Chapter 7: Triangles
Exercise:7.1(Multiple Choice questions)

Question 1: Which of the following is not a criterion for congruence of triangles?

(@) SAS (b) ASA (c) SSA (d) SSS

Thinking Process

For a triangle to be congruent the equal angles must be included between the pairs of equal
sides. So, the SAS congruence rule holds but not ASS or SSA rule.

Answer: (¢) We know that two triangles are congruent if the sides and angles of one triangle
are equal to the corresponding sides and angles of the other triangle.

Also, the criterion for congruence of triangles is SAS (Side-Angle-Side), ASA (Angle-Side-
Angle), SSS (Side-Side-Side) and RHS (right angle-hypotenuse-side).

So, SSA is not a criterion for the congruence of triangles.

Question 2:

If AB = QR, BC = PR and CA = PQ, then

(a) AABC = AQRP (b) ACBA = APRQ
(c) ABAC = ARQP (d) APQR = ABCA

Answer: (b) We know that, if ARST is congruent to AUVW i.e., ARST = AUVW, then sides of
ARST fall on corresponding equal sides of AUVW and angles of ARST fall on corresponding
equal angles of AUVW.

Here, given AB = QR, BC = PR and CA = PQ, which shows that AB covers QR, BC covers
PR and CA covers PQ i.e., A corresponds to Q, B corresponds to R and C correspond to P.
or A-Q, B&R, CsP

Under this correspondence,

AABC = AQRP, so option (a) is incorrect,

or ABAC = ARQP, so option (c) is incorrect,

or ACBA = APRQ, so option (b) is correct,

or ABCA = ARPQ, so option (d) is incorrect.

Question 3: In AABC,if AB = AC and «B =50°, then 2C is equal to
(a) 40° (b) 50° (c) 80° (d)130°

Answer: (b)
Given, triangle ABC, such that, AB = AC and «B = 50°
In triangle ABC, AB = AC




2C=4D i [angles opposite to equal sides are equal]
or, 2C =50°[as, «B =507, given]

Question 4: In AABC, if BC = AB and «B = 80°, then £A is equal to
(a) 80° (b) 40° (c) 50° (d) 100°

Answer: (c) is the correct option.

Given, triangle ABC such that BC = AB and £80°

In triangle ABC AB=BCand 2C=4D. ...ccoiiiiiiiiiiiiins (1)[angles opposite to
equal sides are equal]

We know that the sum of all angles of a triangle is 180°

Thus, 2A + £B + 2C = 1800

or, A + 80° + A = 180°

or, 2£A = 180° — 80° = 100°

or, A = 50°

Question 5: In APQR, if zZR = 2P and QR =4 cm and PR =5 cm. Then, the length of PQ
is

(@ 4cm (b)5cm (c)2cm (d)2.5cm

Answer: The correct answer is (a)

Given, triangle PQR, such that £R = 2P and QR =4 cm and PR =5cm

In atriangle, PQR, 2R = 2P
or, PQ = QP [sides opposite to equal angles are equal]
or, PQ=4cm[As, QR =4 cm]

Question 6: If D is a point on the side BC of a AABC such that AD bisects 2BAC.
Then,

(@ BD=CD (b) BA>BD (c)BD >BA (d)CD > CA

Thinking Process

() Firstly, use the property, exterior angle of a triangle is greater than the interior
opposite

angle.

(ii) Secondly, use the property that in a triangle, the side opposite to the greater angle
is longer.

Answer: (b) is the correct option.
Given, triangle ABC such that AB bisects £BAC.



LBAD = ZCAD. ..ot 1)

5 Ay

In triangle ABC, «BDA = is an exterior angle.

Thus, ZBDA > ZCAD.....co i (1)
or, z.BDA > 2BAD [eq (1)]

or, BA>BD

Question 7: It is given that AABC = AFDE and AB =5 cm, 2B = 40° and £A = 80°, then
Which of the following is true?

(@ DF =5cm, 2F =60° (b) DF =5 cm, £E =60°
(c) DE=5cm, £LE =60° (d)DE=5cm, 2D =40°
Answer: (b)

Question 8: If two sides of a triangle are of lengths 5 cm and 1.5 cm, then the length of
the third side of the triangle cannot be

(@) 3.6 cm (b)y4.1cm (c) 3.8cm (d)3.4cm

Thinking Process

Use the condition that, sum of any two sides of a triangle is greater than the third side
and the difference of any two sides is less than the third side.

Answer: (d) Given, the length of the two sides of a triangle is 5 cm and 1.5 cm, respectively.
Let sides AB=5cmand CA=15cm

We know that a closed figure formed by three intersecting lines (or sides) is called a triangle,
if the difference of two sides < third side and sum of two sides > third side

~5-1.5<BC and 5+1.5 > BC

or,3.5<BCand 6.5 >BC

Here, we see that options (a), (b) and (c) satisfy the above inequality but option (d) does not
satisfy the above inequality.

