose sum is 90°, are called complimentary
angles.

(vii) Supplementary angles : Two angles who sum is 180°, are
called supplementary angles.

(viii) Adjacent angles : Two angles are adjacent, if they have a
common vertex, a common arm and their non-common arms are
on different sides of the common arm. P
In the fig. ZABD and ZDBC are adjacent angles. Ray BD is their e
common arm and point B is their common vertex. Ray BA and ray
BC are non-common arms.

When the two angles are adjacent, then their sum is always equal
to the angle formed by the two non-common arms.

Thus /ABC = <ABD+«ZDBC

We see that ZABC and ZDBC are not adjacent angles, because their
non-common arms BD and AB lie on the same side of the common arm
BC.

B A

(ix) Linear pair of angles : If the sum of two adjacent angles is 180°,
then their non-common arms are in the same straight lines and the two

adjacent angles form a linear pair of angles. " ° ¢
In the fig. ZABD and ZCBD form a linear pair of angles because
ZABD + «CBD = 180°
A D
(x) Vertically opposite angles : When two lines AB and CD intersect at 0
a point O, then vertically opposite angles are formed.
Here are two pairs of vertically opposite angles. One pair is ZAOC and
/BOD and the second pair is ZAOD and #BOC. c B
EXERCISE 6.1
Q.1 InFig.linesAB and CD intersect at O. If Now,
ZAOC + £BOE =70° and £ZBOD =40°, find £ZBOE ~AOC+ /BOE + /COE = 180°
andreflex ZCOE. (Angleson aline)
c E . T0°+/COE = 180°
or ZCOE = 180°-70°
<t > Z/COE = 1O .()
A o0 B Reflex «COE = 360°-110°=250°.
Agan ZAOC+ /BOC= 70°
D 40°+/BOE = 70°
_ or /BOE = 70°-40°=30°
Ans.Given: Hence /BOE = 30°
<ACC+/BOE = 707 andreflex Z/COE = 250°.
and ZBOD =40 Q.2.Inthegivenfig., lineXY and M N inter sect
/AOC = /BOD '

(Vertically opp. side) at O.1f ZPOY =90°and a: b=2: 3,findc.
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Ans. We have given that lines XY and MN
intersect at O and ZPOY =90°.
Also, given a:b= 2:3
Let a = 2xXandb=3x
Since, £ZXOM + £POM + /POY =180°
[ Linear pair axiom]

= 3AX+2xx90° = 180°
= 5x = 180°-90°
90° .,
= X 5 - 18
ZXOM = b=3x
= 3x18°=5H4°
and ZPOM = a=2x
= 2x18°=36°
Now, «XON = c¢=£ZMOY
= ZPOM+ £ZPOY
[ Vertically opposite angles]
= 36°+90°=126°
Hence, c = 126

Q.3.InFig., ZPQR = ZPRQ, then provethat
£ZPQS= ZPRT.

P
'S Q R T
Sol. Given: Asinthefigure,
ZPQR = /PRQ
Toprove: LZPQS = /PRT

Proof: ZPQR+ /ZPQS=180° ..(i)
(Linear Pair)
and /PRA+ /PRT = 180° .. (i)
(Linear Pair)
From (i) and (ii), we get
/PQR+ /PQS = /PRQ+ /PRT
But /PQR = /PRQ(Given)
Hence <«ZPQS = ZPRT. Proved.

Q.4.Infig.,if x +y=w+z then provethat AOB
isaline.

Ans. Given : AOB inthefigure,

X+y = w+z
Toprove. AOB isastraight line.
Proof. x+y = w+z

But Xx+y+w+z= 360°
[ Angles around a point]
(x+y+x+y = 360
2x+2y 360°

or X+y 180°

But xandyformalinear pair.

HenceAOB isastraightline. Proved.

Q.5. In Fig, POQ is a line. Ray OR is
perpendicular tolinePQ. OSisanother ray lying
between raysOP and OR.

1
Provethat ZROS= B (£ Q0OS- £ POS).

R

el P
T —

P 0 Q

Ans. Given : In the adjacent figure POQ is a
straight line. Another ray meetsline PQ at O.

Toprove. /RPS = %(LQOS—LPOS)
Proof. £ZQOS = /SOR+/ZROQ... (i)
and /POS = /POR-ZSOR...(ii)
From (i) and (ii) on subtraction.
ZQO0S—/ZPOS = ZSOR+ZROQ
—Z/POR+ ZSOR
or ZQOS-/POS = /ROQ-ZPOR
+2/0R
But ZROQ = ZPOR=90°(Given)
. ZQOS—-/ZPOS = 2/0R
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or 2/R0OS ZQ0S—-/POS

1
Hence Z/SOR 5 [£Q0S-~£POS).

Q.6. It isgiven that £ZXYZ =64° and XY is
produced topoint P. Draw afigurefrom thegiven
information. If ray YQ bisects ZZYP, find ZXYQ
andreflex ZQYP.

