CHAPTER 6 Triangles

EXERCISE6A —— 2. In AABC, DE || BC [Given]
A
For Basic and Standard Levels
1. In AABC, DE || BC [Given] b E
A
D > E B C
- - AD _ AE
B c @ DB = EC [By BPT]
. AD _ AE x-1 _4-x
® DB _ EC [By BPT] - 5-x  x-2
24cm  32cm = x-Dx-2)=4-x)(5-x)
= BD  48cm = X2 -3x+2=20-5x—4x + 2
= Bx+2=20-9x
Axd = Ix -3x=20-2
= BD = % cm = 6x =18
’ = x=3
=3.6 cm . AD _ AE
@ AD _ AE (By BPT] @) DB - EC By BPT]
DB EC 4 8
2 cm 3.2cm = x—4 3x-19
- =
25em  EC - 4(3x - 19) = §(x — 4)
EC = 32%25 = 12x — 76 = 8x — 32
= =T, @™ = 4x = 44
=4 cm = x=11
AD AE
AC = AE + EC (iii) == = == [By BPT]
=(32+4m DB EC
=72 cm - x+2 _ x—-4
AD AE 2x + 3 2x =7
(i) DB ~ EC = (x+2)Qx-7) = (x—4) (2% +3)
AD AE = 2% +4x-7x—-14 =222 - 8x+ 3x - 12
= DB "1=Fc *! = Bx-14=-5x-12
AE+EC AC = 5x -3x=14-12
= % +1= AEEE A - 2% =2
= x=1
8 4.8 . AD AE
= === Al _ AB
5 EC (iv) DB e [By BPT]
= SEC =48x5=24 = 3x -2 _ 5x—4
FC- 2 _3 7x -5  5x-3
8 N (Bx—2) (5x = 3) = (5x — 4) (7x - 5)
AE = AC-EC = 15x2 - 10x - 9x + 6 = 35x2 — 28x — 25x + 20
=48-3 = 15x2 — 19x + 6 = 35x%2 — 53x + 20
=18 = 35x2- 1542 - 53x + 19x + 20 -6 = 0
. AD AE = 2062 - 34x + 14 =0
{19 = = By BPT
(i0) DB ~ EC [By BPT] = 1002 —17x + 7 = 0
3 48 = 100> -10x-7x+7 =0
= 2 T EC = 10x(x-1)-7(x-1)=0
48 = x-1)A0x-7)=0
= EC=?><2=3.2cm = Either (x-1) =0
= x=1
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or (10x-7)=0
- -
10
) AD _ 4 _8 AE _8
3O Pg =35 9 ™ E T g
AD _ AE
DB = EC
DE | BC [By the conv. of BPT]
Gy AD _42 _ 1 AE_ 51 _3
DB 126 3 EC 119 7
AD - AE
DB = EC
DE is not parallel to BC.
(iii) AD _ __AD  _ 3.5 _35_1
DB AB-AD 175-35 14 4
and AE _ AE _ 42 42 _ 1
EC AC-AE 21-42 168 4
AD _ AE
DB  EC
DE is parallel to BC.
() AD _56 _ 7
DB 96 12
and AE _ AC-EC _ 108-45 _63 _7
EC = EC - 45 T 45 5
AD | AE
DB EC

DE is not parallel to BC.

4. Given that in AABC, D and E are points on AB and AC

respectively such that AD = 6 cm, DB =9 cm,
AE = 8 cm and EC = 12 ecm. To find ZABC, if
ZADE = 48°.

A
VAN
s L
D E
Q 79
EY &
B C
AD _6 _2
In AABC, we see that DB -9-3
and AE _ 8 _2
EC 12 3"
AD _ AE
DB EC
DE | BC [By the converse of

basic proportionally theorem]
Now, ADB is a transversal to parallel lines DE and BC.
: Z/ABC = alternate ZADE = 48°
Hence, the required ZABC = 48°

A

7. In AABC,

AD x EC = AE x DB
AD _ AE
DB = EC
Thus, in AABC, DE divides the sides AB and AC in
the same ratio.
By the converse of BPT, we have

=

DE || BE
A
P
Cc
5 Q
/A =/B [Given]
CA=CB (D)
[Sides opp. equal Zs of a A]
AP = BQ [Given] ... (2)

Subtracting equation (2) from equation (1), we get
CA - AP =CB-BQ

= CP=CQ .. (3)
Dividing sides of equation (3) and equation (2), we get
cP _CQ
AP~ BQ

Thus, in ACAB, PQ divides the sides CA and CB in the
same ratio.
By the converse of BPT, we have
PQ | AB
DE | BC [Given]

By Thale’s theorem, we have

AD _ AR M

BD EC
But BD = CE (Given) ... (2)
: AD = AE [Using (1) and (2)] ... (3)
Addmg the corresponding sides of equation (3) and
equation (2), we get

AD + BD = AE + CE

= AB = AC
Hence, AABC is an isosceles triangle.

8. In AABC, EF || BA

[ EF || DA, opp. sides of a ||gm]
A
D
F
B E C

CF _ CE
= = Th [By BPT] ... (1)

In AABC, ED || CA

[~ ED | FA, opp. sides of a ||gm]



BD _ BE
DA ~ EC
AD _ CE
= BD ~ EB

From (1) and (2), we get

[Taking reciprocals]

e

CF _ AD : CE
TA = BD [Each is equal to EB]
9. In AABC, DE || AC
A
D
B F E C
BD _ BE
DA = TC [By BPT] ... (1)
In AABE, DF || AE
BD _ BF
DA - FE [By BPT] ... (2)
From (1) and (2), we get
BE _ BF - BD
EC ~ FE [Each is equal to D A]
N BF+FE _ BF
EC ~ FE
N (4 +5)cm _4cm
EC ~ 5cm
= EC=9Z5cm=11.25cm
10. In ACAB, DE | AB
CD _ CE
DA " EB [By BPT] ... (1)
In ACDB, FE | DB
CF _ CE
™ - EB [By BPT] ... (2)
From (1) and (2), we get
D _CF
DA  FD
DA _ FD . .
= DC - CF [Taking reciprocals]
= DA +1= i} +1
DC CF
- DA +DC _ FD+CF
DC ~ CF

=

=

AC _ DC

11. (i) In AFAD,

(i)

DC ~ CF
DC? = CF x AC
EB | DA
[- CB || DA, Opp. sides of a ||gm]
A R B F
E
D C
FE _ FB
DE _ AB . :
= TF = BF [Taking reciprocals]
. DE _ DC
EF BF
[- AB = DC, Opp. sides of a ||gm]
FE _ FB
D - BA [From (1)]
FE ., _ FB
= D +1= BA +1
- FE+ED _ FB+ BA
ED - BA
. DE _ AF
DE AB
. DF _ AF
DE =~ DC

[- AB = DC, Opp. sides of a ||gm]

12. ABCD is a quadrilateral in which AB || DC.

ABCD is a trapezium.

DC

o
A B

Since the diagonals of a trapezium divide each other
proportionally,

A0 _ BO

oCc OD
- 3x-19 _ x-4

x-3 4

uUgudd iy

12x - 76 = x2 = 3x —4x + 12
12x - 76 = x2 - 7x + 12
2-19x +88 =0
(x-11) (x-8) =0
Either (x — 11) =
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13. ABCD is a quadrilateral in which
AB || DC.

ABCD is a trapezium.
Since the diagonals of a trapezium divide each other
proportionally,
AO _ BO
OoC OD
5 _ 2x-1
4x-2 = 2x+4
10x + 20 = 8x? — 4x — 4x + 2
8x2-18x-18 =0
42-9x-9=0
Ax+3)(x-3)=0
Fither (4x + 3) =0
-3

x:Z

U

U guuuld

(Rejected, as side cannot be negative)

or (x-3)=0
= x=3
14. Join AC and let it intersect EF at G.

A

Z V G \\\\\\ i
D > AV

EG | DC
AE _ AG
ED = GC
FG || BA
CE _CG
FB = GA
BF _ AG
FC = GC

In AADC,

In ACBA,

[Taking reciprocals] ... (2)

From (1) and (2), we have
AE _ BF
ED FC
15. Given that ABCD is a trapezium in which AB || DC.

P and Q are two points on non-parallel sides AD and

BC respectively of the trapezium ABCD such that
PQ || DC || AB.

D > C
18 cm 15 cm
P > Q
35cm
A > B

Also, given that CQ = 15 cm, QB = 35 cm
and PD = 18 cm.

[. EF | DC]
[By BPT] ... (1)

[. EF || AB]
= [By BPT]

= [Each is equal to %]

16.

17.

To find AD.
In the trapezium PQ || DC || AB.

AP _ QB
PD ~ QC
. AP _ 35 _7
18 15 3
= 3AP
=7x18
= AP =42
: AD = AP + PD
=42 + 18
=60
Hence, the required length of AD is 60 cm.
A B
5x -7 3x+7
E F
—
D C
% = % [Proved in Q14]
5x -7 3x+7
— _2AT7
X x+3
=  5x2+15x-7x-21 =3x2 + 7x
= 22+ x-21=0
= 2x+7)(x=-3)=0
= Either 2x +7) =0,
v=_2L
2
(rejected, as length of line segment cannot be negative)
or x-3)=0
= x=3

Given that ABCD is a trapezium with AB || DC and
AC and BD are its two diagonals intersecting each
other at O such the POQ || DC || AB.

To prove that OP = OQ.

D C

A > B
In AADC, OP || DC.
The triangles APO and ADC are similar.

PO _ AP
DC  AD (1)
Again, in ABCD, OQ || DC
ABQO - ABCD
QO _ BQ
= DC = BC ...(2)
AP _ BQ .
But iD - B [ PQ || DC]
From (1) and (2), we have
Po _ QO
DC DC
= PO = 0OQ



18. In AADC, we have

AE = ED

[+ E is the mid-point of AD]

(D)

[+ Fis the mid-point of AC]

e

[ PR || AC]

[By BPT]

= == [Taking reciprocals]

E = K
A B
AE
= ﬁ =1
and AF = FC
AF
= T - 1
From (1) and (2), we get
AE _ AF
ED = FC
Thus, in AADC, EF divides the sides AD and AC in the
same ratio.
By the converse of Basic Proportionality Theorem,
we have
EF || DC
= FK || DC || AB
In ACAB, FK || AB
CF _ CK
AF = BK
CF _ CK
= CF ~ BK
[+ Fis the mid-point of AC = AF = CF]
_ K
= 1= 3k
= CK = BK
For Standard Level
19. (i) In ADQC, PR | CQ
A
Q
R
D B P ¢
DP _ DR
PC RQ
PC RQ
= DP ~ DR
PC. ;. RQ
= Dp +1= DR +1
. PC+DP  RQ+DR
DP = DR
CD _ DQ
= DP ~ DR

. Q)

In ADQC, BR | PQ [ BA || PQ]
BD _ DR
BP ~ RQ
BP _ RQ e red
= 3D - DR [Taking reciprocals]
BP 4, _ RQ
= BD T 1= DR F 1
N BP+BD _ RQ+DR
BD DR
Dp _ DQ
= BD ~ DR - @

From (1) and (2), we get

cD _ DP - DQ
DP - BD |:Each is equal to DR]
= DP? = BD x CD
(i) (12cm)? = BD x CD
= BD x CD = 144 cm?
20. In AABC, DP || BC
AD AP
. EB_ _ AP
DE+EB = PC
[- AD = EB, given] ... (1)
In AABC, QE | CA
BE _ BQ
o [By BPT]
. EB _ BQ
DE+AD _ QC
EB _ BQ
- DE+EB ~ QC
[- AD = EB, given] ... (2)
From (1) and (2), we get
AP _ BQ
PC QC
P _CQ e
= PA - QB [Taking reciprocals]

Thus, in AABC, PQ divides the sides CA and CB in the
same ratio.
By the converse of BPT, we have

PQ || AB

21. Join BD.
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Since P, Q, R, S are points of bisection of AB, BC, CD
and DA respectively,

PB=2AP,QB=2CQ,RD =2CR and SD =2 AS
In AADB, we have

AS _ AS _ 1
SD = 2AS 2
and E:ﬂzl
PB ~ 2AP 2

Thus, in AADB, PS divides the sides AD and AB in the
same ratio.
By the converse of BPT,

PS || BD (@)
In ACDB, we have
CR_CR _1
RD 2CR 2
cQ_ CQ _1
and QB ~ 2CQ 2

Thus, in ACDB, QR divides the sides CB and CD in the
same ratio.

. By the converse of BPT,

22.

23.

QR || BD .. (@
From equations (1) and (2), we have

PS || BD and QR | BD
= PS || QR
Similarly, by forming diagonal AC, we can prove that
SR || PQ.
So, PQRS is a parallelogram.

In AABC, PQ | BA
A D
Q R
B P C

P _ CQ

PB - OA [By BPT] ... (1)
In ACBD, PR | BD

CP _ CR

5 - ’D [By BPT] ... (2)
From (1) and (2), we have

@ _ R ~ cr

0A ~ RD |:Each is equal to PB]

Thus, in ACAD, QR divides the sides CA and CD in
the same ratio.
By the converse of BPT,
OR | AD

Join BD.

In AABD, we have
AP =PB

AP

= PB 1 .. (D
and AQ =QD

AQ _
From (1) and (2), we have

AP _ AQ

PB QD

Thus, in AABD, PQ divides the sides AB and AD in the
same ratio.

By the converse of BPT, PQ || BD ... 3)
In ACBD, we have

CS =SB

Cs _
= SB - 1 ... 4
and CR =RD

CR _
From (4) and (5), we have

cs _ CR

SB RD

Thus, in ACBD, SR divides the sides CB and CD in the
same ratio.
By the converse of BPT, QR || BD ... (6)
From (3) and (6), we have
PQ I QR
Similarly, by considering triangles DAC and BAC, we
can prove that
QR || ACand PS || AC

= QR |l PS
So, PORS is a quadrilateral in which the opposite sides
are equal.

Hence, PORS is a parallelogram.

EXERCISE 6B

For Basic and Standard Levels

1.

AB 21cm _ 1

® ED ~ i2em ~ 2’
AC _dem _ 1
EF 8 cm 2
and BC _ 5em _ 1
DF 10 cm 2
AB _ AC _ BC
Clearly, ED ~ EF _ DF
AABC ~ AEDF [SSS similarity]

(1) £P=/7Z=40° £R = £X =95°,
Remaining ZQ = remaining £Y = 45°

APQR ~ AZYX [AAA similarity]
(iii)ﬁz 3em _ 2 BC _4cm _ 1
PQ 45cm 3" QR  8cm 27
ZB = Z2Q = 60°
. AB BC
Slnce @ * @

AABC and APQR are not similar.



.. AC _ 3cm 2 CB _ 5em _ 2
(v) 55

PQ 75cm 5 QR = 125cm 5’
£C = /Q =30°
AC _ CB
Clearly, PO ~ OR
and £C = £Q
AACB ~ APQR [SAS similarity]
2. In AABC, DE || BC
A
D E
B C
AD _ AE _1
DB ~ EC 2
AE _ 1 .
[By BPT and € =2 given]
Let AD = x cm,
then DB = 2x cm
Also, AB =BC =9 cm
(Sides of an equilateral A)
Now, AD + DB = AB
= x+2x)=9
= 3x=9
= x=3
DB = 2x cm
= (2x 3) cm
=6 cm
o Z/ADE = ZABC
and ZAED = ZACB |[corr. Zs, DE || BC]
B C
D E
A
AADE ~ AABC [By AA similarity]
AD _ DE
AB = BC
[Corresponding sides of similar
triangles are proportional]
1.5 cm _ DE
6 cm 8 cm
= DE = 1'56X8 cm =2 cm
Hence, DE = 2 cm.
. In AABC, we have
AP _lem _ 1
PB 2 cm 2
AQ _3em _ 1
and QC = 6cm 2

Thus, in AABC, PQ divides the sides AB and AC in the
same ratio.