Question 9: In APQR, if R > £Q, then
(@ QrR>PR (b) PQ>PR (c) PQ<PR (d) QR <PR

Answer: (b)
Given, ZR > £Q



Or, PQ > PR [side opposite to greater angle is longer]

Question 10: In AABC and APQR, if AB = AC, 2C =£P and 4B = £Q, then the two
triangles are

(a) isosceles but not congruent (b) isosceles and congruent

(c) congruent but not isosceles (d) Neither congruent nor isosceles

Answer: (a)

Question 11: In AABC and ADEF, AB = FD and 2A = £D. The two triangles will be
congruent by SAS axiom, if
(a) BC=EF (b) AC =DE (c)AC=EF (d) BC =DE

Answer: (b) Given, in AABC and ADEF, AB = DF and 2A = 2D

We know that, two triangles will be congruent by ASA rule if two angles and the included
side of one triangle are equal to the two angles and the included side of another triangle.
~ AC = DE

Exercise 7.2 (Very short Answer type question)

Question 1: In AABC and APQR, 2A = £Q and 4B =«R. Which side of APQR
should be equal to side AB of AABC so that the two triangles are congruent?
Give areason for your answer.

Answer:



Since AB and QR are included between equal angles. Hence, the side of APQR is
QR which should be equal to side AB of AABC, so that the triangles are congruent
by the rule ASA.

Question 2:

In AABC and APQR, 2A = £Q and 4B = £R. Which side of APQR should be
equal to side BC of AABC so that the two triangles are congruent? Give a
reason for your answer.

Answer: We have given, in AABC and APQR,

2A=2sQand «B = £R

Since two pairs of angles are equal in two triangles.

We know that, two triangles will be congruent by the AAS rule if two angles and the
side of one triangle are equal to the two angles and the side of another triangle.

~ BC=RP

Question 3:

‘If two sides and an angle of one triangle are equal to two sides and an angle
of another triangle, then the two triangles must be. Is the statement true?
Why?

Answer: No, because in the congruent rule, the two sides and the included angle of
one triangle are equal to the two sides and the included angle of the other triangle
i.e., SAS rule.

Question 4:
‘If two angles and a side of one triangle are equal to two angles and a side of
another triangle, then the two triangles must be congruent.’ Is the statement
true? Why?

Answer: No, because sides must be corresponding sides.

Question 5:
Is it possible to construct a triangle with lengths of its sides as 4 cm, 3 cm and
7 cm? Give areason for your answer.

Answer: No, it is not possible to construct a triangle with lengths of its sides as 4 cm,
3 cmand 7 cm because here we see that some of the lengths of two sides are equal



to the third side i.e., 4+3 = 7.
As we know that, the sum of any two sides of a triangle is greater than its third side,
SO a given statement is not correct.

Question 6:
It is given that AABC = ARPQ. Is it true to say that BC = QR? Why?

Answer: No, we know that two triangles are congruent if the sides and angles of one
triangle are equal to the corresponding side and angles of another triangle.

Here AABC = ARPQ

AB = RP, BC = PQ and AC = RQ Hence, it is not true to say that BC = QR.

Question 7:
If APQR = AEOF, then is it true to say that PR = EF? Give a reason for your
answer.

Answer: Yes, if APQR = AEDF, then it means that corresponding angles and their
sides are equal because we know that, two triangles are congruent, if the sides and
angles of one triangle are equal to the corresponding sides and angles of another
triangle.

Here, APQR = AEDF

~ PQ=ED, QR =DF and PR = EF

Hence, it is true to say that PR = EF.

Question 8:
In APQR, 2P = 70° and £R = 30°. Which side of this triangle is the longest?
Give areason for your answer.

Answer: Given, in APQR, 2P = 70° and £R = 30°.
We know that the sum of all the angles of a triangle is 180°.
<P+ 24Q + £R =180°

"ﬂ

£Q =180° — (70° + 30°) = 8Q°
We know that here £Q is the longest, so side PR is the longest.
[~ since in a triangle, the side opposite to the largest angle is the longest]

Question 9:
AD is a median of the AABC. Is it true that AB + BC +CA > 2AD? Give a reason
for your answer.



Answer: yes,

A
1 1
B | D 1 C
In the triangle ABD, we have
AB+BD>AD .ot (1)
In triangle ACD, we have, AC+CD>AD .........cooviviiiinnnnn. (2)

On adding eq(1) and (2), we get,

(AB + BD + AC + CD) > 2AD

or, (AB + BD + CD + AC) > 2AD

Hence, AB + BC + AC >2AD [as, BC =BD + CD]

Question 10:

Mis a point on side BC of atriangle ABC such that AM is the bisector of ZBAC.
Is it true to say that perimeter of the triangle is greater than 2 AM? Give a
reason for your answer?

Answer: Yes in Triangle ABC, M is the point of side BC such that AM is the bisector
of BAC.