Ans.

EXERCISE 6.2 |

Q.1.InFig, find thevaluesof x and y and then
show that AB || CD.

v

ra
<

A X B
y
c 13&’\ b
Ans.  x+50° = 180°(Linear Pair)
. x = 180°-50°
x = 13
y = 1
(Vertically opp. Angles)
Hence X = 130°andy=130°
Now X =y

But these are alternate interior angles,
Threfore, AB ||CD.
Q.2.InFig.,ifAB||CD,CD||EFandy: z=3:7,

find x.
\A }\ Bl
2 >
D
Z
Ans. InthegivenFig.,AB||CD, CD ||[EFandy:
z=3:7.

OJ\

Given: XYZ = &
Now  £ZXYZ+/£ZYP = 180°(Linear pair)
64°+£ZYP = 180°
ZZYP = 180°-64°
ZZYP = 116°
But Y Q isthe bisector of ZQYP
116°
ZZYQ =  ZPYQ= > =58°
XYQ = 64°+58°
= 12
Now reflex ZQYP = 360°-58°
= A
Hence ZXYQ = 12
andreflex ZQYP = 3
Lety=3aandz=7a
ZDH =y
[ Vertically opp. angles]
/DHI+/FIH = 180
[Interior angles on the same side of the
transversal]
= y+z = 180°
= 3a+7a = 180
= 10a = 180°
= a = 180
y = 3x18°=54°
and z = 18°x7=126°
Also, x+y = 180F
= x+54° = 180°
x = 180°-54°= 126°
Hence, x = &

Q.3.In Fig. 6.30, if AB || CD, EF L CD and
ZGED=126°,find £ AGE, Z GEFand ZFGE.

< 1 —>
C E D
Ans. /DEF = 9O
and /GED = 126
. Z/DEF+/GEF = 12¢°
NV°+/GEF = 126°
/GEF = 126°-90°=36°
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/ZAGE = /GEF+/EFG
(Exterior Angle Theorem)
But /EFG = /FED
(Alternate Angles)
But /FED =
: EFG =
ZAGE = 36°+90°=126°
Also, /AGE+ ZEGF = 180° (Linear Pair)
126°+ /EGF = 180°
/EGF = /180°-126°=54°
Hence, Z/AGE = 126°
/GEF = 36°and LFGE=54°

Q.4. In Fig., if PQ || ST, £ZPQR = 110° and
ZRST =130°,find ZQRS.

[Hint : Draw aline paralel to ST through point
R]

S T

P

Q 130°
110°

R

Ans. Given. PQ|| ST,

/POR = 10O
/RST = 130°

Required. ToFind ZQRS.
Congtruction. Draw RK || RK
Sepsof Solution.

ST | R
/TSR+/KRS = 180
(Interior angles on the same side of
transversal)
But TSR = 13°
130°+ Z/KRS=  180°
/KRS = 180°-130°=50°
AganPQ||RK asPQ || ST.
: ZPOQR = ZQRK
ne = ZOQRS+/SRK
ne =  ZQRS+50°
110°-50° = ZQRS
or Z0RS = &0
Hence ZQRS = 6&0°

Q.5.In Fig., if AB || CD, £ APQ = 50° and
/ZPRD =127°,findxandy.

A p B_
50°
y
127°

ra x L

C Q R D
Ans. AB| O

X = 50°(AlternateAngles)
Also x+y = 127
(Exterior angletheorem)

or 50°+y = 127
or y = 127°-50°=77°
Hence x = 5B0°,y77°

Q.6.InFig., PQ and RSaretwomirrorsplaced
parallel to each other. Anincident ray AB strikes
themirror PQ at B, thereflected ray movesalong
the path BC and strikesthe mirror RS at C and
again reflectsback along CD. Prove(ghat AB||CD.

P B

M —
< >

D

ek
<

R C S

—
>

Ans. Const. At point B, draw BE || PQ and at
point C, draw CF || RS.