By the converse of BPT, PQ || BC.
In AAPQ and AABC,

ZAPQ = ZABC
and ZAQP = ZACB  [corr. Zs, PQ || BC]
AAPQ ~ AABC [By AA similarity]
AP _ AQ
AB = BC

[Corresponding sides of similar triangles
are proportional]

N AP _ PQ
AP+PB ~ BC
lem _ PQ

= (1+2)ecm _ BC

1_P
= 3~ BC
= BC = 3PQ

. In AABC and ADBA, we have

ZABC = ZDBA
and ZCAB = ZADB
[Each angle is equal ot 90°]

[£B is common]

AABC ~ ADBA

[By AA similarity]
AB _ AC

DB DA

[Sides of similar triangles are proportional]

N Im _ 075m
1.25m AD

0.75 x1.25
o m
= 09375 m
= 93.75 cm

= AD =

. In AADE and AABC, we have

ZADE = ZABC
and /DAE = ZBAC

[Given]
[£A is common]

B 55cm C

AADE ~ AABC

[By AA similarity]
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AD _ DE 45 cm BR AR

AB ~ BC 30cm  42cm  AP- AR
[Sides of similar triangles are proportional] — 45 _ _BR
- _AD _ DE 30  42cm
AE + EB BC - BR = 45 x 42
- 68cm  _ DE 30
8.6cm+24cm 5.5 cm - BR = 63 cm
6.8 DE 45 AR
= 11 ~ 55cm and 30 ~ 72cm - AR
6.80x 5.5 = 3(72 cm - AR) = 2AR
= DE=—="7—" - 216 cm - 3 AR = 2AR
- DE = 34 cm = 216 cm = 5AR
: 216
7. In AKLM and AKPN, we have = AR = 5 M= 432 cm
Z/KML = ZKNP [Each is equal to 46°]
. PR = AP - AR
/MKL = ZNKP LK
and M N [LK is common] (72 432) om
L =288 cm
b Hence, PR = 28.8 cm, AR = 43.2 cm and BR = 63 cm.
y . 10. Given that AABC - AEDF, AB = 5 cm, AC = 7 cm,
46° 46° ED = 12 cm and DF = 15 cm.
M b N c K To find the lengths of BC and EF.
AKLM ~ AKPN  [By AA similarity] £
M _ KM A
PN KN 12 cm
[Sides of similar triangles are proportional] 5cm /cm
a _b+c
- —_ =
x c B cC D 15 cm F
= x= b“‘f AABC - AEDF
e AB _ AC _ BC
8. (i) In AACE and ABDE, we have ED EF DF
ZAEC = ZBED [Vert. opp. £s] 5 7 BC
and Z/ACE = /BDE  [Alt Zs, AC || DB] = 2 " FEF 15
f : 7 _5
h EF 12
¢ - D 7x12
+ = EF = 2X°2 - 1638
A 5
o o BC _ 5
o AACE ~ ABDE [By AA smularlt).z] 15 - 12
(i) AACE ~ ABDE [Proved in ()] 5x15 25
AE _ CE = BC = Tz = =62
BE DE
[Sides of similar triangles are proportional] Hence, the requlred'lengths of BC and EF are 6.25 cm
AE  BE and 16.8 cm respectively.
= CE - DE 11. Given that AABC — ADEF, AB = 4 cm, DE = 6 cm,
. EF =9 cm and DF = 12 cm.
9. AABR ~ APQR G
Q [Given] To find AB + BC + CA.
P% D
[
R 2 A
B 42 cm Q 6 cm 12 cm
%\o 4cm
2
A B C E 9cm F
AB _ BR _ AR Since AABC - ADEF,
PO TQR TR AB _ AC _ BC 0

DE DF  EF

[Corresponding sides of similar triangles
Let AB+AC+BC="P

are proportional]



Now from (1), we have
AB _ AB+AC+BC
DE DE +DF +EF

__r _ P
6+12+9 _ 27
- 4_ P
6~ 27
= P=%><27=18

Hence, the required perimeter of AABC is 18 cm.
12. In AABD and APQD, we have

ZABD = ZPQD [Each is 90°]
and ZADB = /ZPDQ [Common]
A
C
x P
y
z
B Q D
AABD ~ APQD [By AA similarity]
AB _ BD
PQ QD
[Corresponding sides of similar
triangles are proportional]
PQ _ QD e reci
= B - BD [Taking reciprocals]
z_ QD
= < = BD .. (D)
In ACDB and APQB, we have
/CDB = /PQB [Each is 90°]
and ZCBD = /PBQ [Common]
. ACDB ~ APQB [By AA similarity]
CD _ DB
PQ =~ QB
[Corresponding sides of similar
triangles are proportional]
PQ _ QB ~ ;
= D - BD [Taking reciprocals]
z _ QB
= y = BD ... (2)
Adding equation (1) and equation (2), we get
z,z_QD+QB
x oy BD
1,1)_BD
= Z(x * y) ~ BD
- A(1+1) -
Xy
= 1 ,1_1
x y z
13. In AGHD and AEFD, we have
/GHD = ZEFD [Each is 90°]

14.

15.

and <GDH = ZEDF [Common]
G
F
E H D
AGHD ~ AEFD [By AA similarity]
HD _ DG
FD = DE

[Corresponding sides of similar
triangles are proportional]

- 8 _ 3x-1
12 4x +2
= 32x + 16 = 36x — 12
= 4x =28
= x=7
DG =3x-1
=3x7-1
= 20 units
and DE =4x +2
=4x7+2
= 30 units
In quadrilateral ABCD,
AB || DC
D C
(6]
A B

. ABCD is a trapezium
Since the diagonals of a trapezium divide each other
proportionally,

AO _ BO
OoC ~ OD
x+5 _ x-1
= x+3 x-2
= x+5 x-2)=x-1) (x+3)
= X 4+5x-2x-10=x2-x+3x -3
= 3x-10=2x-3
= x=7

Let AABC ~ ADEF, where the perimeter of AABC = 36
cm and perimeter of ADEF is 48 cm and AB = 9 cm.
We know that the ratio of the perimeters of two similar
triangles is the same as the ratio of their corresponding
sides.

Perimeter of AABC AB

Perimeter of ADEF ~ DE

36cm _ 9cm
48cm ~ «x
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9 x 48
X =

= 35 M= 12 cm
Hence, the corresponding side of the other triangle is
12 ecm.
16. Let AB be the stick and BC its shadow.
D
A
u i ]
B C E F
Then, AB =15 cm
and BC =10 cm
Let the angular elevation of the Sun be 6.
Then, /ACB =0
Let DE = x, be the vertical flag pole and EF be its
shadow.
Then, EF = 60 cm
Angular elevation of the Sun (at the same time)
= /DEF = 0
Now, in AABC and ADEF, we have
ZABC = ZDEF [Each is 90°]
and ZACB = ZDEF = 0
: AABC ~ ADEF [By AA similarity]
AB _ BC
DE  EF
[Corresponding sides of similar triangles
are proportional]
N 15cm _ 10 cm
x 60 cm
= x=15X60 cm =90 cm

10
Hence, the height of the flag pole is 90 cm.

17. Let AB be the straight vertical pole, B, the bulb on it,
C, the position of the woman of height CD = 1.5 m
and CE, the shadow of the woman on the horizontal
ground.

Given that AB=6m, CE =3 m and CD = 1.5 m.
To find the distance AC of the woman from the base A
of the pole.

6m D

1.5m
A C 3m E

Since AE is horizontal and AB and CD are vertical,
: /BAE = ZDCE = 90°
AB || DC
AAEB -~ ACED

. AB _ AE
.. We have b - CE

6 _ 3+AC
= 15 3
= B+AC)x15=18

_ 18 _ 180 _

= AC+3—1.5— 5 =12
= AC=12-3=9

Hence, the required distance of the woman from the
base of the pole is 9 cm.

18. In ABPE and ACPD, we have

/BEP = ZCDP [Each is 90°]
and /BPE = ACPD [Vert. opp Zs]
ABPE ~ ACPD [By AA similarity]
A
E D
P
B C
BP _ DE
CP =~ PD

[Corresponding sides of similar triangles
are proportional]

= BP x PD = EP x PC
19. T
=)
1 2
0 S R
QR _ QT ~
05 - TR [Given]
Qs _ PR e reci
= OR - QT [Taking reciprocals]
PQ _ QS
- QT ~ QR

[.. PR = PQ, sides opposite equal Zs of APQR]
In APQS and ATQR, we have
PQ _ QS
QT QR
and /PQS = ZTQR = Z0
APQS ~ ATQR
20. In AAEB and ADEC, we have

Z/BAE = ZCDE [Each is equal to 90°]

ZAEB = ZDEC  [Vertically opp.Zs]
AAEB ~ ADEC [By AA similarity]
A D
E
B C



AE _ EB

DE = EC
[Corresponding sides of similar triangles
are proportional]

= AE-EC = BE-ED

21. In AAPE and AABD, we have

22.

and

ZAPE = ZABD
/PAE = ZBAD
AAPE ~ AABD

A

[Corr. Zs]
[Common]
[By AA similarity]

m

PE _ AE
BD  AD
[Corresponding sides of similar triangles
are proportional] ... (1)
In AAQE and AACD, we have

Z/AQE = Z/ACD [Corr./s]
and ZQAE = ZCAD [Common]
: AAQE ~ AACD [By AA similarity]
EQ _ AE
DC  AD

[Corresponding sides of similar triangles
are proportional] ... (2)
From (1) and (2), we get

PE _ EQ - AE
BD - DC |:Each is equal to AD]
But BD =DC [ AD is the median]
PE = EQ
Hence, the median AD bisects PQ.
DB L CB
= Z/DBC = 90°
A
D
E
C B
/DBE = #/DBC - ZABC
=90° — ZABC ... (1)
Also, AC L CB
= Z/ACB = 90°
= /BAC = ZACB - ZABC
[Sum of Zs of a A is 180°]
= /BAC =90° - ZABC ... (2
From (1) and (2), we get
/DBE = Z/BAC ... (3)
In ADEB and ABCA, we have
/DBE = Z/BAC [From (3)]

Z/DEB = ZBCA [Each is equal to 90°]

23.

24.

ADEB ~ ZBCA  [By AA similarity]
DE _ EB
BC CA

[Corresponding sides of similar
triangles are proportional]
CA _EB
BC =~ DE
BE _ AC
DE BC’
Given that AABC and AADE are two triangles with the
common vertex A such that Z/BAD = ZCAE and ZABC
= ZADE.

=

Hence,

A
B
C
D E
AB _ AC
To prove that D - AE
We have /BAD = CAE
= /BAD + #DAC = Z/CAE + Z/DAC
= /BAC = /DAE ...(1)
Also, Z/ABC = ZADE [Given] ...(2)
.. In AABC and AADE, we have
/BAC = /DAE [From (1)]
Z/ABC = ZADE [From (2)]
Hence, AABC -~ AADE
[By AA similarity criterion]
AB _ AC
AD AE

Let ABCD be a trapezium in which AB || DC and
diagonal AC divides diagonal BD in the ratio 1:2.

Let DO =x,
then OB = 2x.
In ADOC and ABOA, we have
/DOC = ZBOA
ZCDO = ZABO
ADOC ~ ABOA
DO _ DC
BO  BA
[Corresponding sides of similar
triangles are proportional]
DC
BA
_ DC
" BA
= BA =2DC
Hence, one of the parallel sides of the trapezium is
double the other.

[Vert.opp.Zs]
[Alt Zs, AB | DC]
[By AA similarity]

=

N = ?‘R
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25. In AABE and ACFB, we have

A D E
F
B C
/AEB = /CBF [Alt. /s]
ZEAB = ZBCF  [Opp. Zs of a |gm]
- AABE ~ ACFB  [By AA similarity]
26. In AAGF and ACGE, we have
A F B
D E C
ZFAG = ZECG [.. ZFAC = ZDCA, alt. Zs]
ZAGF = ZCGE [Vert. opp. £s]
AAGF ~ ACGE [By AA similarity]
AG _ GF
CG ~ GE

= AG x EG = FG x CG
27. In AAMB and ACND, we have

A B

D C

ZAMB = ZCND [Each is equal to 90°]
ZABM = /CDN [Alt. Zs, AB || CD]

AAMB ~ ACND  [By AA similarity]
. BM _ AB
DN CD
[Corresponding sides of similar triangles are
proportional]
. BM _CD _,
DN CD
['- AB = CD, opp. sides of a rectangle]
= BM =1
DN
= BM = DN o ()
= BM — MN = DN - MN
= BN = DM ... (2

Squaring (1) and (2) and adding, we get
BM? * BN? = DN? + DM?

28. Given that AB and CD are two chords of a circle with
centre at O and E is point of intersection of these two
chords.

To prove that AEAC -~ AEDB and EA x EB = EC x ED

<

We have /CAE = /BDE ...(1)

[ These two angles stand on the

same are CB of the circle]

Also, ZCEA = vertically opposite ZBED ...(2)
.. In AEAC and AEDB, we have

/CAE = Z/BDE [From (1)]

/CEA = Z/BED [From (2)]

AEAC - AEDB [By AA similarity]

EA _ EC _ AC
ED ~ EB DB
EA x EB = EC x ED
[From the above 1st two ratios]
29. Given that BZ, AY and CX are the altitudes of a AABC
from the vertices B, A and C respectively to their
opposite sides.
These three altitudes meet each other at a point P.
B
Y

A 4 C

AX BY CZ _
To prove that ﬁ%ﬂ =

In AAXP and ACYP, we have

ZAXP = ZCYP = 90°

ZAPX = vertically opposite ZCPY
. By AA similarity criterion, we have

AAXP - ACYP ...(1)
Similarity, it can be shown that

ABYP - AAZP .2
and ACZP ~ ABXP ..3)

.. From (1), we have
AX _ AP _ XP @
CY CP YP
From (2), we have
BY _BP _YP )
AZ AP ZP
and from (3), we have
cz _cp_zp
BX BP XP

.. From (4), (5) and (6), we have
AX BY CZ _ XP YP 7P _,
CY AZ BX YP ZP XP

- AX BY CZ _
XB YC ZA

30. Given that ABC is a triangle and AD is a median of

this triangle, D being the middle point of BC. X is a

point on AD such that AX : XD =2 : 3.

..(6)



BX is produced to intersect AC in Y. AE AF

To prove that BX = 4XY. CE -~ CB ...(2)

Adding (1) and (2), we get
DA, AE _ GA  AF
DB CE CB CB

_ GA+AF _ GF
- CB " CB
1 1
—AB =AC
- 3 +3 _ GF

Construction: We draw DZ || BY to intersect AC at Z. DB CE CB

Since DZ || BY. Dy - ACEY [~ Given that DA = %AB and AE = %AC]
C _Dz 1,p 1
CB  BY N §AB+§AC - GF
. 1_ Dz 2aB 2ac P
2 BX+XY
- DB = _ Tagp =2
- DZ = %(BXwLXY) () [ DB=AB-AD = AB—gAB = 3AB and
Also, AAXY - AADZ CE = AC - AE = AC—%AC - %AC]
AX _ XY 2
AD ~ DZ . 1,1 _GF
. o 22 (B
Finally, it is given that
AX _ 2 GF
AX _ 2 1= 20
XD 3 - CB
AX XD = GF = BC
= o T3 k)
For Standard Level
.. AX =2k, XD = 3k and AD = AX + XD = 5k ...(3)
From (2) and (3), we get 32. Since the diagonals of a trapezium divide each other
roportionally,
5XY _ 1(BX+XY) prop: y
2 2
= 4XY = BX

31. Given that D and E are two points on the sides AB and
AC respectively if AABC such that AD = % AB and

AE = ZAC.
AP _ BP
PC =~ PD
= i—% = % [Taking reciprocals]
PC PD
R = E + 1 = ﬁ + 1
B C
PC+AP _ PD+BP
GF is a line through A parallel to BC. = AP BP
BE produced and CD produced intersect the line
through A parallel to BC at the points F and G = AC _ BD
respectively. AP BP
To prove that GF = BC - AP _ BP
Since GAF | BC AC  BD

ZAGD = alternate ZBCD
ZADG = vertically opposite /BDC
. By AA similarity criterion,

[Taking reciprocals] ... (1)
In AAXP and AADC, we have

AGDA - ACDB ZXAP = Z/DAC [Common]
DA _ GA ZAXP = ZADC
DB - CB (1) . [Corresponding /s, AB || DC]

AAXP ~ AADC  [By AA similarity]
Similarly AFEA —~ ABEC

(_;; | ss1Buent
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XP _ AP

DC ~ AC
[Corresponding sides of similar triangles
are proportional] ... (2)

In ABYP and ABCD, we have

ZYBP = ZCBD [Common]
ZBYP = ZBCD [Corr.Zs, AB || DC]
ABYP ~ ABCD [By AA similarity]

YP _ BP

CD BD

[Corresponding sides of similar triangles
are proportional] ... (3)
From (1), (2) and (3), we get

XP _ YP
DC CD
= XP =YP
33. In ABMC and EMD,
A B
E
(1) CM =DM
[. M is the mid-point of DC]
(i) Z/BMC = ZEMD
[Vertically opposite angles]
(iif) ZCBM = /DEM [Alt. /s, BC || ADE]
: ABMC = AEMD
[By AAS criterion of congruence]
BC = ED [By CPCT] ... (1)
Also, BC = AD
[Opp. sides of a ||gm] ... (2)
= 2BC = ED + AD
[Adding (1) and (2)]
= 2BC = AE .. 3
Now, in AAEL and ACBL, we have
ZALE = ZCLB
[Vertically opposite angles]
ZEAL = /BCL [Alt Zs, BC | ADE]
AAEL ~ ACBL  [By AA similarity]
~ EL _ AE
BL CB

[Corresponding sides of similar triangles
are proportional]

EL _ 2BC .
= BL - BC [Using (3)]
= EL = 2BL

34. In ABAM and AQPM, we have
/BAM = /QPM
[Corresponding angles, AB || PQ]
ZAMB = ZPMQ [Common]
ABAM ~ AQPM  [By AA similarity]
N BA _ BM

QP QM

. CD _ BM

QP QM
[ BA = CD, Opp. sides of a ||gm] ... (1)

In ACDR and AQPR, we have

/CDR = ZQPR
[Corresponding angles, DC || AB || PQ]
Z/DRC = ZPRQ [Common]
ACDR ~ AQPR [By AA similarity]
. D _ R
QP QR
BM _ CR .
= OM - OR [Using (1)]
QM _ QR . .
= BM - CR [Taking reciprocals]
QM _ QR _
= BM T CR !
N QM -BM _ QR-CR
BM = CR
QB _ QC
- BM ~ CR

Thus, in AQMR, BC divides the sides QM and QR in
the same ratio.
By the converse of BPT, we have
BC || MR
ie. MR || BC
Hence, MR || BC.
35. Let AB represents the lamp post and CD represents the
girl after she has moved away from the lamp post for
3 seconds. Let DE represents the shadow of the girl and
let 8 be the angular elevation of the lamp.

A

—285m——-

o
B—36m

1|r0.95m,

D

In AABE and ACDE, we have

Z/ABE = ZCDE
/AEB = ZCED
AABE ~ ACDE

AB _ BE

CD DE
[Corresponding sides of similar
triangles are proportional]

[Each is 90°]
[Common]
[By AA similarity]



285m _ 3.6+DE

0.95m DE
(2.85) x DE = (0.95) (3.6) m + (0.95) DE
(2.85 - 0.95) DE = 0.95 x 3.6 m
(1.9) DE = 095 x 3.6 m
0.95 x 3.6
1.9
Hence, the length of the girl’s shadow is 1.8 m.
36. Let ABC be a triangle in which D, E and F are the

mid-points of the sides AB, BC and CA respectively.
Since D and F are the mid-points of AB and AC

U

U vl

DE = m=18m

respectively,
A
K\/ F
B E C

By the converse of Thales theorem, DF || BC.
In AADF and AABC, we have

ZADF = ZABC

[Corresponding angles, DF || BC]
/DAF = /BAC [Common]
AADF ~ AABC  [By AA similarity]

Slmllarlty ADBE ~ AABC and AFEC ~ AABC.

