Solution
QUADRILATERALS

Class 09 - Mathematics

Section A

(b) 80°, 100°

Explanation:

Let the adjacent angles of a parallelogram be 4x and 5x and sum of adjacent angles of parallelogram is 180°.
.. 4x + 5x = 180°

= 9x = 180° = x = 20°

.". Angles are 80° and 100°.

(c) 3.6 cm

Explanation:

E and F are midpoints of sides AB and AC. By midpoint theorem, EF is parallel to BC and EF is % of BC.
So, EF = 1 of (7.2) =3.6 am

(a) 50°
Explanation:
]
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Given ABCD is a rhombus. Diagonals bisect each other perpendicularly.
Hence ZBOC = 90°

Given ZOCB = 40°

AD||BC and BD is the transversal

.". ZADB = /DBC (Alternate angles)
Hence in right angled ABOC,

ZBOC + ZOCB + ZOBC = 180°

= 90° + 40° + ZOBC = 180°
=130° + ZOBC = 180°

= ZOBC = 180° - 130° = 50°

But ZOBC = ZDBC

Therefore, Z/ADB = 50°

(€) 9.5 cm, 9.5 cm, 5.5 cm, 5.5 cm

Explanation:

Perimeter of ABCD = AB + BC + CD + DA =30
In a parallelogram, opposite sides are equal.
AB=CD=9.5and BC=DA =x
S0,9.5+x+9.5+x=30

2x=30-19
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X =55
AB=95=CDand BC=DA =55

(d) 135°, 135°
Explanation:
AB is parallel to DC.

angle A + angle D = 180° (co-interior angle)
angle D = 180° - 45° = 135°

Similarly by following same argument, angle C = 135°

(d) AB =BE
Explanation:
D
4
2J0
1
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A B E

In the figure, ABCD is a parallelogram, where AB is produced to E-such that OC = OB
In AOBE and AOCD,

/1= /2 (Vertically opposite angles)

/3 = /4 (Alternate interior angles)

OB = OC (given)

.. AOBE =2 AOCD (By ASA congruency)

= BE = CD (By CPCT)

Also, AB = CD (y ABCD is parallelogram)

..AB =BE

(b) 40°

Explanation:

/BOC + ZCOD = 180° (linear pair)

Z/COD = 180° - 90° = 90°

In triangle DOC, ZDOC + /DCO + Z0DC = 180° (angle sum property)
90° + ZDCO + 50 = 90°

ZDCO = 180° - 140° = 40

/DCO = ZOAB = 40 (alternate angles)

(b) rectangle
Explanation:

rectangle
D

Let ABCD be a rhombus and P,Q,R and S be the mid-points of sides AB, BC, CD and DA respectively.
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10.

11.

In AABD and ABDC we have

SP | BD and SP = %BD ..... (1) [By mid-point theorem]
RQ || BD and RQ = %BD ..... (2) [By mid-point theorem]
From (1) and (2) we get,

SP | RQ

PQRS is a parallelogram

As diagonals of a rhombus bisect each other at right angles.
~ACLBD

Since, SP || BD, PQ || AC and ACLBD

. SPL1PQ

-~ LQPS =90°

. PQRS is a rectangle.

(b) 190°

Explanation:

/ADC + /DCB = 180° (Sum of adjacent angles of a parallelogram is 180°)
= 85° +x =180° = x = 95°

Now, DC || AE and CB is a transversal.

..y - X - 95° (Alternate interior angles)

Cox+y=95°+95° =190°

(d) 70°

Explanation:

Z0OAD =90° - (/OAB)

=90° - 35° = 55°,

Now, ZODA = Z0OAD = 55° ['.- OA = OD since diagonals of a rectangles are equal and bisect each other].
Z/AOD = 180° - (ZOAD + ZODA)

=180° - (55° + 55°) = 70°.

(b) Right angled
Explanation:

A

H
B D C

Let ABC be right angled triangle and ZABC = 90°.

Let D, E, F are mid-points of sides BC,

AC and AB respectively.

