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Chapter 17

Similarity of Triangles

POINTS TO REMEMBER

1. Similar Triangles :

A ABC and A DEF are said to be similar, if their corresponding angles are equal and rh >
corresponding sides are proportional. |

j.e., when: ZA =4ZD: ZB=£B. £ = £E

| D

JAB_BC _AC A _'
A ADETERT B |
Then we write, AABC ~ ADEF. '
ign "~ i ‘is simi i B ¢ 'E | " F

The sign ‘~’ is read as ‘is similar to’.
2. Three Similarity Axioms For Triangles :

(i) SAS-Axiom : If two triangles have a pair of corresponding angles equal and the sides
including them proportional, then the triangles are similar.

If in AABC and ADEF, we have . | | D
AB AC
ZA = ZD and DE - DF then,

A
AABC ~ ADEF. /A\
B Bk F

(ii) AA-Axiom or AAA-Axiom : If two triangles have two pairs of corresponding angles
equal, the triangles are similar. D

If in AABC and ADEF, we have
ZA = /D and ZB = ZE, then A
AABC ~ ADEF.

B C E E
(iif) SSS—Axiom : If two triangles have their three pairs of correspond:ng sides

proportional, then the triangles are similar.
If in AABC and/A’DEF we have
AB AC BC
=== TF = FfihenAABC ~ ADEF. /\
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Results on Area of Similar Triangles (Theorems)
Theorem 1. The areas of two similar triangles are proportional to have squares on their

- corresponding sides. D
" Given: A ABC ~ A DEF. |
|
- Area of AABC _ AB2 _ BC? _ AC? A :
¥ To Prove : = = [
Areaof ADEF DE2 EF?2 DF? :
. Construction : Draw AL L BC and DM L EF. =
' B . C E =
%@ Proof. M
i Statement Reason
R 1
i |
= Area of AABC 7 X BCXAL e GBI
1. = rea of A = — x Base x Height
3 Area of ADEF 1 o M 2
: Area of AABC BC AT I
Area of ADEF _ EF o
In A ALB and A DME,
(i) £ZALB = ZDME Each equal to 90°.
(if) ZABL = ZDEM AABC ~ ADEF = /B = ZE.
.. AALB ~ ADME - AA-axiom for similarity of As.
o L e o & P [ s :
= 5M - DE’ sedl Corresponding sides of similarity As are proportional
AABC ~ ADEF Given.
AB BC AC e 3 :
= DE_ EF._ DF" el Corresponding sides of similar As are proportional,
Ao B
oM - EF " From II and IIL
Substitut 212 BC I Ui
ubstituting DM - EF in I, we ge
Area of AABC _ BC? fo
Area of ADEF  EF2
Combining III and IV, we get :
Area of AABC _AB2 BC?2 AC?
Area of ADEF  DE2 EF? DF?
Area of AABC _ AB2 _ BC? _ AC? ¥
Hence, iy > 9 ¢ |
Area of ADEF  DE EF2  DF :
Theorem 2. The areas of two similar triangles are propor- A E
tional to the squares on their corresponding altitudes. A :
: 3 4 I
_ m
B C = v I
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mm

Given : AABC ~ ADEF, AL L BC and DM 1 EF.
Area of AABC _ AL?

To Prove : ) fca of ADEF  DM2 "
Proof :
Statement Reason
1
Area of AABC 7 X BCxAL 1
= 12 Area of A = B Base x Height.
Area of ADEF - X EF x DM
Area of AABC BC ; AL I
"= “Afea of ADEF. ‘EF - DM &
1 2. In AALB and ADME, we have
(1) ZALB = Z/DME Each equal to 90°.
(i) ZABL = ZDEM AABC ~ ADEF = £ZB = ZE.
.. AALB ~ ADME AA—-Axiom for similarity of As.
AB AL Mt e | .
=~ DE - DM g, i Corresponding sides of similar As are proportional;
3. AABCADEF Given.
AB: ‘BE AT e Teid w2 : .
= DE- EF _ DF Sl | Corresponding sides of similar As are p.roportlonal.
' BC #ALE
4. EF ~ DM From II and III
| 5. Substituting o= = == ind, we get
. Substituting == = o in, we get :
Area of AABC _ AL*
Area of ADEF  DM2