Now, F and E are the mid-points of AC and BC

respectively.

By the converse of Thales theorem, FE || AB.

Also, D and E are the mid-points of AB and BC respectively.
By the converse of Thales theorem, DE || AC.
AFED is a parallelogram.

/DEF = ZA

Slmllarly, BDFE is a parallelogram.

/DFE = ZA
Thus in AEFD and AABC, we have
/DEF = /A
and /DFE = /B
AEFD ~ AABC [By AA similarity]

Hence AADF ~ AABC, ADBE ~ AABC, AFEC ~ AABC

and AEFD ~ AABC.

37. (i) In AABC,

[Opp. Zs of a ||gm]

[Opp. Zs of a ||gm]

PR | CA

B 15cm P 20cm C

BP BR

15cm _ 18cm
= 20cm AR
= AR—18><20 cm = 24 cm

(i)) In AABC, RQ || BC
AR _ AQ
BR ~ QC [By BPT]
- 24cm _ 16cm
18 cm QC
[Using AR = 24 cm, from (7)]
= QC = 16 218 =12 cm
(i) In AARQ and AABC,
ZARQ = ZABC
ZAQR = ZACB

[Corresponding angles]

AARQ ~ AABC [By AA similarity]
AR _ RQ _ AQ
AB =~ BC = AC

[Corresponding sides of similar triangles

are proportional]

RQ _ AQ
= BC ~ AC
_ RQ _ _ AQ
BP+PC  AQ+QC
- RQ _ 16 cm
(15+20) cm (16 +12) cm
[Using QC = 12 cm, from (if)]
RQ  16cm
= 35cm  28cm
_16x35
= RQ = 28 cm =20 cm
RQ AR _ 20 cm » 24 cm
BC AB (15+20)cm (24 +18) cm
_20x24 _16
35x42 49

38. Given that ABCD is a rectangle in which M is the mid-
point of BC. Diagonal DB meets AM at O.

D . C
1
2
4 o M
A > B

To prove that (i) ABOM -~ ADOA and (i) BD : DO =3 : 2.
(i) In ABOM and ADOA, we have
/MBO = alternate ZADO
[~ AD || BC and BD is a transversal]

Z/BOM = vertically opposite ZDOA
By AA similarity criterion, ABOM -~ ADOA.
(i) Since, ABOM - ADOA,
BO _ BM _ BM
DO DA  2BM

[ DA = BC = 2BM]
== (1)

BD _ BO+OD
DO DO
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39.

40.

BO , OD

QC _ 4

= E+ oD Now, oD T 1 [Given]
- 1,80 QC =4QD = 4(CD - CQ)
DO =4AB-4CQ [+ AB=CD]
1 = 5QC = 4AB
=1+ [From (1)] 4
2 QC = ZAB (2
3 5
) DQ =DC - CQ
BD:DO=3:2 - AB—%AB [From (2)]
Given that ABCD is a rhombus such that AB = BC = CD
= DA and diagonals AC and BD meet each other at E at _1 AB ..(3)
right angles so that ZAED = 90°. P is a point on AC such 5
that AP produced intersect CB produced at R. Acai PA _ 3 Gi
To prove that gam, PB 2 [Given]
DP x CR = DC x PR. 3 3
5 AP = SPB= Z(AB-AP)
5 3
=AP = =AB
- 2 2
P/ M
A E c - AP = %AB ()
BP = AB - AP
B - AB(l—%) [From (4)]
_2
= 5AB ...(5)
R
.. From (1),
In ADPA and ARPC, we have 4
/DAP = alternate Z/RCP RC _ QC gAB
[ DA || CB and AC is a transversal] RA PA 3 AB
Z/DPA = vertically opposite ZRPC 5
. By AA similarity criterion, we have 4
ADPA ~ ARPC =3 [From (2) and (4)]
DP DA DC
— === === [ DA=DC] AC-AR _ 4
RP R R _— = =
€ ¢ - AR 3
= DP x CR = DC x PR
Given that ABCD is a ||gm with AC as one of the = % = 1+é -7
diagonals. P and Q are two points on AB and DC 3 3
respectively such that AP : PB =3 :2 and - AR = 3 AC
CQ:QD=4:1 7
b Q > C EXERCISE 6C
R For Basic and Standard Levels
1. AABC ~ APQR,
ar(AABC) = 36 cm?,
N > 3 C ar(APQR) = 49 cm?
and BC = 12cm

Let PQ intersect AC at R.
To prove that AR = ;AC.

In ARQC and ARPA, we have

ZRQC = alternate ZRPA
[~ DC || AB and PQ is a transversal]

We know that the ratio of the areas of two similar

triangles is equal to the ratio of the
corresponding sides.

ar(AABC) _ BC2

squares of their

ZQCR = alternate ZPAR

[~ DC || AB and AC is a transversal]

. By AA similarity criterion, ARQC -~ ARPA
RQ _ RC _ QC

RP ~ RA = PA (1)

ar(APQR) ~ QR2
36cm? _ (12em)’
= 7 = 2
49 cm QR
- OR? = 12><§><49 em?

= (4 x 49) cm?



= QR =(2x7)cm
=14 cm

2. Given that AABC -~ APQR and ar(AABC) = 25 cm? and

ar APQR = 4 cm?.
Also, QR =98 cm
P

A

/N

B C Q 9.8 cm R

To find the length of BC.
. AABC -~ APQR
ar(AABC)  BC?

ar(APQR)  QR?

2
. 25 _ BC
49 QR?
BC _ 5
- QR ~ 7
BC 5
= 98 7
- BC=§x9.8:7

Hence, the required length of BC is 7 cm.
. Given that AABC - APQR
ar(AABC) 25

d ——l =2
an ar(APQR) 64
P
A
B c Q R
To find the ratios of their corresponding sides, i.e. to
. . AB BC AC
find 39 Qr ™™ PR -
AABC - APQR
ar(AABC)  AB?  BC? _ AC?
ar(APQR)  PQ? QR? PR2?
25  AB®> _ BC? _ AC?
= = = = =

64  PQ> QR? PR?
AB _ BC _ AC _ [25 _5

PQ QR PR 64 8

The required ratio is 5 : 8.
. Given that AABC - AQRP, BC = 15 cm

and ar(AABC) 9
ar(AQRP) 4
A
Q
B 15 cm C R P

To find the length PR.

Since AABC - AQRP,
ar (AABC) BC?

ar(AQRP) ~ Rp?

9 _ BC? .
= Z:E [Given]
BC _ 9 _3
= RP V2 2

15 _ 3
= RP ~ 2
= RP=2X315=10

Hence, the required length of PR is 10 cm.

. Given that AABC - APQR, BC = 4.5 cm

and ar(AABC) 9
ar(APQR) 16
=)
A
B 45cm C Q R
To find the length of QR
Since AABC - APQR,
= BC? _ 9
QR? 16
= BC _ 9 _38
OR 6 4
45 _ 3
- QR 1
= QR = 4x 345 = 6.

Hence, the required length of QR is 6 cm.

. Given that AABC -~ APQR and

AB _ BC _ AC _2 "
PQ QR PR 3

Also, ar(AABC) = 48 cm?
)

A

A

B C Q R

To find the area of the larger triangle APQR.
. AABC - APQR,

ar(AABC) (2 4

ar(APQR) (3> 9

N 8 _ 4
ar(APQR) 9

= 4ar(APQR) =9 x 48

- ar(APQR) = 2X48 _ 108

Hence, the required area of APQR = 108 cm?.
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7.

10.

Given that AABC -~ APQR
and AB _ 1
PQ 3
., ar(AABC)
To find ———==%.
o ar(APQR)
P
A
B C Q R
AABC - APQR,
ar(AABC) _ AB®> _ 1
ar(APQR) PQ? "9
which is the required ratio.
AABC ~ ADEF,
BC =4 cm,
EF =5cm
and ar(AABC) = 64 cm?

Since the ratio of areas of two similar triangles is equal
to the ratio of the squares of any two corresponding
sides,

ar(AABC) _ BC?

ar(ADEF) ~ EF?

- 64 cm? _ (4cm)’ _ 16
ar(ADEF) ~ (5cm)? 25
= ar(ADEF) = & 1X625 m? = 100 cm?
. In AADE and AABC, we have
Z/ADE = ZABC
[Corresponding /s, DE || BC]
/DAE = /BAC [Common]
AADE ~ AABC
A
D, E
B C

Since the ratio of the areas of two similar triangles
is equal to the ratio of the squares of any two
corresponding sides,

ar(AADE) _ DE?

ar(AABC)  BC2

= 15 sz = (3 Cm)2 = i
ar(AABC) (6 cm)z 36

= ar(AABC) = 15 >9< 36 «m? = 60 cm?

ABC is a triangle in which P and Q are the midpoints
of the sides AB and AC respectively.

Thus, in AABC, PQ divides the sides AB and AC in the
same ratio.

11.

12.

B Cc

By the converse of the Thales Theorem, PQ || BC.
In AAPQ and AABC, we have

ZAPQ = ZABC

[Corresponding angles]
/PAQ = ZBAC [Common]
AAPQ ~ AABC [By AA similarity]

Smce the ratio of areas of two similar triangles is equal
to the ratio of the squares of any two corresponding
sides,

AP?
AB?

AP?
(AP + PB)

ar(AAPQ)
ar(AABC)

AP?
(AP + AP)*
[. P is the midpoint of AB]
AP?
(2AP)

ar(AAPQ)
ar(AABC)

AP?

. ar(AAPQ) : ar(AABC) =1: 4.

Given that S and T are two points on the sides PQ and
OR respectively of APQR, such that PT = 2 cm and

TR =4 cm. Also, ST || QR.

To find ar(APST) : ar(APQR)

Since ST || QR, P
APST - APQR Ncm
ar(APST)  pT2 Sf——N\T
ar(APQR)  PR? 4cm
22
(2+4) Q > R
-4 _1
36 9

" Required ratio = 1 : 9.

Given that D and E are two points on the sides AB
and AC respectively of AABC such that DE | BC,
AD =1 cm and DB = 2 cm. To find the ratio of ar(AABC)
and ar(AADE).




Since DE | BC AADE ~ AABC
: AABC -~ AADE AD? _ DE?
ar(AABC)  AB* _ (1+2)° 9 AB?  BC2
ar(AADE)  AD? 12 1 [Corresponding sides of similar triangles
.. Required ratio is 9 : 1. ) are proportional]
13. In AABC, we have N (5x) _ DE?
A (%) BC?
lc 1.5cm 2
P Q N D%Z - % ()
3 ‘y/ 4.5cm B
In ADFE and ACFB, we have
B c ZDFE = /CFB
AP _l1lcm _ 1 [~ Vertically opposite angles]
PB 3cm 3 ZEDF = /BCF
AQ  15em 1 [ ZEDC = /BCD, Alt. s DE || BC]
and C ~15m 3 - ADFE ~ ACFB
Since the ratio of areas of two similar triangles is equal
Clearly, % = % . tgdthe ratio of the squares of any two corresponding
sides,
Thus, in AABC, PQ divides the sides AB and AC in the (arADFE) _ DE? _ 25 [Using ()]
same ratio. (arACFE) ~ Bc2 = 81 &
By th f BPT,
y the converse OPQ I BC Hence, ar(ADFE) : ar(ACFB) = 25 : 81.
Now, in AAPQ and AABC, we have 15. Let the two given triangles be ABC and DEF, so that
ZAPQ = ZABC ar (AABC) = 100 cm?
[Corresponding angles, PQ || BC] and ar(ADEF) = 49 cm?
/PAQ = ZBAC [Common] A
. AAPQ ~ AABC [By AA similarity] D
Since the ratio of the areas of two similar triangles
is equal to the ratio of the squares of any two
corresponding sides,
ar(AAPQ) _ AP?
AABC) ~ AB2
ar( ) AB E 0 F B P C
___AP? N
= (AP + PB)Z Let AP and DQ be the corresponding altitudes of
AABC and ADEF respectively.
(1 cm)2 1 Then, AP =5 cm
= 7" 16 Since the ratio of the areas of two similar triangles is
(4 em) equal to the ratio of the squares of their corresponding
AAPQ) = L (arAABC altitudes,
= ar(AAPQ) = 75 (arAABC) ar (AABC)  AP?

Hence, the area of AAPQ is one-sixteenth of the area
of AABC.

14. Let AD = bx
Then, DB = 4x
and AB = AD + DB
=5x +4x = 9x

B i C
In AADE and AABC, we have

ZADE = ZABC
/DAE = ZBAC

[Corr. 4s, DE || BC]
[Common]

16.

ar (ADEF)  DQ?2
100cm? _ (5 cm)?
= 2 = 2
49 cm DQ
25 x 49
2 _ 2
= DQ? = 100 cme
= %9 cm?
7
= Pincm:S.Scm

Given that AABC - ADEF such that ar(AABC) = 81 cm?
and ar(ADEF) = 49 cm?.

AM is the altitude of AABC from the vertex A to the
side BC and DN is the altitude of ADEF from its vertex
D to the side EF. It is also given that AM = 6.3 cm. To
find the length of DN.
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17.

18.

A
D
o
w
Q
3
B M C E N F
AABC - ADEF,
ar(AABC)  AM?
ar(ADEF)  DN2
2
81 _ (6.3) .
= 9 - DNZ [Given]
= 63 _ 8L _ 9
DN 49 7
DN = 7><96.3 — 49

Hence, the required length of DN is 4.9 cm.

Given that AABC -~ ADEF, ar(AABC) = 81 cm? and
ar(ADEF) = 49 cm?

AM is the altitude of the bigger triangle AABC from the
vertex A to BC and DN is the altitude of the smaller
triangle ADEF from its vertex D to EF. Also, it is given
that AM =45 cm.

A
IS D
[$)]
(]
3
B M C E N F
To find the length of DN.
AABC - ADEF,
ar(AABC)  AM?
ar(ADEF) ~ DN?2
2
= % = g?é [Given]
. AM _ 81 _ 9
DN 49 7
- 45 _ 9
DN 7
DN = 2XE2 35

Hence, the required length of DN is 3.5 cm.

Let AABC and ADEF be the given isosceles triangles
such that AB = AC and DE = DF.

19.

Let AP and DQ be the altitudes of AABC and ADEF

respectively.
= AB = AC
= AB _ 1
AC
and DE = DF
- DE _4
DF
AB _ DE
AC = DF
AB _ AC
= DE - DF .. (D
In AABC and ADEF, we have
ZA = /D [Given]
AB _ AC
DE DF
AABC ~ ADEF

Since the ratio of the areas of two similar triangles is
equal to the ratio of the squares of their corresponding
altitudes,

ar(AABC)  APpP?

ar(ADEF)  DQ?2

- 16 _ AP?
25 DQ?

- 4 _ AP
5 DQ

= AP:DQ=4:5

Hence, the ratio of their corresponding heights (altitudes)
is4:5.

D
A

B C E F
AB _ DE .
Aic = DF [leen]
AB _ AC

= DE ~— DF .. (D

In AABC and ADEF,
LA = /D [Given]
AB _ AC -
45 _ 4L [Using (1]

AABC ~ ADEF

Since the ratio of areas of two similar triangles is equal
to the ratio of the squares of any two corresponding
sides,

ar(AABC)  AB?

ar(ADEF) ~ DEg?
- ar(AABC) (é)z

ar(ADEF) ~ \4



20.

21.

ar(AABC) 9
= ok St AR A
ar(ADEF) ~ 16
ar(AABC) 9

= ar(ADEF) T 1T 16 *!
ar(AABC) +ar(ADEF) _ 25
ar(ADEF) 16
N 20 cm? _ 25
ar(ADEF) 16

= ar(ADEF) = 20x16
25
= % cm?
=12.8 cm?
ar(AABC) = (20 — 12.8) cm?
=72cm?

Hence, ar(AABC) = 7.2 cm? and ar(ADEF) = 12.8 cm?.

Let the two given similar triangles be ABC and DEF,
such that

ar(AABC) = 49cm?

and ar(ADEF) = 64 cm?
D
A
B P CE 0 F

Let AP = x cm and DQ = y cm be the corresponding
altitudes of AABC and ADEF respectively.

Then, DQ - AP =10 cm
= y—x=10 cm
= y=(x+10) cm .. (1)

Since the ratio of the areas of two similar triangles is
equal to the ratio of the squares of their corresponding
altitudes,

ar(AABC)  AP? (x cm)2
ar(ADEF)  DQ? [(x +10) cm]?
49 cm? 2
= 7 = 2
64 cm (x +10)
N VAN
8 x+10
= 7x + 70 = 8x
= 8x-7x =70
= x =70
and y=70+10=280

Hence, the length of the altitudes are 70 cm and 80 cm.
Let the given two similar triangles be ABC and DEF
such that ar(AABC) = 121 cm?
and ar(ADEF) = 64 cm?
Let AP and DQ be the corresponding medians of AABC
and ADEF respectively such that

AP =121 cm

Since the ratio of the areas of two similar triangles is
equal to the ratio of the squares of their corresponding

medians,
ar(AABC)  AP?
ar(ADEF) ~ pQ?2
121 cm? (12.1 cm)2
= 7 " 2
64 cm DQ
5 64 x121x12.1 5
= bQ*= 121
~ 8x121
= DQ = 1 cm

=8x11cm=288cm
Hence, the corresponding median is 8.8 cm.

22. Since the ratio of the areas of two similar triangles is
equal to the ratio of the square of their corresponding

altitudes,
ar(AABC)  AD?

ar(APQR)  Pps?
-(%8)

(3
9
_ 16
81
Hence, ar(AABC) : ar(APQR) = 16 : 81.
23. Since the ratio of the areas of two similar triangles is

equal to the ratio of the squares of the corresponding
angle bisector segments,
AD?

ar(AABC)
ar(AXYZ) ~ XxEg2

4 cm)2
3 cm)2
16
9

Hence, ar (AABC) : ar (AXYZ) =16 : 9.
24. In AABC and AACP, we have

—_

—

Z/ABC = ZACP [Given]
/BAC = ZCAP [Common]
AABC ~ AACP
A
P 3
B 5 C

AB _ BC _ AC

AC ~ CP AP
[Corresponding sides of similar triangles
are proportional]

N | s98ueuy
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25.

