Quadrilaterals

CHAPTER 8

EXERCISE 8A

1. Let the measure of the fourth angle of the quadrilateral
be x°. Then, 65 + 120 + 75 + x = 360 [Sum of angles of a
quadrilateral is 360°]

= 260 + x = 360
= x = 100
Hence, the measure of the fourth angle is 100°.

2. Let one of the angles of the quadrilateral be (3x)°, the
remaining angles will be (4x)°, (5x)° and (6x)°.

Then, 3x + 4x + 5x + 6x = 360

[Sum of angles of quadrilateral is 360°]
= 18x = 360°
= x =20°

Hence, the four angles of the quadrilateral are (3 x 20)°,
(4 x 20)°, (5 x 20)°, (6 x 20)° i.e. 60°, 80°, 100°, 120°.

3. Let the angles of the quadrilateral be (2x)°, (3x)°, (5x)° and
(2x°).

Then, 2x + 3x + 5x + 2x = 360
= 12x = 360
= x =30

Hence, the four angles of the quadrilateral are (2 x 30)°,
(3 x 30)°, (5 x 30)°, (2 x 30°) i.e. 60°, 90° 150°, 60°.

The given quadrilateral has one right angle.
4. In quadrilateral PORS, we have

P

.%
&y,
O

S

/P + Z2Q + /R + /S = 360°
[Sum of angles of a quadrilateral is 360°]

1 1 1 1
—ZP+—/ZQ+—ZR+—-4S =180°
= 3 24Q"5 2

1 1 1
—ZP+—-ZQ |+ (LR + £S) =180°
= (2 5 Q) 2( ) =180
1
= (180° - £POQ) + E (LR + £S) = 180°
1 1
[ In APOQ, EAP + EAQ + /ZPOQ = 180"]

1
= ZPOQ = (LR +£8)

1.

EXERCISE 8B
ZA + /B =180° [Coint. angles, AD || BC]
= 74°+ /B =180° D c

= Since, the opposite angles of a
parallelogram are equal

ZC = LA =74° AD B
and /D = /B = 106°
Hence, /B =106°, ZC =74° and D = 106°.
ZC =LA =70°

[Opp. angles of a ||gm] ...(1)
C

In ACDB, we have
ZCDB +DBC + ZBCD = 180° [Sum of angles of a A]
= ZCDB + 50° + 70° = 180° [Using (1)]

= ZCDB = 180° - 50° — 70° = 60° ...(2)
/D + ZA =180° [Coint. angles DC || AB]
= ZCDA + £ZDAB = 180°
= (£ADB + ZCDB) + ZDAB
= 180°
= ZADB + 60° + 70° = 180° [Using (2)]
= ZADB = 180° - 60° - 70° = 50°
Hence, ZCDB = 60° and ZADB = 50°.
ZAPD = /PAB P
[Alt. angles, DPC || AB] D c
= ZAPD = 40° ’
Also  ZBPC = ZABP A 0° 809 5
[Alt. angles, DPC || AB]
= /BPC = 80°
Hence, ZAPD = 40° and ZBPC = 80°.
AB = AP + PB
= AB = AP + AP [ P is the mid-point of AB]
= AB = 2AP ...(1)
Also AB =2AD [given] ...(2)
o AP = AD [Using (1) and (2)]
= £3=/1 [Angles opposite equal

to sides of AADP] ...(3)

C
N

K,
P

Similarly, it can be proved that
/6 = /4 ...(4)
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N | Quadrilaterals

£2=/1 [Alt. angles, DC || AB] ...(5)

/5= /4 [Alt. angles, DC || AB] ...(6)
From (3), (4), (5) and (6), we get

L1 = /2= /3 = x (say) ...(7)
and /4 = /5= /6 =y (say)
Now ZCDA + ZDCB = 180° [Coint. angles, AD || BC]
= (£2 + £3) + (45 + £6) = 180° [Using (7)]
= 2x + 2y = 180°
= x+y=90° ...(8)

/1 + ZCPD + /4 = 180° (straight angle)

= x + ZCPD +y = 180°

= ZCPD =180° - (x + v)
= 180° - 90° [Using (8)]
=90°

Hence, ZCPD = 90°.

. Let x° and y° be two adjacent angles of a parallelogram,

2
such that x° = (5 y) .
x + y = 180° [Coint. angles of a parallelogram]
2
= 3 y+y =180°

5y
=2 — 180°
= 3 80

3
= y = 180"~ =108

—(E)-n
x=|3Y) =

Two adjacent angles of the parallelogram are 72° and
108°. Since the opposite angles of a parallelogram are
equal.

The other two angles are 72° and 108°.
Hence, the angles of the parallelogram are
72°,108°, 72°, 108°.

. Let one of the consecutive angles of the parallelogram be

x°. Then, the other consecutive angle is (5x)°.
Now, x°+ 5x°=180° [Coint. angles of a parallelogram]
= 6x =180 = «x=30°

So, the two consecutive angles of the parallelogram
are 30° and (5 x 30)° i.e. 30° and 150°. Since, the opposite
angles of a parallelogram are equal. Therefore, the other
two angles of the parallelogram are 30° and 150°.
Hence, the angles of the parallelogram are

30°, 150°, 30°, 150°.

. Let ABCD be a parallelogram in D c

which measure of ZA is smallest.
Let m(£A) = x°
Then, m(£B) = m(«£D)
= (2x — 30)°.
ZA+ /B = 180°
x + (2x — 30) = 180
= 3x —30 =180

B

[Coint. angles, AD || BC]

9.

= 3x =210

= x =70

= ZA =70°
/B = /D= (2 x 70° - 30)° = 110°
ZC=/ZA=T0° [Opposite angles of

a parallelogram]
Hence, the angles of the parallelogram are
70°, 110°, 70°, 110°.

AD =BC =2x [Opposite sides of parallelogram]
Perimeter (jgm ABCD) = 40 cm [given]

= AB + BC + CD + DA =40 cm

= 2y +2+2x + 3y +2x =40

= 7x + 2y =38 ...(D)

Also AB =DC [Opposite sides of a ||gm]

= 2y +2=3x

= 3x-2y=2 ...(2)

Adding eq. (1) and eq. (2), we get
10x=40=x=4

Substituting x = 4 in Eq. (2), we D
get

3x cm C

2x cm
34)-2y=2

= 2y=12-2=10
= y=5

(i) We know the diagonals of a rectangle

are equal, and they bisect each other. o

Diagonals AC and BD of rectangle L
ABCD are equal and they bisect each \
other at O. A > 50 B

= OA =0OB Rectangle ABCD

= ZOAB = ZOBA= 50° 0
[Angles opposite to equal sides]

= In AOAB, we have,
Z/AOB + ZOAB + OBA
= 180° [Sum of angles of a A]
= x + 50° + 50° = 180°
= x = 80°
(i) ZDCA = ZCAB = y [Alt. angles, DC || AB]
/DCA + /DCE = 180°
= y + 146° = 180°
= y =34°

A (2y +2) cm B

D > C

[Linear pair]

Y

Rectangle ABCD
(i)

Since the diagonals of a rectangle are equal and they
bisect each other.



OA = OB
Z0OBA = ZOAB [Angles opposite to equal sides]
In AOAB, we have

ZAOB + ZOAB + ZOBA = 180°
[Sum of angles of a A]

= x+y+y=180°
= x =180° -2y
=180° -2 x 34° = 112°
(iii) ZECD = ZECB + ZDCB = 60° + 90° = 150° .1

[- Each angle of an equilateral A is 60° and each
angle of a square in 90°]

E
X
B } C
ALl D
Square ABCD

(iii)
In AECD, we have
ZCED = ZCDE =y (say)
[Angles opposite equal sides] ...(2)
In AECD, we have
/CED + /CDE + ZECD
= 180° [Sum of angles of a A]

= y +y + 150° = 180° [Using (1) and (2)]
= 2y = 30°
= y =15°
/BED = /BEC - ZCED
=60° -y = 60° — 15° = 45°
Hence, x = 45°.
iv) /1 = Z/DCB - ZECB = 90° - 60° = 30°
Zy = £2 [£s opposite equal sides of ACDE]
D 72 f 1 C
2
LA
-4 E -4
z
A f B
Square ABCD

(iv)
In ACDE, we have,
L1+ 22 +y =180°
30° +y +y = 180°
2y = 150°
y=7%
x = ZCDA - 22
=90° -y =90° - 75° = 15°
y +z+60°=360° [Angles about a point]
= 75° + z + 60° = 360°
= z = 360° - 60° — 75° = 225°
Hence, x = 15° y = 75° and z = 225°.

