TRIANGLES

Congruence of Triangles

1 Congruent Figures ]

v

{ Only when they have exactly ]

v

Two equal angles

Same size and same shape

Two line segments of equal
length

Y

Y

!

Circles of same radii

Two triangles if they have equal
corresponding sides and equal
corresponding angles

Squares of same sides

N

'

[ Example: In AABC and ADEF,

IfAB=DE,BC=EF, CA=FD
and ZA= /D, £/B=ZE, 2/C= ~£F,
then AABC = ADEF

v

Criteria for congruence of
triangles

Y

v

!

' SAS
(Side-Angle-side)
Congruence rule

ASA
(Angle-Side-Angle)
Congruence rule

AAS
(Angle-Angle-Side)
Congruence rule

Y

v

Y

Two sides and the
included angle

.

Two angles and included side

Two angles and one pair of
corresponding sides

Y

!

A4

-

J

In AABC and ADEF, [ In AABC and ADEE, In AABC and ADEE,
e AB = DE, /B = /E s ZB= /E, BC = EF 8= /B /C=/F
and BC = EF s /C=/F AB =DE orAC =DF
¥ . v v _
AABC = ADEF AABC = ADEF AABC = ADEF
A D A D
E B cC E F B Ac E & E
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Note: (i) In congruent triangles, corresponding parts are equal.

(i7) It is necessary to write the correspondence vertices correctly for writing of congruence of
triangles.

(fify If AABC = ADEF, then it also be written as
ABCA = AEFD or ACAB = AFDE; but not as AABC = AEFD or ABCA = AFDE.
(v) CPCT means corresponding parts of congruent triangles.
(v) SAS congruence rule holds, but not ASS and SSA rule.

(vi) The sum of the three angles of a triangle is 180°. So if two pairs of angles are equal, the third
pair is also equal.

‘.) SOLVED QUESTIONS BASED ON EXERCISE 7.1

Very Short Answer Type Questions [1 Mark]

1. In AABC and ADEF, AB = FD and ZA = /D. Write the third condition for which two triangles are

congruent by SAS congruence rule. [CBSE 2011]
Sol. By SAS congruence rule, the arms of equal angles must also be equal.
Hence, AB =FD
LA = 2ZD
So AC =DE
= AABC = ADFE (SAS congruence rule)

2. It is given that AABC =~ AFDE and AB = 6 cm, /B = 40° and ZA = 80°. What is length of side DF of
AFDE and its ZE?
Sol. Given: AABC = AFDE
Now, corresponding parts of congruent triangles are equal.

So, DF = AB=6cm
and ZBE = £C = 180° - (80° + 40°) = 60°
3. In the given figure, O is the mid-point of AB and /BQO = ZAPQ. Show n
that ZOAP = ZOBQ. [CBSE 2014]
Sel. Given: (i) O is mid-point of AB. i & s
(i) £BQO = ZAPO
To prove: ZOAP = ZOBQ
Proof: In AOAP and AOBQ, R
OA=0B (O is mid-point of AB)
ZAPO = ZBQO (Given)
ZAOP = ZBOQ (Vertically opposite angles)
= AOAP = AOBQ (ASA congruence rule)
= Z0OAP = Z0BQ (CPCT)

Hence proved
4. In the given figure, CA and DB are perpendiculars to CD and CA = DB. A
Show that PA = PB. JI;L
Sol. Given: (i) CALCD . .
(i) DB LCD F ?

(iily CA =DB

B
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Sol.

Sol.

To prove: PA = PB
Proof: In ACPA and ADPB,

ZACP = Z/BDP (Each 90°)

ZCPA = /DPB (Vertically opposite angles)

CA =DB (Given)

= ACPA = ADPB (AAS congruence rule)
=% PA =PB (CPCT)

Hence proved

Short Answer Type Questions | [2 Marks]

In the given figure, if OA = OB, OD = OC. Prove that AAOD = ABOC.
Given: (i) OA = OB

(i) OD =0C 0
To prove: AAOD = ABOC
Proof: In AAOD and ABOC,

A D
OA=0B (Given)
ZAO0D = ZBOC (Vertically opposite angles)
OD =0C (Given)
= AAOD = ABOC (SAS congruence rule)
Hence proved
In the given figure, AC = BD and AC| | DB. Prove that AAPC = ABPD. e B
Proof: Given AC| |DB iy
AB is transversal
A D
= ZPAC = /PBD (Alternate interior angles)
When CD is transversal, then
ZPCA = Z/PDB (Alternate interior angles)
Now, in AAPC and ABPD,
ZA=/B (As proved above
AC=BD (Given
ZC=/D (As proved above)
= AAPC = ABPD (ASA congruence rule
Hence proved
In quadrilateral ABCD, BN and DM are drawn perpendicular to AC. D 6
Such that BN = DM. Prove that O is mid-point of BD. N
Sol. In ADMO and ABNO,
ZDMO = ZBNO = 90° (Given) o
ZDOM = ZBON {Vertically opposite angles)
DM = BN (Given) B
A ADMO = ABNO (AAS congruence rule
= DO = BO (CPCT
= O is mid-point of BD Hence provec
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Short Answer Type Questions |l [3 Marks]

5. In the given figure, AB = AC, AD = AE and Z/BAC = /DAE. Prove that =
ABAD = ACAE. [CBSE 2010]
Saol. Given: AB=AC s
e B D
and ZBAC = ZDAE c
To Prove: ZBAD = ACAE &
Proof: ZBAC = Z/DAE (Given)
On adding #DAC both sides, we get i
ZBAC + ZDAC = ZDAE + Z/DAC
= ZBAD = ZEAC
In ABAD and AEAC B c P
BA =CA (Given)
ZBAD = Z/EAC (Proved above)
AD = AE (Given)
ABAD = AEAC (SAS congruence rule)

is the mid-point of AS. Show that
(i) AAOB = ASOR
(ii) O is mid-point of BR.