26.

() AB _ BC
AC (@
AB _ 5
= 3 T4
3x5
AB =
= 4
_15
T4
=375
Hence, AB = 3.75.
CcP AP
5_3
= 1 AP
3x4 12
AP = == =24
= 5 5

Hence, AP = 2.4.

(ifi) Since the ratio of the areas of two similar triangles
is equal to the ratio of the squares of any two
corresponding sides,

ar(AABC) _ BC*
ar(AACP)  Cp?
52
-7
-2
16
ar (AABC) _ 25

Hence, ~{AACP) ~ 16

Given that AABC is right-angled at A and AD 1 BC.
Also, BC = 13 cm and AC =5 cm.

&

N

B D C
f——13cm ——
To find the ratio of areas of AABC and AADC.
In ABAC and AADC, we have
/BAC = ZADC = 90°
/BCD = ZACD
. By AA similarity criterion, ABAC -~ AADC
ar(ABAC) _ BC? _ 13> _ 169
ar(AADC)  AC?2 52 25

[Given]
[Common]

Hence, the required ratio is 169 : 25.
Given that AABC and AEBD are two equilateral
triangles, where D is the mid-point of BC. To find the
ratio of the area of AABC and AEBD.

A

We know that all equilateral triangles are similar, since
each angle of each of such triangles is 60°.
ar(AABC)  BC? _ 4BD?* 4
ar(AEBD) ~ BD2 1

BD? 1

.. Required ratio is 4 : 1.
27. In ALMN and AQNP, we have

L
Q
[Alt s, LM || NQ]
Z/INM = /QPN  [Alt /s, LN || PQ]
o ALMN ~ AQNP [By AA similarity]
Since the ratio of the areas of two similar triangles
is equal to the ratio of the squares of any two

corresponding sides,
ar(ALMN)  MN?

ZLMN = ZQNP

MN?

ar(AQNP) ~ 2 2
(AQNP) NP (ZMN)
3
[ MP:@ NP = MN — MP
= NP:MN——M3N =%MN]

Hence, ar(ALMN) : ar(AQNP) =9 : 4.

28. (i) Given that D is a point on the side AB of AABC
such that AD : DB = 3 : 2. Also, E is a point on BC
such that DE | AC.

To find the ratio of the areas of AABC and ADBE.

A
3
D
2
B E C
Since DE | AC,
AABC - ADBE
ar(AABC)  AB2 _ (3+2)° 25
ar(ADBE) pB2 22 = 4

. Required ratio is 25 : 4.
(i1) Given that S and T are two points on the sides PR

and PT respectively of AQPR such that TS || OR,
PS=3cm and SR =4 cm.

Q
T
P 3cm S 4 cm R
To find the ratio of the areas of APST and PRQ.
Since, TS || QR,



APST -~ APRQ
ar(APST) _ ps? = 32 9
ar(APRQ)  PR?  (3+4)° 49
Required ratio is 9 : 49.
29. Let each side of equilateral triangle ABC be x.

A

B D C

Then, AB = x
and altitude, AD = g X.
AABC ~ AADE
[They are equiangular As]
Since the ratio of the areas of two similar triangles
is equal to the ratio of the squares of any two
corresponding sides,

2
V3
=X
ar(AADE) AD? (2 B
ar(AABC)  AB2 2 4
Hence, ar (AADE) : ar (AABC) =3
30. In AAOB and ACOD, we have
D C
(0]
A B
ZAOB = ZCOD
[Vertically opposite angles]
Z0OAB = Z0CD

[£CAB = ZACD, Alt Zs, DC || AB]
. AAOB ~ ACOD  [By AA similarity]
Smce the ratio of the areas of two similar triangles
is equal to the ratio of the squares of any two
corresponding sides,
ar(AAOB)  AB?
ar(ACOD) ~ cp?

_@oop
CD?
_4
1
- 84 cm? _4
ar(ACOD) 1
_8 o 2
= ar (ACOD) = 73 = 21 cm

Hence, the area of ACOD is 21 ¢cm?.

31. In APXQ and ARXS, we have

P Q
X
S ” R
ZPXQ = £ZRXS
[Vertically opposite angles]
ZQPX = ZSRX

[ ZQPR = £SRP, Alt Zs, PQ || SR]
APXQ ~ ARXS [By AA similarity]
Smce the ratio of the areas of two similar triangles
is equal to the ratio of the squares of any two
corresponding sides,
ar(APXQ)  pQ?
ar(ARXS) ~ Rs?

Hence, ar (APXQ) : ar (ARXS) =4
32. (i) In AADE and AABC, we have

A
D E
B C
ZADE = ZABC
[Corresponding /s, DE || BC]

/DAE = ZBAC [Common]
AADE ~ AABC [By AA similarity]

AD _ AE

AB ~ AC

[Corresponding sides of similar
triangles are proportional]
AD _ AC-CE

= AB ~ AC
N 2cm 9cm - CE
6cm  9cm
N 1 _ 9cm — CE
3 9cm
= 9cm =27 cn -3 CE
= 3am =9 ean - CE
= CE=09-3)cm=6cm

Hence, the length of CE is 6 cm.

(if) Since the ratio of the areas of two similar triangles
is equal to the ratio of the square of any two
corresponding sides,
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3 (2 cm)2 1
(6 cm)2 9
ar(AABC) . .
— = T 1
= ar(AADE) 9 [Taking reciprocals]
ar(AABC)
) 1=9-1
- ar(AADE) 7
ar(AABC) — ar(AADE) g
ar(AADE) -
ar (trapezium BCED) 8
- ar(AADE) "1
AADE
= ar( . ) = = [Taking reciprocals]
ar(trapezium BCED) 8
H ar (AADE) _1 .
N ar (trapezium BCED) 8
33. =]
~
O 12cm A 20cm R
(i) In AQPR, CA || PR
QA _ QC
AR ~ CP [By BPT]
- 12cm 15am
20cm ~ PC
_ 15%20
= PC = B cm
=25 cm
Hence, PC = 25 cm.
(i) In APQR, CB | QR
PC _ PB
oG - [By BPT]
N 25cm 15cm
15cm = BR
_ 15x15
= BR = 5 cm =9 cm
Hence, BR = 9 cm.
(iii) In APBC and APRQ, we have
/PBC = /PRQ
[Corresponding s, CB || QR]
/BPC = ZRPQ [Common]
APBC ~ APRQ [By AA similarity]

Since the ratio of two similar triangles is equal to
the ratio of squares of any two corresponding sides,

ar(APBC)  pB2 PB?

ar(APRQ) ~ PR’  (PB+BR)

(15 cm)2
[(15+9) Cm]2
_ 15x15
T 24x24
_5x5 _ 25
8x 8 64
Hence, ar (APBC) : ar (APRQ) = 25 : 64.
ALTERNATIVE METHOD
33. (i) and (i)
CB || QR and CA || PR
ARBC is a parallelogram.
CB=AR=20cm
APCB ~ APQR [By AA similarity]
PC CB _ PB

PQ QR PR

[Corresponding sides of similar
triangles are proportional]

N PC _ 20
PC +15 cm 32
and 20 _ _ 15em
32 15 cm + BR
= PC =25 cm
and BR =9 am

ar (APBC) _ BC?
ar (APRQ)  Qc?

_ (20em)*> _ 25
(32cm)> 64

(i)

For Standard Level

34. Given that P, R are points on the side AB of AABC
such that AP =4 cm, PR =3 cm and RB = 5 cm. Q and
S are points on AC such that PQ || BC, RS || BC and
AQ =3 cm. Also, ar(AABC) = 48 cm?.

A
40Wcm
P/—» Q

3cm
R > \S

5cm

>
>

B C

To find the lengths of QS and SC and also the area of
AAPQ.
Since, PQ || RS || BC,

AAPQ - AARS ...(1)
and AAPQ - AABC ...(2)
AP _ AQ
From (1), AR ~ AS
= 4 _ 3
4+3 3+QS
= 12 +4QS = 21
= 4Q5=21-12=9

=2
Qs=7



35.

Again, since RS || BC,
AS AR

9
N 3+Z _ 4+3
SC 5
N 21 _7
4sC 5
= 28 SC = 105
105 _15
= SC = 8 - 4

Hence, the required lengths of QS and SC are

. 9 15
respectively it and 7 o

Again, from (2), we have
ar(AAPQ)  AP?

ar(AABC) ~ AB?
_ 4 16 _1
(4+3+57 144 9
- ar(AAPQ) 1
48 )
ar(AAPQ) = % _ %

Hence, the required area of AAPQ is % cm?.

Given that CE and DE are equal chords of a circle
with centre at O. Also, ZAOB = 90°. Clearly, COD is a
diameter of the circle with radius, say  cm so that
OA=0C=0B=0D=r.

o Z0OAB = ZOBA
and ZECO = ZEDO
E
o0

To find the ratio of the areas of ACED and AAOB.
Since, angle is a semicircle is 90°.

o ZCED = 90°.
Again, OC=0D=r,
<EOD = ZEOC = 90°
/ECO = ZEDO = 45°
Also, - OA=0B=rv,
Z0OAB = ZOBA = 45°
ACED - AAOB.
Z0OAB = ZOBA = 45°,
ar(ACED) CD? (27’)2
ar(AAOB)  AB2 242
_4? 2
N 22 1

Required ratio is 2 : 1.

EXERCISE 6D

For Basic and Standard Levels
1. For the given triangle to be right-angled, the sum of the
squares of the two smaller sides must be equal to the
square of the greatest side.
(i) a=6cm,b=8cmand c=10 cm
@ + b = (6 cm)? + (8 cm)?
= (36 + 64) cm? = 100 cm?
¢ = (10 cm)? = 100 cm?
Clearly, a2+ b =c>2
Hence, the given triangle is right-angled.
(@) a=35cm,b=12cm and c =125 cm
b? + ¢ = (12 cm)? + (12.5 cm)?
= (144 + 156.25) cm?

= 300.25 cm?
¢ = (35 cm)? = 1225 cm?
Clearly, b+ ¢ = a’

Hence, the given triangle is not right-angled.
@iil) a=4cm,b=75cm and c =85 cm
@ + b = (4 cm)? + (7.5 cm)?
= (16 + 56.25) cm?

=72.25 cm?
c? = (8.5 cm)? = 72.25 cm?
Clearly, a2+ =c

Hence, the given triangle is right-angled.
() Letx=@-1) cm, y = 2Ja cmand z = (@ + 1) cm

P+ =[a-1) cm]® + [Zﬁcm]z

= (@ -2a + 1 + 4a) cm?
= (@ + 2a + 1) cm?

= (a + 1)? cm?
z2 =[(a + 1) cm]?
=(a+1?m?
Clearly, 2+ =22

Hence, the given triangle is right-angled.
2. Starting from point P, let the man go 7 m due North
and reach point A and then let him go
24 m due East to reach point B.

3

24 m B

7m

P

Then, PA =7 m, AB = 24 m and ZPAB = 90°.
In right triangle PAB, we have
PB? = PA? + AB?
[By Pythagoras” Theorem]
= (7 m)? + (24 m)?
= (49 + 576) m?
= 625 m?2
PB = V625 m =25 m

Hence, the man is 25 m away from the starting point.
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3. In right triangle PRQ, we have

P
R Q
PQ? = PR? + RQ?
[By Pythagoras” Theorem]
= PQ? = PR? + PR?
[- APRQ is an isosceles right triangle

= PQ =PR]
Hence, PQ? = 2 PR2
4. Let A represents the airport from which one aeroplane
flies due North at a speed of 1000 km/h and reaches
point B after 30 minutes, another aeroplane flies due
West at a speed of 1200 km/h and reaches point C
after 30 minutes.

B
C A
_ 1000km 1
Then, AB = Thour X 5 hour
=500 km
1200 km 1
and CA = Thour x 5 hour
= 600 km

[~ Distance = Speed x Time]
In right ABAC, we have
BC? = AB? + AC?
[By Pythagoras” Theorem]

= BC2 = (500 km)? + (600 km)?
= (250000 + 360000) km?
= 610000 km?

= BC = 100+/61 km

Thus, the two aeroplanes will be 100 J61 km apart.

5. Let AB be the ladder which reaches a window CB of a
house at point B.

B

C A
Then, AB = 25 cm, CB = 20 m and ZBCA = 90°.

In right triangle ACB, we have
AB? = BC? + AC?
[By Pythagoras” Theorem]

= (25 m)? = (20 m)? + AC?

= AC? = (625 - 400) m?
=225 m?

= AC=15m

Hence, the distance of the foot of the ladder from the
house is 15 m.

. Let ABC be a right triangle, right-angled at B.

Let AB = x cm be the smaller of the remaining two
sides.

A

O
N

xcm

B (+5cm C

Then, AC = 25 cm and AC = (x + 5) cm?2
In right triangle ABC, we have
AC? = AB? + BC?
[By Pythagoras’ theorem]

= (25 cm)? = (x cm)? + [(x + 5) cm]?
= 625 cm? = (x2 + 2% + 10x + 25) cm?
= 625 = 2x2 + 10x + 25

= 2x% + 10x — 600 = 0

= x% + 5x —300 = 0

= x2+20x - 15x - 300 =0

= x(x +20) - 15(x + 20) = 0

= (x+20) (x-=15) =0

= x = 20 rejected

or x =15

AB =15 cm

and BC = (15+5) cm =20 cm

. Let AABC be a right triangle in which ZB = 90°,

altitude AB = x cm.

B (-1 C

Then, hypotenuse AC = (2x + 1) cm
and base BC=(2x +1-2)cm = 2x - 1) cm
In right triangle ABC, we have
AC? = AB? + BC?
[By Pythagoras” Theorem]

= (2x + 1)2 = x% + (2x — 1)?
= A +dx+1=0%+4*—dx + 1
= ¥-8x=0

= x(x-8)=0

= x = 0 (rejected)

or x=38



AB=8cm, BC=(2 x8-1) =15 cm and
AC=@2x8+1)cm =17 cm
Hence, the lengths of the triangle are 8 cm, 15 cm and
17 cm.
. Let AB be the street and let C and D be the windows
at heights of 8 m and 15 m respectively from the
ground. Let E be the foot of the ladder. Then, EC and
ED are the two positions of the ladder.

D
N £
C o o
17”7 -
S
[ee]
A E B

Clearly, AC =8 m, BD = 15 m, EC = ED =17 m
and ZCAE = ZDBE = 90°.
In right triangle CAE, we have
AC? + AE? = CE?
[By Pythagoras” Theorem]

= (8 m)? + AE? = (17 m)?
- AE? = (289 — 64) m?
= 225 m?
= AE =15m (D

In right triangle DBE, we have
BD? + EB? =ED?
[By Pythagoras” Theorem]
(15 m)? + EB? = (17 m)?
EB? = (289 — 225) m?
= 64 m?
= EB =8 m .. (2
Hence, the width of the street
AB = AE + EB
=15m+8m
=23 m [Using (1) and (2)]
. Let AB and CD be the two walls 5 m apart
such that a ladder kept at E, x m from wall AB touches
the wall at A and touches the wall CD at C, keeping
the foot of the ladder fixed.

=
=

A
C
6 5
1
B X E 5-x) D

Then, BE=xm,ED=(5-x)m, AB=6m,CD=5m
and ZABE = ZCDE = 90°.
In right triangle ABE, we have
AB? + BE? = AE?
[By Pythagoras” Theorem]
= (6 + x> = AE? ()

10.

11.

In right triangle CDE, we have
CD? + ED? = CE?
= (5)? + (5 - x)? = CE? .. (2
From (1) and (2), we get
6% +x2= ()2 + (5-x)?
[© AE = CE = length of the ladder]
36 + x% = 25 + 25 — 10x + 2
14-10x=0
2(7-5x)=0
7-5x=0
bx=7
7

x=§=1.4

Hence, the distance of the foot of the ladder from the
first wall is 1.4 m.

L s Ul

In right triangle QPR, we have

p
D

'L“G(Q
K&

(©) 26 cm R

QR? = PQ? + PR?
[By Pythagoras” Theorem]
(26 cm)? = (24 cm)? + PR?
PR? = (676 — 576) cm?
PR? = 100 cm?
PR =10 cm (1)
right triangle PKR, we have
PK? + KR? = PR?
PK? + (8 cm)? = (10 cm)?
PK? = (100 - 64) cm?
PK? = 36 cm?
PK =6 cm

In right APMR, we have

sUU Uy

[Using (1)]

Luuuy

M

O 26 cm R

PR? = PM? + MR?
[By Pythagoras” Theorem]
= (6 cm)? + (8 cm)?
=100 cm?
= PR =10 cm .. (D)
In right AQPR, we have
QR? = PQ? + PR?
[By Pythagoras” Theorem]

= (26 cm)? = PQ? + (10 cm)®>  [Using (1)]
= PQ? = (676 — 100) cm?

= 576 cm?
= PQ =24 cm ... (2)
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12.

13.

ar(APQR) = % « PQ x PR

:%x24><10

= 120 cm?
Hence, area (APQR) = 120 cm?.

Let AD be the altitudes of isosceles AABC in which
AB = AC =13 cm.

[Using (1) and (2)]

13cm

B D c

Then, altitude AD =5 cm.
In right triangles AADB and AADC, we have

AB = AC [Given]
AD = AD [Common]
AADB = AADC[By RHS Congruency]
BD = CD [CPCT] ... (1)

In right AADB, we have
AB? = AD? + BD?
[By Pythagoras” theorem]
= BD? = (169 - 25) cm?
= 144 cm?
= BD =12 cm ... (2)
BC =BD + CD
=BD + BD
=2 BD
=2x12
=24 cm

Now,

[Using (1) and (2)]
Let ABC be an equilateral triangle with side 2a.