U4y

W)

(vi)

Z/SRO + /SRT = 180° [Linear pair]

Rhombus

V)

= ZSRO + 152° = 180°
= ZSRO = 28°

z = ZSRO [Angles opposite to equal
sides of ASPR]

= z =28

y =90° [Diagonals of a rhombus
bisect each other at right, angles.

Also ZRPQ = ZSRP = 28° [Alt. angles]
In AOPQ, we have
Z0PQ + £ZPOQ + x = 180°
= 28° + 90° + x = 180°
= x = 62°
Hence, x = 62°, y = 90° and z = 28°.
/ECB = ZECD + #DCB

[Sum of angles of a A]

=60° + «DAB [Opposite angles of a

rhombus are equal]

= /ECB = 60° + 78° = 138° (1)
ZCEB = x [Angles opposite to equal sides

of ACEB] ...(2)

Rhombus ABCD
(vi)

In ACEB, we have
/ECB + ZCEB + £ZCBE

= 180° [Sum of angles of a A]
=138° + x + x = 180° [Using (1) and (2]
= 2x = 180° — 138° = 42°
= x = 21°

z = /DEC - ZCEB
=60° - x = 60° - 21° = 39°

ZCDB = ZCBD  [Angles opposite to equal
sides of ACBD]
= ZCDB = (x + y) ...(3)

In ACDB, we have
/DCB + £CDB + ZDBC = 180°
= 78 +x+y+x+y=180°
= 78° + 2y + 2x = 180°

[Using (3)]
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= 2y = 180° - 78° = 2 x 21°
2y = 60°
= y = 30°

Hence, x = 21°, y = 30° and z = 39°.
(vii) 92° + y = 180° [Coint. angles formed by transversal
cutting parallel sides of a trapezium]
= y = 180° —92° = 88°

2x+100 92°

x + 20°

Trapezium ABCD
(vii)

Also 2x + 10° + x + 20° = 180° [Coint. angles formed

by a transversal cutting
parallel sides of a
trapezium]

= 3x + 30° = 180°

= 3x = 150°

= x =50°

Hence, x = 50° y = 88°.
(viii) 3x + 2x = 180° [Coint. Zs formed by a transversal
cutting parallel sides of a trapezium]

S R
3x
2x
P > ! Q
Isosceles Trapezium PQRS

(viii)

= 5x = 180° = x = 36°
y=2x [Base angles of an isosceles
trapezium are equal]

= y=2x36°=T72°

(ix) AB = AD [Equal sides of a kite]

ZADB = ZABD =y [£s opp. equal sides to AD
and AB of AADB] ...(1)

Kite ABCD
(ix)

In AADB, we have
ZADB + ZABD + ZBAD
= 180°
= y+y + 112° =180°
2y = 180° — 112° = 68°
y =34

[Sum of angles of a A]
[Using (1)]

U

U

10.

11.

12.

Also CD=CB [Equal sides of a bite]
S /DBC = /BDC = x ...(2)
In ACBD, we have

«DBC + #BDC + #/DCB

=180° [Sum of angles of a A]
= X+ x + 649 = 180° [Using (2)]
= 2x = 180° — 64° = 116° = x = 58°
Hence, x =58° y = 34°.
BC || AD [Opposite sides of a parallelogram]
= PC [ AQ
BC = AD [Opposite sides of parallelogram]
D C
Q P
A B
1 1
—BC = —AD
- 2 2
= PC = AQ [ P and Q are the mid-points of

BC and AD respectively] ...(2)

In quadrilateral APCQ, we have one pair of opposite sides
i.e. PC and AQ parallel and equal to each other.
[From (1) and 2)]

Hence, APCQ is a parallelogram.

AD 3
PD=AD-AP=AD- —= = ZAD (]

BC 3
BQ=BC-QC=BC- -~ = ;BC ..

AD = BC [Opp. of a parallelogram] ...(3)
A B
P
Q
D C

From (1), (2) and (3), we have

PD = BQ ...(4)
Also PD [ BQ [~ APD | BQC, opp. sides of

a llgm] ...(5)

In quadrilateral BPDQ, we have one pair of opposite
sides i.e. PD and BQ parallel and equal to each other

[From (4) and (5)]

Hence, BPDQ is a parallelogram.

/B =2/D [Opp. angles of a parallelogram]
M
A 7 D
B N
1
2
- /2=/3 (1)
But £3=/5 [Alt. angles, AD | BC] ...(2)
£2=/5 [Using (1) and (2)]



13.

14.

15.

But £2 and /5 are corresponding angles formed when
BM and ND are cut by a transversal BC

BM || ND ...(3)

MD [ BN [+ AMD | BNC, opposite sides
of parallelogram] ...(4)

Also

In quadrilateral BNDM, we have pairs of opposite sides
(BM, ND) and (MD, BN) parallel to each other.
[From (3) and (4)]

Hence, quadrilateral BNDM is a parallelogram
and BM =DN. [Opp.sides of a parallelogram are equal]
In AOPB and AOQD, we have

Ll =212 [Vertically opposite angles]

OB = OD [Diagonal BD is bisected at O]

and /3 = /4 [Alt. angles, CB || DA]
AOPB = AOQD [By ASA congruence]

= OP = 0Q [CPCT] ...(1)
and PB =QD [CPCT] ...(2)
Also CB || DA [Opposite sides of a parallelogram]
= PB | QD [ P lies on AB and Q lies

on DA] ...(3)

In quadrilateral BPDQ, we have one pair of opposite sides
PB and QD parallel and equal to each other.

[From (2) and (3)]
Hence, BPDQ is a parallelogram
OP = 0Q
In APBC and APAM, we have

and ...[From (1)]

L1 =22 [Vert. opp. angles]

PB =PA [P is the mid-point of AB]

/3 =274 [Alt. angles, CB || DAM]

APBC = APAM [By ASA congruence]

= BC = AM [CPCT] ...(1)
Also CB | DA (produced)
= CB | AM ...(2)

In quadrilateral ACBM, are pair of opposite sides i.e. CB
and AM parallel and equal to each other.

[From (1) and (2)]
Hence, ACBM is a parallelogram.
In AQDA and APCB, we have
QD =PC
L1 =22

[given]
[Corr. angles, AD || BC]

16.

17.

18.

DA = CB [Opposite sides of a parallelogram]
AQDA = APCB
= /3 =/4

[By SAS congruency]
[CPCT]

But /3 and /4 are corresponding angles formed when BP
and AQ are cut by transversal CQ at P and Q respectively.

BP || AQ
= BP produced || AQ
= PRS || AQ
= RS || AQ (1)
Also QS || AR [given] ...(2)
Hence ARSQ is a parallelogram.

DC || AB [Opposite sides of a parallelogram]
= DC | AEF (or AB produced)
= DC | EF (1)

D C
A B EF
Also DC = AB [Opposite sides of a ||gm] ...(2)
AB = EF [Given] ...(3)
DC = EF [Using (2) and (3)] ...(4)

In quadrilateral DEFC, we have
DC || EF and DC = EF
DEFC is a parallelogram.

[From (1) and (4)]

DA || PQ
and DA =PQ [Opp. sides of |gm PQAD] ...(1)
CB | PQ
and CB=PQ [Opp. sides of ||gm PQBC] ...(2)
D A
P —<Q
C B

From (1) and (2), we get
DA || CB and DA = CB
In quadrilateral ABCD, we have DA || CB and DA = CB
ABCD is a parallelogram.

L1 =22 [+ BF, the bisector of ZCBX] ...(1)
/1= /4 [Corr. angles, CB || DAE] ...(2)
22 = /3 [Alt. angles, DF || ABX] ...(3)
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19.

20.

21.