Area of AABC  AL?
Hence =

" Areaof ADEF  DM?2’ .
Theorem 3. The areas of two similar triangles are proportional to the squares on their corre-

sponding medians. D
Given : AABC ~ ADEF and AP, DQ are their medians.
A
Area of AABC AP?
To Prove : =
Area of ADEF  DQ?2 -
Proof. g B 5 | - Q g
Statement - Reason :
1. AABC ~ ADEF Given.
2
= Aras - 0 . o Areas of two similar As are proportional to the
Area of ADEF  DE?2
squares on corresponding sides.
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____———————————_——_

Area of AABC _ AP?
MCHCE T fea of ADEF ~ DQ2
- Theorem 4. The areas of two similar triangles are proportional to the squares on their corre-
~ sponding angle bisector segments. D
Given : AABC ~ ADEF and AX, DY are the bisectors of ZA
and ZD respectively. A

Area of AABC _ AX?

il 2. AABC ~ ADEF
o AR ABC 3 2BP. . BE ol § 2 _
= DE_ EF 2EQ = EQ ool Corresponding sides of similar As are proportional
Bl “AB" BP
13 D™ EQ and LA = £D From II and the fact that AABC ~ ADEF.
| = AAPB ~ ADQE By SAS-similarity axiom.
B - AP
= EQ = DQ sealllll
St AB AP
= DE _ DQ From II and III.
:: AB? = AP?
53 s DE2 Y DQ2 . 2N
Area of AABEC _ AP?
ﬁ BT D Q2 From I and IV.

To Prove : S reaof ADEF  DYZ?' : S .
Proof. | Y,
- Statement Reason
15
} il;e; (:;_i ggg - ggz ] | Areas of similar .ﬁS are }?rnpertional to the squares
) . of the corresponding sides.
| 2. AABC~ ADEF Given.
:»4A=.4D::>-%4A=%1D |
e
| = <4BAX=ZEDY. ey /BAX = % ZA and ZEDY = % Ap}
| 3. In AABX and ADEY, we have
¥ /BAX=ZEDY From II.
e SB-E . - AABC ~ ADEF.
A '2; .. AABX~ADEY By A A-similarity axiom.
a ::)AB:AX:)ABz:AXz =
: DE S = DE2 . DYZ-
. From I and 111, we get :
- Area of AABC _ AX?
Area of ADEF ~ DY2 '
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(7ii) AABC ~ ADEEF. If BC = 4cm,
EXERCISE 17 EF = 5cm and area (AABC) = 32cm?,
Q. 1. In the figure, DE || BC. A determine the area of ADEF.
(i)Prove that AADE Sol. (i) '~ AABC ~ APQR (given)

and AABC are similar.

1 D »- =
(i1)Given that AD = 5 BD,
calculate DE. If BC =45 cm. / \
(2004) B b &
Sol. In AABC, DE || BC .
BC =45 cm
In AADE and AABC ,
ZADE=ZABC e ~ area (AABC) _ ABZ
{Corresponding angles} " area (APQR) - PQ-2
JAED=7ACB (‘.- Areas of similar triangles are
Ll RSB 8 . . A proportional to the squares on their
4.5cm | corresponding sides)
-emmegy 49 (5:6)* (N? (56)2
AADE ~ AABC (AAA axiom) — = — -
23" ZBOs (9)% < dEias
AD _ DE 561tk 5:6:%.5
AB  BC PO 5 o
8 AD . P [- BC = 45 cm] =3 _PQ = 4-0 cm Ans.
AD+BD - 4+ (ii) - AABC ~ APQR  (Given)
lgp |
= : :DE["AD—lBD]
X pfyai piyy héte ¢
1pp
_b 2T BB G iDRe
B BD 4-5 08 5
2 _ area (AABC) _ AC?

= l a3 EE DR :. l x4'5=15 5 area (ﬁPQR) PR2
3..s 3 wi .
(. Areas of similar triangles are pro-

Hembeae Ok = . Bt portional to the squares of their corre-
Q.2. (i) AABC and APQR are similar triangles sponding sides) -

such that area (AABC) = 49 ¢cm” and 5 42

area (APQR) = 25 cm?. & 22 e - g.: A :

If AB = 5-6 cm, find the length of PQ. (8-4) (8-4)

(if) AABC and APQR are similar triangles i 3 (2)? % AC? ¥ 2 n AC

such that area (AABC) = 28 cm? and (3)2 (8:4)2 3. 84

area (APQR) = 63 cm?®. If PR = 8-4 s 2 x 84

cm, find the length of AC. = AC= 3 =2.x2:8=36 o Ans. E
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. AABC ~ ADEF D

B4cm C E S5cm F

area (AABC) _ BC?
" ‘area (ADEF)  EF2
(" Areas of similar triangles are pro-
portional to the squares on their corre-
sponding sides)
32cm2 (% 16
=  aea(ADEF) (52 25
= 16 x area (A DEF) =32 x 25
32 225
16

Q. 3. The area of two similar triangles are 48
cm? and 75 cm? respectively. If the al-
titude of the first triangle be 3-6 cm, find

s area (A DEF) = = 50 cm? Ans.

