Chapter 11. Triangles and Their Congruency

Ex 11.1
Answer 1.
X
P{ )105°
Q R
20 LR =12
Let 20 = x®
= LR = 2%
Now, sRFX = 2Q+ 2R ... [Exterior angle property]
= 105° = x° + 2x*
= 105" = 3x°
= x® = 35°
= A0 =x"=35 and £R = 2x° = 70°
Answer 2.
A
100° 120°
% ;3 B c E] »
ZABP + ZABC = 1807 ...[Linear pair)
= 100° + ZABC = 120P
= ZRABC = 1807 - 1002 = 80P
SH00+ ZACE = 180r . LLinear pair)
= 120r + ZACE = 18P
= LACE = 180° - 120° = &P
Moy, in ASBC,
4+ 2B+ 20 = 1800 coAngle sum property of & triangle)

= A+ 80P+ 607 = 180P
= LA = 180" - 80F - 60° = 4(r

Hence, the angles of a triangle are 40P, 60° and 20P,



Answer 3.

2x—y°
(&}
[
o 2y+25
(2X -y P=(x+5FP+(2y + 20F ....[Exterior angle property)
=2t - y? = xR 5 2yt 4 25
= 2wt — WP = Dyt 4 y? 4 300
= X% = 3y° + 30°
When v = 15°, we have
%% =3x 157+ 30°= 457 + 3P = 75°
Answer 4.
P
— & - .

In APGR,
P+ 20 =130° L given)
Mow, 2P+ 20 = ZPRY  ....(Exterior angle property)
= <PRY = 1320°
ZPRY + ZR = 18P ....[Linear pair)

= 1307 + £R = 180°
= LR =180~ 130° = 0P



Alzo, #P + £R = 120P L given)

Mow, 2P+ 2R = #PQx .. ..(Exterior angle property )
= sPQ¥ = 120r
SPOX + 20 = 180P ...[Linear pair)

= 1207 + 20 = 150F
= L0 =180 - 1207 = &0°

In APQR,

P+ 20+ 2R = 180P .LAngle sum property of a triangle)
= /P +60°+ 50° = 18(F

= sP=180°"-110° = 7P

Thus, the angles of APQR are as follws:
ZP =70° £ =60"and £R = 50°

Answer 5.

For any triangle, sum of measures of all thres angles = 18P
Thus, we have

(x+ 10P+ (x+ 30F +(x - 10p = 180°

= P4+ 107 + 2+ 30°P 4+ x° - 10° = 180°

= 3x°+ 30° = 180P

= ZJx? = 150P
= x =50
Mo,

(x+ 10P = (50 + 107 = 60°
(x+30P = (50+ 30F = 3P
(x - 10P = (50 - 10F = 40°

Thus, the angles of a triangle are &60°, 8CF and 40r,



Answer 6.

SR is produced to meet PQ at E.

In APSE,
/P + /S + ZPES = 180r

= p°+ v° + ZPES = 180°
— /PES = 1800 - peo — o

In ARGE,
ZR+ ZQ + ZREQ = 1807

= (180° - g°)+ r® + ZREQ = 180F
= /REQ = 180° - (180° - g°) - r°
= /REQ = -r°

Mow, ZPES + ZREQ = 180
=(180° - p® - y*) + (P - r*) = 180°
= -pt-yr+ P -rt=0

= -V =-F+p°+r°
=P = -p°-r°

Answer 7.

In APQR,

P+ 20+ 2R = 18P

= 4x® 4+ 5x° + 9x° = 180"

= 18x° = 18(CF

= x=10

= AP =dxt=4x10P = 40°
L0 =5x"=5x10°P = 5P

ZQPR = ZPRS
And, ZQPR = 40°
= /PRS = 40°

By exterior angle property,
ZPOR + ZQPR = ZPRS + 4
= 40F + S0P = 402 4 0

=y = SCP

. (Angle sum property of a triangle)

()

cLlAngle sum property of a triangle)

(i)

(Linear pair)

L [From (i and (i)

.langle sum property )

...[Alternate angles)



Answer 8.