In the given figure, the line segment AB is parallel to another line segment RS and O

[CBSE 2013]

R S

A

Sel. Given: (i) AB||RS
() O is mid-point of AS.
To prove: (i) AAOB=ASOR
(if) O is mid-point of BR.
Proof:
(i) Given: AB||RS and AS is transversal.
= Z0OAB = Z0OSR (Alternate interior angles)
Now, in AAOB and ASOR,
Z0AB = ZOSR (Proved above)
OA =08 (O is mid-point of AS)
and ZAOB = ZSOR (Vertically opposite angles)
= AAOB = ASOR (ASA congruence rule)
Hence proved.
(if) As AAOB=ASOR,
So OB = OR (CPCT)
= O is mid-point of BR. Hence proved
10. In the given figure, /| |m and M is the mid-point of line segment AB. Prove that A C
M s also the mid-point of any line segment CD having iis end points C and D on
[ and m respectively. M
Sel. Given: () | |m <~ =—>m

(if) M is mid-point of AB.
To prove: M is mid-point of CD.
Proof: Given /| [ and AB is transversal
=
Now, in AAMC and ABMD,

ZCAM =

ZCAM =

ZDBM

ZDBM

(Alternate interior angles)

(As proved above)
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AM =BM (M is mid-point of AB

ZAMC = ZBMD (Vertically opposite angles
= AAMC = ABMD (ASA congruence rule
= CM =DM (CPCT
=> M is mid-point of CD. Hence proved

11. Inthe given figure, ZQPR = /PQR and M and N are respectively points on the sides A

QR and PR of APQR, such that QM = PN. Prove that OP = OQ, where O is the
point of intersection of PM and QN.

Sol. Given: In APQR, ZQPR = ZPQR M and N are two points on QR and PR such that v
QM = PN. PM and QN intersect at O.
To prove: OP = OQ ‘
Proof: In APOM and APQN, we have, P d
QM =PN [Giver!
ZQPM = /PQN [Given: ZQPR = ZPQR!
PQ =PO [Common]
APQM = APQN [SAS congruence rule
ZQPM = ZPQN
But ZQPN = ZPOQM
= ZQPN - ZQPM = /PQM - /POM
=3 Z0OPN = Z0QM
Again in APON and AQOM, we have
PN = QM [Giver
Z0OPN = Z00M [As provec
ZPON = ZQOM [Vertically opposite angles
APON = AQOM [AAS congruence ruls
OP =0Q Hence provec
Long Answer Type Questions [4 Marks]
12. In the given figure, PQ = QR and /x = /y. Prove that AR = PB. A >
[CBSE 2011]
B
Sol. Proof: In the figure, K
ZQAR + ZPAR = 180° (Linear pair axioms
= ZQAR + /x =180°
=5 ZQAR = 180° - £&° .
Similarly, ZQBP + ZRBP = 18(° (Linear pair axiom
= ZQBP + 2y =180°
£5 ZQBP = 180° - 2y
But given, Lx=Ly
ZQAR = ZQBP [From (i) and -
Now, in AQAR and AQBP, QR =PQ (Gives
ZQAR = ZQBP (As proved ab«
ZQ=2/Q (Comm
=5 AQAR = AQBP (AAS congruence r=
=% AR =PB (CPCH
- Hence provs
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13. Prove that “Two triangles are congruent, if two angles and the included side of one triangle are equal

to two angles and the included side of other triangle”.

. Given: Two triangles ABC and PQR in which

LB=£Q, £C= /R
and BC=0R
To prove: AABC = APQR
Proof: Three cases arises.
Case I. When AB = PQ, /B = ZQ and BC = QR

A P
B } C Q R

In AARC and APQR,

AB=PQ

ZB=2/Q

BC=0R
b AABC = APQR
Case II. When AB > PQ,

P
B Q R

Let us consider a point D on AB such that DB = PQ

Now, consider ADBC and APQR DB =PQ
£ZB = 2£Q
BC=QR

= ADBC = APQR

= ZDCB = ZPRQ

But, we are given that ZACB = ZPRQ

So, ZACB = ZDCB

This is possible only when D coincides with A

ie. BA=QP

So, AABC = APQR

[CBSE 2014, 11]

{Assumed)

(Given)

(Given)

(SAS congruence rule)

(By construction)
(Given)

(Given)

(SAS congruence rule)
(CPCT)

(SAS congruence rule)

Case III. When AB < PQ, let us consider a point S on PQ such that SQ = AB as shown in figure.

A P
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Now, in AABC and ASQR, AB=S8Q

ZB=/Q

BC=QR
So, AABC = ASQR
= ZACB = ZSRQ
But we are given that ZACB = ZPRQ
= ZSRQ = ZPRQ
This is possible only when S coincide with P
or QS=QP
So, AABC = APOR

(By construction)

(SAS congruence rule)
(CPCT)
(As AABC = APQR)

Hence proved.

), PRACTICE QUESTIONS BASED ON EXERCISE 7.1

1. State the congruence in the symbolic form of two
As PQR and DEF, if PR = EE QR = DE and
PQ = FD.

2. In AABC and ADEF, AB = DE, BC = EF and
ZA = /D, State whether the triangles are congruent
or not. If yes, by which congruence rule?

3. In the given figure, state the congruence rule used

in proving AACB = AADB [CBSE 2010]
A
C D
B

4. In AABC and ADEF, AB = FD, ZA = /D. State
the necessary condition according to which two
triangles will be congruent by SAS congruence rule.

[CBSE 2011]

5. Inthe given figure, the diagonal AC of quadrilateral
ABCD bisects ZBAD and ZBCD. Prove that
BC = CD.

D C
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6. It is given that AABC = AFDE and AB = 5 cm.