.. EF || BD and BF || DE (By mid-point theorem)

= BDEF is a parallelogram.

.. ZFED = ZFBD = 90° ("." Opposite angles of a parallelogram are equal)

.". DEF is right angled triangle.
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12.

13.

14.

15.

16.

(a) Diagonals of ABCD are equal

Explanation:

The diagonals of a square bisect its angles. Opposite sides of a square are both parallel and equal in length. All four angles of a

square are equal.

(d) 135°
Explanation:
Given,

A B

ABCD is a quadrilateral
/A =45°,

*.* diagonals of quadrilateral bisects each other hence ABCD is a parallelogram,
= /A + /B =180°

= 45° + /B =180°

= /B =180°-45°=135°

(b) Parallelogram

Explanation:

In quadrilateral AXCY,

AX | CY (. AB || CD)...(})

AX = % AB and CY = % CD (.- X and Y are midpoint of AB and CD)
Also, AB = CD (Opposite sides of parallelogram)

So, AX =CY ...>i1)

= AXCY is a parallelogram (from (i) and (ii))

Similarly, quadrilateral DXBY is a parallelogram.

In quadrilateral SXRY, SX || YR (*.: SX is-a part of DX and YR is a part of YB)
Similarly, SY || XR

So, SXRY is a parallelogram.

(d) 10 cm
Explanation:

Let us assume a rhombus ABCD where,
AB=BC=CD=DA

Now, in triangle OBC by using Pythagoras theorem we get:
BC? = OB? + OC?

BC? =62 +8°

BC? = 36 + 64

BC? =100

BC =4/100
BC=10cm
S.,AB=BC=CD=DA=10cm

(b) 5 (AB +CD)

Explanation:
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17.

18.

19.

20.

Join PD and Produce it to meet BA at G.

In APCD and AAPG,

/DPC = Z/GPA,

/PDC = ZAGP
APCD=>~=NANAPG

CD = AG and PD = PG

In ABGD,

P is the mid - point of GD

Q is the mid -point of BD
Therefore, By mid - point theorem, PQ || AB
and PQ = £ (GB)

but GB =GA + AB=CD + AB
~.PQ=(3)(AB+CD)

(a) Parallelogram

Explanation:

Two diagonals of quadrilateral form four triangles. Out of these four triangles two triangles of opposite to each other are
congruent by SAS. By using CPCT property we can prove that both pair of opposite sides in a quadrilateral are parallel. A
quadrilateral with both pair of opposite sides parallel is called parallelogram.

(b) 60°
Explanation:
ZROQ = ZSOP = 60° ...(i) [ Vertically opposite angles]

2 R

P Q

.. PR = SQ = PO='SO (Diagonals of a rectangle are equal and bisect each other)
= /OPS = ZOSP ...(ii) ['." In a triangle, angles opposite to equal sides are equal]
In APQOS, by angle sum property

Z0OSP + ZOPS + ZSOP = 180°

= 2/0SP = 180° - 60° [Using (i) & (ii)]

= /0SP = 60°

(d) Diagonals of PQRS are at right angles.
Explanation:

Diagonals of PQRS are at right angles form all the internal angles as right angles. [according to angle property of rectangle, i.e,

all the angles of a rectangle are right angle(90°)]

(b) 768 m?
Explanation:
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21.

22.

23.

24.

25.

26.

27.

According to the question,
Area of given quadrilateral = %
=3 X 48 x 32

=768 sq. m

X Product of diagonals

(a) Both A and R are true and R is the correct explanation of A.
Explanation:

Since, opposite angles of a parallelogram are equal.

Therefore, 3x -2 =50 - x

x =13

One angle is 37°

(a) Both Assertion (A) and Reason (R) are true and Reason (R) is a correct explanation of Assertion (A).

Explanation:

It is given that, ABCD is a quadrilateral in which P, Q, R and S are the mid-points of AB, BC, CD and DA respectively. Then,

PQRS is a parallelogram.

Also, the line segment joining the mid-points of any two sides of a triangle is parallel to the third side and equal to half of it.