By exterior angle property,
LRSS = £P + £R and £QRT = £ZP + £0
Since OB bisects ZRQS,
1 1
SBOR = Z2RQ5S = Z(sP+ 2R
QR = 52RAS = S ZP + ZR)
Also RB bisects £QRT,
1 1
ZBRO=Z20RT = Z(£P+ 2
Q 5 Q 2![ +£0)

In AQBR,
Z0BR + ZBRQ+ ZBOR = 180p

= <QBR + %[£P+/_’Qj+ %[£P+/_’R) = 18cr

= ZBR + %(ﬂu 0+ 2P + £R) = 180°

:>£QE5R+%|[£F"+ 180F) = 180°  ...[4P+ 2Q+ /R = 180¢]

= 2/0BR + £P + 180° = 360P
= 2/0BR = 180°- P 0

Since QB bisects ZPQR,
ZAQR = %ﬁPQR

Also RA bisects #PROQ,

ZORA = %iPRQ

In AROR,
ZAQR + Z0RA + Z0AR = 180°
= %iF"QR 4 %iPRQ + ZQAR = 180°

= %(iF"QR + ZPRQ) + ZQAR = 180°

= /PR + ZPRQ + 2208R = 360°

= 2/08R = 360° - £PQR - ZPRQ

= 2/0QAR = 180°+ (180° - ZPQR - ZPRQ)
= 2/0AR = 180°+ P LD



Adding (i) and (ii ),

= 270AR + 220BR = 18P + #P + 1807 - 2P
= 270AR + 220BR = 360°

= Z0AR + £0BR = 180°

Answer 9.

By exterior angle property,

Zp =ZPQR + ZPRQ

£q=20PR + ZPRQ

£r = ZPOR + #QPR

MNow, Zp + 2q+ 2r = ZPQR + ZPRQ+ ZQFR + £ZPRQ + £PQR + ZQFR

= Zp+ £Q4+ 215 = 22PQR + £Z2PRO + 22 0FR

= Lp+ 29+ 21 = A LPOR + ZPRO + ZQPR)

= Lp+ 29+ 20 =2x 1809 [Angle sum property: ZPOR + ZFPROQ + #CQPR = 180°]
= Lp+ L+ L0 = 360

Answer 10.

Given, £ CAD = #B RN ()]

By exterior angle property,

ZA0B = ZCAD + £C

Also, £ADC = £BAD + £B

= £ADC = £BAD + £CAD . [From (i]
= £ADC = ZBAC



Answer 11.

A
B
Sinec BM and CM are bisectors of ZABC and ~ACE,
/B =2/0BC and £2C=2240CB  ...(0)
In ASBC,
A+ By 20 = 1800
— /A4 2/0BC+ 220CE = 1800 ... [From (i)]
:}%+£DBC+£DCB = Qe ...[Dividing both sides by 2]
:}~£DBC+£DCB=9CF—§ 0
Mo, i ABMC,
LOBC + #0CE + ZBMIC = 180F
igon—i—;+gBMC= 180 ..[From (ii)]

— /BMC = 180° - O0° + i;*

:‘,viBMC=9EP+§



Answer 12.

Since AQ and DO are bisectors of 24 and 20 of quadrilateral ABCD,
28 = 22080 and 2D = 220DA ()

In AACD,

Z0A0 + Z0DA + ZACD = 180P

= 220480 + 22004 + 22800 = 3600 L [Multdplving both sides by 2]
= 220480 + 22004 = 360° - 22800 .00

In quadrlateral ABCD,

SR+ 2B+ 20+ 20 = 360P

= 2,080 + 2B + ZC + 22004 = 360° ....[From (i]
= B+ 20 = Z60° - 22040 - 22004

=SB+ 20 = 35607 - [EiDﬁxD + EiDDﬁx)

= /B + £C = 360° - (360° - 2£A00)  ....[From (ii)]

= LB+ 20 = 3607 - 360° + 22800
= LB+ 20 = 22800

Answer 13.