Sol. Area of first triangle = 48 cm’
And, area of second triangle = 75 cm?
Altitude of first triangle = 3-6 cm
Let, altitude of second triangle = x cm
" As are similar
-. Their areas are proportional to the squares of
their corresponding altitudes.

~_Area of first triangle  (3:6)?2
*- Area of second triangle 2

18 (3:6)2 ; ap
= ) = 48x° = (3:6)° x 75
, (36)2x75 _36x36x75
T . T 43 -
_3-6x3-6x25_3-6x3-6x5x5
it 16 o A d N
| _(3-63{5)2
(4)?
'.x=3'6X5=0-9>c5=4-50mAns.

the corresponding altitude of the other.

Q. 4. In the given figure, AB and DE are
perpendicular to BC.

If AB=9 cm, DE =3 cmand AC = 24
cm, calculate AD. (2005)

Sol. In A ABC and A DEC,
,_4B=4E=90°and 4C=_4C
~ AABC~ ADEC (ByA. A. similarity)

AD=AC-DC

- AD=24-8=16 cm Ans.

Q. 5. In the adjoining figure, ABCD is a
trapezium in which AB || DC and
AB = 2DC. Determine the ratio of the

areas of AAOB and ACOD.
D > C
O
A - B

Sol. Intrapezium ABCD,
AB =2DC, DC || AB,

In AAOB and ACOD,
D &
_._
=
S
A 4 B
ZLAOB=/ZCOD

(Vertically opposite angles)
Z0OAB = Z0CD (Alternate angles)

-. AAOB ~ACOD (A.A. axiom of similarity)
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~ Area (AAOB)  AB?
" Area (ACOD) DC?2
(". Areas of similar triangles are

proportional to the squares of their
corresponding sides)

Area (AAOB) _[2 DC)?

=D (.- AB=2DC)
Area (ACOD) DC?
ADCE 4
s D -

.. Area (AAOB) : Area (ACOD)=4:1 Ans.
Q. 6. In the given figure, DE || BC. If

DE = 4cm, BC = 6cm and area (AADE)

=20 cm?, find the area of AABC.
A

B < C

Sol. In AABC, DE || BC
DE = 4cm, BC = 6¢cm.
and area (AADE) = 20 cm?

In AADE and AABC,
A

4cm

B . C
6cm

LA =LA (common)
ZADE=ZABC
(corresponding angles)
.. AADE ~ AABC
(A.A. axiom of similarity)

. Area (AADE) DE?
Area (AABC) BC2

i 20 (42
Area (AABC)  (6)2
R

= AL (AABC) m36

20 x 36 s
16

45cm’® |
Ans.
Q. 7.In the adjoining figure, LM is parallel to BC.

AB' =.6 .cm, AL /=.2:cm and
AC =9 cm. Calculate :

(i) The length of CM.

area (AALM)
area (trap LBCM)

= Area’(AABC) =

(if) The value of
(1996)

/L > M\ | |
B » e Sige
Sol. Given in the fig. LM | BC,AB=6 cm

AL=2cm, AC=9 cm
(i) To find length of CM

Areaof AALM
Area of Trap. LBCM

In AALM and AABC,

ZALM= ZABC {Corresponding angle}

/AML=ZACB |
ZNEEXN (Common)

(if) Ratio of
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-. AALM ~ AABC (AAA axiom)
AL _ AM _ LM |

ARl - BC
AL AM 2 _AM
AR AG )
C
:AM=2;)=3CH‘L
CM =AC - AM

=9cm—-3 cm=6cm
. Length of CM = 6 cm Ans.
() - AALM ~ AABC (Proved)

Arca AALM _ AL? _ ()’
arcaAABC  AB2 (6)2

A 1

v
 Let arca of AALM =x cm?
areca of AABC =9 x cm?

areca of AALM
area of Trap. LBCM

Now

5 Area of AALM
~ area of AABC — area of AALM

X X |

— —_— —

—

 9x-x B 8
~ Area of AALM
" area of Trap. LBCM

Q. 8. (i) In the given figure, DE || BC and DE
- BC = 3 : 5. Calculate the ratio of the

arcas of A ADE and the trapezium
BCED .