A
2a 2a
B D C
Then, AB=BC=CA =2
Let AD 1 BC.
In right AADB and right AADC, we have
AB = AC
[Sides of an equilateral triangle]
AD = AD [Common]
AADB = AADC [By RHS congruency]
= BD = DC [By CPCT] ... (1)
and BC =BD + DC
= BD + BD
=2 BD [Using (1)]
_BC _2a _
= BD = > =5 =a ... (2)

14.

15.

In right AADB, we have
AB? = AD? + BD?
[By Pythagoras” Theorem]
(2a)? = AD? + a2 [Using (2)]
402 = AD? + a2
AD? = 342
AD = f3a
Hence, the altitudes of an equilateral triangle with side
2qis+/3a.

Given that AABC is an equilateral triangle such that
AB =BC =AC =8 cm.

AD is an altitude of AABC from the vertex A to the

side BC.

Then D is the mid-point of BC.

Uuuy

A
8cm 8cm
B D C
F—4cm—+—4cm—
I 8cm i

- BD= %cm — 4 cm, AB = 8 cm and ZADB = 90°

To find the length of the altitude AD of AABC.
From right-angled triangle ABD, we have by
Pythagoras’ theorem
AB? = AD? + BD?
= 82 = AD? + 42
= AD? = 64 — 16 = 48
AD = /48 = 43 cm.
Hence, the required length of the altitude is 43 cm.

Given that ZABC = 90° in a triangle ABC.
Also, BD L AC where D is a point on AC and
AD =4 cm and DC =5 cm.

To find the length of BD and AB.

A
4 cm
D
xcm
5cm
B ycm C

Let AB = x cm and BC = y cm.
In AABD, ZADB = 90°, AB = x cm and AD =4 cm.
.. By Pythagoras’ theorem, we have

AB? = BD? + AD?
= x% = 4?2 + BD?

=16 + BD? ...(1)

Similarly, from right-angled triangle BDC, we have by
Pythagoras’ theorem,

BC? = BD? + DC?
= y? = BD? + 57
= y? =25 + BD? ...(2)



16.

Also, from AABC,
ZABC =90°,
AB? + BC? = AC?
= P+1yP=(5+4)7>=81 ...(3)
Adding (1) and (2), we have

x2 + y? =25 + 16 + 2BD?

=41 + 2BD?

= 81 — 41 = 2BD? [From (3)]

Bp2 = 40 _ o
. BD = /20 = 2.5 (@)
Also, from (1) and (4),

x2=16+20=36

o x=+/36 =6
= AB=6 .05

Hence, the required length of BD and AB are
respectively 2+/5 cm and 6 cm.

Given that AABC is a right-angled triangle with ZACB
=90°, Q is the mid-point of BC and AC =4 cm, AQ =
5 cm. To find AB?.

B
Q
90°
c 4cm A
From AAQC,
i ZACQ =90°

.. By Pythagoras’ theorem, we have
AQ? = AC? + QC?
= 25 =16 + QC2
QC=+25-16 =3
From AABC,
£C =90°,
AB? = AC? + BC2
= £ + (2QC)
=16+4x9
= 52.
The required value of AB? is 52 cm?

17. Let AB and CD be the given vertical poles.

12 m

A 12m c

Then, AB=7m,CD=12mand AC=12m
Draw BE | AC.
Then, BE=AC=12m,
DE=DC-CE=12m- AB
[~ CE = AB]

18.

19.

=12m-7m
=5m
In right triangle DEB, we have
BD? = BE? + DE?
[By Pythagoras” Theorem]
=(12m)? + (5m)?

= (144 + 25) m?

=169 m?
= BD =13 m
Hence, the distance between the tips of the poles is 13 m.

B
A
C
D

AD? = AB? + BC? + CD?
= AD? = AC? + CD?
[ AB? + BC? = AC?, Pythagoras” Theorem]
By the converse of Pythagoras theorem,
ZACD = 90°
Hence, Z/ACD = 90°.

Let ABCD be the given rhombus, whose diagonals AC
and BD intersect at O.

[Given]

B
&
S
N>
A 6cm c
(0]
D
Then, AB =10 cm
Let AC=12cm

Since the diagonals of a thombus intersect each other at
right angles.
OA=2 AC=6cm
In right AAOB, we have
AB? = OA? + OB?
[By Pythagoras” Theorem]
(10 cm)? = (6 cm)? + OB?
OB? = (100 - 36) cm?
=64 cm?
= OB = 8 cm
BD =2 x OB
=(2 x 8) cm
=16 cm.
Hence, the length of the second diagonal is 16 cm.

Ul
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Area of the rhombus = ~d,d, = % x 12 x 16 cm?

1

§ 1
=96 cm?

Hence, the area of the rhombus is 96 cm?.

20. Let ABCD be the given rhombus in which diagonal
AC =15 cm and diagonal BD = 36 cm.
Let the diagonals AC and BD intersect at O.

B

D

Since the diagonals of a rhombus bisect each other at
right angles,

ZAOB = 90°,
1,15
AO—ZAC— ) cm
and BO:%BD:%cmzwcm

In right triangle AOB, we have
AB? = AO? + BO?
[By Pythagoras” Theorem]

2

- (% + 324)

225 +1296
4

1521
4

= AB:%cm

2
= AB? = (Ecm) + (18 cm)?

Perimeter of rhombus = 4 x AB =4 x % cm = 78 cm

21. In right triangle ACB, we have
A

C D B

AB? = AC? + BC?
[Pythagoras” Theorem]
= AC? + (2 CD)?
[ BC =2 CDJ

= AC? + 4 CD?
= AC? + 4 (AD? - AC?)
[ AC? + CD? = AD?, By Pythagoras’ Theorem]
=AC? + 4 AD? — 4 AC?
=4 AD? -3 AC?
Hence, AB? = 4AD? — 3AC2
22. In right triangle ADB, we have

c

A B

AB? = AD? + BD?
[By Pythagoras” Theorem]
= AB? - BD? = AD? (1)
In right triangle ADC, we have
AC? = AD? + CD?
= AC? - CD? = AD? . (2
From (1) and (2), we get
AB? — BD? = AC? - CD?
= AB? + CD? = BD? + AC?

For Standard Level
23. In right ABAC, we have
A

B D C

BC? = AB? + AC?
[By Pythagoras” Theorem] ... (1)
In right AADB, we have
AB? = AD? + BD?
[By Pythagoras” Theorem] ... (2)
In right AADC, we have
AC? = AD? + CD?
[By Pythagoras” Theorem] ... (3)
From (2) and (3), we get
AB? + AC? = 2 AD? + BD? + CD?

= BC? = 2 AD? + BD? + CD?
[Using (1)]
= (BD + CD)? = 2 AD? + BD? + CD?
= BD?+ CD? + 2 BD x CD =2 AD? + BD? + CD?
= 2BD x CD =2 AD?
= AD? = BD x CD
24. In right triangle ADB, we have
A
B D C



25.

AB? = AD? + BD?
[By Pythagoras” Theorem] ... (1)
In right triangle ADC, we have
AC? = AD? + CD?
[By Pythagoras” Theorem] ... (2)
Adding (1) and (2), we get
AB? + AC? = BD? + CD? + 2 AD?
= AB? + AC? = BD? + CD? + 2 BD x DC
[- AD? = BD x DC, given]
AB? + AC? = (BD + CD)?
AB? + AC? = (BC)?
By the converse of Pythagoras Theorem, AABC is a
right triangle.

=
=

A
D
Cc
b
C a B
(@) Area of AABC = %base x height
ar(AABC) = %AB « CD
[Taking AB as base]
- ar(AABC) = %Cp Q)
and ar(AABC) = %BC x AC
[Taking BC as base]
= ar(AABC) = %ab Q)
From (1) and (2), we get
fwzl@
2 2
= cp =ab
Hence, cp = ab.
(i) cp =ab [Proved in (i)]
1 _c
= p ab
1 ?
= o
2, 2
_ b Sy [ AR = AC+ BCY
a
1 b? a?
= _ = = 4 —
p2 202 22
1 1
2P
1 1
Hence, 5 = a—z + b—z

26. A

C Q B

(i) Since P divides CA in the ratio 2 : 1,

CP = %AC ()
And Q divides CB in the ratio 2 : 1,
cQ-= %BC @

In right triangle ACQ, we have
AQ? = AC? + CQ?
[By Pythagoras” Theorem]

- AQ® = AC? + chz [Using ()]

= 9AQ? = 9AC? + 4BC? ... (3
Hence, 9AQ? = 9AC? + 4BC2.
(i1) In right triangle BCP, we have
BP? = BC? + CP?
[By Pythagoras” Theorem]

- BP2 = BC2 + %ACZ [Using (1)]

= 9BP2 = 9BC2 + 4AC2 (@
Hence, 9BP? = 9BC? + 4AC2
(i) Adding (3) and (4), we get
9AQ? + 9BP? = 9AC? + 9BC? + 4BC? + 4AC?
=  9AQ+ BP?) = 13(AC2 + BC?)
= 9(AQ? + BP?) = 13AB?
[ AB? = AC? + BC?, By Pythagoras’ Theorem]
Hence, 9(AQ? + BP?) = 13AB>
27. In right triangle of OFA, we have

OA? = OF? + AF?
[By Pythagoras” Theorem]

AF? = OA? - OF?
In right triangle ODB, we have
OB? = OD? + BD?
[By Pythagoras” Theorem]
= BD? = OB? - OD? .. (2
In right triangle OEC,
OC? = OF? + CE?
[By Pythagoras” Theorem]

(1)

@ | s9j8ueny
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= CE? = OC? - OF? ... (3)
Adding (1), (2) and (3), we get
AF? + BD? + CE2 = OA? — OF? + OB? - OD?
+ OC? - OR?
= AF? + BD? + CE? = (OA2 - OE?) + (OB? - OF?)
+ (OC? - OD?)
= AF? + BD? + CE? = AE? + BF? + CD?
=  (AF?- AF?) + (BD? - B + (CE2 - CD? =0
Hence, (AF? — AE?) + (BD? - BF?) + (CE? - CD?) = 0.
28. Draw AM 1 BC.

O
B M
In right As AMB and AMC, we have
AB = AC
[Sides of equilateral triangle]
AM = AM [Common]
AAMB = AAMC
[By RHS Congruency]
BM = MC = % [CPCT] ... (1)
CD = % [Given]
and BD = BC -CD
- pc - BC
=BC 1
_BC
=2 . (@

In AABD, ZB is acute
AD? = AB? + BD? - 2BD x BM
2
3 3 BC
— AR? S _ 2
=AB +(4BC) 2><4BC>< 5

[Using (1) and (2)]
9BC*> 3

_ AR2 _ 9pc2
= AB- + 16 4BC

= 16 AD? =16 BC? + 9 BC? - 12 BC?

[AB = BC, sides of an equilateral triangle]
= 16 AD>=13 BC?
Hence, 16 AD? = 13 BC2.

29. Draw AM L BC.

In right AAMB and right AAMC, we have

AB =AC [Sides of an equilateral triangle]
AM = AM [Common]
AAMB = AAMC [By RHS congruency]
- BM = CM [By CPCT] ... (1)
But BC =BM + CM
BM =M = B= @)
-BM-BD= B€ _ BC
DM =BM - BD = 5 1
[- 4 BD = BC and using (2)]
= pm = B= )

In right triangle AMD, we have
AD? = AM? + DM? [By Pythagoras’ Theorem]

= AD? = AC? - CM? + DM?
[ AC? = AM? + CM?]
= AD? = BC? - CM? + DM?
[- AC = BC, sides of an equilateral triangle]
2 2
= AD? = BC? - (ﬁ) - (E)
2 4
[Using (2) and (3)]
2 _ne2_ BC? | BC?
= AD? =BC T

= 16 AD? = 16 BC? - 4BC? + BC?
= 16 AD? =13 BC?
Hence, 16 AD? = 13 BC2.

30. In right triangle PQS, PQT and POR, we have
P

Q S T R

PS% = PQ? + QS?
PT? = PQ? + QT?
PR? = PQ? + QR?

[By Pythagoras” Theorem] ... (1)

[By Pythagoras’ Theorem]

Now,
3 PR? + 5 PS2—- 8 PT?
=3 (PQ*+ QR +5 (PQ* + Q) - 8 (P + QT?)
[Using (1)]
=3 PQ?+ 3 QR? + 5 PQ? + 5 Q5% - 8 PQ? - 8 QT?
=3 QR2 +5QS?-8 QT2

B OR 2 2 2
=3 QR? + 5(7) - 8(§QR)
[ Points S and T trisect QR]
2
—3QR?+ 5(%{] - s(g QRz)

=27 QR? + 5 QR? - 32 QR?
=32 QR2-32 QR?
=0
Thus, 3 PR2 + 5 PS2 -8 PT2 =0
Hence, 8 PT? = 3 PR? + 5 PS?



31. Draw AE 1 BC.

A
i
i
1
,_.
B D E C
In AAED,
ZAED =90°
ZADE < 90°
ZADB > 90°
Thus, in AADB, ZADB > 90° and AE 1L BD produced.
AB? =AD? + BD? + 2 BC x DE ... (1)

In AADC, ZADC < 90°and AE 1 BC
s AC?2 = AD? + CD?-2 CD x DE
= AC? = AD? + BD? - 2BD x DE
[~ CD=BD]... (2

Adding (1) and (2), we get

AC? + AB? = 2(AD? + BD?)
Hence, AB? + AC? = 2(AD? + BD?)

32. In right AADE,
A B

D C E

AE? = AD? + DE?
- AD? + (DC + CE)?
=AD? + DC? + CE? + 2 DC x CE
- DC2 + DC2 + CE? + 2 DC (DE - DC)
[** AD = DC]
=2DC2 + CE2? + 2 DC x DE - 2 DC?
=CE? + 2 DC x DE
Hence, AE? = CE? + 2DC x DE.

33. In right ABAC, we have
Q

E
L F
D 4‘
C
B
BC? = AB? + AC?
[By Pythagoras” Theorem] ... (1)
In right AEAQ, we have
EQ? = AR + AQ?
[By Pythagoras” Theorem] ... (2)
Adding (1) and (2), we get
BC? + EQ? = AB? + AC? + AE? + AQ?
= (AB? + AF?) + (AC? + AQ?)
= (DE? + AR?) + (PQ? + AQ?)
[- AB = DE and AC = PQ, Opp. sides of a square]
=AD? + AP? [By Pythagoras’ Theorem]
Hence, BC? + EQ? = AD? + AP?

P

34. Let

35.

AC =b, BC=a and AB =c.

In right triangle, we have

¢ =a? + b? [By Pythagoras’ Theorem] ... (1)
Join diagonals BE, CI and GA on rhombus BDEA,
CHIB and CGFA respectively.

AABE = ABDE [By SSS similarity]
= ar(AABE) = ar(ABDE) ... (2
AABE is equilateral.
= ABDE is also equilateral. ... (3)
Area (rhombus BDEA) = 2(arAABE)
= 2? ¢ [Using (2) and (3)]
= /3 ¢? @)

Similarly, area (thombus CHIB) = NEY 2

and area (thombus CGFA) = /3 12
ar(rhombus CHIB) + ar(rhombus CGFA)

= 3a2+ 31

= 3@+ 1) .. (5
From (1), (4) and (5), we get

= B@+1»

Hence, area of rhombus on the hypotenuse of a right
triangle with one of the angles as 60° is equal to the

sum of the areas of rhombuses with one of their
angles as 60° drawn on the other two sides.

Let AB =6 cm and AC = 8 cm.

8 cm

~~
~
~

A 6 cm B

In right triangle CAB, we have
BC2? = AB? + AC?> [By Pythagoras’ Theorem]
= (6 cm)? + (8 cm)?
=100 cm?
= BC =10 cm
ar(ACAB) = ar(AOAB) + ar(AOBC) + ar(AOCA)

1 _(1 1 1
:>EAB x AC = (ZAer) + (ZBer) + (ZCAxr)

= 1 x 6 x 8 cm?
2
_ |1 1 1
= |:2><6><r+2><10><r+2><8><r:|cm

= 48 cm? = [6r + 107 + 8r] cm

3 | ssi8ueny
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36.

37.

= 24r =48 cm

= r=2cm

Hence, the radius of the circle is 2 cm.

Given that AABC is an isosceles triangle with AB = AC,
inscribed in a circle with centre at O. AB = AC = 13 cm
and BC = 10 cm, Let OA = OB = OC = r cm be the
radius of the circle.

To find the radius r of the circle.
We draw AOP L BC.
Then P is the middle point of BC.

BP =PC = %cm=5cm.
We join OB and OC.
Now, OP=AP-AO=AP-r ...(D

Now, in AAPB, we have by Pythagoras” theorem,
AB? = AP? + PB?

2
- 13 = AP? + (%)
= AP? =169 - 25 = 144
AP =12
.. From (1), OP=12-r ...(2)

Now, from AOBP,

ZOPB = 90°

.. By Pythagoras’ theorem, we have
OB? = OP? + PB?

= 12 = (12 - r)? + 52 [From (2)]
= 144 + 12— 2r + 25
= 24r = 169
169 _
r= o 7.041 (approx.)

Hence, the required radius of the circle is 7.041 cm
(approx.)

Let AB = 2x.
Then, AD=DB =x
and let BC =2y.
Then, BE=EC=y
A
D
B . E . (o

In right AABE, we have
AE? = AB? + BE?
[Pythagoras” Theorem]
= (5 cm)? = (2x)% + (y)? .. (D)

38.

39.

In right ADBC, we have
CD? = DB? + BC?
[Pythagoras” Theorem]

- (v20em)® = 2% + (2y) (2

Adding (1) and (2), we get
(25 + 20) cm? = 4x2 + 12 + &2 + 4y
= 5x2 + 52 = 45 cm?
= ¥+ 12 =9 cm? .. (3
In right AABC, we have
AC? = AB? + BC?