Consider ALBC,

Mo, 28 < 2B + 20

= SR+ A A+ LBy 20
= 220 < 1800

= zn <22t

= LA < 90"

Similarly, we have

£B <907 and £C « 9P,

Hence, the riangle is acute-angled,



Answer 14.

Let the angles of a riangle be 2%, 4x and &x,
Then, we have
2+ i+ Bx = 180°
= 12x = 180"
=% =13°
=x=2x15"=30F
G = dx 157 = &0°
B =6x15"=90F
Since one angle is 9P, the triangle is a right-angled triangle,

Answer 15.

Let ABC be a triangle such that

ZB+sB=1390 ()

and, 28 - 2B =5 ., .(ii)

Adding (i) and (i), we get

228 = 1440

= LA=7

From (i), we have

LB =139 - 722 =67°

Now, 39 angle = 180° - (LA + £B) = 180°- 1357 = 41°
Thus, the angles of a riangle are 720, 67° and 41°,

Answer 16.

In ARBC, 2B = 90e

And, ZABC+ Z/BAC + ZACE = 1800
— /BAC+ ZACE = 180° - ZABC
= /BAC+ ZACE = 180 - O0°

= /BAGY ZACE = 900 (i)



By exterior angle property,
ZPAC = £ABC + £ACE ()
ZQUA = ZABC + ZBAC .. (i)

Adding (i) and (iii), we get

ZPAC + Z00A = ZABC + ZACE + ZABC + ZBAC
= /PAC+ ZQCA = (LACE + ZBAC) + 228BC

— /PACH ZQCA = QP+ 2% 9P ... [From (i)]
= SPAC+ £ QCA = Q07 4 180F

= SPAC+ £ QCA = 270P



Ex 11.2

Answer 1.
()
¢ z
80
5 cm
& cm 6 cm
F0°
A B X 5cm b §

INnAABC and AXYZ

AC = XZ

BC = XY

The included angle ~# C=80° is not equal to£ Xi.e. 707 .

MNow, for AABC to be congruent to AxXYZ AB should be equal to XY and YZ
should be equal to BC. Then, £ A = £C and £X = £Z. So, the measure of
< B will not be equal to £,

Therefore, AABC cannot be congruent to AXYZ.

.. P
(i) A
Berm 5 cm
gcm
100° 1007
B 6 cm C Q R

InAABC and APQR
AB = PQ

£B=£Q =
BC can be equal to QR or AC can be equal to RP
Therefore,

ABBC can be congruent to APQR. .



(iii) A K

5 cm 7 cm 9 cm

B 7em ¢ L Samnm M
InAABC and AKLM

AB = LM
BC = KL
AC = KM
Therefore,

ABC = AKLM (555 criteria)

(iv) 7

60°

70°  s5Q° 70°
B ©6cm C X 6com Y

In AABC and AXYZ

ZB=4£X

BC = XY

£Y =180° -(70° +60° ) =507
LC=2Y

Therefore,

AABC = AXYZ  (ASA criteria)



(v) A

P
Bcm 6cm Ocm
ap® ag®
N
B Gcm Cc Q R

In AABC and APQR
LB = L0

BC = PQ

By Pythagoras theorem,

PRZ - P2 + GR 2

102 = 62 + QR2

100 = 36 + QR?2

OF. = 100 - 36

QR = /64 = 8cm

AB = QR

Therefore,

AABC = APQR (5AS and RHS criteria)

Answer 2.

Giwen,
AML PO and AN L QR
Al = AN

In AACQM and ACN,

Al = AN L lgiven)
AQ = AQ ....{common)
ZBMO = ZBNQ ... .(Each= 90°)

S0, by RHS congruence, we have
AROM = ABON

= /AQM = 280N .. (cpct)

= SAQP = ZAQR




Answer 3.