In triangle ABM, AB+BM>BM ..., (1)

In triangle ACM, AC + CM > AM

On adding eq(1) and eq(2), we get,
(AB + BM + AC + CM) > 2AM
or, (AB + BM + MC + AC) > 2AM



or, AB + BC + AC(perimeter of triangle ABC) > 2AM

Question 11:
Is it possible to construct a triangle with lengths of its sides as 9 cm, 7 cm and
17 cm? Give a reason for your answer.

Answer: No. Here, we see that 9 + 7 =16 <17

i.e., the sum of two sides of a triangle is less than the third side.

Hence, it contradicts the property that the sum of two sides of a triangle is greater
than the third side. Therefore, it is not possible to construct a triangle with given
sides.

Question 12:
Is it possible to construct a triangle with lengths of its sides as 8 cm, 7 cm and
4 cm? Give areason for your answer.

Answer: Yes, because in each case the sum of two sides is greater than the third
side. i.e.,

7 + 4 >8,

8+4>7, 7+8>4

Hence, it is possible to construct a triangle with given sides.

Exercise 7.3 (Short type question)

Question 1: ABC is an isosceles triangle with AB = AC and BD, CE are its two
medians. Show that BD = CE.

Answer: Given AABC is an isosceles triangle in which AB = AC and BD, CE are its
two medians.
To show BD = CE.




Proof: In triangle ABC and ACE,

AB = AC [Given]

£A = £A [common angle]

AD = AE

Since, AB =AC

or, JAB = ~AC

or, AE = AD

As D is the mid-point of AC and E is the mid-point of AB.
thus, AABD = AACE [by SAS ]

Or, BD = CE [CPCT]

Question 2: In the figure, D and E are points on side BC of a AABC such that
BD = CE and AD = AE. Show that AABD = AACE.
A

B s I &

Answer: D and E are the points on side BC of a triangle ABC such that BD = CE and
AD = AE [Given]

To proof: AABD = AACE

proof: We have, AD = AE [given]

LADE = ZAED ..., (1)

We have, £ADB + £ADE = 1800 [Linear pair axiom]

or, 2£ADB = 1800 - ZADE = 180° - £AED ...[from eq(1)]

In triangle ABD and ACE,

2ADB = £AEC [As, 2£AEC + £AED = 1809 linear pair axiom]
BD = CE

AD = AE

AABD =ACE [SAS congruency]|

Question 3:
In the given figure, ACDE is an equilateral triangle formed on a side CD of a
square ABCD. Show that AADE = ABCE.



E
Answer: In the figure, triangle CDE is an equilateral triangle formed on a side CD of
a square ABCD. [Given]
To proof: AADE = ABCE
Proof: In triangle ADE and BCE,
DE = CE [ sides of an equilateral triangle]
£ADE = £BCE [Since, £ADE = £BCD = 90° and 2EDC = 60Q°,

£ADE = 90° + 60° = 150° and, «BCE = 90° + 60° = 150°]

AD =BC
AADE = ABCE [SAS congruence]

Question 4:
In the figure, BA L AC, DE 1 DF such that BA = DE and BF = EC. Show that
AABC = ADEF.

A

Thinking Process
Use the RHS congruence rule to show the given result



Answer: In the figure BA L AC, DE L DF such that BA = DE and BF = EC [Given]
To proof: AABC = ADEF

Proof: Since, BF = EC

On adding CF on both sides, we get

BF + CF=EC + CF

BC =EF (1)
In triangle ABC and DEF,

A =2D=90°[BA L AC and DE L DF]

BC = EF [from eq (1)]

BA = DE [given]

Hence, AABC = ADEF.............. [RHS congruence]

Question 5:

If Q is a point oh the side SR of a APSR such that PQ = PR, then prove that PS
> PQ.

Thinking Process

Use the property of a triangle that if two sides are equal then their opposite
angles are also equal. Also, use the property that side opposite to a greater
angle is longer.

Answer: Given: In triangle PSR, Q is a point on the side SR such that PQ = PR
To prove: PS > PQ

In triangle PQR, PQ = PR [Given]

tR=/PQR ... (1) [angles opposite to equal sides are equal]

But, ZPQR>4S ..................... (2) [Exterior angle of a triangle is greater than each
of the interior angle]

From eq(1) and (2),

LR =4S

or, PS > PR [side opposite to greater angle is longer]

or, PS > PQ [As, PQ = PR]



Question 6:

Sis any point on the side QR of a APQR. Show that PQ + QR + RP > 2 PS.
Thinking Process

Use the inequality of a triangle i.e., sum of two sides of a triangle is greater
than the third side. Further, show the required result.

Answer: In triangle QPR, S is any point on side QR.