=422 + 417

=42 + %)

=4x9

=36 cm?
= AC=6cm
Given that in APQR, ZPQR is obtuse and ZPMR = 90°.
Also, RN is L to PQ produced.

P
90°
M Q R
90°
N
To prove that PR? = PQ - PN + RQ - RM.

In APQR,
- /PQR is obtuse hence, we have
PR? = PQ? + QR? + 2PQ - QN
Also, PR? = PQ? + QR? + 20R - QM
Adding (1) and (2), we get
2(PR?) = 2(PQ? + QR?) + 2(PQ - ON + QR - QM)
= DPR*=PQ*+QR?>+PQ-QN + QR - QM
=PQ? + QR? + PQ(PN - PQ) + RQ(RM - QR)
=PQ? + QR? + PQ - PN - PQ? + RQ - RM

(1)
.(2)

- RQ?
=PQ - PN + RQ - RM.
Hence, proved.
In right AAPD and right ABQC, we have
AD = BC [Given]
AP = BQ

[ AB || DC, .. AB | PQ]

AAPD = ABQC [By RHS congruency]
DP = QC [By CPCT] ...(1)

A B

O .
D P
In right triangle APC,
AC? = AP? + PC?
[By Pythagoras” theorem] ...(2)

i_|
Q

In right triangle BQC,
BC2 = BQ? + QC2
[By Pythagoras’ theorem] ...(3)



40.

Subtracting equation (3) from equation (2), we get
AC? - BC? = AP? - BQ? + PC? - QC?

= BQ? - BQ? + PC? - QC?
[-- AP = BQ]
=PC2 - QC?
= (PC + QC) (PC - QC)
= (PC + QC) (PQ) [Using (1)]
=CD x AB [.. PQ = AB]
Hence, AC? - BC2 = AB x CD.

Given that ABCD is a quadrilateral such that ZA + ZD
=90°.
To prove that AC? + BD? = AD? + BC?

A D

E

Construction: We produce AB and DC to intersect each
other at E. We join AC and BD.
ZA + £D = 90°
The remaining ZAED of AAED is also 90°
[By angle-sum property of a triangle]
Now, in AADE, ZAED = 90°.
. By Pythagoras’ theorem, we have from AAED

[Given]

AD? = AE? + DE? ...(1)
[+ ZAED = 90°]

Slrmlarly, from ABEC, since ZBEC = 90°,
BC2 = BE? + CE2 .2

Addmg (1) and (2), we get
AD? + BC? = AE? + DE? + BE? + CE?
= (AE? + CE?) + (DE? + BE?)
= AC? + BD?
- In A ACE and in ABED,
ZAEC = ZBED = 90°.
Hence, AC? + BD? = AD? + BC

EXERCISE 6E
(OPTIONAL)

For Basic and Standard Levels

1. () AB=6 cm, AC =12 cm, BD =25 cm and

CD =55 cm
A
B D C
BD _ 25cm _ 5
DC 5.5 cm 11
and AB = 6 cm = 1
AC 12 cm 2
Since 5D , AB
DC AC’

AD is not the bisector of ZA of AABC.

(i) AB=9 cm, AC =12 cm, BD = 4.5 cm and
CD =6 cm

BD _ 45cm _ 3

DC ~ 6cm 4
and AB _ 9cm _ 3

AC 12 cm 4
Since BD = AB

DC AC’

AD is the bisector of ZA of AABC.

2. Since AD is the bisector of ZA,

BD _ AB
DC AC
[By the Angle-bisector Theorem]
A
B D C

@ 4em | AC
= AC—8><4 cm
5
=32 m
5
= 6.4 cm

Hence, AC = 6.4 cm.
3cm _ 6cm

(i) DC =~ 5cm
_3x5 _5
= DC-= 3 cm—zcm
=25cacm
Hence, DC = 2.5 cm.
(i) D _Sem_>
DC 7 cm 7
D 5
H _— ==,
ence DC 7
BD _5
DC 7
BD _5
= DC +1= 7 +1
BD + DC 5+7
= DC 7
BC _ 12
- DC- 7
BC 12
Hence,ch 7

(iv) BC =6 cm, BD = 3.2 cm, DC = BC - BD =
cm = 2.8 cm

(6-32)

Now BD _ AB
’ DC ~ AC

a | ssi8ueny



32cm _ 5.6cm 10ecm _ BC+CE

28cm ~ AC 8 cm CE
_ 5.6x28 5 _4cm+CE
= AC= "% o = 4~ CE
= AC =49 cm = 5CE=16cm + 4 CE
Hence, AC = 4.9 cm. = b5-4)CE=16cm
(v) Let BD =xcm = CE =16 cm
Then, CD =BC -BD = (104 - x) cm, Hence, CE = 16 cm.
Now BD _ AB 5. Since AD is the internal bisector of ZA meeting BC at D,
! DC AC
X cm _ 9cm
(104 - x)cm 4cm
= 4x =93.6 - 9x
= 13x = 93.6
= x=72

BD =72 cm and CD = (104 - 7.2) cm = 3.2 cm.
Hence, CD = 3.2 cm and BD = 7.2 cm.

3. Let AB = x cm.
Then, AC = (5.6 - x) cm AB _ BD
A AC BC
10cm _ BD
- 8cm  9cm — BD
= 5___ BD
4 9cm - BD
= 45 cm - 5 BD =4 BD
B 25cm P15cm C - 9 BD — 45 am
Since AP bisects ZA of AABC, = BD =5 cm
BP AB Hence, BD = 5 cm.
PC - AC Since AE is the external bisector of ZA meeting BC
[By the Angle-bisector Theorem] produced at E, AB BE
- 25cm _ X cm AC - CE
1.5ecm ~ (5.6 — x)cm
5 - 10 cm _ BE
= 3" ﬁ 8cm BE - BC
' 5 BE
= 5(55.6 — x) = 3x = 1 BE-9em
= 5% 5.6 -5x =3x
= 8x =5 x5.6 = 5BE - 45 cm = 4 BE
5% 5.6 = 5 BE - 4 BE = 45 cm
= x="—g— =35 = BE = 45 cm

Hence, BE = 45 cm.

Hence, AB = 3.5 cm. . )
6. In AABC, BD is the bisector of ZB.

4. Since AE is the bisector of exterior ZCAD and meets

BC produced at E, A
D
A
E D
<
S
/&
(o0}
B g c
B 4cm C E
AB _ AD )
AB BE BC DC
AC = CE [By the Angle-bisector theorem]

In AABC, CE is the bisector of ZC.
[By the Angle-bisector theorem]

& | Triangles



AC _ AE
CB ~ EB 2
[By the Angle-bisector theorem]
Now, DE || BC [Given]
AE _ AD
From (1), (2) and (3), we get
AB _ AC
BC =~ CB
= AB = AC

Hence, AABC is an isosceles triangle.
. In AACB, CD is the bisector of ~C.

B
D
A E C
AD _ AC
DB CB

[By the Angle-bisector theorem] ... (1)
In AAED and AACB,

ZAED = ZACB [Each is 90°]
/DAE = ZBAC [Common]
AAED ~ AACB [By AA similarity]
. AE _ ED
AC ~ CB
AE _ AC
= ED - CB ... (2
From (1) and (2), we get
AD _ AE
DB ED
= AD x ED = AE x DB

Hence, AD x DE = AE x BD.

8. In AABC, AD is the bisector of ZBAC.

A
B D C
E
F
AB _ BD
AC  DC
[By the angle-bisector theorem] ... (1)
In ABFC, DE || CF
BE _ BD
I < Do [By BPT] ... (2)
From (1) and (2), we get
AB _ BE
AC EF

Hence, AB = E
AC EF

. Join diagonal AC and let it intersect diagonal BD at E.

In AABC, BE bisects ZABC.

A

i

|

i

B :E D

i

|

C

AB _ AE

BC EC

[By the Angle-bisector theorem] ... (1)
In AADC, DE bisects ZADC.

AD _ AE
DC  EC
[By the Angle-bisector theorem] ... (2)
From (1) and (2), we get

AB AD

BC  DC

For Standard Level

10. In AADB, DP is the bisector of ZADB.

AP _ AD
PB BD
[By the Angle-bisector theorem] ... (1)

In AADC, DQ is the bisector of ZADC.

AQ _ AD
QC ~ DC
[By the Angle-bisector theorem]

AQ _ AD DO -
= oC = BD [ DC=BD]... (2
From (1) and (2), we get

AP _ AQ

PB QC

Thus, in AABC, PQ divides the sides AB and AC in the
same ratio.

By the converse of BPT, PQ || BC.
Hence, PQ || BC.

. Given that P and Q are two points on the side BC of

AABC such that BP = QC. M is a point on AC such
that BM bisects ZABC cutting AP and AQ at R and S
respectively.
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PR, QS _ CM
To prove that AR TSA - MA

In AABP, BR is the bisector of ZABP

BP _ PR
AB AR

In AABQ, BS is the bisector of ZABQ
BQ _ QS
AB AS

In AABC, BM is the bisector of ZABC
CB _cM
AB AM

Adding (1) and (2), we get
BP+BQ _ PR, QS
AB AR AS
PR, QS _ BP+BQ
AR AS AB
BP + QC+PQ
AB

(BP+PQ)+QC

= T E)T R [ BP = QC)

AB
BC
AB
CM
AM

Hence, proved.

CHECK YOUR UNDERSTANDING

— MULTIPLE-CHOICE QUESTIONS ———

For Basic and Standard Levels

1. 6
AABC ~ APQR
AB _ BC
PQ ~ QR
N 12_38
9 X
_8x9
= X = B =6
Hence, x = 6.
2. (b) 110°
X
P
50° 70°
(6] R Y Z

= [From (3)]

/P = 180° - (50° + 70°) = 60°
APQR ~ AXYZ

/P = 60°

ZX = 60°

Z£Q = 50°

ZY = 50°

ZX + 2Y =110°

Hence, £X + £Y = 110°.
3. (0 4B = 4D

AB _ BC

[Given]

DE FD
A D
B C E F

.3

AABC will be similar to ADEF if the angles included
angle between the pair of proportional sides are equal.
: /B = /D

Hence, ZB = ZD.
4. (b) ZF =110°, DE = 12 cm
In AABC,

ZB = 180° — (38° + 40°) = £110°

ZF = 110°
AABC ~ ADFE
AB _ BC _ AC

- DF = FE = DE
- Scm _ BC _ 8cm
7.5 cm FE DE
= DE = 8 X57'5 cm =12 cm
Hence, ZF = 110°, DE = 12 cm.
5. (c) 7.5 cm
ZADE = ZABC [Given]
But these are corresponding angles.
: DE || BC
AD _ AE
2_3
- 5 7 EC
= EC = % =75

Hence, EC = 7.5 cm.



6.

10.

() 3 cm
AABC ~ APQR
. AB _ BC _ AC
PQ QR PR
- 6 cm _ 4 cm
4.5 cm X
4x45
= X = cm = 3 cm
Hence, x = 3 cm.
(d) 10 cm
AADE ~ AABC [By AA similarity]
AD _ DE
AB BC
2cm _4cm
= 2cm+3cm - x
= x=4§5cm=10cm
Hence, x = 10 cm.
(a) 13.5 cm
AP _35cm _ 1
PB 7cm 2
AQ _3cm _ 1
and QC ~ 6cm 2
AP _ AQ
Clearly, PB - OC

Thus, in AABC, PQ divides sides AB and AC in the
same ratio.
By the converse of Thales Theorem,

PQ || BC
AAPQ ~ AABC [By AA similarity]
= AP _ PQ
AB =~ BC
- 3.5 cm _ 4.5 cm
(3.5+7)cm BC
- BC = £2x105 .\ _135em
35
Hence, BC = 13.5 cm.
(a) DE | BC
AD _ 1
DB 3
AE
and ﬁ =1: 3
AD _ AE
Clearly, DB - EC

Thus, in AABC, DE divides the sides AB and AC in the
same ratio.
By the converse of BPT, DE || BC.
Hence, DE | BC.
BC
PQ = 2=
() PQ 3
- AP _ AQ
Since PE - QC’

By the converse of BPT, PQ | BC.

11.

12.

AAPQ ~ AABC [By AA similarity]
AP _ PQ
AB ~ BC
AP _ PQ
= AP+PB _ BC
1 _PQ
= 1+2 = BC
1_PQ
= 3~ BC
BC
PQ=—
= Q 3
Hence, PQ = %
®1:6
ZADC = ZABC [Given]
But ZADC and ZABC are corresponding angles.
DE | BC
In AABC, we have
AE _ AD
EC ~ DB [By BPT]
. 4 _AD
8 ~ DB
. AD _1
DB 2
= DB =2 AD
=2 (AF + FD) .. (D
ZAEF = ZACD [Given]
But ZAEF and ZACD are corresponding angles.
FE | DC
In AADC, we have
AF _ AE
FD EC
N 1 _4
FD 8
= FD = 2 units .. (2
AF 1 .
Now, DB ~ 2(AF + FD) [Using ()]
AF _ 1 .
= DB ~ 2(1+2) [Using (2)]
. AF _1
DB = 6
= AF:DB=1:6
Hence, AF: DB =1:6.
(d) OA = 3.6 cm, OB = 4.8 cm
AABO ~ ADCO [Given]
. AB _ BO _ OA
CD OoC OD
N 3cm _ OB _ OA
2cm 3.2cm 2.4 cm
= OB = 3x32 X23'2 cm = 4.8 cm
and OA = 3x24 cm = 3.6 cm

Hence, OA = 3.6 cm and OB = 4.8 cm.
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13.

14.

15.

16.

17.

(©) 7.2 cm

AAOB ~ ACOD  [By AA similarity]
. BO _ AB
DO CD
. BO  _ AB
(BD-BO) = CD
N BO _9cm _ 3
(12ecm -BO) 6cm 2
= 2 BO =36 cm - 3 BO
= 5 BO = 36 cm
= BO=72am
Hence, BO = 7.2 cm.
dx=3,y=4
AATS ~ AAQP [By AA similarity]
AT _ TS _ AS
AQ Qr AP
6 _4_3
= 6 Yy x
= y=4andx=3
Hence, x =3 and y = 4.
(b) 16 cm
In APQR and APRS, we have
/PQR = £PRS [Given]
and ZQPR = /RPS [Common]
g APQR ~ APRS [By AA similarity]
= PQ _ PR
PR  PS
PQ  8cm
= 8cm ~ 4cm
= PQ =16 cm
Hence, PQ = 16 cm.
(d) 5.6 cm
AAED ~ AABC [Given]
N AE _ DE
AB CB
- 12 cm _ DE
(16+14)cm  14cm
= DE:12X14 cm = 5.6 cm

30
Hence, DE = 5.6 cm.
(d) 110°

AAOC and ADOB, we have
OA _ 12cm _ 6
OD 10 cm 5
OC _ 6cm _ 6

OB 5cm 5
and included ZAOC = ZDOB = 40°

and

[V. opp Zs]

AAOC ~ ADOB  [By SAS similarity]
/0OCA = #/OBD

= 180° — 30° — 40°

= 110°

Hence, ZOCA = 110°.

18.

19.

20.

21.

(d) 7.5 cm

In AABC, we have
AP _3cm _ 3
AB 5cm 5

AQ _ 6em _3
AC 10 cm 5

Thus, in AABC, PQ divides the sides AB and AC in the
same ratio.

By the converse of BPT, PRQ | BDC.

In AAPR and AABD, we have

and

ZAPR = ZABD
[Corresponding /s, PR || BD]
and /PAR =/BAD [Common]
: AAPR ~ AABD [By AA similarity]
. AP _ AR
AB  AD
- 3em _ 45cm
5cm
= AD = 4'53X 5 cm =7.5 cm

Hence, AD = 7.5 cm.
(d) 30 cm

APQR ~ AXYZ [Given]
We know that ratio of the perimeter of two similar
triangles is the same as the ratio of their corresponding
sides.

Perimeter of APQR _ PQ
Perimeter of AXYZ ~ XY
N Perimeter of APQR _ PQ
XY+YZ+ZX T XY
N Perimeter of APQR _ 8 cm
(4+45+65)cm  4cm
=  Perimeter of APQR = % x 15 cm = 30 cm
Hence, the perimeter of APQR is 30 cm.
©9:1
AABC ~ ADEF [Given]

Since the ratio of the areas of two similar triangles
is equal to the ratio of the squares of any two
corresponding sides,
ar(AABC) _ BC? _ _
ar(ADEF) = gp2 2
(ADEF)  EF ( 1g C)

Hence, ar(AABC) : ar(ADEF) =9 : 1.

9
(d) 25
In AAPQ and AABC, we have
ZAPQ = ZABC
[Corresponding s, PQ || BC]
ZPAQ = ZBAC [Common]
AAPQ ~ AABC



22.

23.

AP _ PQ
AB = BC - (@)
AP _ 3 .
7B - 2 [Given]
PB _ 2 . .
= AP - 3 [Taking reciprocals]
PB _2
= AP +1= 3 +1
- PB+AP _ 5
AP 3
= AB _ 5
AP 3
AP _ 3
From (1) and (2), we get
PQ _3
BC 5
APOQ ~ ACOB [By AA similarity]
ar(APOQ) _ PQ?
ar(COB) ~ BC2
_(PQY’
~{BC
3)2
-(3)
-9
25
ar(APOQ) _ 9
Hence, =/ ACOB) ~ 25
() 81:25

Since the ratio of two similar triangles is equal to the
ratio of the squares of any two corresponding sides,

92 A
(f) = 2L where A, and A, are the areas of the

5 A,
similar triangles respectively
N 8L _ Ay
25 A,

Hence, the ratio of the areas of two similar triangles is
81 :25.
(c) 3.5 cm

Since the ratio of the areas of two similar triangles is
equal to the ratio of the squares of their corresponding
altitudes,

100cm? _ (5em)’

49 cm? (x)2
where x is the corresponding altitude of the smaller
triangle.