Given:

In the figure, Ois centre of the circle and AB is chord.,
Fis the mid-point of 2B = AF = PB

Toprove;, OF 1 AB

Construction: Join 08 and OB

Proof:

In ADAP and ACBR

Of = OB ....[radii of the same cirde]
OF = OP ....[ common ]

AP = PB ....[given]

.. By Side-Side-Side aiterion of congruency,
ADAP = ADBP

The corresponding parts of the congruent triangles are congruent,
L LOPA=20PE

But ZOPA + ZOPB = 180° [linear pair |

L SOPA = Z0OPB = 90°
Hence COF 1 AB.



Answer 4.

Given:

In the figure, Ois centre of the drdeand PQ is a chord.
oM L PQ

To prove: PM = QI

Constructon: Join OF and O0Q

Proof;

In right triangles AQPNM and AQQIM,

OP = 00 ....[radii of the same drde]

OM=0M  ...[commen]

.. By Right angle-Hypotenuse-Side ariterion of congruency,

ADPM = ADCM
The corresponding parts of the congruent triangles are congruent.
~ PM = OM

Answer 5.

In AABC and APQR and
AB = PQ

BC = QR
ZABX + 2 ABC =2 PQY +2PQR = 180°
2 ABX =/ PQY

=< ABC =2ZPQR
Therefore,

AABC = APQR  (SAS criteria)



Answer 6.

Given:

O is mid-point of BC =BD =D
DE=AD

To prove:

a AABD = ARCD

b, AB = EC

o AB | EC

a. In AABD and AECD,
BO = DC L (given)

£80B = ZCDE .. (vertically opposite angles)

AD=DE Lo (given)
~ By Side-Angle-Side criterion of congruence,
ABSBD = AECD

b. The corresponding parts of the congruent triangles are congruent.
L AB=EC

o Also, ZDAB = #DEC ....(cp.ct)
~ AR EC .. [£DAB and £DEC are alternate angles)



Answer 7.

In ABAPand ACAP
£ BAP =2 CAP (AD is the bisector of 2BAC)

AP = AP
ZBPD + ZBPA =2CPD + ZCPA = 180°
ZBPD = ZCPD

= < BPA = CPA
Therefore,
ACAP = ABAP  (ASA criteria)

Hence, CP = BP.

Answer 8.

In AGCE and ADCE and
214+ 06GBC =22+ 2DEC = 180°

L1l=22=
= £ GBC=2DEC

BC=CE
ZGCB=<DCE = (vertically opposite angles)

Therefore,

AGCB = ADCE (ASA criteria)



Answer 9.

In AABC,
Since AB = AC

£ C=,B (angles opposite to the equal sides are equal)

BO and CO are angle bisectors of #B and ~ C respectively
Hence, Z ABO=20BC =2BCO = ZACO

Join AD to meet BC at D

In4ABO and 4ACO and

AC = AD

AB = AC

LC=sB=

Therefore, A ABO = AACO (SAS criteria)

Hence, »~ BAO=.2CAD

= A0 bisects angle BAC

InA ABO and AACO

and AB = AC

AO = AO
ZBAD=-CAD = (proved)
AABO = A ACO (SAS criteria)

Therefore,
BO = CO
Answer 10.
In AABD and AFEC
AB-= FE
BD = CE(BC = DE; CD is commaon)
£ZB=sE

AABD = AFEC (SAS criteria)



Answer 11.

In ABMR and ADMNR
BEM =DM

ZBMR=2DNR= 90°

£ BRM=~2DRN = (vertically opposite angles)

Hence, « MBR=.NDR (sum of angles of a triangle = 180° )
ABMR = ADNR  (ASA criteria)

Therefore, BR = DR

So, AC bisects BD.

Answer 12.
In AQLM and ARNM

QM = MR
LM = MN
ZQLM=.2RNM= 90°
Therefore, AQLM = ARNM  (RHS criteria)
Hence, QL = RN _........... (i)
Join PM
In APLM and APNM and
PM = PM (common)
LM = MN
£ZPLM=2/PNM= 90°
Therefore, APLM = APNM  (RHS criteria)
Hence,PL = PN ............ (i)
From (i) and (ii)
PQ = PR



Answer 13.