To proof: PQ + QR + RP > 2PS

Proof: In triangle PQS, PQ+QS>PS..............coieie (1) [Sum of two sides of a
triangle is greater than the third side]
Similarly, in Triangle PRS, SR+ RP >PS ................ (2) [Sum of two sides of a

triangle is greater than the third side]

On adding eq(1) and (2) we get,

PQ + QS + SR +RP > 2PS

or, PQ + (QS + SR) + RP > 2PS

or, PQ + QR + RP > 2PS [as, QR = QS + SR]

Question 7:
D is any point on side AC of a AABC with AB = AC. Show that CD < BD.



Answer: In triangle ABC, D is any point on side AC
To proof: CD > BD or BD > CD

B

Proof: In triangle ABC, AC = AB [Given]

£ABC=ZACB ... (1)[Angles opposite to equal sides are equal]
In triangle ABC and DBC,

2ABC > £DBC [Since, £DBC is an internal angle of ZB]

or, 2ZACB > «DBC ....[From eq (1)]

or, BD > CD [Side opposite to greater angle is longer]

or, CD <BD

Question 8:
In the given figure | || m and M is the mid-point of a line segment AB. Show that
M is also the mid-point of any line segment CD, having its endpoints on | and
m, respectively.

A C

< >
- al !

A

Answer: In the figure, | || m and M is the mid-point of a line-segment AB i.e., AM =
BM

To proof: MC = MD

proof: | [ m [Given]



£BAC = £ABD [Alternate interior angles]
£AMC = £BMD [Vertically opposite angles]
In triangle AMC and BMD,

£BAC = £ABD [proved above]

AM = AM [Given]

and £AMC = «BMD [Proved above]

Hence, AAMC = ABMD [SAS congruence]
or, MC = MD [CPCT]

Question 9:

Bisectors of the angles B and C of an isosceles triangle with AB = AC intersect

each other at O. BO is produced to a point M. Prove that ZMOC = 2ABC.
Answer:
Given Lines, OB and OC are the angle bisectors of ZBand £C of an isosceles AABC such
that AB = AC which intersect each other at O and BO is produced to M.
To prove £LMOC = £ABC.

Proof In AABC, . AB=AC [given]
=5 ZACB = ZABC [angles opposite to equal sides are equal]
3 % ZACB = 214ABC [dividing both sides by 2]
= £0CB= £0OBC (i)
[since, OB and OC are the bisector of ZBand £C |
Now, £ZMOC = £0BC + £0CB

[exterior angle of a triangle is equal to the sum of two interior angles])
= £ZMOC = £0BC + £0BC [from Eq. (i)]

=5 £ZMOC =2£0BC :
= ZMOC = £ZABC [since, OBis the bisector of ZB]
Hence proved.

Question 10:

Bisectors of the angles B and C of an isosceles AABC with AB = AC intersect

each other at O. Show that the external angle adjacent to ZABC is equal to
£BOC.
Answer:



Given AABC is an isosceles triangle in which AB= AC, BO and CO are the bisectors of
ZABC and £ACBrespectively intersect at O.

To show ZDBA = £ZBOC A
Construction Line CB produced to D.
Proof In AABC, AB= AC [given)

ZLACB = LABC

[angles opposite to equal sides are equal]

;- ZACB = % ZABC [on dividing both sides by 2] p &\

s 4 C

= Z0OCB= Z0BC 0 8

[-BO and CO are the bisectors of ZABC and LACB]
In ABOC, ZOBC + £0CB + £BOC =180° [by angle sum property of a triangle]
= £Z0BC + £0BC + «£BOC =180° [from Eq. (i)]
= 2£0BC + £BOC =180°
= ZABC + £BOC =180° [-BOis the bisector of ZABC]
=5 180° — ZDBA + £BOC =180° [- DBC is a straight line]
= -£ZDBA + £BOC =0
= £DBA = £BOC

Question 11:

In the following figure if AD is the bisector of ZBAC, then prove that AB > BD.
A

C
A D

Solution:

Given ABC is a triangle such that AD is the bisector of ZBAC. To prove AB > BD.
Proof Since, AD is the bisector of ZBAC.

But £BAD = CAD ...(i)

~ £ADB > 2CAD

[exterior angle of a triangle is greater than each of the opposite interior angle]

~ £ADB > £BAD [from Eq. (i)]

AB > BD [side opposite to greater angle is longer]

Hence proved.

Exercise 7.4: (Long Answer Type Questions)

Question 1:
Find all the angles of an equilateral triangle.



Solution:
Let ABC be an equilateral triangle such that AB = BC = CA

We have, AB=AC = LC=4B A
[angles opposite to equal sides are equal]
Let ZC = /B=x° ()
Now, BC =BA
= ZA=LC ....(ii)
[angles opposite to equal sides are equal] ‘
From Egs. (i) and (ii), B ’ C
A=/4B=4LC=x
Now, in AABC, ZA+ £B+ £C =180° [by angle sum property of a triangle]
= x+ x4+ x=180°
= . 3x=180°
. x = 60°
Hence, A= /£B=£C =60°
Question 2:

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

BN
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Solution:
Given An object OA placed at a point A, LM be a plane mirror, D be an observer and OBis
the image.
To prove The image is as far behind the mirror as the object is in front of the mirror i.e.,
0B =0A.