£B = 30° and ZA = 80°. Find ZE and length of
side DF.

. In the given figure, AQ = AP and BP = CQ. Prove

that AAQB = AAPC.
A

Cc B

. Prove that the median of an equilateral triangle are

equal.

. BCis a line segment and line m is its perpendicular

bisector. If a point P lies on m, show that P is
equidistant from B and C. [CBSE 2016]

10. ABCD is a square and BX = BY. Prove that

D c
X
A % B

(i) ADCX =ADAY
(i) DY =DX
(iiiy «DXC = /DYA
[CBSE 2016]




6. In the figure below, ABC is a triangle in which AB = AC. X and Y are points on AB A

and AC such that AX = AY. Prove that AABY = AACX. [CBSE 2011]
Sol. Given: In AABC, AB = AC and AX = AY s N
To prove: AABY = AACX
Proof: In AABY and AACX, ° ;
AB=AC (Given)
LA=ZA (Common)
AX =AY (Given)
= AABY = AACX (SAS congruence rule)
7. In the given figure, AABC is an isosceles triangle with AB = AC. If the altitude is A
drawn from one of its vertex, then prove that it bisects the opposite side.
Sol. Given: (i) AABC is an isosceles triangle with AB = AC
(i) AD is the altitude drawn from vertex A on side BC.
To prove: D is mid-point of BC, i.e. BD = CD B 5 c
Proof: In AABD and AACD
AB = AC (Given)
£B = /C (Angles opposite to equal sides are equal)
ZADB = ZADC = 90° (Given)
=3 AABD = AACD (AAS congruence rule)
= BD = CD (CPCT)
Therefore, AD bisect BC. Hence proved.
Short Answer Type Questions 1l [3 Marks]
8. Prove that angles opposite to equal sides of an isosceles triangle are equal. [CBSE 2011, 2014]
Sol. Given: AABC is an isosceles triangle with AB = AC
To prove: /B = £C
Construction: Draw AD bisector of ZA which intersects BCatD. A
Proof: In ABAD and ACAD, AB = AC (Given)
ZBAD = ZCAD (By construction)
AD = AD (Common)
So, ABAD = ACAD (SAS congruence rule) B ) c
= ZABD = ZACD (CPCT)
So, £ZB = ZC Hence proved.
9. In the given figure, AB = AC. D is point on AC and E on AB such that
AD = ED = EC = BC. Prove that ZA: /B=1:3 [CBSE 2015; HOTS]

Sol. Given: (i) AB= AC
(#) AD =ED =EC =BC

To prove: ZA:2ZB=1:3
Proof: In AAED,

t c
AD =ED (Given)
= L1 =212 (Angles opposite to equal sides are equal) ...({)
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Also, in AAED, ZA + ZAED + ZADE = 180°

(Angle sum property of a triangle)

= Z1 4+ £2 + ZADE = 18(°
— ZADE = 180°-221 (£1=22)
But ZADE + ZCDE = 180° (Linear pair axiom) 5
= 180°-24£1 + £3 = 180°
= £3=2.1 ...(ii)
Now, in ACDE, £3 + £CED + Z4 = 180° (Angle sum properly of a triangle)
= ZCED = 180° - £3 - 24
ZCED = 180°-2/3 (= ED = EC; £3 = £4) ...(iii)
Again, ZAED + ZCED + /ZBEC = 180° (Linear pair axiom)
= L2+ 180°-2.23 + £5 = 180°
= 243 = L2+ /5 ()
In ABEC, EC = BC
= 26 = £5 (Angles opposite to equal sides are equal) ...(v)
From (i), (iv) and (v), we get
273 = /1 + £6 (£2 = Z1 and £5 = £6)
= 2(221) = £1 4+ 46 [From ()]
= 421 = 21 + £6
= 26 =3/1
= ZB = 3ZA
i
ZB 3
= ZA:/B=1:3 Hence proved
10. In the given figure, we have ZABC = ZACB and /3 = /4. Show that A
@) £1= 22
(1) Justify which two sides of AABC are equal.
Sol. (i) Given ZABC = ZACB
=1 L1+ £4= 22+ 43 g A1 2N\ ¢
But L3 =24 (Given)
= L1 =22 Hence proved
(i) ZABC = ZACB (Given)
= AC = AB

Because in an isosceles triangle, the sides opposite to equal angles are equal.
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11. In the given figure, AB = AC, CH = CB and HK| | BC. If ZCAX = 137, then

find ~CHK.

Sol. Given: In AABC,
(i) AB=AC
(i) CH=CB
(i) HK]||BC
(iv) £LCAX =137°
To find: ~CHK

Finding: In AABC, AB = AC

= ZABC = ZACB

But ZCAX = ZABC + ZACB
= 137°=2/ABC

= ZABC = 137 = 68.5°

= ZACB = 68.5°

Now, CH=CB

=5 £CBH = #CHB

= Z#CHB = 68.5°

Again, HK||BC

and CH is transversal

s ZBHK + ZCBH = 18(°
= ZCHB + ZCHK + ZCBH = 18(°
24CHB + ZCHK = 180°
= 2 x 68.5° + ZCHK = 18(°
= ZCHK = 180°-137° = 43°

12. In the given figure, it is given that RT = TS, Z1 = 242 and £4 = 2./3.
Prove that ARBT = ASAT

Sol. Given: (i) RT =TS

[CBSE 2013; HOTS]

Long Answer Type Questions [4 Marks]

[CBSE 2016; HOTS]

(Given

(Angles opposite to equal sides are equal
(By exterior angle theorem

(- ZACB = ZABC

(Angles opposite to equal sides are equal
(ZCBH = ZABC
(Given

(Co-interior angles)
(- #BHK = /CHB + ZCHK)
(£CBH = ZCHB)

(#H) £L1=222
(i) £4=2/3
To prove: ARBT = ASAT

Proof: In ATRS,

=

RT =TS
ZTRS = £ZTSR

Now, SA and RB intersect at a point. Let it be P.