) .()
[Angle of incidenceis equal to angle of
reflection]

/3 = Z (i)
[Same reasons]

Also L2 = /3 (D)

[Alternate angles]
= 21 = /4

[ From (i), (i) and (iii)]

= 2£1= 274
= L+/1 = L4+ /4
= L1+/2 = £3+/4

[From (i) and (ii)]
= /BCD = ABC

Hence, AB || CD [Alternate anglesare equal .]
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| EXERCISE 6.3
Q.1. In Fig., sides QP and RQ of ZPQR are
produced to pointsSand'I_' respectively. If ZSPR= LSOYZ = EZXYZ
135°and £ZPQT =110°, find £PRQ. 2
1
S = Zx54=27°
p{)135° _ 2
NowinAQYZ,
L0YZ+2Y0Z+.,20Z2Y = 180°
or 27°+/Y0z+32° = 180°
1102 or £LYOZ+59° = 18
< or £YO0Z = 180°-59°
T Q R or Y0z = 121
Ans /TPQ+/PQR = 180° (Linear pair) Hence Ly =32
But TP = 1P and o Loz = 1A
1100+4PQR - 180° Q3 In F|g., if AB ” DE, Z BAC = 35° and
or LPQR =  180°—110° ZCDE =53°,find Z DCE.
or /POR = T0°
Now in APQR, QPisproduced to Sforming ZSPR,
an exterior angle.
/PQR+/PRQ = ZSPR
70°+/PRQ = 135°
or /PRQ = 135°-70°=65°
Hence /PRQ = 65

Q.2InFig., £LX=62°, LXYZ=54°.1f YO )
and ZO arethehisectorsof Z XYZ and £ XZY Ans. Construction : Through C, draw CE || CD

respectively of Z XYZ, find ZOZY and £ YOZ. As AB| DeE  (Gven)
g CD | DE (By construction)

Now, AB || EC and AC intersectsthem,
2 = F .()
(Alternate angles)
Also CE || DE and CD intersectsthem,
Z2 = 53 (i)
(Alternate angles)
NowACE isastraight line,

Ans. InAXYZ, L1+ 2+ /DCE = 180°
IX+XYZ+/XYZ = 180° or 35°+53°+/DCE= 180°
But /X = 6 or 88°+,/DCE = 180
and IXYZ = & or «/DCE = 180°-88°=92°

62°+54°+ /XYZ = 180° Hence ZDCE = 92°
or IXYZ = 180°—62°—54 Q.4. In Fig., if lines PQ and RS intersect at
or XYZ = 180°—116° =64° point T, such that ZPRT =40°, ZRPT =95° and
Now ZPisthe bisector of ~XZY ATSQ=75°,f|ndP £3QT.

1 1 &

£Z0ZY = P IXZY P x 64°=32° s ;

R T o
Also YO isthebisector of ZXYZ \?7/
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Ans. INAPRT
ZP+/R+/PTR= 187
But P = 5
/R = 4r
95°+40° = 180°
or 135°+/ZPTR = 180°
or /PTR = 180°-135°
or /ZPTR = 45
Also ZPTR = ZSTQ
(Vertically opposite angles)
ZSTQ = 4%°
AganinATSQ,
ZSTQ+£SQT+4£S= 187
But £S= T

or £45°+ /SQT +75°=  180°

or /SQT+120°=  180°

or ZSQT = 180°-120°=60°

Hence ZSQT = 60

Q.5.InFig. 6.43,if PQ LPS, PQ || SR, ZSQR
=28°and ZQRT =65° then find thevaluesof x and

V.
P xQ

28

65° R
S R T

Ans. Inthegiven Fig., linesPQ L PS, PQ || SR,
ZSQR=28°and LQRT =65°

ZPQR = ZQRT
[Alternate angles]
= x+28° = 65
= X = 65°-28°=37°

ZSQR+ £ZPQS+ /QSP=180°
[ Angle sum property of atriangle€]
= 90°+37°+y=180°
[PQLPS, £PQS=x=37°and ZQSP=Yy]

= 27r+y = 18
= y = 180°-127°=53°
Hence, X = 36°andy=53°

Q.6.InFig.,theside QR of APQR isproduced
toapoint S. If thebisectorsof ZPQR and ZPRS

1
mest at point T, then provethatZ QTR = 5 ZQPR.
T
P

Q R S

Ans. Given : Theside QR of APQR isproduced
toapoint S. The bisectors of ZPQR and ZPRS meet
at point T.

Toprove: LZQTR = % ZQPR
Proof : INAPQR, itsside QR isproducedto S.
/PRS = /P+/PQR
[Exterior Angle Theorem]
or L3+/L4= 1+ /2+ /P
or 2/3= 22+ /P
[£3=Z4and £L1= /2]
or /P = 2(£3-22) ..i)
Now in AQRT, itsside QR isproduced to S.
Z4 = 2+ /QTR
(Exterior Angle Theorem)
or /3 = 2+ /QTR
[£4=3]
or LT = /3-/2 (D)
From (i) and (ii), we get
/P = 2T
1
Hence LT = > /P Proved.

Additional Questions

Q.1l.Inthegivenfig., provethat : AB || EF.
A

-
<

Ans. AB| CD
[ 66° =36° + 30° (Alternate angles)]
| B [30° +150°=180°]
[ Sum of interior anglesin 180°]

AB| HE
[If twolinesare parallel to the samelinethen
they are parallel to each other]
Q.2.Let OA, OB, OC and OD areraysin the
anticlockwisedirection such that ZAOB = ZCOD
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=100°, ZBOC = 80° and LAOD =78°. Isit trueto
say that AOC and BOD arelines?