4

Proof - CN L IMand AB L (M

= . AB||CN
LA=4i [alternate interior angles)... (i)
LB = 4r [corresponding angles]...(ii)
Also, Li=dr [+ incident angle reflected angle]...(iii)
From Eqs. (i), (i) and (jii), LA = 4B
In ACOBand ACOA, LB = ZA [proved above]
L=2 [each 90°]
and CO=CO [common side]
ACOB = ACOA [by AAS congruence rule]
=5 0B=0A [by CPCT]
Hence proved.
Alternate Method ;
In AOBC and AOAC, =12 [each 90°]
Also, Li=Lr [+ incident angle = reflected angle]... (i)
On muitiplying both sides of Eq. (i) by -1 and then adding 90° both sides, we get
90° - 4i =90° -
= LACO = £BCO
and OC =0C [common side]
AJBC = AOAC [by ASA congruence rule]
= B=0A [by CPCT]

Hence, the image is as far behind the mirror as the object is in front of the mirror.

Question 3:
ABC is an isosceles triangle with AB = AC and D is a point on BC such that AD LBC

(see figure). To prove that zZBAD = 2CAD, a student proceeded as follows
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B D C
In AABD and AACD, we have
AB = AC [given]
LB = LC( [because AB = A(]
and ZADB = ZADC
Therefore, AABD = AACD [by AAS congruence rule]
So, ZBAD = LCAD [by CPCT]
What is the defect in the above arguments?
Solution:
In AABC, AB= AC
= ZACB = £ABC [angles oppsoite to the equal sides are equal]
In AABD and AACD, 2
B D C
AB= AC [given]
ZABD = ZACD [proved above]
ZADB = £LADC [each 907
AABD = AACD [by AAS]
So, ZBAD = ZCAD ; [by CPCT]

So, the defect in the given argument is that firstly prove ZABD = ZACD
Hence, ZABD = ZACD is defect. g

Question 4:

P is a point on the bisector of ZABC. If the line through P, parallel to BA meets BC at
Q, prove that BPQ is an isosceles triangle.
Solution:

Given we have P is a point on the bisector of ZABC and draw the line through P
parallel to BA and meet BC at Q.



C

To prove ABPQ is an isosceles triangle.

Proof =212 [-BPis bisector of £B (given)]

Now, Li= L3 [alternate interior angles as PQ || AB)

L2=43

= PQ=BQ [sides opposite to equal angles are equal]

Hence, ABPQ is an isosceles triangle. Hence proved.
Question 5:

ABCD is a quadrilateral in which AB = BC and AD = CD. Show that BD bisects both
the angles ABC and ADC.

Thinking Process

Firstly, use the property that if two sides of a triangle are equal, then their opposite
angles are equal. Further, show that ABAD and ABCD are congruent by the SAS
rule.

Solution:
Given ABCDis a quadrilateral in which AB = BC and AD = CD.
To show BD bisects both the angles ABC and ADC. A
Proof Since, AB=BC (given)
2= ) 13
[angles opposite to equal sides are equal]
and AD=CD [given] B D
= =~ L4= /3 (1))
[angles opposite to equal sides are equal] 2
On adding Egs. (i) and (i), we get %
: L+ L4= L1+ L3 C
= £BCD = £BAD ....(iii)
In ABAD and ABCD,
AB=BC [given]
ZBAD = £ZBCD [from Eq. (iii)]
and AD =CD [given)
; ABAD = ABCD [by SAS congruence rule]
Henoe ZABD = ZCBD and ZADB = £CDBi.e., BD bisects the angles ABC and ADC.
[by CPCT]
Question 6:

ABC is a right triangle with AB = AC. If bisector of £A meets BC at D, then prove that
BC = 2AD.
Solution:



Given AABC is a right angled triangle with AB = AC, AD is the bisector of ZA.

B
3
%
=
) 2 4
A # C
To prove BC =2AD
Proof In AABC, AB= AC [given]
= ‘ £C = /B ...(i)

[angles opposite to equal sides are equall

Now, in right angled AABC ,ZA + 4B+ £C =180°
[by angle sum property of a triangle in 180°]

= 90° + LB+ £B=180° [from Eq. (i)]

= 248 = 90°

= £B = 45°

= £B= /C = 45°

or £L3= L4=45°

Now L= /2 = 45° [-AD is bisector of ZA]

L= L3 L2= L4

=5 BD = AD,DC = AD ...(ii)
[sides opposite to equal angles are equal)

Hence, BC=BD+ CD = AD + AD= BC =2 AD [from Eq. (ii)]

Hence proved.
Question 7:

O is a point in the interior of a square ABCD such that OAB is an equilateral triangle.
Show that AOCD is an isosceles triangle.