- > _ 2549
100

= xzzﬁcm
4

= x:%cm:?a.Scm

Hence, the corresponding altitude of the smaller
triangle is 3.5 cm.

24. (b) 9.6 cm

Since the ratio of the areas of two similar triangles is
equal to the ratio of the squares of their corresponding
medians,

121em? _ (132cm)

64 cm? x?
where x is the corresponding median of the other
triangle.

2o 132x132x64

= 121 cme
_ 132x8

= X = 1 cm
=12 x8cm
=9.6 cm

Hence, the corresponding median of the other triangle
is 9.6 cm.

25. (d) 5 cm?

In AANM and AABC, we have
ZANM = ZABC
[Corresponding angles, NM || BC]
ZNAM = ZBAC [Common]
AANM ~ AABC [By AA similarity]
ar(AANM)  AN?
ar(AABC) ~ AR2

ar(AANM) AN?
= =

20 cm? (2AN)?

[AB = 2AN, -+ N is the mid-point of AB]
= ar(AANM) = % cm? = 5 cm?
Hence, the ar(AANM) is 5 cm?2.

2. (©4:1
Let each side of AABC be 2x.
A
B D o
E
Then, BD = x and each side of ABDE = x.
AABC ~ ABDE

[By AA similarity, *. they are equiangular]

ar(AABC) _ (2x)* _ 4
ar(ABDE) ~ (y)2 1

Hence, the ratio of areas of AABC and ABDE is 4 : 1.
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27.

28.

29.

w
(=}

CA
(a) 6

_CB
CA

B D C

In ACAB and ACDA, we have
/CAB = ZCDA
/ACB = Z/DCA
ACAB ~ ACDA
CA _ CB

= CD ~ CA

[Corresponding sides of similar As are proportional]
Hence CA _CB
"CD CA’
(© 15 m
Let AB be the ladder and AC be the wall with the
window at A.

[Given]
[Common]

9m
Q
A

C 12m B
Then, AC =9 m, BC =12 m and ZACB = 90°.

Then, AB? = AC? + BC2
[By Pythagoras” Theorem]
= (9 m)? + (12 m)?
= (81 + 144) m?
=225 m?2
= AB=15m
Hence, the length of the ladder is 15 m.
(b) 8 cm

Hypotenuse = \/(4x/§ cm)2 + (4\/5 cm)2

= (32 + 32)cm?

=64 cm =8 cm

A

€
[
E:

C  42m B

Hence, the length of the hypotenuse is 8 cm.

. () 10(+/2 + 1) cm

Let ABC be an isosceles right triangle
in which ZB = 90° and AB = BC.

31.

32.

In right triangle ABC, we have
AC? = AB? + BC?
(10 cm)? = 2 AB?
100 cm? = 2 AB?
AB? = 50 cm?
AB = /50 cm = 5+/2 cm

Perimeter of AABC = AB + BC + AC
=AB + AB + AC
=2AB + AC

=2 x 542 + 10) cm

= (1042 +10) cm

=10(v2 +1) em
Hence, the perimeter of the isosceles right triangle is
10(+2 + 1) em.
(d) 90°

[~ AB = BC]

Uuuu

AB? + AC? = (4 cm)? + (4+/3 cm)?
= (16 + 48) cm?
= 64 cm?
BC? = (8 cm)?
= 64 cm?

Clearly, BC? = AB? + AC%

8cm

4 cm

A 4v3 cm C

By the converse of Pythagoras theorem,
ZA =90°
Hence, ZA = 90°.
() 30°
In APQR, £Q =75°, /R = 45°.
/P =180° - 120° = 60°
[Sum of Zs of a A] ... (1)
PQ _ QM
I APQR, PR = MR
PM bisects ZP.
[By the converse of angle-bisector theorem]
1

ZQPM = 2 /P = % x 60° [Using (1)]

=30°
Hence, ZQPM = 30°.



33.

34.

35.

(o) 1.75 cm
/EAB + ZBAD + ZDAC = 180°

= 110° + ZBAD + 35° = 180°
Z/BAD = 180° — 110° - 35°
= 35°
Thus, /BAD = Z/DAC
= 35°

= AD is the bisector of ZBAC.
In ABAC, we have

AB _ BD
AC ~ DC
[By the Angle-bisector theorem]
N 5cm _ BC-CD
7 cm CD
5 3cm-CD
- 7~ CD
= 5CD=21ecm -7 CD
= 12CD =21 cm
= CD = 21 cm
12
=7 m
4
=175 cm
Hence, CD = 1.75 cm.
(d) 21 cm?
ACOD ~ AAOB [By AA similarity]
D C
O
A g B
N ar(ACOD) _ CD*> _ CD*> _ 1
ar(AAOB)  AB? (2CD)? 4
N ar(ACOD) _1
84 cm? 4
_8 o _ 2
= ar(ACOD) = o = 21 cm

Hence, ar(ACOD) = 21 cm?.
(a) 150 m

Let AB be the vertical stick and DE be the tower. Let
BC and EF represent the shadows of the stick and the
tower respectively.

D
A

£

o

o™
1 1
B 15m C E 75m F

36.

37.

38.

Then, AB = 30 m, EF = 75 m, BC = 15 m.
In AABC and ADEF, we have
/ABC = ZDEF = 90°

/ACB = ZDFE
[Angular elevation of the Sun at the same time]
AABC ~ ADEF
. AB _ BC
DE EF
- 30 m _ 15m
DE 75m
- DE = 39X7 1 _ 150 m
15
Hence, the height of the tower is 150 m.
a3
(2] 5

Let ABC be an equilateral triangle of side 2 and let AD
be its altitude.

B D C

AADB = AADC [By RHS congruency]

BD = DC (: %) [CPCT]

= BD = 4

N

In right AADB, we have
AB? = AD? + BD?
[By Pythagoras” Theorem]

2
2 _ 2 a
a- = AD +(2)

2 2
2_p_ A _ 347
= AD =a 1 1
= AD = ﬁ a
2
Hence, the altitude of an equilateral triangle of side a is
36
(o) 29
AABC ~ APQR

ar(AABC)  AB?2  (12em)® _ 36

= = = = ==
ar(APQR)  PQ* (l4cm)®> 49
ar(AABC) _ 36
Hence, “"APQR) ~ 29
60
((9) EE) cm

In right APQR, we have

"'S | ssi8ueny
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39.

40.

=)
:
Te]
EA
Q 12 cm R
PR? = PQ%+ QR?
= (5 cm)? + (12 cm)?
= (25 + 144) cm?
=169 cm?
= PR =13 cm .. (D)

ar(APQR) = % « QR x PQ

- % x 12 x 5 cm?
= 30 cm?
[Taking QR as base] ... (2)

ar(APQR) = % « PR x QS
1
=5 x 13 cm x QS
[Using (1)] ... (3)
From (2) and (3), we get
%x13meS=3Ocm2

_30x2 60

= Qs 3 cm = Ecm
_ &0
Hence, QS = 3 cm.
(b) 3 AB? = 4 AD? A
B D C
AADB = AADC [By RHS congruency]
= BD:DC:%:% )

In right AADB, we have
AB? = AD? + BD?
[By Pythagoras” Theorem]

= AD? = AB? - BD?
2
= AD? = AB? — (%)
- AD? = AB?_ AB? _ 3AB?
4 4
. 4 AD? = 3 AB?
Hence, 3 AB? = 4 AD?.
(b) 6 cm

Let ABCD be a rhomubs of side 5 cm, whose one of
the diagonal say BD = 8 cm.
Let diagonals AC and BD intersect at O.

Then, ZAOB = 90°,
BO=0OD=4cm
and AO =0C .. (D)

C

In right triangle AOB, we have
AB? = AO? + BO?
[By Pythagoras” Theorem]

= (5 cm)? = AO? + (4 cm)?
= AO? = (25 - 16) cm? = 9 cm?
= AO =3 cm .. (2
AC = AO + OC
=3cm+3cm [Using (1) and (2)]

=6 cm
Hence, the length of the second diagonal is 6 cm.
For Standard Level
41. (d) 120 cm?
In right ABAE, we have
B 12cm C

E D

BE? = AB? + AE?
[By Pythagoras” Theorem]
= (8 cm)? + (6 cm)?
= (64 + 36) cm?
=100 cm?
= BE =10 cm (@
ar(rectangle BCDE) = BC x BE
=12 cm x 10 cm
=120 cm?
Hence, the area of rectangle BCDE is 120 cm?.

42, (c) 10 cm

[Using (1)]

ZABC =90° [Angle in a semicircle]
B
3
o)
%
A C

In right AABC, we have
AC? = AB? + BC2
= (8 cm)? + (6 cm)?
=100 cm?
= AC =10 cm
Diameter = 10 cm



43. (d) 128 cm?

Let ABCD be the square inscirbed in a circle of radius

8 cm.
A" N\
O
D\_/C
= Diameter AC = 16 cm
Diameter of the circle = Diagonal of the inscribed square
= 16 cm = /2 side
. 16 2
= side= —=.-= ¢
V2 V2
= 82 cm

ar(sq ABCD) = side x side
8vV2 x 8V2 cm?
= 128 cm?
Hence, the area of inscribed square is 128 cm?.
44. (b) 16 cm

Let O be the centre of the concentric circle in which
radius OA = 15 cm and radius OB = 17 cm.

Let BC be the chord of the larger circle which is
tangent to the smaller circle at P. Join OP.

Then, Z0OPB = 90°
In right AOPB, we have
OB? = OP? + BP?
[By Pythagoras” Theorem]
= OB? = OA? + BP?
[*- OP = OA, radius of a circle]
= (17 ecm)? = (15 cm)? + BP?
= BP2 = (289 — 225) cm = 64 cm?
= BP =8 cm ... (1)

Since perpendicular from the point of contact to centre
of a circle to a chord bisects it,

L BP = PC ... (2)
Now BC = BP + PC

= (8 + 8) cm

=16 cm [Using (1) and (2)]

Hence, the length of the larger chord which is tangent
to the smaller circle is 16 cm.

45. (b) 90°
In right APAR, we have
Q P
A
R
PR? = PAZ + AR?
[By Pythagoras’ Theorem]
= (6 cm)? + (8 cm)?
= (36 + 64) cm?
=100 cm?
= PR =10 cm .. (D)

In AQPR, we have
QR? = (26 cm)? = 676 cm?
and PQ? + PR? = (24 cm)? + (10 cm)?
[Using (1)]
= (576 + 100) cm?
= 676 cm?
Clearly, QR? = PQ? +PR%
By the converse of Pythagoras” Theorem,
ZQPR = 90°
Hence, ZQPR = 90°.
46. (c) AB? + AC? = BC?

In ABAD,

BD = AD

/1 = /2 = x (say)
Similarly,

/3=/4=x

L1+ 22+ /3 + £4 = 4x = 180°
= x = 45°
= Z/BAC = 90°

In right ABAC, we have
BC2 = AB? + AC?
Hence, AB? + AC? = BC2
47. (d) DC? = CF-AC
In AABC and ADEC, we have

/CAB = ZCDE
[Corresponding s, AB || DE]
Z/ACB = Z/DCE [Common]
AABC ~ ADEC [By AA similarity]
. AC _ BC 0
DC EC B
Similarly, ACDB can be proved similar to ACFE.
- DC _ BC @)
FC EC B
From (1) and (2), we get
AC _ DC
DC FC
= AC-FC = DC?

Hence, DC? = CF-AC.
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48. (d)3:2

ar(AALM) _ 9
ar(TrapLMCB) ~ 16
LMCB
N ar(trapLMCB) 16
ar(AALM) 9
ar(trap LMCB) + ar(AALM) 16 +9
ar(AALM) 9
- ar(AABC) _ 25
ar(AALM) ~ 9
ar(AALM) = 9
= ar(AABC) 25 - (@)
AALM ~ AABC
[By AA similarity]
ar(AALM)  AI2 ?
ar(AABC) ~ AB? -
From (1) and (2), we get
AL 9
AB? 25
. AL _ 3
AB 5
= AB _ 5
AL 3
AB |5 _
= AL 1= 3 1
AB-AL _5-3
= AL 3
= B _2
AL 3
. AL _ 3
LB ~ 2

Hence, AL : LB =3:2.

49. (b) ar(AABC)

In ABAC, we have

BC? = AB? + AC?
[By Pythagoras” Theorem] ... (1)

area of shaded portion
= area of semicircle on AB as diameter

+ area of semicircle AC as diameter

+ area of ABAC - area of semicircle on BC as diameter

& | Triangles

:i[n(

)2] + ;[n(AZC)21| + ar(AABC)

3T

- g [AB? + AC2 - BC?] + ar(AABC) = g (0) + ar(AABC)

= ar(AABC)

[Using (1)]

Hence, the area of the shaded region is ar(AABC).

50. (d) 10 cm?
Let

AB = BC = x acm.

E C

O
A B

Then, in right AABC, we have

=
=

NG
- 2
=

Substituting x? = 20

AC? = AB? + BC?

[By Pythagoras” Theorem]
AC? = (22 + x%) cm? = 2x2

AC = 2x cm
ar(ABCD) = g BC?
= g x% cm?
ar(AACE) = g AC?
= @ (V2xy?
=20 cm?
(V2x) (V22) =20
20
¥r= =
V3
ﬁ in (1), we get
B .20
ar(ABCD) = o X ﬁc

Hence, ar(ABCD) = 10 cm?.

Q)

cm?

[Given]

e

m? = 10 cm?

— TRUE OR FALSE ——

For Basic and Standard Levels

True/False
1. FALSE

2. TRUE

3. FALSE

Justification

For polygons with more than three sides
to be similar, the corresponding sides

must also be proportional.

By AA criteria of similarity, the two

triangles are similar.

The ratio of areas of two s
is equal to the ratio of the
corresponding altitudes.

imilar triangles
squares of the

Ratio of areas of the two triangles is

22:32=4:09.



4. TRUE The two triangles have their corresponding
two sides and the perimeters proportional,
so their sides will be proportional.

Hence, they will be similar.
5. FALSE For the two triangles to be similar, the

equal angles must be included angles
between the two pairs of proportional

sides.

— SHORT ANSWER QUESTIONS ——

For Basic and Standard Levels

1

A C

In AABC and ADBA, we have
/ABC = Z/DBA
/BAC = /BDA

o AABC ~ ADBA

Hence, AABC ~ ADBA.

2. AB 1 BC and FG L BC
A

[Common]
[Each is equal to 90°]
[By AA similarity]

[Given]

B F C

AB | FG
[AB and FG are perpendicular to
the same line segment BC]

In AADE and AGCF, we have

Z/DAE = ZCGF

[Corresponding s, AB || FG] ... (1)
and ZAED = Z/GFC [Each is equal to 90°]
o AADE ~ AGCF [By AA similarity]
Hence, AADE ~ AGCF.

A B P

In AABC and AAMP, we have
Z/ABC = ZAMP
and ZCAB = ZPAM

[Each is equal to 90°]
[Common]

AABC ~ AAMP [By AA similarity]
. CA _ BC
PA ~ MP

[Corresponding sides of similar

triangles are proportional]
= CA x MP = PA x BC
Hence, CA x MP = PA x BC.

A B

D Cc

In AAFD and AEFB, we have

ZAFD = /EFB [Vertically opp. Zs]
ZFAD = /FEB [Alt Zs, AD || BC]
AAFD ~ AEFB [By AA similarity]
- FA _ DF
FE = BF
[Corresponding sides of similar
triangles are proportional]
= FA x BF = DF x FE
Hence, DF x FE = BF x FA.
5. AACD ~ AABE [Given]
D
B C

Since the ratio of areas of two similar triangles is equal
to the ratio of the squares of any two corresponding
sides,

ar(AACD) _ AC?  AB? +BC?

ar(AABE) ~ AB2  AR2

[~ AC? = AB? + B(?]

ar(AACD) _ AB?> = BC?

= ar(AABE)_A32+ABZ =1+1=2
[~ BC= AB, given]
ar(AABE) _ 1 -
= ar(AACD) 2 [Taking reciprocals]

Hence, ar(AABE):ar(AACD) =1: 2.

For Standard Level

6.
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In right triangle ABC, we have
AC? = AB? + BC?
[By Pythagoras” Theorem]

= AC2 = AB? + (2 BDY
[~ D is the mid-point of BC]
= AC? = AB? + 4 BD? .. (1)

In right triangle ABD, we have
AD? = AB? + BD?
[By Pythagoras” Theorem] ... (2)
Subtracting (2) from (1), we get
AC? - AD? = 3 BD2
Hence, AC?2 — AD? = 3BD2

[vy)

AT™d D c c
In right ABDC, we have

a? = BD? + ¢ [By Pythagoras’ Theorem]
= BD? = a? — 2 .. (D
In right ABDA, we have

b* = BD? + d? [By Pythagoras’ Theorem]

= BD? = b — d? ... (2
From (1) and (2), we get

@2 -ct=b0 -
= P2-P=c2-d
= @+b@-b)=@Cc+d(c-d

(a+b) _(c—d)

(c+d) ~ (a-b)

a+b c—d

Hence, crd —a-b

. Since AD is the bisector of ZBAC of ABAC of AABC,

A
C b
B D C
I a |
AC _CD
AB BD
[By the angle-bisector theorem]
- b _ a-BD
c BD
= b x BD =ac-c x BD
=bxBD+cxBD=uac
= BD (b +c)=ac
= BD = %
b+c
Hence, BD = ac_
b+c

— VALUE-BASED QUESTIONS ——

For Basic and Standard Levels

1

2.

3.

@)

In ADOC and AAOB, we have

/DOC = ZAOB [Vert. opp. Zs]
and  ZCDO = ZABO [Alt Zs, DC || AB]
ADOC ~ AAOB

ar(ADOC) _ CD? _  CD? 1

ar(AAOB) ~ AB2 (2CDY? 4
ar(ADOC) _ 1
84 m? 4

= ar(ADOC) = %mz =21 m?

Hence, the area of land donated by the man is 21 m?
(7)) Empathy and environmental awareness.