So, L1 = 24
= 27,2 =2/3
= 22 =73
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(Given)
(Angles opposite to equal sides are equal) ...(¢)

(Vertically opposite angles)

...(ii)



Now, in ARPS,

(Sides opposite to equal T
angles are equal) ...(iif)

22 =13
= SP = RP
Again from (i),

ZTRS = ZTSR
= ZARP + £2 = ZBSP + £3
= ZARP = /BSP
Now, in AARP and ABSP, ZARP = /BSP

RP = SP
£l = /4
= AARP = ABSP
= AR = BS
But RT =TS
= RT-AR =TS-BS
= AT =BT
Now, in ARBT and ASAT RT = ST
LT = /T
BT = AT
= ARBT = ASAT

1. In anisosceles triangle ABC, AB = AC, ZA = 80°.
Find the value of Z/B and ~ZC.

2. In APQR, PQ = PR and £Q = 80°. Find £P.
3. In the given figure, find the value of x and y.
A

X

40° Yy
B c
4. Inthe given figure, AB = AC and BE = CD. Prove
that AD = AE.
A
B D 5 c

5. The base angle of an isosceles triangle is 20 more
than thrice the vertex angle. Find the value of equal
angles.

6.

(As 22 = £3) ...(iv)

(Proved above)

— {7

(From (iv))
(From (iii))

(Vertically opposite angles)
(ASA congruence rule)
(CPCT)

(Given)

(V)

(Given)

{Common)

~ (From (v))

@AS congruence
Hence proved.
e

PRACTICE QUESTIONS BASED ON EXERCISE 7.2

The average of two non-congruent angles of an
isosceles triangle is 65°. Find the value of these two
non-congruent angles [HOTS]
ABAD and AADC are two isosceles triangles. If
ZABD = 64°, Find ZDAC.

In AABC, E and D are the two points on BC such
that CE = DB and ZAEC = ZADB. Prove that
(i) AAED is an isosceles triangle.

(if) ACAD = ABAE

In the given figure, AXYZ X

and APYZ are two isosceles =

triangle on the same base p

YZ with XY = XZ and g A

PY = PZ. If ZP = 120°
and ZXYP = 40°, then find
LYXZ. [CBSE 2010]
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10. In the given figure, 5
AB = AC and DB
= DC. Find the ratio
between the ZABD
and ZACD. B

11. In the given figure, B
ZA = ZC and AB
= BC. Prove-that
AABD = ACBE.

A

c

12. Inthe given figure, AD = AE and D and E are
the points on BC such that BD = EC. Prove
that AB = AC.

A

Some More Criteria for Congruence of Triangles

Two More Criteria for
Congruence of Triangles

<&

v
SS8S
(Side-Side-Side)
Congruence Rule

Y

Equal corresponding
sides of two triangles

\d
In AABC and ADEF,

SS8S Congruence rule: If three
sides of one triangle are equal to
three sides of another triangle, then

e AB =DE
» AC=DF
e BC=EF ]
Y
AABC = ADEF
A D
B C E F
v
AABC = ADEF

the two triangles are congruent.

\,

J
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v
RHS
(Right angle-Hypotenuse Side)
Congruence Rule

)

Y

in two right-angled triangles
corresponding side and
hypotenuse.

\ 4
L In AABC and ADEF with
| ZB = ZE =90°,

e BC=EF

L ® AC =DF

v
AABC = ADEF

v

AABC = ADEF

RHS Congruence rule: If in two right triangles

the hypotenuse and one side of one triangle are
equal to the hypotenuse and one side of the other
triangle, then the two triangles are congruent.




Inequalities in a Triangle

'd

When equality or congruence )
does not exist

Y
Inequality between two
quantities

Reflects

|

Y '

Unequal Quantities f Comparison between two |
’ quantities
v
l * ) _
[ ~ | One is Greater (or less than)
Real Numbers ] [ Non-Negative Real Numbers ] - than the other
v
Length of sides L . Measure of angles £l }
A <B .
L G- =D i _
Y A D
[ CD >AB 1 - .
J B c E
ZABC < Z/DEF
Y v
Sides and Angles of
Triangle
(i) AC>AB,and /B > 2ZC A
(i) AC>BC,and z/B> A  3cm 9 cm
(iily BC > AB, and Z/A> /C B 4cm  C

') If two sides of a triangle are unequal, the angle opposite to the longer side is larger (or greater)
=) In any triangle, the side opposite to the larger (greater) angle is longer. A
=z) The sum of any two sides of a triangle is greater than the third side

(@) AB+BC>CA

(b) BC+ CA> AB

(c) CA+ AB > BC

B C
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This gives us .
(@) AB>CA-BC,ie. CA-BC< AB
(b) BC> AB-CA,ie. AB-CA <BC
(c) CA>BC-AB,ie. BC-AB < CA.
(iv) Of all line segments that can be drawn to a given line from a point not lying on it, the perpendicular lin:
segment is the shortest.

@)* SOLVED QUESTIONS BASED ON EXERCISES 7.3 AND 7.4

Very Short Answer Type Questions [1 Mark]

1. In two right-angled AABC and ADEEF, the measurement of hypotenuse and one side is given. Check &
they are congruent or not? If yes, state the rule.

A 34cm B D 34cm E
N V
C E
Sol. Yes, AABC = AEDF

By RHS congruence rule.

RHS Congruence rule: If in two right angled triangles the hypotenuse and one side of one triangle are equal =
the hypotenuse and one side of the other triangle, then the two triangles are congruent.