Solution:

Given O is a point in the interior of a square ABCD such that AOAB is an equilateral
triangle.

D C
B o .-
A B
Construction Join OC and OD.

To show AOCD is an isosceles triangle.
Proof Since, AOBis an equilateral triangle.
ZLOAB = £0OBA = 60° ()
Also, ZDAB = ZCBA = 90° ..(ii) [each angle of a square is 90°]
[-ABCDis a square]
On subtracting Eq. (i) from Eq. (i), we get :
£DAB - £ZOAB = ZLCBA - £Z0OBA = 90°-60°

ie., £DAO = £CBO = 30°
In AAOD and ABOC,
AO =BO [given]
[all the side of an equilateral triangle are equal ]
ZDAO = £CBO [proved above]
and AD=BC [sides of a square are equal]
- AAOD = ABOC [by SAS congruence rule]
‘Hence, OD=0C [by CPCT)
In ACOD,
OC =0D
Hence, ACOD is an isosceles triangle. - Hence proved.
Question 8:

ABC and DBC are two triangles on the same base BC such that A and D lie on the
opposite sides of BC, AB = AC and DB = DC. Show that AD is the perpendicular
bisector of BC.



Solution:
Given Two AABC and ADBC are formed on the same base BC such that Aand D lie on the
opposite sides of BC such that AB = AC and DB = DC. Also AD intersects BC at O.

To show AD s the perpendicular bisector of BC i.e., AD L BC and AD bisects 8C.
Proof In AABD and AACD,

AB= AC [given]

AD = AD [common side]
and BY=DC [given]
AABD = AACD [by SSS congruence rule]
=5 £BAD = ZLCAD [by CPCT]
ie., £BAO = £CAO
in AAOB and AAOC,

A
8 0 s
D
AB= AC [given)
. AO =0A [common side]

and ZBAO = £LCAO [proved above]
AAOB = AAOC [by SAS congruence rule]
= BO=0C [by CPCT]
and ZAOB = LAOC [by CPCT]...(J)
But ZAOB + £AOC =180° [linear pair axiom]
= ' ZAOB + £AOB = 180° [from Eq. (i)]
= 2/A0B = 180°
= ZAOB = %0'1 = 90°

Hence, AD L BC and AD bisects BC i.e., AD is the perpendicular bisector of BC.

Question 9:

If ABC is an isosceles triangle in which AC = BC, AD and BE are respectively two
altitudes to sides BC and AC, then prove that AE = BD.
Solution:



Given AABC is an isosceles triangle in which AC = BC. Also, AD

and BE are two altitudes to sides BC and AC, respectively.
To prove AE = BD. E
Proof In AABC, AC =BC [given]
' ZABC = LCAB
[angles opposite to equal sides are equal] " 1h? .
D
ie., ZABD = LEAB ()
In AAEB and ABDA,
ZAEB = £ADB = 90° [given, AD L BC and BE L AC]
ZEAB = LABD [from Eq. (i)]
and AB= AB [common side]
AAEB = ABDA [by AAS congruence rule]
= AE = BD [by CPCT]
Hence proved.
Question 10:

Prove that sum of any two sides of a triangle is greater than twice the median
concerning the third side.
Solution:

Given In AABC, AD is a median.

A
B E——p———C
E
Construction
Produce AD to a point £ such that AD = DE and join CE.
To prover AC + AB>2AD
Proof In AABD and AECD,
AD = DE [by construction]
BD=CD [given AD is the median]
and ZADB = ZCDE [vertically opposite angle]
AABD = AECD {by SAS congruence rule]
= AB=CE [by CPCT] ...())
Now, in AAEC,
AC + EC> AE [sum of two sides of a triangle is greater than the third side]
AC + AB>2AD [from Eq. (i) and also taken that AD = DE]
Hence proved.
Question 11:

Show that in a quadrilateral ABCD, AB + BC + CD + DA< 2 (BD + AC)
Thinking Process



Firstly, draw a quadrilateral ABCD. Further, use the property of a triangle that the
sum of two sides of a triangle is greater than the third side and show the required
result.

Solution:

Given ABCD is a quadrilateral.

To show AB+BC+CD+DA<2(BD+ AC) D

Construction Join diagonals AC and BD.

Proof In AOAB, OA+ OB> AB ()

[sum of two sides of a triangle is greater than the third side]

In AOBC, OB+0C>BC ..(i)

[sum of two sides ofa triangle is greater than the third side] A

In AOCD, OC + OD>CD ....(iii)
{sum of two sides of a triangle is greater than the third side]

In AODA, OD + OA> DA .(iv)

[sum of two sides of a triangle is greater than the third side]
On adding Egs. (i), (i), (iii) and (iv), we get
2{(CA+0B+0C +0D]>AB+ BC +CD+ DA
= 2[(OCA+0C )+ OB+ 0D)]>AB+ BC +CD + DA
= 2(AC +BD)>AB+ BC +CD+ DA
[+OA + OC = AC and OB + OD = BD]
=3 AB+ BC + CD + DA<2(BD + AC)

Question 12:
Show that in a quadrilateral ABCD, AB + BC + CD + DA > AC + BD.
Solution:

Given ABCD is a quadrilateral.