Ans.AOCisnot aline, because Z/AOB + ~COB
=100° +82° =182°, whichisnot equd to 180°. Similarly,
BOD isadsonotaline.

Q.3.Atransversal intersectstwolinesinsuch a
way that thetwointerior angleson thesameside of
thetransversal areequal. Will thetwolinesalways
beparalld?

Ans. Ingenerd, thetwolineswill not beparalldl,
because the sum of the two equal angles will not
alwaysbe 180°. Lineswill be parallel when each equal
angleisequal to 90°.

Q.4.1f theanglesof atrianglearein theratio 2
: 3: 4, find theanglesof thetriangle.

Ans. Lettheanglesof atriangleare 2x, 3x and 4x
respectively. By angle sum property of atriangle.

: 2X+3x+4x = 180°

= X% = 180°=>x=20°

Thus, angles of triangle are :

18angle =2x=2x20 = 40°

2¥angle=3x=3x20=  &0°

39angle=4x=4x20= 8

Q.5. Infigure, if | || m, then find thevalueof x.

m

B :

)

g

Ans. [||m
/m
B f
1
Vi
60°
/
Z1 = 60° (Corresponding angle)
Now A1 = x+40°
[ Exterior angle property]
= 60° = x+40°
=3 x = 20

Q.6. AB and CD arethe bisectors of the two
alternateinterior anglesformed by theinter section
of atransversal 't' with parallel linesl and m (Shown
infigure). Showthat AB || CD.

Ans. Given : | || m,AB and CD are bisectors of
aternate angles.
ToProve: AB||CD.

Proof: ZEAC = ZHCA
[Alternateinterior angles]
L cC = L CA
= 2AEA = 24H
= /BAC = ZACD
[AB and CD are bisectors]

But this is a pair of alternate angles with
transversal 't'.

Hence, AB | CD. Proved.

Q.7.How many trianglescan bedrawn having
its angles as 53°, 64° and 63°? Given reason for
your answer.

Ans. Infinitely many triangles, because sum of
al interior anglesof every triangleisalways 180°.

Q.8. Two adjacent angles are equal. Is it
necessary that each of these angleswill bearight
angle? Justify your answer.

Ans. No, because each of these will be aright
angle only when they form alinear pair.

Q.9. If one of the angles formed by two
interesectinglinesisaright angle, what can you say
about theother threeangles? Givereason for your
answer.

Ans. Eachwill be 90° because of linear pair axiom.

Q.10. Twolinesl and mareper pendicular at the
samelinen.Arel and mper pendicular toeach other?
Givereason for your answer.

Ans. No, they areparallel.
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Multiple Choice Questions

Q.1. Anexterior angleof atriangleis110° and the
twointerior oppositeanglesareequal. Each of
theseanglesis:

@ 7 (b) 55°
© ¥ d 1
Ans. (b)

Q.2. If two interior angles on the same side of a
transversal inter sectingtwo parallel linesare
intheratio 2: 3, then the greater of thetwo

angles

@ o (b) 108

© 120 (d 136°
Ans. (b)

Q.3. Inthegiven Fig., if ZBAE = 110°, ZDCA =
120°, then measureof ZABC is:
@ 4 (b) 50

d 3

(o 120

Ans. (b)
Q.4. Inthegivenfigure AB || ED, thevalueof xis:
@ 3 (b) 26°
© 62 d
B
D
62° ¢ E
= >
36°
Ans. (b)
Q.5. Thecomplement of an anglemis:
@ m (b) 90°+m
(© 90°-m (d mx90°
Ans. (c)

Q.6. Thecomplementary anglesareintheratiol:
5. Find themeasur esof theangles:

@ 1575 () 7515
(© 1260 (d) 60,12
Ans. (a)

Q.7. Ifthemeasureof an angleistwicethemeasure
of itssupplementary anglethen themeasur e of

theangleis:

@ 60 (b) o
1 (d) 13
Ans. (a)

Q.8. Inthegivenfigure, OP=0Q, £ZP=60°and ZR
=40°, then measureof ZSQR is:

P Q
R S

@ 100 (b) 80

© 40 d 50
Ans. (b)
Q.9. Inthefig,aray standsonaline. If x =30° then

yisequal to:

@ 2 (b 2&

© = d 3

2x S5y

Ans. (b)

Q.10.Inthefigurebelow, if X, y and zareexterior
anglesof AABC, thenx +y +zis:

2 A
Hh—r
@ 1807 (b) 360°
© 210 d o

Ans. (b)