1
= E Ans.

(ii) In AABC, D and E are mid-points of
AB and AC respectively. Find the ratio
of the areas of AADE and AABC.

Sol. (i) In AABC, DE || BC

DEZBE =3 : 3

In AADE and AABC,
/A=/A (common)
Z/ADE = ZABC (corresponding angles)
.. AADE ~ AABC
(A.A. axiom of similarity)
Area (AADE) (DE)~°

** Area (AABC) (BC)?2
E) e ae
(9?2 2
— 25 area (AADE) =9 arca (AABC)
(By cross multiplication)

— 25 area (AADE) =
9 [area (AADE) + area (Trap. BCED)]

— 25 area (AADE) = 9 area (AADE)
+ 9 area (Trap. BCED)

— 25 area (AADE) -9 area (AADE)
=9 area (Trap. BCED)

— 16 area (AADE) =9 area (Trap. BCED)
sarEa fNADE) - 9
Area (Trap. BCED) 16

. Area (A ADE) : area (Trap. BCED)
=9:16 Ans.

=
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(ii) In AABC, D and E are the mid-points of
sides AB and AC respectively. D, E are
joined.

1
. DE || BC and DE = = BC

2
or BC =2DE
Now in A ADE and A ABC,
A= ZA (common)
/ADE = ZABC (corresponding angles)
. AADE ~ AABC
_ Area (AADE) DE?
" Area (AABC) BC2
o DES. 57 e
~ (2DE)2  4DE?
1
4
. Area (AADE) : Area (AABC)
=1:4 Ans. |
Q.9. In a APQR, L and M are two points on
the base QR, such that ZLPQ = ZQRP
and ZRPM = ZRQP. Prove that :
(i) APQL ~ ARPM
(ii) QL.RM = PL.PM
(iii) PQ?= QL.QR
Sol. In APQR, L and M are two points on the
base OR. Such that ZLPQ = ZQRP
P
Q L M R
Proof :
(i) Now in APQL and A RPM,
ZLPQ = ZQRP (given)
And, ZRQP = ZRPM (given)
APQL ~ ARPM

(A.A. axiom of similarity)

Downloaded from https:// www.studiestoday.com

(i) .

(m) Similarly in APQL and APQR,

(1)
(ir)
Sol.

(i)

QL PL

"PM  RM

(corresponding sides of similar
triangles are proporttonal

= QL-RM = PL-PM.

ZPQL = ZPQR
ZLPQ = ZQRP
. APQL ~ APQR
PO
QR PQ
= PO = OLA0OK
= PQ? = QL-QR. Hence Proved.

. In the adjoining figure, the medians
BD and CE of a AABC meet at G.

(common)

(given

Prove that :
AEGD ~ ACGB
BG = 2GD from (i) above. (2002)

Given : In AABC, BD and CE are the
medians intersecting each other at G. E,
D are joined

" To Prove : (/) AEGD ~ ACEB
BG = 2GD

Proof : - E and D are the mid-points of |
the sides AB and AC of AABC.

1
.. ED || BC and ED = 3 BC.

or BC=2ED
(i) Now in AEGD and ACGB
/DGE = £ZCGB
(Vertically opposite angles) |
ZEDG = ZGBC (alternate angles) |
:. AEGD ~ ACGB '
(A.A. axiom of similarity) |

{

!
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GD ED:"-ED- . (i) Similarly in ARLM and A PLQ,
I82) .. = = (. BC =2ED) _ JPL
By S BE t2D ZRLM = ZPLQ
G 1 - (Vertically opposite angles)
S BE 2 >kl i ZLRM = ZLPQ (Alternate angles)
Hence Proved. . ARLM ~ APLQ
11. In the adjoining figure, PQRS is a paral- (A.A. axiom of similarity)
lelogram with PQ = 15cm and
RQ = 10cm. L is a point on RP such that RL _RM
RL : LP =2 : 3. QL produced meets RS LP. ;. PO
at M and PS produced at N. - (Corresponding sides of similar tri-
Find the lengths of PN and RM. (1997) angles are proportional)
R Q 2~ Rl 215
o e e RM =
| T e T 3
. RM =10 cm Ans.
o Q.12. InAPQR,LM| QR and PM : MR =3:4.
Calculate :
N S P P

'Sol. In|| gm PQRS,

PQ = 15cm, RQ = 10cm -

L is a point on RP such that
RESLP&=4 3,

QL is produced to meet RS at M and PS
is produced to meet at N.