D C
(o)
A B
Construction
Join diagonals AC and BD.
To show AB+ BC + CD+ DA> AC + BD
In AABC, AB+ BC> AC ...{i)
' [sum of two sides of a triangle is greater than the third side]
In ABCD, BC + CD>BD ..(i)
' [sum of two sides of a triangle is greater than the third side]
In ACDA, 3 CD+ DA> AC ...(iii)
[sum of two sides of a triangle is greater than the third side]
In ADAB, DA + AB> BD ..(iv)

[sum of two sides of a triangle is greater than the third side]
On adding Egs. (i), (ii), (i) and (iv), we get
2(AB+ BC + CD + DA)>2 (AC + BD)
= , AB+ BC +CD+ DA> AC + BD



Question 13:

In A ABC, D is the mid-point of side AC such that BD = %2 AC. Show that ZABC is a

right angle.
Solution:

Given In AABC, D is the mid-point of AC i.e., AD =

To show ZABC = 90°

CD such that BD = % AC.

(D)

(i)

[proved above]

...(iii)

[angles opposite to equal sides are equal]
[proved above]

A
D
B C
Proof We have, BD = % AC
Since, D is the mid-point of AC.
AD=CD = % AC -
From Egs. (i) and (ii),
AD=CD=8D
in ADAB, AD =BD
ZABD = £ZBAD
In ADBC, BD=CD
: £BCD = £CBD

InAABC, £ABC + ZBAC + £LACB=180°

= ZABC + £BAD + £DCB = 180°

= ZABC + ZABD + £ZCBD =180°

=> ZABC + ZABC =180°

= 2/ABC =180°

= ZABC = 90°
Question 14:

In a right triangle, prove that the line-segment joining the mid-point of the hypotenuse

to the opposite vertex is half the hypotenuse.
Solution:

(V)
[angles opposite to equal sides are equal]

[by angle sum property of a triangle]

[from Eqs. (iii) and (iv)}



Given In AABC, /B = 90°and D is the mid-point of AC.
Construction Produce BD to E such that BD = DE and join EC.

% 1
To prove BD = 5 AC
A E
o' x 3
D.-
B s
Proof In AADB and ACDE, AD =DC [:Dis mid-point of AC]
BD = DE [by construction]
and ZADB = £CDE [vertically opposite angles]
AADB = ACDE [by SAS congruence rule]
= AB=EC [by CPCT)
and ZBAD = £DCE [by CPCT]

But ZBAD and £DCE are alternate angles.
So, EC || ABand BC is a transversal.

- ZABC + £BCE =180° F [cointerior angles]
= 90° + £BCE = 180° [- £ABC = 90°.‘ given]
= . £BCE =180° - 90°
= . £BCE = 90°
In AABC and AECB, AB=EC [proved above]

BC=CB [common side]
and ZABC = LECB [each 90°]
AABC = AECB [by SAS congruence rule]
= AC =EB [by CPCT]
= % EB= % AC [dividing both sides by 2]
=» BD = % AC Hence proved.

Question 15:

Two lines | and m intersect at point 0 and P is a point on passing through point O
such that P is equidistant from | and m. Prove that n is the bisector of the angle
formed by | and m.



Solution:

Given Two lines I and m intersect at the point O and Pis a point on a line n passing through
O such that P is equidistant from land m. i.e., PQ = PR.

l
Q

To prove n s the bisector of the angle formed by land m i.e., nis the bisector of ZQOR.
Proof In ACQP and AORP,
£PQO = £PRO = 90°
[since, P in equidistant from ! and m, so PQ and PR should be perpendicular to

lines I and m respectively]

OP =0P [common side]

PQ=PR [given]

AOQP = AORP [by RHS congruence rule]
=5 £ZP0OQ = £POR [by CPCT]
Hence, nis the bisector of ZQOR. Hence proved.

Question 16:

The line 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.

Solution:



Given In trapezium ABCD, points M and N are the mid-points of parallel sides AB and DC
respectively and join MN, which is perpendicular to ABand DC.

To prove AD = BC

Proof Since, M is the mid-point of AB.

5 AM = MB
Now, in AAMN and ABMN, AM = MB [proved above}]
£3= /4 [each 90°]
MN = MN [common side]
AAMN = BMN [by SAS congruence rule}
Z=-22 ' [by CPCT]

On multiplying both sides of above equation by —1and than adding 90° both sides, we get
90° - £L1=90° - £2
&5 ZAND = £BNC . ()

A M B
T

-+

D N t g
Now, in AADN and ABCN,
ZAND = £BNC [from Eq. (i)]
AN = BN [ AAMN = ABMN]
and DN = NC [N is the mid-point of CD (given)]
AADN = ABCN [by SAS congruence rule]
Hence, AD =BC [by CPCT]

Hence proved.