2. Examine the congruence of two triangles, whose measurements of some parts are given below:
({) for AABC, ZA =90°,AC =5cm, BC =7 cm
(i7) for ADEF, ZE = 90°, DF = 9 cm, DE = 5 cm
Sol. From the figure, AC = DE = 5 cm. ZA = ZE = 90° but BC = DF. F

Hence, the given triangles are not congruent. c
9 cm
5cm 7cm
A B E 5cm D
3. AACB and AADB are two congruent right-angled triangles on the same base c D
AB (= 6 cm) as shown in figure. If AC = 3 cm, find BD. 5
cm X
A 6 cm B
Sol. AABC = AABD (RHS congruence rule given)
= AC=BD (CPCT)
= BD = 3cm _ (- AC = 3 cm, given)
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Fill in the blanks:
(i) If two angles of a triangle are unequal then the smaller angle has the side opposite to it.
(#)) The sum of any two sides of a triangle is than the third side.

Sol. (i) smaller (if) greater
5. Which of the following statements are true and which are false?
(?) If two sides of a triangle are unequal, then longer side has the smaller angle opposite to it.
(7)) The sum of the three sides of a triangle is less than the sum of its three altitudes.
Sol. (i) false (i) false
Short Answer Type Questions | [2 Marks]
6. In the given figure, LM = MN, QM = MR, ML | PQ and MN L PR. Prove that PQ = PR.
Sol. Given: LM =MN, QM = MR
. ML L PQ and MN 1L PR
To prove: PQ =PR
Proof: In AOML and ARMN, LM = MN (Given)
ZL=4/N (Each 90°)
QM=MR (Given)
= #BOML = ARMN (RHS congruence rule)
=X ALOM = ANRM (CPCT)
= PQ=PR  (Sides opposite to equal angles are equal) Hence proved.
7. What additional information is needed for establishing AABC = ARPQ, by RHS congruence rule, if it
is given that AB = RP and /B = /P = 90°?
Sol. Given AABC = ARPQ A R
AB = RP
LB = ZP =90°
o AoR Bo»Pand Ce0Q
So, for congruence of AABC and ARPQ by RHS congruence rule, we must
have B : cC P : Q
AC =RQ
8. Write the congruence statement by the information shown in the figure. D
Sol. From the figure,
In ABAC and ABAD,
AB = AB (Common) Al R
ZBAC = ZBAD (Each 90°)
BC = BD (Given) o
= ABAC = ABAD (RHS congruence rule)
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9. In the given figure, AB > AC and D is any point on side BC of AABC. Prove that AB > AD.

A
B D C

Sol. AB > AC (Given

ZC > ZB (Angle opposite to longer side is larger) ...(i

Now, ZADB is the exterior angle of AADC

= ZADB = ZDAC + £C

= ZADB > £C (i

Therefore, from (i), we get

= ZADB > /B

Now in AABD;

ZADB > /B

= AB > AD (Side opposite to greater angle is longer) Hence proved.
10. In the given figure, PQ > PR, QS and RS are the bisectors of £Q and /R respectively. Prove that

SQ > SR.

P

Sol. Proof: In APQR,

PQ > PR (Given)
= ZPRQ > /POQR (Angle opposite to longer side is larger)
1 1
= —ZPRQ > —/POR
2 2
=% ZSRQ > ZSQR (Given QS and RS are the bisectors of ZQ and ZR respectively )
=

SQ > SR (Side opposite to greater angle is larger) Hence proved.

Short Answer Type Questions Il [3 Marks]

11. Pis a point equidistant from two lines / and m intersecting at point A as shown in figure. Show that line
AP bisects the angle between them.
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Sol. Given:

(i) Lines!and m intersect each other at point A.

(if) From figure, PB L/, PC L m

(iiiy PB =PC

To prove: Line AP bisects ZBAC.

Proof: In APAB and APAC,

=3
=
= Line AP bisects ~BAC.

PB=PC
ZPBA = /PCA = 9(r
PA=PA
APAB = APAC
ZPAB = /PAC

12. ABDF is a square and BC = EF in the given figure. Prove that

(i) AABC = AAFE

Sol. Given:
(i) BC =FF

To prove:

(i) ABDF is square

A B
c

G
FTE D

(#) AACG = AAEG

(i) AABC = AAFE

(i) AACG = AAEG

Proof:
(!) In AABC and AAFE,

and
=
=
(if) In AACG and AAEG,

=

AB = AF

BC=FE
ZABC = ZAFE = 90°
AABC = AAFE

AC=AE

AC=AE
AG=AG
ZAGC = ZAGE = 9°
AACG =z AAEG

(Given)

(Given)

(Common)

(RHS congruence rule)
(CPCT)

Hence proved.

[HOTS]

(All sides of a square are equal)
(Given)

(Each angle of a square is a right angle)
(SAS congruence rule)

(CPCT)

Hence proved.

(Proved above)

(Common)

(Given)

(RHS congruence rule) Hence proved.

13. In the given figure, AB = AC and D is a point in the intericr of AABC such that /DBC = ~/DCB. Prove
that AD bisects ZBAC of AABC.

A
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Sol. In ABDC,

=y
Now, in AABD and AACD,

and
=

Hence, AD bisects ZBAC.

14. In the given figure, AD = CD and AB = CB. Prove that

(i) AABD = ACBD
(@) BD bisects ZABC.
Sol. Given: AD = CD and AB = CB
To prove: (i) AABD = ACBD

(i) ZABD = ZCBD,ie. BD bisects ZABC.
Proof: (i) InAABD and ACBD,

=
(it) Since
=%
= BD bisects ZABC.

ZDBC = /DCB
BD=CD

AB=AC

BD=CD

AD=AD
AABD = AACD
ZBAD = ZCAD

AB=CB

AD =CD

BD =BD
AABD = ACBD
AABD = ACBD
ZABD = ZCBD

(Given

(Sides opposite to equal angles are equal

(Given)

(Proved above)

(Common)

(SSS congruence rule)
(CPCT)

D Hence Proved.