Hence, both assertion and reason are true and reason is correct explanation of the assertion

(a) Both A and R are true and R is the correct explanation of A.
Explanation:

Both A and R are true and R is the correct explanation of A.

(a) Both A and R are true and R is the correct explanation of A.
Explanation:

Both A and R are true and R is the correct explanation of A.

(b) Both A and R are true but R is not the correct explanation of A.
Explanation:

In AADC, Q is the midpoint of AC such that PQ || AD.

P is the mid-point of DC

DP = PC [Using converse of midpoint theorem]

D C

P
-y

OR
)

(a) Both A and R are true and R is the correct explanation of A.
Explanation:
Since, diagonals of a square bisect each other at right angles.

ZAOB =90°
A D

(b) Both A and R are true but R is not the correct explanation of A.
Explanation:

In AABC, E and F are midpoint of the sides AC and AB respectively.
FE || BC [By mid-point theorem]

Now, in AABP, F is mid-point of AB and FQ || BP. Q is mid-point of AP
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28.

29.

30.

31.

(c) A is true but R is false.
Explanation:
In quadrilateral ABXC, we have
AD = DX [Given]
BD = DC [Given]
A
B (
X
So, diagonals AX and BC bisect each other but not at right angles.
Therefore, ABXC is a parallelogram.
Section B
D C
P/
»\}’
A B £
Since ABCD is a parallelogram, we have
D+ /ZC=180° ... (Sum of co-interior angles)

or 75° + x = 180°

or x=180°-75°

or x=105°

Again, we have x =y = 105° (Alternate angles)

Hence, x +y = 105° + 105° = 210°
From the given figure; In ABDC, Q is the mid-point of BD.

Again, QR || DC .............. (As ABCD is a rectangle and PQRB is a rectangle)
= R is the mid-point of BC ..................... (By converse of mid-point theorem)
Since Q and R are the mid-points of BD and BC, we can write

QR = 1DC

5=3DC

So, DC =10 cm

Also, DC=AB .....cceeuee. (Opposite sides of rectangle)

Therefore, DC = AB =10 cm.
Let ABCD be a ||gm in which ZA = 115°.

115°
A B
Since AD || BC and AB cuts them, so

/A + /B =180°
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= 115° + /B =180°
= /B = (180° -115°) = 65°.
Since the opposite angles of ||gm are equal, we have
/C=/A=115°and /D = /B = 65°.
Hence, /B =65°, /C = 115° and ZD = 65°
. Given: ZC = 55°

A B

D c
Opposite angles of a parallelogram are equal
*.” ABCD is a parallelogram
S /LA =/C=55°
Also,
*." AEFG is a parallelogram
S LF=/A=55°
Hence, /F = 55°
. PQRS is a rhombus.
So the diagonals bisect each other at right angle.
Sy =90°
Z/SRT = ZQSR + y (external angle is equal to sum of opposite internal angles) 1
= 152 = ZQSR +90°
= ZQSR =62°
Since SR || PQ
So, ZQRS =x = 62°
In ASPR, SP = SR
= /SRP=/SPR=1z

Z/SRP =180° - ZSRT = 180° - 150° = 28°

Hence the required, z = 28°
. Given: ABCD is a parallelogram with diagonal AC = diagonal BD
To prove: ABCD is a rectangle
Proof: In triangles ABC and ACD,
AB = AB [Common]
AC =BD [Given]
AD = BC [opp. Sides of a || gm]
.. A ABC = A ACD [By SSS congruency]
= £/ DAB=/ZCBA[By CPCT]..........(Q)
But £ DAB + Z CBA =180° .......... (ii)
[ AD ||BC and AB cuts them, the sum of the interior angles of the same side of transversal is 180° ]
From eq. (i) and (ii),
Z DAB =/ CBA =90°
Hence ABCD is a rectangle.
. Let ABCD be the parallelogram.
We know that opposite angles of parallelogram are equal.
S /A=/Cand /B=/D
By given conditions,