4

E

From (1), (2) and (3), we have

/3 =/4
= DE=DF [Sides opposite to equal angles
of ADEF] ...(4)

and Z£3=/1
= BC=CF [Sides opposite to equal angles
of ABCF] ...(5)
Now DE = DF [From (4)]

= DE=DC+CF
= DE=AB+BC [DC = AB opposite sides of a
lgm and using (5)] ...(6)

Hence, DE = AB + BC = DF [From (4) and (6)]

L1 =22 [Angles opposite to equal sides

of AMSR] ...(1)
/1 =/3 [Corr. angles, PSM || QR] ...(2)
L2 =/4 [Corr. angles, SR || PQN] ...(3)

From (1), (2) and (3), we get
/3 =/4
= QN = QR [Sides opp. equal angles of AQRN]

L1 =22 [Angles opp. to equal sides AE
and AD of AADE] ...(1)
£2=/3 [Alt. angles, AEB || DC] ...(2)
£1=2/3 [Using (1) and (2)]
A E B
2 Z P
5
1
316
D C
DE bisects ZADC
4 = /5 [+ PD bisects ZAPC] ...(3)
/4= /6 [Alt. angles, AP || DC] ...(4)
o /5= /6 [Using (3) and (4)]
= DC =PC [Sides opp. to equal angles of ADCP]
AB =PC [- DC = AB, opposite sides of

a parallelogram]

/1 =2/2=x(say) [Angles opp. to equal sides
of AADF] ...(1)

[Angles opp. to equal sides
of ABCE] ...(2)

£3 = /4 =y (say)

22,

23.

F A B E
Considering AADF, whose side FA is produced to B, we
have
Exterior ZDAB = /1 + /2 = 2x [Using (1)] ...(3)

Considering ABCE, whose side EB is produced to A, we
have

Exterior ZCBA = £3 + Z4 =2y [Using (2)] ...(4)
Now, ZDAB + ZCBA =180° [Coint. angles, AD || BC]
= 2x + 2y = 180° [Using (3) and (4)]
= x+y=90° ...(5)
In AGFE, we have £1 + £3 + ZFGE = 180° [Sum of

angles of a A]

= x +y + ZFGE = 180°
= 90° + LFGE = 180° [Using (5)]
- /FGE = 90°

Hence, EC and FD produced meet at right angles.
In ABEF and ABAC, we have

Z1=22 [V. opposite angles]
BE = BA [given]
/3= /4 [Alt. Zs, EF || AC]
ABEF = DBAC [By ASA congruency]
= EF = AC
D C
2
I\ ZaC s 51 > E
F
In quadrilateral ACEF, we have
EF || AC and EF = AC
ACEF is a parallelogram
= AF = EC [Opposite sides of a parallelogram]
MB = AB [Sides of a square]
CD = AB [Opposite sides of a ||gm]
= MB=CD ..(1)
Y X
L ,”
L - |
- ;
el )b
MEL__ /A ;
5 ¢
Also BC = AD [Opposite sides of a parallelogram]
DX = AD [Sides of a square]

= BC=DX .(2)

Now, ZMBC = ZMBA + ZABC = 90° + ZABC



24.

25.

26.

ZCDX = ZCDA + ZADX = ZCDA + 90°

and ZABC = ZCDA [Opposite angles of a
parallelogram]
= ZMBC = 2CDX .3

In AMBC and ZCDX, we have
MB = CD [From (1)]
/MBC = ZCDX [From (3)]
and BC = DX [From (2)]
AMBC = ACDX [By SAS congruency]

= MC = CX

= ACXM is an isosceles triangle.
Let AP and DQ intersect at R.

A Q B
14
RN\ 3
2 P
c

In AABP and ADAQ, we have

AB = DA [Sides of a square]
Z/ABP = ZDAQ [Each is 90°]
AP = DQ [Given]
AABP = DDAQ
= /1=/s2and /3= /4 [CPCT] ...(1)

In ADAQ, we have
Z2 +90° + £4 =180°  [Sum of angles of a A]
= Z1 +90° + Z4 = 180° [Using (1)]
= 1+ £4 =90° ...(2)
Considering AAQR whose side AR is produced to P, we
get
Exterior ZQRP = £1 + £4 = 90° [Using (2)]

= AP and DQ are perpendicular to each other.
ABCD is a parallelogram in which one angle say

ZA =90°.
A B
D C
In AMAP and AMBQ, we have
D C
P
3
N 1
A 2 |B
M4
\< .
Z1 =22 [V. opposite angles]
AM = BM [- M is the mid-point of AB]
/3 =/4 [Each is 90°]
AMAP = AMBQ [By ASA congruency]
= MP = MQ [CPCT] ...(1)

27.

28.

In right ACMP and right ACMQ, we have

MP = MQ [From (1)]
and CM =CM [Common]
ACMP = ACMQ [By RHS congruency]
= CP =CQ [CPCT]
L1 =22 [~ AN bisects ZA]
/3=2/2 [Alt. angles, BNC || AMD]

/3=/1

A M D
X2 6
S
B N C

= AB = BN [Sides opp. to equal angles
of AABN] ...(1)
Z4 = /5 [ BM bisects ZB]
£6=/5 [Alt. angles, AMD || BNC]

s 6=/4
= AB = AM [Sides opp. to equal angles
of AABM] ...(2)
AM = BN [Using (1) and (2)]
AM || BN [*- AMD | BNC]

In quadrilateral ABNM, we have

AM = BN and AM || BN ...(3)

ABNM is a parallelogram in which adjacent sides AB
(= AM) and BN are equal [Using (2) and (3)]
Hence, ABNM is a rhombus.

Let ABCD be an isosceles trapezium in which AB || DC
and AD = BC.

A B

13 |

I I

I I

I I

e I
D M N C

Draw AM 1 DC and BN 1L DC
In right AAMD and right ABNC, we have

AM = BN [Distance between parallel

line segments]

and AD = BC [Given]
AAMD = ABNC [By RHS congruency]

= L1 =22 [By CPCT] ...(1)
£3 + /1 = 180° [Coint. angles, AB || DC]

= /3+/2=180° [Using (1)]
= /A + /C=180° .(2)
ZA + ZB + ZC + ZD = 360° [Sum of angles of a

quadrilateral]
= (LA + «£C) + 4B + £D = 360°
= 180° + £B + £D = 360° [Using (2)]
= /B + «D = 180°

Hence, the opposite angles of an isosceles trapezium are
supplementary.
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29.

30.

In quad. ABCD

AB =CD and /B = £C

Draw AP 1 BC and DQ L BC
A

Ofr----—>o

i
|
I
o

B P

In AAPB and ADQC

ZAPB = £DQC [Each = 90°]

/B =/C [Given]

AAPB = ADQC [By AAS congruency]

= AP = DQ [CPCT]

i.e. perpendicular distance between AD and BC at two
distinct points is the same.

Thus AD || BC.
Draw AP 1L DC and BQ 1 DC

ZA+ B+ ZC + /D =360° [Sum of angles of a

quadrilateral]
= 2/A + 22D = 360° [ ZA = £ZB and
ZC = /D]
= ZA + /D = 180°
A B

I

|

I
[ |
D P Q C

But ZA and ZD are cointerior angles formed when
transversal AD cuts AB and DC at A and D respectively.
AB || DC
= AP = BQ [Distance between parallel
line segments]

In AAPD and ABQC, we have

AP = BQ [From (1)]
ZAPD = ZBQC [Each is equal to 90°]
ZADP = Z/BCQ [£D = £C, given]
AAPD = ABQC [By SAA congruency]
= AD = BC [CPCT]
EXERCISE 8C
In AABC, D is the mid-point A
of AB and E is the mid-point
of AC. D E
DE = 1 BC
2 B C
1
=5 x 6.6 cm
= DE =33 cm
and DE || BC
= ZADE = ZABC
=62° [Corr. angles, DE || BC]

. Draw LP 1]

B

BM, CN and LP are perpendiculars to the same line /
BM || CN || LP
BL = CL [L us the mid-point of BC]

. MP = NP [Intercept theorem] ...(1)
In AMPL and ANPL, we have
MP = NP [From (1)]
/MPL = /NPL [Each is equal to 90°]
PL = PL [Common]
AMPL = ANPL [By SAS congruency]
= ML = NL [CPCT]
. In ACPA, B is the mid-point of AC and BX || AP
R
P
A B C

X is the mid-point of CP [By the converse of

Mid-point theorem].
In APCR, X is the mid-point of PC and XQ || AP.

Q is the mid-point of PR [By the converse of

Mid-point theorem].
Now, in ACPA, B and X are the mid-points of AC and
PC respectively.

1
BX = AP = AP = 2BX (1)

In APCR, X and Q are the mid-points of PC and PR
respectively

QX = %CR = CR = 2QX 2)

Adding (1) and (2), we get
AP + CR = 2(BX + QX) = AP + CR = 2BQ

. In AADC, D is the mid-point A

of BC [ AD is a median]
and DE || BA [Given] E

E is the mid-point of AC
[By the converse of , ,
Mid-point theorem] B D c

= BE is a median.