(i) Let the pigeon be on the window sill at a height
of 9 m at point A and let AC be the ladder at a
distance BC from the wall AB, so that it just reaches
the pigeon.
A

B C

Then, AB=9m, AC=15m.
In right AABC, we have
AC? = AB? + BC2
[By Pythagoras” Theorem]
= (15 m)? = (9 m)? + BC?
= BC2 = (225 - 81) m? = 144 m?
= BC=12m
Thus, the boy will have to place the foot of the
ladder at a distance of 12 m from the wall.
(if) Empathy and helpfulness

For Standard Level

(1) He can donate a triangular region where vertices
are A and the mid-points P and Q of sides AB and AC

respectively.
/P /\ Q

B C




Justification: P and Q are the mid-points of AB and and ZAQOD = 90°

AC respectively. In rhombus PQRS, we have
PQ || BC [By mid-point theorem] OP =0OR =x
and 2 PQ =BC .. (1) 0S=0Q =y
AAPQ ~ AABC [By AA similarity] and Z/POS = 90°
AB )2 Area of thombus ABCD = + AC x BD
arf(AAPQ) _ AP> 2] 1 2
ar(AABC) ~ AB?  AR2 4 - % x 24 x 10 m2 = 120 m?

[+ P is the mid-point of AB]
AOAD = AOAB = AOCB = AOCD

1
Hence, ar(AAPQ) = o ar(AABC). ar(AOAD) = ar(AOAB)
= ar(AOCB)
In the remaining piece of land PQCB, three _ :E AOCD) (1)

triangular pieces PBR, PRQ and QRC, obtained by
drawing PR || QC (where R lies on BC) and joining
QR can be given by the man to his three children.

Also, area (rhombus ABCD)
= ar(AOAD) ar(AOAB) + ar(AOCB) + ar(AOCD)
... (2

P Q = area (rhombus ABCD) = 4 ar(AOAD)
[Using (1) and (2)] ... (3)
Similarly, area (rhombus PQRS) = 4 ar(AOPS) .. (4

Subtracting (4) from (3), we get
ar(rhombus ABCD) — ar(rhombus PQRS) =

B R C
4 [ar(AOAD) — ar(AOPS)]
Justification: PQ | BC [From (1)] 432m?
and PR || QC [Given] = 1 = ar(AOAD) - ar(AOPS)]
PQCR is a parallelogram. 1
PQ = RC = 10.8 m? = 7 OA x OD - ar(AOPS)
[Opposite sides of a ||gm] ... (2) 1
Also, BC = BR + RC = 10.8 m? = (E x 12 x 5) m? — ar(AOPS)
= BC = BR + PQ [Using (2)]
= 2 PQ = BR + PQ [Using (1)] = ar(AOPS) = (30 — 10.8) m? = 19.2 m?
= PQ = BR ... (3 ... (5
APBR, APRQ and AQRC lie on equal bases BR, Now, rhombus ABCD ~ rhombus PQRS [Given]
PQ and RC respectively [using (2) and (3)] and AOAD ~ AOPS [By AA similarity]
between same parallels PQ and BC. ) ar(AOAD)  QA?
ar(APBR) = ar(APRQ) = ar(AQRC) - ar(AOPS) ~ Op?
(i) Empathy, problem solving and gender equality
4. (i) Let the diagonals AC and BD of rhombus ABCD be 30m?2 (12 m)2 [Using ©)]
. = = S,
24 m and 10 m respectively. 19.2 m2 2 &
N N 2. l2mx12mx19.2
N 30
P = x=96m ... (6)
1
Q Now, ar(AOPS) = — x xy
D s\O B 2
A = 1922 = 2 96 m x y
[Using (5) and (6)]
C 192x2
= o M=y
Let 2x and 2y be the diagonals of the smaller rhombus )
and the diagonals of a rhombus bisect each other at = y=4m
right angles. Diagonal PR =2x =2 x 9.6 m =192 m
In thombus ABCD, we have and diagonal SQ =2y =2 x4 m =8 m
OA = OC = 24 m=12m, Hence, the diagonal of the smaller rhombus are 19.2 m
2 and 8 m.

10 (ii) Awareness about environment.
OD =0B = 5 m= 5m
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UNIT TEST 1

For Basic Level
1. (1) AQDP ~ ACAB

AB _ BC _ CA
In AABC and ADPQ, P = PQ - OD

A D
ACAB ~ AQDP [By SSS similarity]
Hence, AQDP ~ ACAB.

2. (@) 6 cm, 8 cm

In AAEC and ABED, we have
ZAEC = ZBED [V. opp. Zs]
/EAC = ZEBD [Alt zs, CA || BD]

EA _ AC CE

= EB ~ BD DE
[Corresponding sides of similar
triangles are proportional]
N 3cm  6cm  CE
4cm = BD ~ 8cm
3 6cm
= 17 BD
3 _ CE
and 4 8cm
= BD = 6x4 cm
3
and CE = 3 Z 8 cm
= BD =8 cm
and CE=6cm

Hence, CE and BD are 6 cm and 8 cm respectively.
3. (b) 40°, 30°

In ALMN,
ZMLN = 180° — 40°- 30° = 110°
L Q
27 39
9 o
40° 30 110
M N P 13 R

In AQPR and MLN, we have

In AADB and AABC, we have

similarity]

PR _138 _1
LN 39 3
Q9 _ 1
and IM 27 3
and AQPR = ZMLN = 110°
: AQPR ~ AMLN  [By SAS
ZQ = /M = 40°
and ZR = /N = 30°
Hence, the measures of ZQ and ZR are 40° and 30°
respectively.
. (d) 2
For PQ to be parallel to AB,
€« _ CP
QB  PA
x _ x+3
= 3x+4  3x+19
= 302 + 19x = 3x2 + 4x + 9x + 12
= 6x =12
= x=2
Hence, x = 2.
. (0) 23—5 cm

ZADB = ZABC [Each is equal to 90°]

/DAB = ZBAC
AADB ~ AABC
In ABDC and AABC, we have

[Common]

(1)

/BDC = ZABC [Each is 90°]

/DCB = ZBCA
ABDC ~ AABC
From (1) and (2), we get
AADB ~ ABDC
= AD _ BD
BD CD
3cm 4cm
4cm CD
16

= Cngcm

Now, AC=AD +CD =3+ %cm:%cm

Hence, AC = % cm.

6. (c) 54 cm

perimeter of APQR QR
perimeter of AXYZ ~ YZ

30cm  9cm
18cm ~ YZ

[Common]

)



10.

_ 9x18

= YZ 30

cm =54 cm

Hence, YZ = 5.4 cm.
(b) 25 cm
perimeter of AABC  AB

perimeter of ADEF ~ DE

perimeter of AABC  9cm
15cm ~ 54cm
=  perimeter of AABC = El ; 4?5 cm
Hence, perimeter of AABC = 25 cm.
(@) 25 cm?
ar(AABC)  AB? ( AB )2
ar (ADEF)  pg2 \DE
ar (AABC) (1 )2
= o2 \2
100 cm 2
= ar(AABC) = 100 2 = 25 ¢m?

4
Hence, ar(AABC) = 25 cm?.
(b) 17 m

Suppose the man starts from point A, goes 15 m
towards West and reaches point B and then he goes
8 m North to reach point C.

N

C

IS
@

We g 15m A
Then, he is at a distance = AC from his starting
position.
In right AABC, we have
AC? = AB? + BC2
= (15 m)*+ (8 m)?
= (225 + 64) m?
= 289 m?2
= AC=17m
Hence, the man is 17 m away from his starting
position.
AABC ~ APQR
AB _ BC _ AC
PQ QR PR
2x -1 _ 2x+2 _ 3x
18 ~ 3x+9  6x

2x —1 1
18 2
dx-2=18
4x =20
x=5
AB=2x5-1
=9 cm,

U
|

LU vy

11.

12.

BC=2x5+2
=12 cm,
AC=3x5
=15 cm,
QR=3x5+9
=24 cm,
PR=6 x5
=30 cm
Hence, AB =9 cm, BC =12 cm, CA =15 cm,
PQ =18 cm, QR =24 cm and PR = 30 cm.

In AABC, DE | BC
A
3x—N—4
D, > E
7x—% 5x-3
B > c
AD _ AE
DB ~ EC [By BP1]
- 3x-2 _ 5x-4

7x-5  5x-3

= 15x2 — 10x — 9x + 6 = 35x2 — 25x —28x + 20
= 20x%-34x + 14 =0

= 10x2-17x+7 =0

= 102-10x-7x+7=0

= 10x(x-1)-7x-1)=0

= x-1)(10x-7)=0
= Either x -1 =0
or 10x-7)=0
= x=1
or X = 7
10

Hence, x = 1 unit or % unit.

Let ABCD be the rhombus, whose diagonals AC and
BD intersect at O.

B
[] C
A (6]
D
Let AC =30 cm
and BD =40 cm.

Then, AO =15 cm, BO = 20 cm and ZAOB = 90°.
[ The diagonals of a rhombus bisect
each other (at O) at right angles]
In right AAOB, we have
AB? = (AO)? + (BOY
= (15 cm)? + (20 cm)?
= (225 + 400) cm?
= 625 cm?

Q1 | s9j8ueny
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= AB =25 cm
Hence, each side of the rhombus is 25 cm.

13. Through C, draw CG | DF and let it meet AB at G.

AF = AE

[Sides opposite equal Z/s AEF and AFE] ... (1)
In AACG, E is the mid-point of AC and EF | CG.
F is the mid-point of AG i.e AF | FG
[By the conv. of Mid-point Theorem] ... (2)
FG = AE [From (1) and (2)] ... (3)
In ABDF,

CG | DF
BD _ BF
CD ~GF
BD _ BF .
= CD - AE [Using (3)]
BD _ BF . _
D - CE [~ AF = CE]
BD _ BF
Hence, ) CE
14.
X
P Q
Y z
In AXYZ, we have
XP_XQ _5_3 ~
PY 07 - 3= I [Given]
By the converse of Thales theorem,
PQ | YZ

In AXPQ and AXYZ, we have
ZXPQ = £XYZ [Corresponding /S]
/PXQ = LYXZ [Common]
AXPQ ~ AXYZ  [By AA similarity]
ar(AXPQ) _ XP?
ar(AXYZ) — xy?2

ar(AXPQ) _ Xp?

= > - 2
32cm (XP+ PY)
ar(AXPQ) 3 9
= 2 2~ 16
32cm B+1) 16
_9 2 _ 2
= ar(AXPQ) = 1 x 32 cm* = 18 cm
ar(quad PYZQ) = ar(AXYZ) — ar(AXPQ)
= (32 - 18) cm?
=14 cm?

Hence, ar(quad PYZQ) = 14 cm?.

UNIT TEST 2
For Standard Level
1. (a) 43 cm
AADB = AADC [By RHS congruency]
BD =DC=25=4cm
A
N
" ’J
B 4cm D C

In right AADB, we have
AB? = AD? + BD?

= (8 cm)? = AD? + (4 cm)?
= AD? = (64 — 16) cm? = 48 cm?
= AD =43 cm

Hence, AD = 4\/5 cm.

. () 13 m

Let AB and CD be the two poles of height 9 m and 14
m respectively, standing 12 m apart.

B 12m D

Then, AB=9m, CD =14 m and BD = 12 cm
Draw AE 1 CD.
Then, AE = BD =12 cm and ED = AB=9m
andCE=CD-ED=14m-AB=14m-9m=5m.
In right AAEC, we have
AC? = AE? + CE?

= (12 m)? + (5 m)?

=169 m?
= AC=13m
Hence, the distance between the tops of the poles is
13 m.

. (d) 13 cm

Let ABCD be a rhombus in which the diagnoals AC
and BD intersect at O.




Let AC =10 cm AOAC ~ AODF [By AA similarity]

and BD =24 cm. . OA _AC
Since the diagonals of a thombus bisect each other at o OD DF
right angles, OA AC
: A0=0C=£E =50 - OA+AD _ DF
BD = 2 - AC
and BO=0D = - =12 cm (2+3) DF
In right AAOB, we have = 2 _ AC
AB? = AO? + BO? 5 DF
= (5 cm)? + (12 cm)? Hence, AC: DF =2 : 5.
=169 sz p (C) i _ L N l
= AB =13 cm . p2 a2 b2

Hence, the length of the side of the rhombus is 13 cm.

ac
40 b+c
ARPQ ~ ARDE [By AA similarity]
P
D
a area of AACB = 1 ab
X 2
[Taking ‘a” as base] ... (1)
© b E ¢ R area of AACB = = ¢p
PQ _ QR [Taking ‘c” as base] ... (2)
DE ER 1 ab = 1 cp [Using (1) and (2)]
[Corresponding sides of similar As] 2 2
- a _b+c = ab =cp
X c N 1_c
ac p ab
= X =
b+c 1 2
ac = 2 = 2b2
Hence, x = . p a
b+c ,
5. (d) 2:5 = L -b+s [ 2=+
In AODE, AB | DE p a‘b
b _ 1 B2 N 22
A p2 2202 b2
(0]
1 1 1
C = 2 =3t 3
p a b
F
Hence, % = % + blz
a
oA _ OB [By BPT] ... (1) P
AD BE 7. Let AB = 90 cm be the girl at point B after 4 seconds of
In AOEF, BC || EF starting from the base of lamp post CD = 3.6 m.
oC _ OB
CF = Bt [By BPT] ... (2) c
From (1) and (2), we get
OA _ OC £ A
AD CF o
By the converse of Thales Theorem, in AODF, 90 cm
AC || DF
In AOAC and AODF, we have D B E
#OAC = ZODE . Let CA produced meets DB produced at E.
[Corresponding /s, AC || DF] Th _CED = /AEB
ZOCA = ZOFD e -

[Corresponding s, AC || DF] [Angular elevation of the Sun at that time]

a | ssi8ueny
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In ACDE and AABE, we have
Z/CDE = ZABE = 90°

Z/CED = ZAEB [Common]
ACDE ~ AABE  [By AA similarity]
CD _ DE
AB ~ BE
- CD _ DB+BE
AB BE
36 _ (12x4)m +BE
- 09 - BE
[+ Distance DB = Distance covered by the girl in
4 seconds = (1.2 x 4) m]
= 4 BE =48 m + BE
= 3BE=48m
= BE=1.6m

Hence, the length of the shadow of the girl is 1.6 m
8.

B H D H C

In AEDP and AEAQ, we have

/DEP = ZAEQ [Vert. opp Zs]
/PDE = ZQAE [Alt. Zs, PD || AC]
AEDP ~ AEAQ
. ED _ EP _  _ EP
EA EQ EQ
[- ED = EA, as E is the mid-point of AD]
= EP = EQ (1)
Now in ABQC, DP | CQ [ DP || CA]
BP _ BD _,
PQ DC
[- BD = DC, as D is the mid-point of BC]
= BP = PQ
= BP = EP + EQ
= BP = 2EQ [Using (1)] ... (2)
Now, BE : EQ = BP + EP : EQ
=2EQ + EQ : EQ
[Using (1) and (2)]
=3EQ: EQ
=3:1

Hence, BE: EQ =3:1
9. Let ABC be a right A in which ZB = 90°, AB = 20 cm
and BC = 10 cm.

A _
20 cm
Q R
L
G B

——10cm—

Then, the largest square BPQR which can be inscribed
in this triangle will be as shown in the given figure.

Let RB = x cm,
So, AR = (20 — x) cm
In AARQ and AABC, we have
ZARQ = ZABC
/RAQ = ZBAC
AARQ ~ AABC
AR _ RQ
AB BC
20 -x X
= 20 10
= 200 — 10x = 20x
= 200 = 30x
M-
3

[Each is 90°]
[Common]
[By AA similarity]

=

Thus, the side of the required square is of length ? cm .

10. PQ | BC and RS || BC
= PQ | RS

In AARS, PQ || RS
AP _ AQ
PR =~ 05 [By BPT]
N 4cm  3cm
3em QS
= QS = % cm
In AABC, RS || BC
AR _ AS
RB ~ SC [By BPT]
9
= (4+3)em (3+Z)Cm
5cm - SC
= SC = % cm
In AAPQ and AABC, we have
ZAPQ = ZABC
[Corresponding «s, PQ || BC]
ZPAQ = ZBAC [Common]
AAPQ ~ AABC [By AA similarity]

ar(AAPQ) _ (AP)?
ar(AABC) ~ (AB)?

(4 Cm)2
[(4 + 3+ 5) cm]?

_ (4 cm)2
(12 cm)2



1
9
ar(AAPQ) _ 1
9

48 cm?
- ar(AAPQ) = % x 48 cm?
= % cm?
Hence, QS = 9 cm, SC = 15 cm
4 4
and ar(AAPQ) = % cm?,
11.
A
|
1
|
1
C
B D P 0 C

In right AADB, we have
AB? = AD? + BD?

[By Pythagoras” Theorem]
- AB? = AD? + (BP — PD)
- AB? = AD? + (PQ - PD)?
B
[-- BP = PQ = ?C] ()

In right AADC, we have
AC? = AD? + DC?
[By Pythagoras” Theorem]
= AC? = AD? + (DQ + QC)?
= AD? + (DQ + PQ)?

[ QC=PQ = %] Q)

Adding (1) and (2), we get
AB? + AC?
= AD? + (PQ - PD)? + AD? + (DQ + PQ)?
= AD? + PQ? -2 PQ x PD + PD? + AD? + DQ?
+2DQ x PQ + PQ?
= (AD? + PD?) + PQ? -2 PQ x PD + (AD? + DQ?)
+2DQ x PQ + PQ?
= AP? + PQ? -2 PQ x PD + AQ? + PQ? + 2 DQ x PQ
= AP? + AQ? -2 PQ? + 2 PQ (DQ - PD)
= AP2 + AQ? + 2 PQ? + 2 PQ (PQ)
=AP? + AQ? + 2 PQ? + 2 PQQ?
= AP? + AQ? + 4 PQ?
Hence, AB? + AC2 = AP2 + AQ? + 4 PQ>2.
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