(Given)

(Given)

(Common)

(SSS congruence rule)
(Proved above)
(CPCT)

Hence proved.

15. A point O is taken inside an equilateral four sided figure ABCD such that its distances from the angular
points D and B are equal. Show that AO and OC are together form one and the same straight line.

[HOTS]
Sol. Given: O is a point anywhere inside an equilateral four sided figsure ABCD such that OD = OB.
To prove: AO and OC are in the same straight line. D c
Proof: In AAOD and ABOA,
AD = AB (Given sides of ABCD are equal)
AO=A0O (Common) 2
OD = 0B (Given)
- AAOD = ABOA (SSS congruence rule) *
= Ll=r4 (CPCT) A B
Similarly, in ACOD and ACOB,
CO=CO (Common)
CD =CB (Given sides of ABCD are equal)
OD =0B (Given)
= ACOD = ACOB (SSS congruence rule)
= £2=/3 (CPCT)
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But L1+ 224 /23 + £4 =360° (Complete angle)

= 214+ 2+ 22+ 21 =360° ( Z4=~land £Z3 = £2)
= 2(£1 + £2) = 360°
= Z1 4+ 22 = 180°
= ZAOD + ZCOD = 18(0°

But these are the linear pair angles formed by a line OD stands on AOC.
Therefore, AO and OC are together form one and the same straight line.
= AOCis a straight line. Hence proved.

Long Answer Type Questions [4 Marks]

18. Prove that the sum of three altitudes of a triangle is less than the sum of the three sides of a triangle.

[HOTS]
Sal. Given: In AABC, AD, BE and CF are the altitudes on sides BC, CA and AB respectively. A
To prove: AD + BE + CF < AB + BC + CA
Proof: Since perpendicular line segment is the shortest line segment, then F E
when AD | BC we have
AB > AD and AC> AD B o
= AB + AC > AD + AD g
= AB + AC > 2AD (D)
Similarly, when BE L AC, then BA + BC > 2BE (i)
and, when CF L AB CA+CB > 2CF -(ifd)

Adding (i), (if) and (iii), we get
AB + AC + BA + BC + CA + CB > 2AD + 2BE + 2CF

= 2AB + 2BC + 2CA > 2AD + 2BE + 2CF
= 2(AB + BC + CA) > 2 (AD + BE + CF)
= AB + BC + CA > AD + BE + CF

AD+BE + CF < AB+ BC+ CA Hence proved.
7. Diagonal AC and BD of quadrilateral ABCD intersects each other at O. Prove that
(i) AB+BC+ CD + DA > AC + BD
() AB + BC + CD + DA <2 (AC + BD)
Sel. Given: AC and BD are the diagonals of quadrilateral ABCD. b G
({) To prove: AB + BC + CD + DA > AC + BD v
Proof: We know that the sum of any two sides of a triangle is always greater than the
third side. Therefore, A !

In AABC, AB + BC > AC sty &

In ABCD, BC + CD > BD ...(i)
In ACDA, CD + DA > CA ...(ii)
In AABD, AB + AD > BD - (v)

Adding (i), (ii), (iii) and (iv), we get
2(AB + BC+ CD + DA) > 2 (AC + BD)
= AB + BC + CD + DA > AC + BD Hence proved.
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(ii) To prove: AB + BC + CD + DA <2 (AC + BD)

Proof: In AOAB, OA + OB > AB
In ABOC, OB + OC > BC (B
In ACOD, OC+0OD>CD (i
In AAQOD, OA + OD > DA .

Adding (7), (it), (iif) and (iv), we get
_2(OA+OB+OC+0D)>AB+BC+CD+DA
2 [(OA + OC) + (OB + OD)] > AB+ BC + CD + DA
2(AC+BD) > AB + BC+(CD + DA

AB +BC+ CD + DA < 2(AC + BD) Hence provec
18. AB is a line segment C and D are points on opposite sides of AB such that each of them is equidistant
from the point A and B as shown in figure. Show that the line CD is the perpendicular bisector of AB.
c
A B B
D
Sol. Given: CA = CB and DA = DB
To prove: (i) CD 1 AB
(@) CD bisects AB
Proof: Let CD intersects AB at P.
Consider ACAD and ACBD,
CA=CB (Given
DA =DB (Given
CD=CD (Common
= ACAD = ACBD (SSS congruence rule
= ZACD = ZBCD (CPCT
Again, in ACAP and ACBP, '
CA=CB (Given
CP=CP (Common
ZACP = /BCP (=~ ZACD = £BCD. Proved above
= ACAP = ACBP (SAS congruence rule
= AP =BP (CPCT
and LAPC = /BPC (CPCT
But these are the linear pair angles.
Therefore, ZAPC + #BPC = 180°
= 2/APC = 180°
=% ZAPC=90° = CDLAB
Hernce, AP = BP and ZAPC = 90°. This indicates that CD is perpendicular bisector of AB. Hence proved.
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19.

Prove that two right triangles are congruent, if the hypotenuse and a side of one triangle are respectively
equal to the hypotenuse and a side of the other triangle.

[HOTS]
Sol. Given: (i) AABC and APQR are the two right-angled triangles with /B = 90° and £Q = 90°. .
(if) AC = PR and BC = QR
To prove: AABC = APQR
Construction: Produce PQ to S such that QS = AB. Join S and R. A P
Proof: In AABC and ASQR, we have
AB =8Q (By construction)
BC=QR (Given)
ZABC = ZSQR (Each 90°) ¢ e @ —R
= AABC = ASQR  (SAS congruence rule) : Rl
=5 ZA=/S (CPCT) E
and AC=SR (CPCT) -
But AC=PR (Given) gH
= SR =PR
= ZP=/8 (Angles opposite to equal sides of ASPR are equal)
ie. LA=/P (£ZA = £S and £S = £P, Proved above)
Now, in AABC and APQR,
ZA = /P (Proved above)
£B=£Q =90° (Given)
& ZC=/R (By angle sum property of a triangle)
Again, in AABC and APQR,
BC=QR (Given)
AC=PR (Given)
ZC= /R (Proved above)
= AABC = APQR (SAS congruence rule)

4.