. Let point D, E and F be the A

mid-points of sides BC, AC
and AB of AABC. (C) E
DE, EF and FD are joined.
Since the line segments " "
joining the mid-points of B D (E) c
two sides of a triangle is half of the third side

[By Mid-point theorem]




DE = 1AB

2
= DE = AF (1)
1
DF = EAC
= DF = AE .2
In ADEF and AAFE, we have
DE = AF [From (1)]
DF = AE [From (2)]
and EF = FE [Common]
ADEF = AAFE [By SSS congruence]

Similarly it can be proved that
ADEF = AFBP and ADEF = AEDC
= ADEF = AAFE = AFBD = AEDC

Hence, the straight lines joining the mid-points of the
sides of a triangle divide it into four congruent triangles.

BC | AQ [+ PAQ || BC]
and AB || QC [ QCR || AB]
P A > Q
B C
R

Quadrilateral AQCB is a parallelogram.
= AQ =BC [Opp. sides of a |lgm] ...(1)

Similarly, it can be proved that quadrilateral PACB is a
parallelogram.

= PA = BC
PA = AQ
= A is the mid-point of PQ

Similarly, it can be proved that B and C are the mid-points
of PR and QR respectively.

Now in APQR, A is the mid-point of PQ and B is the
mid-point of PR and C is the mid-point of QR.

[Opp. sides of a ||gm] ...(2)
[Using (1) and (2)]

1
AB = EQR ...(1)
1
BC = EPQ ...(2)
and CA = %RP ...(3)

Adding (1), (2) and (3), we get

AB+BC+CA:%(QR+PQ+RP)

1
= Perimeter of AABC = > Perimeter of APQR

= 2 perimeter of AABC = Perimeter of APQR

Hence, the perimeter of APQR is double the perimeter of
AABC.

. In AAPB, L and M are the mid-points of AP and BP
respectively.

8.

LM | AB
= Z1=212

[By Mid-point theorem]
[Corr. angles] ...(1)

In AAPC, L and N are the mid-points of AP and CP
respectively.

LN || AC [By Mid-point theorem]
= /5= /6 [Corr. angles] ...(3)
and L7 = /8 [Corr. angles] ...(4)

In ABPC, M and N are the mid-points of BP and CP
respectively.

MN || BC [By Mid-point theorem]
= /9 = /10 [Corr. angles] ...(5)
and 11 = £12 [Corr. angles] ...(6)

Adding the corresponding sides of (1) and (2), we get
L1+ /5=2/2+ 26

= ZA = ZL

Adding the corresponding sides of (2) and (5), we get
L3+ /9 =214+ 210

= /B =«ZM

Adding the corresponding sides of (4) and (6), we get

L7+ 11 = /8 + £12
= ZC = 4N
Since ZA = /L, /B = /M and ZC = /N
AABC and ALMN are equiangular.
(i) In AABC, M is the mid-point of BC and MP || CA

C

P is the mid-point of AB [By the converse of

Mid-point theorem]
1
= AP = —AB
2
(ii) In AABM, P is the mid-point of AB and PR || BM

R is the mid-point of AM

= AB = 2AP

[By the converse
of Mid-point theorem]

1

= 2AR = AM

(iii) In AABM, P and R are the mid-points of AB and AM
1
PR = EBM [By Mid-point theorem]

= BM = 2PR

© | s|esaiejupenD
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9.

10.

11.

(iv) BC = BM + MC

=2BM [*- M is the mid-point of

BC = BM = M(C]

= BC = 2(2PR) [~ BM = 2PR, proved in (iii)]
= BC = 4PR

Since, E and F are the mid-points of AB and AC respectively

EF || BC [By Mid-point theorem]
= EQ || BP [ Q lies on EF and P lies
on BC] ...(1)
In AABP, E is the mid-point of AB and EQ || BP [From (1)]
. Qis the mid-point of AP A
[By the converse of /\
Mid-point theorem] E 5 F
= EF bisects AP.
P o

Join AC. B

In AABC, P and Q are the mid-points of AB and BC
respectively.

A
P ! S
% IC
Q R D
B
PQ | AC

1
and PQ = EAC ...(1) [By Mid-point theorem]

In AADC, S and R are the mid-points of AD and CD
respectively

SR || AC

1
and SR = EAC [By Mid-point theorem] ...(2)

From (1) and (2), we get
PQ || SR and PQ = SR
Hence, PQRS is a parallelogram.

In AABC, E and F are the mid-points of AB and AC

respectively.
D

EF || BC

1
and EF = EBC [By Mid-point theorem] ...(1)

In ADBC, H and G are the mid-points of DB and DC
respectively.

HG | BC

1
and HG = EBC [By Mid-point theorem] ...(2)

From (1) and (2), we get
EF | HG and EF = HG
Hence, EFGH is a parallelogram.

12.

13.

Let P and Q be the mid-points of AB and AC of AABC.
Join PQ.

1
Then, PQ = EBC [By Mid-point theorem] ...(1)

Since P is the mid-point of AB

1
AP = EAB = AB = 2AP ...(2)
1 .
AD = ZAB [Given]
1 .
= AD = 1 (2AP) [Using (2)]
1

= D is the mid-point of AP. ...(3)
Similarly, it can be proved that E is the mid-point of AQ.
In AAPQ, D and E are the mid-points of AP and AQ

[From (3)]
1
DE = EPQ [By Mid-point theorem]
1(1 .
= DE = — (*BC) [Using (1)]
2\2
DE = 1BC
- !

In ARST, Z and X are the mid-points of SR and ST
respectively.

P
R
Z
S t X t T
1
ZX = > RT

and ZX || RT [By Mid-point theorem] ...(1)
= ZX || RY [+ Y lies in RT] ...(2)

In APZX, R is the mid-point of PZ and RY || ZX [From (2)]

Y is the mid-point of PX [By the converse of
Mid-point theorem]
Now, in APZX, R and Y are the mid-points of PZ and PX

respectively.

1
RY = 5 7ZX [By Mid-point theorem|]
1(1 .
= RY = — (f RT) [Using (1)]
2\2
RY = 1RT
= !

14. In AABP, D is the mid-point of AB and DE || BP.

E is the mid-point of AP.
[By the converse of Mid-point theorem]

= AE = EP (1)



15.

16.

B C

AP = AE + EP = EP + EP
= 2EP

[Using (1)]

1
= EP = AP .(2)

1
Now AP - EP = AP - EAP [Using (2)]

= 1 AP = PC [ 1 AP =PC, given]
2 2
Hence, AP — EP = PC.
BE and CF are medians of A

AABC.

= Eand F are the mid-points
of AC and AB respectively.
In AABC, F is the mid-point
of AB and E is the mid-point
of AC.

B

1
FE | BC and FE = _BC (1)

In AGBC, H is the mid-point of GB and K is the mid-point
of GC.

1
HK || BC and HK = —BC .(2)

From (1) and (2), we get
FE || HK and FE = HK
= HKEF is a parallelogram.
Since the diagonals of a parallelogram bisect each other

EG = GH
and FG = GK
Also HB = GH
and KC=GK [+ Hand K are the mid-points
of GB and GC respectively]
EG = GH = HB
and FG = GK = KC
= EG = lBE
3
1
and FG = ECF

Hence, G is a point of trisection of BE and CF.

Join EF
X A Y

B Cc
In ACXA E and F are the mid-points of CX and CA
respectively

EF || XA

[By Mid-point theorem] ...(1)

17.

18.

In ABAY, E and F are the mid-points of BA and BY
respectively

EF || AY [By Mid-point theorem] ...(2)
Also, XA and AY pass through the same point A.

XA and AY lie along the same straight line and are
parallel to the same line segment EF.

Thus, X, A and Y are collinear.
Hence, XAY is a straight line.

Since the diagonals of a A B
parallelogram bisect each
other. p

AO =0C
= O is the mid-point
of AC.
In AADC, P and O are the mid-points of AD and AC
respectively.

(i) PO | DC

D C

1
and (ii) PO = EDC [By Mid-point theorem]

= (i) PO| AB [+ AB || DC, opposite sides of

a parallelogram]
1
and (ii) PO = ECD

(i) Join diagonal BD.

Diagonal BD will pass through Q, the mid-point of
diagonal AC.

[+ Diagonals of a rectangle bisect each other]

/1 =2,2 [Each is 90°]
= QPandQDareboth p P c
perpendicular to thesame [~
. ~~ 2 3
lines segment DC. o R
QP || AD Q™. 4
Now, in ADCA, Q is the A —&lg
mid-point of CA and
QP || AD.