Question 17:

If ABCD is a quadrilateral such that diagonal AC bisects the angles A and C, then
prove that AB = AD and CB = CD.



Solution:
Given In a quadrilateral ABCD, diagonal AC bisects the angles Aand C.

D C

A B

To prove AB= ADandCB=CD

Proof In AADC and AABC, ;
ZDAC = £BAC [+ AC is the bisector of ZA and £C]
ZDCA = £ZBCA [+ AC s the bisector of ZAand £C]

and AC=AC [common side]
¢ AADC = AABC [by ASA congruence rule]
« AD=AB [by CPCT]
and CD=CB ' ' [by CPCT)
Hence proved.

Question 18:

If ABC is a right-angled triangle such that AB = AC and bisector of angle C intersects
the side AB at D, then prove that AC + AD = BC.
Solution:



Given In right angled AABC, AB = AC and CD is the bisector of £C.
Construction Draw DE L BC.

To prove AC + AD=BC
Proof In right angled AABC, AB = AC and BC is a hypotenuse [given]
B ’ ZA =90° :
In ADAC and ADEC, LA = £3=90°
a _

=22 [given, CD is the bisector of £C ]

DC =DC [common sides])

ADAC = ADEC [by AAS congruence rule]

= DA=DE [by CPCT]... ()

and "AC=EC ... (i)
In AABC, AB= AC
LC = /4B

[angles opposite to equal sides are eqqal]...(iii)
Again, in AABC, LA+ 4B+ £LC =180°

[by angle sum property of a triangle]
= 90° + LB+ £B=180° [from Eq. (jii)]
= 2/B=180° - 90°
= 2/B=90°
= . 4B = 45°
In ABED, Z5=180° - (LB + Z4)

[by angle sum property of a triangle]
= 180° — (45° + 90°)
=180° - 135° = 45°
& £ZB= 45
= DE = BE [.- sides opposite to equal angles are equal] ...(\v)
From Egs. (i) and (iv),
DA = DE = BE ..(V)
BC =CE + EB
=CA + DA [from Egs. (i) and ()]
AD + AC =BC Hence proved.

Question 19:

If AB and CD are the smallest and largest sides of a quadrilateral ABCD, out of 2B
and 2D decide which is greater.
Solution:



Given In quadrilateral ABCD, ABis the smallest and CD is the largest side
Tofind £B> £ZDor LD > £B.
D

C
Construction Join BD.
Now, in AABD, AD> AB [since, ABis the smallest side in ABCD)
=2 £1> /3 fangle opposite to larger side is greater]...(i)
In ABCD, CD> BC [since, CD is the largest side in ABCD)
=5 L2> L4 [angle opposite to larger side is greater]... i)

On adding Egs. (i) and (ii), we get
L1+ £2> L3+ Z4
Hence, LB> ZD

Question 20:
Prove that in a triangle, other than an equilateral triangle, the angle opposite the
longest side is greater than 2/3 of a right angle.

Solution:
Consider AABC in which BC is the longest side. :
To prove LA = % right angle B
Proof In AABC, BC > AB.
[consider BC is the largest side]

= LA> £LC (i) :

[angle opposite the longest side is greatest] A C
and BC> AC
= LA> 4B, .. (i)

[angle opposite the longest side is greatest]
On adding Egs. (i) and (ii), we get
2LA> /B+ £C
2LA+ LA> LA+ LB+ £ZC [adding £A both sides]
3LA> LA+ LB+ £C

3ZA>180°  [sum of all the angles of a triangle is 180°]

£A>%x90°

0 44Ul

ie., LA> % of a right angle Hence proved.

Question 21:
If ABCD is quadrilateral such that AB = AD and CB = CD, then prove that AC is



the perpendicular bisector of BD.

Solution:

Given In quadrilateral ABCD, AB= AD and CB = CD.

Construction Join AC and BD.

To prove AC is the perpendicular bisector of BD.
A

Proof In AABC and AADC,

and

=
Now, in AAOB and AAOD,
—
and
=5

and
But

=

=

i.é., AC is perpendicular bisector of BD.

AB = AD
BC =CD
AC= AC

AABC = AADC
si=22
AB= AD
L=22
AO = AO

AAOB = AAOD
BO = DO
£L3= 44

£3+ £4=180°
£3+ £3=180°

2£3=180°
£3=180

£3=90°

[given]

[given]

[common side]

[by SSS congruence rule]
[by CPCT]

[given]

[proved above]

[common side]

[by SAS congruence rule]
(by CPCT]

[by CPCT]...()
[linear pair axiom)]

[from Eq. (i)]