(i) In ARLQ and APLN,

e
R 10cm Q Q R

(7) % and then %I\Ri
Area (ALMN)
Area (AMNR)’
Area (ALQM)
Area (ALQN)

Sol. In APQR,LM ||QR and PM: MR =3 :4
LR and MQ are joined intersecting each

(if)

N S P
/RLQ = ZPLN . (iii)
(Vertically opposite angles)

ZRQL = ZLNP (Alternate angles)

-. ARLQ ~ APLN (A.A. axiom of similarity) diherat N,
e e L (i) Now in APLM and APQR,
LR APN 3 “PN /P= /P common)
(Corresponding sides of similar tri- e . :
angles are proportional) /PLM = ZPQR (Corresponding angles)
3 X 10 ¥ : 73 APLM S APQR
= PN = Ry 15 em. (A.A axiom of similarity)

f
/
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PQ PR PM+MR
e Baaid
R ey BN

PL LM .3

(u) Similarly PQ QR Sy

[proved in (7)]
From M, draw M L £ZR

Now, (ALMN and AMNR, bases are in the same
line and their vertices are common.

_ Area (ALMN) _ LN

" Area (AMNR) NR

But in ALMN and AQNR,
Z/ILNM = ZQNR (Vertically opposite angles)
ZLMN = ZNQR  (Alternate angles)
.. ALMN ~ AQNR (A.A. axiom of similarity)

EN' i

NRE OR =5 (Proved)
7 Area (ALMN) IN '3
€DCC, “Area (AMNR) NR 7
(7ii) Similarity we can prove that
Area (ALQM) QM
Area (ALQN) QN
But AQNR ~ AMNL [proved]
jgio L hERL Ol Sy ,
“NM. LM 3 [from (ii)]

(Adding 1 to both side l
NM+QN 3+7
ON-=O 147
QM 10
PR SN
Area (ALQM) _ 10 e
Area (ALQN) 7
13. In the given figure, ABC and CEF are tw
triangles where BA is parallel to CE and Ak

AC=5:8

A

7 \/
B |

(i) Prove that AADF ~ ACEF

(i) Find AD if CE = 6-cm

(ii) If DF is parallel to BC find area of AADH
area of AABC.

Sol. (i) In AADF and ACEF

ZDAF = LFCE (alternate angle
Z/AFD = ZCFE  (Vertically opp. angle
(by A.A

. AADF ~ ACEF
| Hence prove

o |

(ii) AADF ~ ACEF

AD (DR = oA
CE: x ER.i “CF
<AL
‘LR SR
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AD
16
AD =10 cm

¢DF || BC
AADF ~ AABC

8D =/Band LF=ZC

e
8

Ar.of AADF  AF2 5\ i 25
R oERADE - Ace %) 7K

' 14. In the given figure, AABC ~ APQR and
AM, PN are altitudes, whereas AX an
PY are medians. -

p T AM AX S
rove that : 5= = 43
A
B M X C

Sol. Proof : .- AABC ~ APQR (given)
Area (AABC) AM?2 ;
“ “Area (APQR) ~ PNZ 20
(Areas of similar triangle:s‘ are proportional to
the squares of their corresponding altitudes)
Area (AABC) AX2 o

: = 5(0

Area (APQR)  PY? :

 (Areas of similar triangles are proportional to
the squares of their corresponding medians)

~ Again,

Arundegp's Foundation Math-X

From (i) and (ii),

AM?  AX?
PN2 PY2
AM AX
PN PY

Hence Proved.

Q. 15. In the given figure BC || DE, area

(AABC) = 25 cm?, area (trap. BCED)
= 24 ¢cm? and DE = 14 cm. Calculate
the length of BC.

A

B > &
D/ > \ E
Sol. In AADE, BC || DE

Area (AABC) = 25 cm?, area (trap.
BCED) = 24 cm?

DE = 14 cm.
Let BC =x cm.

Now, Area (AADE) = Area (AABC)
+ area (trap. BCED) =25 cm? + 24 cm?

= 49 cm?
In AABC and AADE,
LA =LA (Common)
ZABC=ZADE (Corresponding angles)

--AABC ~ AADE  (A.A. axiom of similarity)

Area (AABC) _ BC?
Area (AADE) DE?

(Areas of similar triangles are proportional to
the square of their corresponding sides)

et X2
49  (14)?
2 2
Ly 3)- _ ) :,,i=_5_
Ty T ALARES b S
ooy
= Tx=5x14 = x= x71_4=19

DM — 1N A A -
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