P is the mid-point of DC  [By the converse of

Mid-point theorem]
= DP =PC

(ii) /3 =/4 [Each is 90°]

= QR and AB are both perpendicular to the same
line segment CB.
QR || AB

Now in ACAB, Q is the mid-point of AC and QR || AB

R is the mid-point of CB [By the converse

of Mid-point theorem]
In ACDB, P and R are the mid-points of CD and CB

1
PR = EBD [By Mid-point theorem]

1

= PR = EAC [+ BD = AC, diagonals of

a rectangle]

| siessrejupend
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19.

20.

21.

Join BD and let it cut
diagonal AC at O.

Since, the diagonals of a
parallelogram bisect each
other. A

O is the mid-point of AC.

1
= AC =2CO ..(D)
1
Now, CQ=AC= 1 (2CO) [Using (1)]

= Qis the mid-point of CO.
In ACDO, P and Q are the mid-points of CD and CO.

PO || DO
= PQR || DOB
= QR || OB

In ACOB, Q is the mid-point of CO and QR || OB

R is the mid-point of BC. [By the converse of

Mid-point theorem]
Join diagonals AC and BD and B

let th.em intersect at O. b s. 0
Let diagonal BD intersect PQat N c
S and let diagonal AC intersect
QR at T. R
In ABAC, P and Q are mid-points D
of AB and BC respectively.
PQ || AC [By Mid-point theorem]
= SQ || OT [+ S lies on PQ and O, T lies

on AC] ...(1).
In ACBD, Q and R are the mid-points of BC and CD
respectively.
QR | BD

= QT || SO [+ T lies on QR and S

and O lie on BD] ...(2)
In quadrilateral SQTO, we have
SQ || OT and QT || SO
SQTO is a parallelogram.

[From (1) and (2)]

L1 =22 [Opposite angles of a

parallelogram] ...(3)

But Z1 =90° [Diagonals of a thombus are

perpendicular to each other]

= £2 =90° [Using (3) and (4)]
= PQ L QR

Let diagonal BD intersect A

EF at G. In ADAB, E is

the mid-point of DA and
EG || AB.

[+ EF || AB and

G lies on EF] D g c

G is the mid-point of BD

[By the converse of
Mid-point theorem]

22,

1.

2.

Now in ABDC, G is the mid-point of BD and
GF || DC [ EF || AB || DC and G lies on EF]
F is the mid-point of BC

[By the converse of
Mid-point theorem]

ABCD is an isosceles
trapezium in which
AD = BC.

P, Q, R and S are the mid-
points of AB, BC, CD and
DA respectively.

D

Join any one diagonal (say) AC of the trapezium ABCD.

In ABAC, P and Q are the mid-points of BA and BC
respectively.

1
PQ | ACand PQ = - AC (1)
In ADAC, S and R are the mid-points of DA and DC.
1
SR || AC and SR = EAC ...(2)

From (1) and (2), we get
PQ || SR and PQ = SR
PQRS is a parallelogram. ...(3)
In As SDR and QCR, we have
SD =QC [ SD = % AD,QC= % BCand AD = BC]
ZSDR = ZQCR [Base Zs of isosceles trapezium]
DR = CR [R is the mid-point of DC]
ASDR = AQCR [By SAS congruence]
= SR = QR ...(4)

PQRS is a parallelogram in which two adjacent sides
SR and QR are equal. [Using (3) and (4)]

= PQRS is a rhombus.

Hence, the straight lines joining the mid-points of the
sides of an isosceles trapezium in order form a rhombus.

CHECK YOUR UNDERSTANDING

MULTIPLE-CHOICE QUESTIONS

(a) 104°

Let x be the 4th angle of the quadrilateral. Then
x + 60° + 86° + 110° = 360° (s of a quadrilateral)

= x = 360° — 256° = 104°
(b) 20°

7x + 5x + 3x + 3x = 18x = 360° [Sum of Zs of a

quadrilateral]
= x=20°



3. (b) 120°, 120°, 40° 9. (d) parallelogram

Let the three angles of a quadrilateral in the ratio A
3:3:1 be 3x, 3x and x.
P
Then, 3x + 3x + x + 80° = 360° [Sum of angles of Q
a quadrilateral] .
° S o0 R c
= 7x = 280° = x = 40°
The other angles are 3 x 40°, 3 x 40°, 40° i.e. 120°, 120°, In AAB.C’ P and Q are the mid-points of AB and AC
40°. respectively.
4 (o) 80°,100°, 100° A B PQ || BC [By Mid-point theorem]
AB || DC = PQ || 511{ (*+ Sand R be on BC) ...(1)
and AD =BC >°¢m 55cm and PQ = EBC [By Mid-point theorem]
= ABCD is an 80° 1
isosceles trapezium. D c = PQ = E(BO +0Q)
/ZC = /D = 80° 1
N ) = —(2SO+20R) [ S and R are mid-
A+ /D=1 . les, AB | D
+ 80 [Coint. angles, AB || DC] 2 points of BO and OC
=  ZA+80°=180° respectively]
= ZA =100° 1
= PQ = - x2x (SO + OR)
ZB + /C = 180° [Coint angles, AB || DC] 2
= /B + 80° = 180° = (SO + OR)
= ZB = 100° = PQ =5R . )
Hence, the other angles are 80°, 100°, 100°. - PQRS is a parallelogram [Using (1) and (2)]
5. () 360° 10. (d) Quadrilateral whose opposite angles are supplementary.
S
7
P
(0]
A1+ 22+ 23+ /4
— (180° = ZA) + (180° = /B) + (180° = 2C) In AAPQ, we have
+ (180° — D) ZA + ZAPQ + ZAQP
= 720° - (LA + /B + £/C + /D) =180°  [Sum of /s of a A]
= 720° — 360° = 360° Y A+ Pt 0 — 180
6. (o) Opposite angles are always bisected by the diagonals. 2 2
. 1
7. (o) kite = ZA =180° - > (£P + £Q)
R 1
Similarly, ZC = 180° - — (4R + £S)
A c S
1
ZA + £C =180° + 180° - E(LP+ ZQ+ ZR + £S)
1
= 360° - 5 x 360° = 360° — 180° = 180°
D = /A and ZC are supplementary.
8. (d) square ZA + /B + £C + £ZD = 360° [£s of a quadrilateral]
Ar B = /B + ZD = 360° - (LA + £C)
= 360° — 180° = 180°
" = /B and £D are supplementary.
\\]\_ 1. () 80°

c /B + /C =180° [Coint. angles, AB || DC]

a; | siessrejupend
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A B 16. (o) 120°, 60°, 120°, 60°

A B
L] Q
D C
90° 9
= x+y+100° = 180° o0”
o 90 1
= x+y =280 D P c
12. (a) 30 . .
Let ABCD be a parallelogram in which ZA and ZC are
obtuse angles. Altitude AP and altitude CQ through
A and C intersect each other at O making an angle
of 60° between them i.e. ZCOP = 60°
Exterior ZOPD = ZCOP + £ZOCP
[Exterior angle = sum of interior
ZA = /C [Opposite angles of a opposite angles]
parallelogram] = 90° = 60° + £1
= (Bx - 20)° = (x + 40)° = Z1 = 30°
= 3x—x=40+20 Now in ACQD, we have
= 2x = 60 Z1 +90° + «D = 180° [Sum of angles of a A]
= x =30 = 30°+90° + £ZD = 180°
13. () DE = EF = /D = 60°

/B = /D =60° [Opposite angles of
a parallelogram]

ZA + /D =180°  [Coint. angle, AB || BC]
ZA + 60° = 180°

= ZA =120°
In AADE and ACFE /C = ZA =120° [Opposite angles
AE = CE [given] of a parallelogram]
L1 =22 [Vert. opp. angles] 17. () 120°
and if DE = EF is given D c
Then, = AADE = ACFE [by SAS congruence]
DA = FC [CPCT] 60°
and /3 =24 [CPCT] A B
But £3 and Z4 are alternate angles from when ZA + /D = 180° [Coint. angles, AB || DC]
transversal cuts DA at A and CF at C. — 60° + /D = 180°
DA | FC = /D = 180° - 60° = 120°
14. (b) 90° 18. (a) 82°
A B X+ X+ x + 114° = 360°
= 3x =360° - 114° = 246°
5 c = x=82°
19. (b) 50°
15. (b) 10 cm, 8 cm D C s 5cm R

Diagonals of a parallelogram bisect W >
each other. 8.cm 8.cm

and DO=0OB=4cm A B = Q

Diagonal AC = AO + OC =5 cm + 5 cm LR+ /Q = 1§(§jcm [Coint. angles, PQ | S]
= 10em = 130° + £Q = 180°
and Diagonal BD = DO + OB - ZQ = 180° - 130° = 50°
=4cm+4cm /P = 2Q = 50° [Base angles of an
=8cm isosceles trapezium]



20. (d) 8 cm

Since, the diagonals of a [[gm bisect ~ D 3¢m C
each other.