Let /A =x%and /B = %
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Also, adjacent angles of parallelogram are supplementary,
X0+ 42 = 1800

9z° _ °

= =180

s.x=100°

Hence, /A =100° and /B = Ax 1007

5
Hence, /A = ZC =100° /B = ZD = 80°

36. Diagonal AC bisects ZA of the parallelogram ABCD.
D

=80°

A B
i. Since AB || DC and AC intersects them.
. Z1 = /3 [Alternate angles] ...(i)
Similarly /2 = /4 ...(ii)
But /1 = /2 [Given] ...(iii)
Thus AC bisects ZC.
ii. /2=/3=/4=/1
= AD = CD [Sides opposite to equal angles]
..AB=CD=AD=BC
Hence ABCD is a rhombus.

37. Through D, draw DE || BC, meeting AB at E.
A

B c

Now, ZAED = ZABC = 90° [corres. angles]

.. ZBED = ZAED =90°['.: ZAED+ /BED = 180°].

Now, in A ABC, it is given that D is the midpoint of AC and DE || BC (by construction).
.". E must be the midpoint of AB ... (by converse of midpoint theorem).

.".AE = BE.

Now, in AAED and BED, we have

AE = BE ... (proved)

ED = ED ... (common),

/AED = /BED (each equal to 90°).
.. AAED = ABED
..DA =DB.
But, DA =DC ... ['." D is the midpoint of AC].
Hence, DA = DB = DC.
38.In AABC, AD is median.
..BD=DC
We know that the line drawn through the midpoint of one side of a triangle and parallel to another side bisects the third side.
So, in AABC, D is the mid point of BC and DE || BA.
Hence, DE bisects AC.
. AE=EC
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39.

40.

41.

42.

43.

This means that E is the midpoint of AC.
.. BE is median of AABC.

ZAOB + ZAOD = 180° ... (linear pair)

= 70°+ ZAOD = 180°
In AAOD, we have

/DAO + ZAOD + ZADO = 180° ... (sum of angles of a /\)
= 32° +110° + ZADO = 180°

= /ADO = (180° - 32° -110°) = 38°.

Now, ZOBC = ZADO = 38° .... (alt. interior angles)

.. ZDBC=Z0BC=38°.

Hence , the /ZDBC = 38°

We have ZQ = 56°
If diagonals bisects each other, then PQRS is parallelogram.
then we have,

/Q + ZR = 180° (interior angles on same side of transversal)
56° + ZR =180°

/R =180° - 56° = 124°

/R =124°

A+ /B+/C+ /D =360°

ZC+ /D =360°- (LA + /B)...(1)

In AAOB

ZAOB + 2 /A + < /B = 180°

On multiplying by 2 on both sides
2/A0B + ZA + /B = 360°

/A + /B =360°-2/A0B ..(ii)
On substituting value of 2 in....(J)
/C+/D=2/A0B

Sok=2

Given: In ABCD, in which BM L AC and DN L AC and BM = DN.

To prove: AC bisects BD ie. DO = BO
Proof:
Now, in AOND and AOMB, we have,

ZOND = ZOMB ... 90° each

/DON = / BOM ... Vertically opposite angles

Also, DN = BM ... Given Hence, by AAS congruence rule,
AOND =~ AOMB

..OD=0B.... (by CPCT)

Hence, AC bisects BD.

From the given figure we have:

LC=LA . (Opposite angles of a parallelogram)
= /C =60° (because ZA =60°)

Now, in ABDC

/C+ /CDB + /DBC = 180°
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= 60° + ZCDB + 80° = 180°
= /CDB = 180° - 140°
= /CDB = 40°
Section C

44. i.Inright angled triangle ABC,
A

B c
BCZ=AC?-AB? (Using Pythagoras theorem)
= (15)2 - (9)2 = 225-81
=144
= BC=+/144=12 cm.

ii. As D and E are the mid-points of AB and AC respectively.
~.DE || BCand DE =5 BC = 3(12) =6 cm.
AD=BD=1AB=2 (9)=2cm.