Hence proved.

PRACTICE QUESTIONS BASED ON EXERCISES 7.3 AND 7.4

State the relation between the altitudes BD and CE
respectively an isosceles AABC with AB = AC.

5. In the given figure, AABC and AACD are
such that BD = AC, AB = DC. Prove that

. Is it possible to construct a triangle with length of ZADB = ZDAC. A [HOES]
its sides as 5 cm, 6 cm and 11 cm? Give reasons for
your answer.
- In the following figure, S is any point on side BC of
AABC. Prove that AB + BC + CA > 2AS . .
[CBSE 2011] B b c
A 6. In the given figure, ABCD is a square. E is the

mid-point of AD. BE and CE are joined. Prove that
ABEC is an isosceles triangle.
o A B

B

In the equilateral triangle ABC, if BC is extended
to D, then prove that ZABD > /BAC. What
conclusion would you like to draw? D

'
L 2
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7. AABC is an isosceles triangle with AB = AC and
AD is the altitude of the triangle. Prove that AD is
also a median of the triangle.

8. Inthe given figure, Z/E > ZA and ZC > ZD. Prove

that AD > EC.
E D
B
c
A

9. In the following figure, PQ = PR, show that
PS > PQ.

1 2
S Q R

10. Inthe given figure, T is a point on side QR of APQR
and S is a point such that RT = ST. Prove that:
PQ + PR > QS.

R P

11. Inthe following figure, ABCD represents a rectangle
in which its diagonal AC and BD are equal. Prove
that AABC = ADCB.

A D
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12. If the altitude drawn from the vertices of AABC to
the opposite sides are equal, prove that the triangle
is equilateral.

13. In the given figure, DA L AB, CB L AB and
AC = BD. Prove that BC = AD.

D c

A B

14. O is any point in the interior of APQR. Prove that:
2(OP +0Q + OR) = PQ + QR + RP

15. In the given figure, PQ = PR and S is any point on
side PR. Prove that RS < QS.

R

P Q

16. If D is a point on the side BC of AABC such that
AD bisects ZBAC, then prove that BA > BD.

17. Prove that the sum of any two sides of a triangle is
greater than the third side.

18. S is any point in the interior of APQR, prove that
(SQ + SR) < (PQ + PR). [HOTS]

Value Based Questions

1. During education tour of class IX, the teacher asked
the students to measure the distance between the
two objects P and Q including an obstacle between
them. This obstacle prevents the students for direct
measurement. One of the students devises an
ingenious solution to the problem. Firstly, she fixes
apole at a convenient point D so that both P and Q
are visible. Then, she fixes the another pole at point
S on the line PO produced such that PO = SO.Ina
similar way, she fixes a third pole at point R on the
extended line QO such that QO = RO. Then she
measures the distance between R and S.




R S

() Isshe able to measure the distance between
P and Q7 Justity.
(1) What ability does this develop in students?
2. A student Ram wishes to find the width AB of the
river without crossing it. His friend Shyam helps
him to complete the task. Ram stands at point X
just opposite to a fixed pole at A on the other side
of the river, Shyam measures the distance between
point X and B using a measuring tape. Now, he asked
Ram to stand at a point Y such that XB = YB. From
point Y, he went perpendicular to the bank of river
and reached to a point ‘C’ such that A, B and C lies
on the same straight line. He measures the distance
YC and determines the width of the river.

(f) Justify the determination of width of river by
measuring the distance YC.
(il Whatvalues Shyam is exhibiting by doing so?

> INTEGRATED EXERCISE

very Short Answer Type Questions [1 Mark]

1. If AABC is congruent to ADEF by SSS congruence
rule, then which of the corresponding angles of two
congruent triangles are equal? [CBSE 2011]

. Ina APQR, ZQPR = 80° and PQ = PR. Write the
value of /R and £Q. [CBSE 2010]

[

3. Given two right angled triangles ABC and PRQ, such
that ZA = 20°, ZQ = 20° and AC = QP. Write the
correspondence, if triangles are congruent. [HOTS]

4. InAABC, £B = ZCand AD 1 BCasshown in figure.

State the congruence criteria by which AABD =
AACD.

3. Mohan has two triangular plots connected to
each other as shown in the figure. He thought
to give the bigger isosceles triangular part with
AC = BC to his daughter and son equally. What
values he is exhibiting by doing so? How a triangle
can be divided into two parts of equal area? Also,
find the value of <DCE.

A

B

4. PQORS is a rhombus with Z/PSR = 120°. There are
two fire stations at S and R. Mohan observes the fire
at O as shown and decided to call the fire station.

S R

P Q
(i) Which fire station should he call to reach early
and why?
(if) What values are depicted by Mohan here?

-
B D Cc

5. Examine whether the AABC and APQR are
congruent or not for the followings measurements.
For AABC, AB = 4cm, AC = 7cm, Z/B = 9(°
For APQR, PR =4 ¢m, QR = 7 cm, £/P = 90°
If yes, write the result in symbolic form.
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6. In AABC, ZA = 100°, ZB = 30° and £C = 50°.
Write the inequality relation between sides AB and
AC. Justify it.

7. Inthe figure given below, find the value of Zx + 2.

A
X
140°
y P
B ¢ D

Short Answer Type Questions | [2 Marks]

8. In the given figure, diagonal AC of a quadrilateral
ABCD bisects ZA and ZC. Prove that AB = AD
and CB = CD.

B
D
9. In the given figure, ZBCD = ZADC and

ZACB = ZBDA. Prove that AD = BC and ~ZA
= /B.