1
= AO = EAC

5.8 A B

= — =29
, cm

4.2 cm

1
and OB = EBD = =21cm

Perimeter of AAOB = AO + OB + AB
=29+21+3)cm=8cm

21. (b) 80°, 100°, 80°, 100°

~

Let one angle of parallelogram ABCD, (say) ZB = x°.

o

4
Then, adjacent ZA = (g X )

ZA + /B =180° [Coint. angles, AD || BC]
= (éx) +x° =180°
5
= (%) = 180°
5
= x=180><g=100D
= ZA = (%xlOO) = 80° and ZB = 100°
ZC =LA =80°
and ZD = /B = 100° [Opposite angles of
a parallelogram]
22. (b) 45
(2x + 20)° + (3x — 30)° + (x + 10)° + (2x)°
=360°  [Sum of Zs of a quadrilateral]
= 2x+20+3x-30+x+10 + 2x
= 360°
= 8x =360 = x =45
23. (a) 11 cm
A B
(2x +3)cm (4x —5) cm
D C
AD = BC [Opposite sides of a rectangle]
= 2x+3=4x-5
= 8=2x=>x=4
BC = (4x - 5) cm
=@ x4-5)cm

=(16-5 cm =11 cm

24. (c) 18 cm

3xcm 2 (x+3)cm

P R

PQ = QR
= 3x =2(x + 3)
= 3x=2x+6

[Sides of a rhombus]

= xX=06
PQ =B x6)cm
=18 cm.
25. (c) 120°, 60°, 120°, 60°

A
Join BD.
In ADPA and ADPB, we have
PA =PB [~ Altitude DP bisects AB]
/DPA = ZDPB [Each is 90°]
DP = DP [Common]
ADPA = ADPB [By SAS congruence]
= DA = DB [CPCT]
= L1=22 [CPCT]
BD = AD [Sides opp. to equal Zs of ADAB]
AB = AD [Sides of a rhombus]
AB = AD = BD [.. AADB is
an equilateral A]
ZA = 60°

ZA + /D =180°
=60° + £D = 180°
= ZD =120°
/C = /A =60°
and /B = ZD = 120° [Opposite angles of a ||gm]
26. (b) 5 cm

[Coint. angles, AB || DC]

BC =AD =10 cm
D C

10 cm

A B
P is the mid-point of BC.

a | siessrejupend
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1 1
PB= —BC = —x10cm =
) ’ 5 cm

PA bisects ZA.
= 1 =22

Also /Z1=243 [Alt. angles, AD || BC] ...(2)
From (1) and (2), we get
£L2=/3

= PB = AB [Sides opp. to equal Zs of ABAP]
= 5cm = AB

CD=AB=5wm [Opposite sides of

a parallelogram]
CD=5cm

27. (c) 6 cm
In AAPM and AQMC, we have

1 1
= —AB==-CD
o [Las-Leo]
L1 =22 [Alt. angles]
/3 =24 [Vert. opp. angles]

= AAPM =z AQMC = AM =MC =3 cm
Now AC=AM+MC=3cm+3cm=6cm
28. (b) 43°
In parallelogram ABCD, AD || BC and AC is a transversal.

/DAC = /1 [Alt. angles]
= /1=25° (1)
/1 + £2 = Ext. 68° or 25° + /2 = 68°
= /2 = 68° —25° =43°

29. (b) 4 cm
PQRS is a parallelogram, PA is bisector of Z/P.
B
/’I
/5
Vi !
A A4
S %&/ R
5cm /’/
2,
AL
P 9cm Q
L1=22
SR || PQ

and PA is a transversal

30.

31.

32.

(a) 16 cm

/1 =2/3 [Alt. angles]
= 22 =/3
In ADSA, PS = SA
= SA =5cm [+ PS =5 cm]
PQ =9 cm = SR
= AR=9cm -5 cm
=4 cm
In AABR, Z4 =23 [Vert. opp. angles]
22 =/5 [Alt. angles]
= Z5 =24
AR =RB =4 cm
(c) 7 cm
M is mid-point of CD and
MA || CR
= A is mid-point of DR
AR = AD
But AD=35cm
AR=35cm

Now, DR = DA + AR
=35cm +3.5cm
=7 cm

Thus, DR = 7 cm.

M is mid-point of AD
N is mid-point of BC
= MN || AB or MN || CD

[+ AB || CD]

I—12cm—|B

In AABC, NO || AB and N is mid-point of BC
= O is mid-point of AC

1 1
NO = EAB = 5(12) =6 cm

MO = MN - NO
=14 cm-6cm =8 cm
In AADC, M and O are mid-points of AD and AC

1 1
= =DC = -CD
MO > =38 >

or CD=8x2=16 cm.

(©) 4 cm
The diagonal PR is trisected by AS and BQ.
s B _R
\\ \\ D////
\ \~
\ Prat
\ _
e \
A \
-\ \
PR \ \
g \ \
P "y Q



= PC =CD =DR

1 1
CD = 5PR = gxlzcm =4 cm

33. (b) 10 cm
BF is bisector of ZCBX
L1 =22
L3 =212
= £1=2/3

[Alt. angles, DF || AX]

Also Z4=/1

= /4 = /3

Now in AEDF, /4 = /3 = DE = DF = 10 cm
34. (b) 15 cm

ABCD is a rhombus.

[Corr. angles for DE || CB]

Its diagonals bisect at right angles.
In right ACOD, OC =12 cm and OD =9 cm
Using Pythagoras theorem

DC = V122492 =15cm

35. (o) 30°, 40°, 110
PQ is a line segment joining the mid-points of AB and
BC respectively.

B
1
PQ || RC and PQ = RC (=EAC)

= PQRC is a parallelogram
Opposite angles of a parallelogram are equal
/P =/C =110°

Similarly, APQR is a parallelogram

= ZQ = LA =30°

And BQRD is a parallelogram

= /R = /B = 40°

Thus, the angles of APQR are 30°, 40°, 110°.

SHORT ANSWER QUESTIONS

1. We have:
AB [ QP || CD
Join BC.

In AABC, Q is mid-point of AC and QP || AB
= O is mid-point of BC.

By Mid-point theorem, B P DT
0Q= 1B 4o ‘ L
1 -LA 0 Cj-
= —x4 cm
2
= OQ =2cm ...(D)

In ABCD,
O is the mid-point of O and PQ || CD

P is mid-point of BD

By Mid-point theorem,

1 1
OP = ECD = Ex6cm

= OP =3 cm ...(2)
Adding (1) and (2), we get

OQ+0OP=2cm +3 cm =5cm
= PQ =5 cm

2. - ABC is an equilateral triangle.

ZA = /B = ZC = 60°

In AAOC, P and R are mid-points of AO and CO respectively.
PR || AC and OA is a transversal

= y=2z1 [Corr. angles]

= y = 60° - 35° =25° ..(1)
ZA = 60°

Similarly, Zz= /2

= Zz = 60° - 40° = 20° (2

In ABOC, Q and R are mid-points of OB and OC respectively.
= QR || BC
and OB is a transversal

Ix =13 [Corr. angles]

:." | siessrejupend



o | Quadrilaterals

= Zx = 60° — 40° = 20° ...(3)
From (1), (2) and (3), we get
x=20°y=25,2z=20°

3. InAABC, D and E are mid-points of AB and AC respectively.

DE || BC [By Mid-point theorem]
In AABQ,
DE || BC
= DP || BQ
D is mid-point of AB [Given]
P is also mid-point of AP [By converse of
Mid-point theorem]
= AP =PQ =3 cm
Now AQ = AP + PQ

=3cm+ 3 cm=6cm
Thus AQ =6 cm.

4. We have: [ | m || n

and G is mid-point of CD.
() In AACD, m || n = BG || AD
G is mid-point of CD.

B is mid-point of AC. [By converse of

Mid-point theorem]
By Mid-point theorem

1
BG = -AD
2

1
= BG = 5 (7 cm)

= BG =3.5 cm

(i) In ACDF, I || m
= CF || GE
G and F are mid-points of CD and AD

1
GE = ~CF
= 2

1
25 ~CF
= 2

= CF=2x25am
= CF=5cm
(iii) -+ B is mid-point of AC and AC =9 cm

[*- GE =25 cm]

1 1
BC = E(AC) =5 (9 cm) = 4.5 cm

= AB = AC -BC =9.00 cm — 4.5 cm
= AB =45 cm
(iv) - E is mid-point of FD
EF = ED =4 cm
= ED =4 cm.