£1 =2-2and £4=2.3
1=22and4 = 23-.1=24(vertically opposite angles)
=ls2=2-30r £ 2=.3

ZR=25 = (sinceRT =TS and angle opposite to equal sides are equal)
= /TRB=/TSA = .......... (ii)

[N ARBT and ASAT,

RT =TS

ZTRB=2TSA

ZRTB=2STA = (common)

Therefore, ARBT = ASAT. (ASA criteria)

Answer 14.

In ACAD and ACBE
CA=CB (Isoscelestriangle)

£ CDA=ZCEB = 90°

ZACD=.,BEE = (common)
Therefore, ACAD= A CBE (AAS criteria)
Hence, CE = CD

But, CA = CB

=AE + CE=BD + CD
=AE = BD



Answer 15.
In AABC
AR = AC

AX = AY
= BX = CY
In ABXC and ACYB

BX = CY

BC = BC

£B=sC = C (AB = AC and angles opposite to equal sides are equal)
Therefore, ABXC = ACYB (SAS criteria)

Hence, CX = BY

Answer 16.
Given:
In APQR,
P4 is the perpendicular bisector of QR = QA = RA
RCis the perpendicular bisector of PQ = PC = QC
QB is the perpendicular bisector of PR = FPB = RB
PA, RC and QB meet at [,

=]
C
| B

Q A R
Toprove: [F =10 =R
Proof:
In AQIA and ARIA
QA = RA ...[Given]
ZQAl = ZRAL ... .[Each = 9C°]
1A= 1A ....[Common]]

. By Side-Angle-Side criterion of congruence,
AQLA = ARTA



The corresponding parts of the congruent triangles are congruent,

S1Q=IR ()

Similarly, in ARIB and AFIB

RB =PB ... [ Given ]

Z/RBI = /PBl ....[Each = 90°]

B =1B ....[Common]

.. By Side-Angle-Side criterion of congruence,
ARIB = APIB

The corresponding parts of the congruent triangles are congruent.
SIR=IP (D)

From (i) and (ii), we have
IP=10=IR

Answer 17.

In AADE and ABAC

AE = AC
AB = AD
ZBAD =/ EAC

ZDAC=-DAC = DAC {commaon)
= ZBAC=2EAD = EAD
Therefore, AADE= ABAC (SAS criteria)

Hence, BC = DE



Answer 18.

Given;

ABCD is a parallelogram, where BE = CE
To prove:

a ADCE = ALBE

b, AB = BL

CDC=&
=

Af v L
a. [n ADCE and ALBE
ZDCE = £ZEBL ....[DC || AB, alternate angles]
CE = BE [ given]
ZDEC = ZLEB ....[vertically opposite angles]

» By Angle-Side-Angle aiterion of congruence,
ADCE = ALBE

The corresponding parts of the congruent riangles are congruent,
~DC=LB (1)

b.DC = AB ...[2)[ opposite sides of a parallelogram]
From (1) and (2],
AB = BL (3

c. AL =AB+BL
=AL=2AB+ AR ... [From(3]]
= AL = 24B
= AL = 2DC ....[From (2]]



Answer 19.

ZBCD=sADC

ZACB=-BDA

£BCD+2ACB=2ADC+ 2 BDA

=~ ACD=-BDCACD =BDC
In AACD and ABCD
ZACD=-BDCACD =BDC
ZADC=-BCD

ADC=BCD CD=CD
Therefore, AACD= ABCD (ASA criteria)

Hence, AD = BC and £ A=2B.

Answer 20.

Since AP and BQ are perpendiculars to the line segment AB, therefore AP
and BQ are parallel to each other.

In AAOP and ABOQ

ZPAD =2 QBO =90°

ZAPO = #BQO  (alternate angles)

AP = BQ

Therefore, AAOPz ABOQAOP BOQ (ASA criteria)
Hence, AO = OB and PO = 0Q

Thus, O is the mid-point of line segments AB and PQ.



Answer 21.