A B
C D

10. The vertical angle of an isosceles AABC is 60°. Prove
that AABC is an equilateral triangle.

11. Inthe given figure, AB = CD and AD = BC. Prove
that AADC = ACBA.

D B
f :Ei f
C A

12. In AABC, 2ZA = 3/B = 6ZC. Find ZA, £B
and ZC.

13. In APQR, ZP = 110° and £R = 60°. Which side of
the triangle is the smallest? Give reasons for your
answer. [CBSE 2011]

14. In the given figure, line segments PQ and RS
intersect each other at a point T such that ZPRT
= 40°, ZRPT = 95°and ZTSQ = 75°. Find £SQT.

[CBSE 2011]
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g5°

40°

’/R T 7575

Q
15. ADisbisector of ZA of AABC, where D lies on BC.
Prove that AB > BD and AC > CD.

Short Answer Type Questions Il [3 Marks]

16. In the given figure, AC > AB and D is a point on
AC such that AB = AD. Prove that (i) CD < BC.
(#i) AC- AB < BC.
A

B ~
B C

17. AD and BE are respectively altitudes of AABC such
that AE = BD. Prove that AD = BE.

18. The image of an object placed at point A before the
plane mirror LM is seen at the point B by an observer
at D as shown in the figure. Prove that the image is far
behind the mirror as the object isin front of the mirror

19. Inaright-angled triangle, if one acute angle is doubiz
the other. Then prove that the hypotenuse is doub!s
the smallest side. [CBSE 201¢

20. Inthe given figure, ACDE Ar—¢
is an equilateral triangle
formed on a side CD of a
square ABCD. Show that
AADE = ABCE D

[NCERT Exemplar]




21. The bisectors of angles B and C of an isosceles AABC
with AB = AC intersect each other at O. Show that
external angle adjacent to ZABCis equal to ZBOC.

[NCERT Exemplar]

~ong Answer Type Questions [4 Marks]

22. P is a point on the bisector of ZABC. The line
through P parallel to BA meets BC at Q. Prove that
ABPQ is an isosceles triangle. [NCERT Exemplar]
AABC is a right-angled triangle with AB = AC.
If bisector of ZA meets BC at D, then prove that
BC = 2AD. [NCERT Exemplar]
- O is a point in the interior of a square ABCD such
that AOAB is an equilateral triangle. Show that
AOCD is an isosceles triangle. [NCERT Exemplar]
. Inaright-angled triangle, prove that the line segment
joining the mid-point of the hypotenuse to the
opposite vertex is half the hypotenuse.
[NCERT Exemplar]
26. Theline segment joining the mid-points M and N of
parallel sides AB and DC respectively of a trapezium
ABCD is perpendicular to both the sides AB and
DC. Prove that AD = BC. [NCERT Exemplar]
27. AABCis aright-angled triangle such that AB = AC
and bisector of ZC intersects the side AB at D. Prove
that AC + AD = BC. [NCERT Exemplar]

»> ASSESS YOURSELF

1. In AABC, ZA = 70° and ZB = 30°. Which side of
this triangle is the longest? Give reasons for your
ATISWET.

. In AABC and APOR, if AB = AC, ZC = /P and
ZB = £Q, then state the nature of both triangles.
Check whether these triangles are congruent or not?

3. Ttis given that AABC = ARPQ. Is it true to say that

BC = QR? Give reasons for your answer.

4. AABC is an isosceles triangle with AB = AC.
BD and CD are its two medians. Prove that these
two medians are equal in length.

. If AD is the bisector of Z/BAC in AABC, then prove
that AB > BD.

6. In AABC, BC = AB and /B = 80°. Find ZA.
A

»
2
.

A

I

2

th

80°

28. In the given figure, AABC is an equilateral triangle
inwhich PR | | AC. If ACis produced to D such that
CD = BP, then prove that PCis bisected by RD at Q.

A

P Q\C
D
29, In the given figure, OA = OD and £1 = /2. Prove
that AOCB is an isosceles triangle.

C

B
D

[CBSE 2015]

7. AABC is an isosceles triangle with AB = AC. The
side BA is produced to a point D such that AB =
AD as shown in figure. Prove that #BCD is a right
angle.

D

B C
8. In the given figure, if AB = AD, AC = AE and
ZBAD = ZEAC, then prove that BC = DE.

A . E

B D C
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9.

10.

11.

12.

Inthe given figure, PS = PR, £TPS = ZQPR. Prove
that PT = PQ.
T S R Q

In the given figure,
ZCPD = ZBPD
and AD is the
bisector of ZBAC.
Prove that ACAP =
ABAP and hence,
CP = BP.

In the given figure, PQRS is a quadrilateral and T
and U are respectively points on PS and RS such that
PQ = RQ, £ZPQT = ZRQU and £TQS = ZUQS.
Prove that QT = QU.

P
%
Q S
W
R
ALMN is a triangle in which altitude MP and NQ to
sides LN and LM respectively are equal. Show that

A
Qf% %ip
M N
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(i) ALMP =ALNQ
(if) LM = LN, i.e. LMN is an isosceles triangle
[CBSE 2016]
13. In the given figure, RS = QT and QS = RT. Pro==
that PQ = PR.

R Q

P

14. In the given figure, APQR is a right-angled trianz's
with ZQ = 90°. If QRST is a square on side QR znt
PRMN is a square on hypotenuse of a right-anglzz
triangle. Prove that PS = QM.

N
oM
P ¥
X -
-
. -
kY -
vr”
P
P
Q R
N
kY
\
\
Y
\
\
.
\
T NS

15. ABC is a triangle in which £ B=2/ZC. Disa
point on side BC such that AD bisects £ BAC and
AB = CD. Prove that £ BAC = 72°.