5.

6. -

In AABC, P and Q are mid-points of AB and BC respectively.

1
G .. PQ = EAC [By Mid-point theorem]

1
= PQ=§x6cm=3cm [+ AC =6 cm]

= PQ=3cm
(ii) In ABCD, Q and R are mid-points of BC and CD
respectively.

1
OR = EBD [By Mid-point theorem]

1
= QR = > (8.6 cm) = 4.3 cm

= QR =43 cm
In AACD.
R and S are mid-points of DC and AD respectively

1
RS = EAC [By Mid-point theorem]
1
= RS = > x 6 cm =3 cm
In AABD,

S and P are mid-points of AD and AB respectively.
1 1
SP = 5 (BD) = 5 x 8.6 cm = 4.3 cm

Thus, PQ =3 cm, QR =4.3 cm,
SR =3 cm and SP = 4.3 cm
or PQ=SR=3cmand QR =PS =43 cm

. The diagonals of the quadrilateral BD and AC intersect
at O.

C
D
B
A
and OA:0C=2:3
Let OA = 2x and OC = 3x

OA : OC =2x:3x = OA = OC
because the diagonals of a parallelogram bisect each other.
i.e. O must be mid-point of AC.
ABCD is not a parallelogram.

. In a parallelogram, opposite angles are equal.

In parallelogram ABCD
LA = ZC =58 [ £C =58
= ZA = 58° ..(1)
In parallelogram AEFG,
ZA = /F
But £D = 58°
ZF = 58°

[from (1)]



8. - The angles of a quadrilateral ABCD are in ratio
3:4:4:7.
And let ZA =3x, /B = 4x, Z/C = 4x and £ZD = 7x
LA + /B + £C + 4D = 360°

= 3x + 4x + 4x + 7x = 360°

= 18x = 360°

= X = 360° =20°
18

ZA =3 x20° =60°
/B =4 x 20° = 80°,
ZC =4 x 20 =80°
and /D =7 x 20° = 140°
Thus, the angles of the quadrilateral are:
60°, 80°, 80° and 140°.
9. ABCD is a parallelogram.

D Y A
X B
Its opposite angles are equal.
ZDCB = 80°

= /DAB = 80°
1
> /DAB = 40° = Z/ZDAX [ AX is bisector of ZA.]

Thus, ZDAX = 40°
10. BC || PR and AC is a transversal.

L1 =22 [Alt. angles]
A
P T R
4
3
2
B C
Q
AB || QR and AC is a transversal.
/3 =/4 [Alt. angles]
In AABC and ACRA,
AC = AC [Common]
/1 =22 [Proved above]
22 =/3 [Proved above]
AABC = DCRA
= CB = AR [CPCT] ...(1)
Similarly, CB = AP ...(2)
Adding (1) and (2), we get
CB + CB = AR + AP
= 2CB = PR
1
= CB = EPR ...(3)

Similarly,

1
AC = EPQ ...(4)
and AB = %RQ ...(5)

Adding (3), (4) and (5)
CB + BA + AC = %PR+%RQ+%QP

1
= AB + BC + CA = _[PR + RQ + QP]
. 1 .
= [Perimeter of AABC] = 5 [Perimeter of APQR]

1
= [Perimeter of AABC] = > [48 cm] = 24 cm

Thus, perimeter of ABC = 24 cm.

VALUE-BASED QUESTIONS

. Yes.

The suggestion of students was correct.

By joining the mid-points of an equilateral triangle,
we get an equilateral triangle.

PQR is an equilateral A.
Since, in equilateral AABC, we have:
AB =BC =CA

Lap - 1pc = lea (1)
2 2 2

or P, Q, R and mid-points of AB, AC and BC respectively:
. By Mid-point theorem,

1 1
PQ= -BC,QrR = —AB
Q= 5BC, QR =
1
and RP = EAC ...(2)

From (1) and (2)
PQ = QR = RP = PQR is an equilateral A.

Values: Creativity, resourcefulness and co-operation.

. ABCD is a rhombus.

The diagonal of a rhombus bisect at right angles.
s AO 1 OB
= ZAOB = 90°
1 1
In AAOB, B ZA + B ZB +90° = 180°
[ AC bisects ZA and BC bisects /B]

1 1
= S ZA+ (1107 + 90° = 180°

1
= > ZA =180° - 90° - 55° = 35°

= (£LOAB = 35°) < (LOBA = 55°)
= OB < OA [Side opposite to smaller angle is smaller]
i.e. Anil has to cover shorter distance than Ram.

Values: Caring and concern for senior citizens, helpfulness,
empathy and responsibility.
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UNIT TEST

1. (d) - 230°

Opposite angles of a parallelogram are equal.

ZA = ZC = 65°

= ZA + ZC = 65° + 65° = 130°
ZB + ZD = 360° — 130° = 230°

2. (c) Rhombus

Diagonals of a thombus are not equal.

If the diagonals of a parallelogram ABCD are
equal, then it cannot be a rhombus.

3. (a) 40°
ZBOC = 90°

Z2 =90°

ZBDC = /1 [Alt. angles for AB || CD]

= Z£1 =50°

23 = 180° — (90° + 50°) = 40°

4. (d) Rectangle
ZXAB = ZABY
1 1
— ZXAB = — ZABY
2 2

= L1 =22

[Alt. angles]

A

But they are alternate angles,
AD || BC

1
22+ 23 = (180) = 90°

= ABCD is a parallelogram with Z/B = 90°

= ABCD is a rectangle.

5. (b) 20 cm
Diagonals of a rhombus bisect
each other at right angles.

AO 1 DO
Inright AAOD, using Pythagoras
theorem.

AD= V4?+3% =5
cm

Perimeter of the rhombus

B | Quadrilaterals

=4 xside=4x5=20cm

6. In a parallelogram, adjacent angles are supplementary.

A B
D c
/D + /C = 180°
1
7. /1= =/D
2
/2 = 1 ZA
T2
D= c
17
~.0.
/>\\
2 .
AL B

In parallelogram ABCD, adjacent angles are supplementary.
1 1
ZA + £ZD = 180° or ELA + ELD =90°

= A1+ 2=90
In AAOD, ZDOA = 180° - (£1 + £2) = 180° — 90° = 90°

8. Let P and Q are mid-points of DC and AB respectively.

Joint DQ.
D P c
AN 1 \
3\\\ \
N \
~ \
N \
N \
N 41
25
A =~ B
Q
L1 =22 ...(1) [Alt. Zs, AB || CD]
In AADQ and APQD, we have:
/1=22 [Proved above]
AQ =DP [Q and P are mid-points
opposite sides AB and CD]
DQ = QD [Common]
= AADQ = APQD .2
/3 =4 [CPCT]

Adding (1) and (2)
L1+ £3=22+ 24
= /D = /£Q
Now AQPD is a quad. having one pair of opposite sides
parallel DP || AQ and opposite angles Z/D = Z£Q.

AQPD is a |lgm
ie. PQ || AD and PQ || CB.
. D is mid-point of AB.
1 1
BD = EAB: 5(6) cm =3 cm

1 1
DE is parallel to BC and DE= 5 BC = 5 8 cm) =4 cm
1
EF = B BA =3 cm

1
BF = 5 BC =4 cm



10.

11.

12.

13.

B} 8cm !

BD + DE + EF + BF = Perimeter of BDEF
=B+4+3+4) cm
=14 cm

The line segment joining mid-points of any two sides of
a A is parallel and half of the third side.

1
HG = - BC and HG || BC

1
EF = - BC and EF || BC

= EFGH is a parallelogram

y =30° [Opposite angles of ||gm are equal]
x =40° [EF || BC, Corr. angles]
Thus, x = 40° and y = 30°.
AE = EG

= E is mid-point of AG
1 1
AG=2m+2cm=4cm = > 8 cm) = EAC

Similarly, F is mid-point of AB.
By Mid-point theorem,

1 1
FG:EBC:E x 10 =5 cm
.. 1 1
Similarly, DE = EFG: > x5cm=25cm

Thus, FG = 5 cm and DE = 2.5 cm.
DE || BP and D is mid-point of AB.[** AD =4 cm = BD]
In AABP, E is mid-point of AP.