CE is median to AB

=AD =DC........ (ii)

But AB = AC......(iii)

Therefore from (i}, (i) and {iii)

BE = CD

In ABECand ABDC

BE = CD

ZEBC =~ DCB (angles opposite to equal sides are equal)
BC = BC (common)

Therefore, ABEC= ABDC (SAS criteria)

Hence, BD = CE

Answer 23.

In AABC and APQR
BC = QR

AD and PM are medians of BC and QR respectively
=BD =DC=0QM = MR

In AABD and APQM

AB = PQ
AD = PM
BD = QM

Therefore, A ABD = APQMABD PQM (SSS criteria)
Hence, 2B = 20
Nowin AABC and APQR

AB = PQ
BC = QR
Z/B=.,Q

Therefore, AABC= APQRABC PQR (SAS criteria)



Answer 24.

B D C
NMow in A ABD and AADC

AB = AC
AD = AD
/B=2sC

Therefore, AABD = AADC (SSA criteria)
Hence, BD = DC

Thus, AD bisects BC

Answer 25.

Since AB = AC
S ABC = ~ACB

But #DBC = ZDCB
=< ABD = £ ACD
Nowin AABD and AADC
AB = AC
AD = AD
ZABD = £ ACD
Therefore, AABD = AADC (SSA criteria)
Hence, 2~ BAD = =~ CAD

Thus, AD bisects ~BAC



Answer 26.

B @

In APOA and AQQOA
Z0PA = Z0QA = 90°

OP = 0Q (given)

AO = AD

Therefore, APOA = AQOA (SSA criteria)
Hence, »# PAD = 2 QAD

Thus, OA bisects # BAC

Answer 27.

B C
In ABNC and ACMB
ZBNC = £CMB = 90~
ZNBC= #MCB (AB = AC)
BC = BC

Therefore, ABNC = A CMB (AAS criteria)

i

Hence, BM = CN



Answer 28.
In & ABC
AB = AC
ZABC = ZACB (equal sides have equal angles opposite to them)...(i)
£ GBC = #HCB = 907 ........(ii)
Subtracting (i) from (ii)
ZGBA= <HCA.......... (i)
In AGBA and AHCA
ZGBA= £HCA  (fromiii)
2 BAG = ~ CAH (vertically opposite angles’
BC = BC
Therefore, A GBA= AHCA (ASA criteria)

Hence, BG = CH and AG = AH

Answer 29.

A

In ABXD and ACYD

ZBXD = £CYD  (90°)

ZXDB =-2YDC {vertically opposite angles)
BD = DC (AD is median on BC)
Therefore, ABXD= A CYD (AAS criteria)
Hence, BX = CY



Answer 30.

WV

In AABC and AADC

ZBAC = #DAC  (90°)

BC=DC

ARG = AC (common)

Therefore, AABC = AADC (SSA criteria)
Hence, 2 BCA = ZDCA

Thus, AC bisects ~BCD

Answer 31.
ZPQT = £RQU ..... (i)

ZTQS = £UQS .....(ii)

Adding (i) and (ii)

£ PQS = £RQS

In APQS and ARQS

£ PQS = ZRQS

PQ = RQ (given)

Qs =Qs (common)

Therefore, APQS = ARQS (SAS criteria)
Hence, 2 QPS5 =2 QRS

Now in APQT and ARQU

2 QPS =/ QRS

PQ = RQ (given)

ZPQT = Z#RQU (given)

Therefore, APQT = ARQU (ASA criteria)

Hence, QT = QU.



Answer 32.

A
B2 y + 15°
2% —4 63¢
D
In AABC and ADBC
AB=DB ...[given]
AC=DC ...[given]
BC =BC ....[common]
. By Side-Side-Side criterion of congruence,
AAB T = ADBC

L ZACB = 2ZDCB .. [cpct]
=y +15° = 63
=Sy=6F-15
=y = 480
Mow, £ABC = £ZDBC ....[cp.ct.]
= 29° = 2x - 4°
= 2x = 29 + 4°
= 2% = 33
3z

== —
2

=% = 16,57
Hence, x = 16.5° and v = 4&°
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