1
= EP:EAP=3cm

1
Also AE = EAP =3 cm

PC=3cm
AC = AE + EP + PC
=3m+3m+3m=9cm
Thus AC =9 cm.
Draw DB such that it intersects EG at H.

[Given]

A 6 cm B

-
-
-
-
-
-
-
G

Ef——=
P
_~"H
.
.
.
P

D 16 cm

14.

15.

16.

In AABD,
E is mid-point of AD and EH || AB

EH = %AB ...(1)
Similarly, in ACBD,

HG = %DC ...(2)
Adding (1) and (2), we get

1
EH + HG = _ (AB + DO)

= EG:%(6+10)cm=8cm
Thus EG =8 cm
In ADCG, b , E , C
E is mid-point of DC 5cm
EB || DG
Using the converse of Mid- A B
point theorem, we have B as
mid-point of CG
1 G
= EB = - DG
2
= DG=2xEB=2x5cm =10 cm
= DG =10 cm
"> ABCD and PBRQ are rectangles.
QR | PB A P B
= QR || DC
In ABCD, e
“+ Q is mid-point BD [Given]
.. Using Mid-point theorem, p C
1
QR = > DC
= DC =20R
= DC=2x5cm =10 cm
AB =DC [Opp. sides of a rectangle]
AB =10 cm

E and F are mid-points of AC and AB respectively.

Using Mid-point theorem, we have

1 A
FE = ) BC
and FE || BC F E
In AAPC, DE is parallel to PC Q
[FE || BC] >em
and E is mid-point of AC. B p c
= Qis mid-point of AP
QP =5cm [Given]
AQ=5cm
Now AP=AQ+QP=5cm +5cm =10 cm
Qr 5

1
AP :E=EOTQP.AP=1.2

= QP:AP=1:2

N | sjeserejupenp
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17. Join AQ.
In AABQ
GE | BQ

E is mid-point of AB (Given)
G is mid-point of AQ [Using converse of
Mid-point theorem]

In AAQP,
G is mid-point of AQ [Proved above]
GO || AP [+ EF || AD]

18.

[Using converse of
Mid-point theorem]

= O is mid-point of PQ

= OQ =0P or OQ =6 cm
Now, PQ=PO+0Q=6cm + 6 cm =12 cm
Thus, PQ =12 cm.

F is mid-point of AB.

/A\
372
& 0
C
SF E %
(6]
/ 41

B c
D

1
AF= ~ AB=5cm (1)

E is mid-point AC
1
AE = EAC:Scm ..(2)
FD is joining mid-points of AB and BC in AABC

1
= FD = EABzScm ...3) [+ AC =10 cm]

Similarly,

1
ED = EAB=5cm ...(4) [*- AB =10 cm]

From (1), (2), (3) and (4)
AF =FD = DE = EA
In AAED, AE =ED
= 1 =22
Similarly, 3= /4
L1+ /4=213+22

Therefore, we have a quadrilateral whose all sides are
equal and opposite angles are equal.

AFDE is a rhombus.

Diagonals of a rhombus bisect each other at right
angles.

19.

20.

In right AAOE,

(OE)? + OA? = AE? [Using Pythagoras’ theorem]

2
1

= OA? = AE? - OF? = AE? - (EFE)

1
= OA2=52_32 [+ FE=6cm = EFE=3cm]
= OA =4cm
Now, AD = 2(A0) =2(4 cm) = 8 cm
Thus AD =8 cm.

In AOQC and AOPA,

L1 =22 [Vert. opposite angles]
OC =0A [Diagonals of ||gm are
bisected by each other]
Since, OB = OD (diagonals of a ||gm
bisect each other)
and BQ = DP (- DP=PQ=QB= %BD)
= OB-BQ=0D-DpP
= 0oQ =0r ...(1)
AOQC = AOPA
= /3 =/4 [CPCT]
But they form a pair of altitude angles
CQ |l AP
Also, 0oQ =0r [From (1)]
= O is mid-point of PQ
O bisects PQ
or AC bisects PQ.
Thus, CQ || AP and AC bisects PQ.
ABCD is a quadrilateral such that p c
its diagonals AC and BD bisect each A
other at right angles, i.e. ¢}
AC =BD .
- %AC - %BD Az 1N
= OA =0B=0C=0D
In AAOB and COB,
AO =0C [Proved above]
ZAOB = ZBOC [Each = 90°]
OB = OB [Common]
= AAOB = ACOB
AB =CB [CPCT]

Similarly, CB = DC, DC = DA and DA = BA
Thus, AB = BC = CD = DA.

ABCD is a square or a thombus.



21.

22.

In AOB AO = BO

= Ll =212
1+ £2 + ZAOB = 180°
= L1+ 22 =90°
= 2/1 =90°
= /1 =45°

Similarly, £3 = 45°
Now /1 + /3 =45° + 45° = 90°

Thus ABCD is a quadrilateral whose sides are equal and
one angle is 90°.

= ABCD is a square.
D is mid-point of BC and DP | BA.

R
E
P is mid-point of AC
1
PA =PC = EAC
1
= CE =PC [ BE = EAC]

C is mid-point of PE.

In AEPD,

C is mid-point of PE and RC || BA or RC || DP
R is mid-point of DE.

= DR = RE ...(1)
In ABFD and ACRD,

L1 =212 [Vert. opposite angles]

BD = CD [D is mid-point of BC]

/4 =/3 [Alt. angles, BF || RC]

ABFD = ACRD [By AAS congruency]

= FD = DR ...(2)
From (1) and (2)

1
FD =DR =RE = gFE

1
= FD = -FE

3
AABC is an isosceles triangle with

A
D F
B E Cc
AB = AC

23.

1 1
—AB = — Al .1
= 2 5 AC )
F and E are mid-points of AC and BC.
1
FE = EAB and FE | AB ...(2)
Similarly,
1
DE = EAC and DE || AC ...(3)
From (2) and (3), we have
FE = DE [From (1)]
AEDF is an isosceles triangle.

OR

We have a parallelogram ABCD such that E is mid-point
of DC.

In ADGC,
EB || DG [Given]
B is Mid-point of GC. [By Mid-point theorem
(converse)]
1
ie. BC = EGC (D
@ - AD = BC [Opposite sides of ||gm]
1
and BC = > GC [From (1)]
AD= LGC e v
2
(i) In ADGC, EB is a segment
joining mid-points of DC A B
and GC. F
1
EB = —DG
2 G

= DG = 2EB
We have, AABC.
Through A, RQ || BC.
Through B, PQ || AC

and through C, PR || AB are
drawn such that they meet

at P, Q and R.
In AABCand ACRA
L2 =11 [Alt. angles, AB || PQ]
Z4 = /3 [Alt. angles, BC || RQ]
AC = AC [Common]
= AABC = ACRA [ASA congruency]
- BC = AR (1)
Similarly
BC = AQ .2

Adding (1) and (2)
2BC = AQ + AR = QR

1
= BC= QR

1
BC = —OR

Th
us >
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24. We have a parallelogram PQRS such that
Bisector of £P is PO and
Bisector of ZQ is QO.
A line LOM || PQ is also drawn.

L/ Q /M

P 0o
(i) Since PQRS is a parallelogram.
= SP | RQ
= ZP | MQ

Also LM || PQ (Given)
= LMQP is a parallelogram
= LP = MQ [Sine opp. sides of a

lgm and equal]
or PL = QM
(i) - OP is bisector of /P.
~20PQ = OPL ...(1)
Z0PQ = ZPOL [Alt. angles for
PQ | LM] ...(2)
From (1) and (2), we have
Z0PL = ZPOL
Now, in AOPL,
Z0OPL = /POL
= OL =PL ...(3)
Similarly, OM = QM
But PL = QM
= OL = OM
or LO = OM.
OR

We have trapezium ABCD.

E is mid-point of diagonal AC and F is mid-point of

BD.

Join CF and produce it to meet AB in P.

In ACDF and APBF

ZCFD = /PFB [Vert. opposite angles]
/CDF = /PBF [Alt. angles, DC || AB]

DF = FB [+ F is mid-point of BD]
ACDF = APBF [By ASA congruency]

= CD = PB and CF = FP

i.e. E and F are the mid-points of CA and CP in ACAP.

By Mid-point theorem, we get
1
EF | AP and EF = — AP

AB || DC
- EF | AP
- EF | AB
From (1) and (2)

EF || AB || DC

1
Also, EF= EAP

1
= EF = - (AB - PB)

1
= 5 (AB-CD)

Hence, we have

(1)

.(2)

[-- PB =CD]

1
EF | AB || DC and EF = _ (AB - CD).