As DE || BC and AB intersects them
.. LADE = LABC =90°. .. [Corresponding angles]
= A\ ADE is a right-angled triangle.

(AD)(DE)

. _WAn)Wr) 9 6 _ 27T _ 2
.. Area of A ADE = 5 =5'3=3 =13.5cm

45. Given: ABCD is a quadrilateral in which P, Q, R and S are mid-points of the sides AB, BC, CD and DA. AC is a diagonal.
To Prove :
i.SR||ACand SR = 3AC
ii. PQ=SR
iii. PQRS is a parallelogram
Proof :
i. In ADAC,
As S is the mid-point of DA and R is the mid-point of DC
. .SR||ACand SR = %AC .. »[Mid point theorem]
ii. In ABAC,
As P is the mid-point of AB and Q is the mid-point of BC
.PQJACand PQ = %AC ... [Mid point theorem]
But from (i) SR = %AC
. PQ=SR
iii. PQ || AC. . .[From (i)]
SR || AC.. .[From (i)]
.. PQJ| SR.. .[Two lines parallel to the same line are parallel to each other]
Similarly, PQ = SR . . .[From (ii)]
.. PQRS is a parallelogram . . . [A quadrilateral is a parallelogram if a pair of opposite sides is parallel and is of equal length]
46. Given: A quad. ABCD in which AB = BC = CD = DA and O is a point within it such that OB = OD.
To prove: ZAOB + ZCOB = 180°
Proof: In AOAB and AOAD,
we have AB=AD (given)
OA = OA (common)
OB = OD (given)
AOAB =~ AOAD
/AOB = ZAOD. ... (i) (c.p.c.t.)
Similarly, AOBC = AODC
ZCOB = ZCOD ...(i1)
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47.

48.

49.

Now, ZAOB + ZCOB + ZCOD + ZAOD = 360° [angles at a point]
= 2(£AO0B + ZCOB) = 360°
= /AOB + ZCOB = 180°

Hence, A, O and C are in the same straight line.

ABCD is a parallelogram and diagonal AC bisect ZA. We have to show that ABCD is a rhombus.

A AT ——B

O —_ _ 1 W

/1=/2 ...(1)[." AC bisect £ A]

/2= /4 ...(2) [Alt. interior angles]

From (1) and (2), we get

1=/4

Now, in AABC, we have

/1 = /4 [Proved above]

.. BC = AB ['." Side. Opp. To equal /s are equal]

Also, AB =DC and AD = BC ['. Opposite sides of a parallelogram are equal]
So, ABCD is a parallelogram in which its sides AB = BC = CD = AD.

Hence, ABCD is a rhombus.

Given: ABC is an equilateral triangle. D, E and F are the mid-points of the sides BC, CA and AB, respectively of AABC.

A

D

To prove: A DEF is an equilateral triangle.

Proof: EF joints mid-points of sides of AB and AC respectively.
. EF = %BC’ ...(1) [Mid-point theorem]

Similarly, D E = % A B ....(2) [Mid-point theorem]

DF = %AC ....(3) [Mid-point theorem]

But, AB = BC = CA ...(4) [Sides of an equilateral A ABC]
From (1), (2), (3) and (4), we have

DE =EF =FD

.. ADEF is an equilateral triangle.

Given: The diagonals of a parallelogram are equal.

[ C

A B

To prove: Parallelogram is a rectangle.

Proof : In AACB and ABDA,
AC=BD...[Given]

AB =BA ... [Common]

BC = AD.. .. [Opposite sides of parallelogram]

.. AACB = ABDA .. .[By SSS property]

S ZABC=/BAD...[cp.ct]....(])

As AD || BC.. . [Opposite sides of parallelogram]
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transversal AB intersects them.

.. ZBAD + ZABC = 180°.. . . [Sum of interior angle on the same side of a transversal] . . . .(2)

/BAD = ZABC=90°...[From (1) and (2)]
L ZA=90°
- Parallelogram ABCD is a rectangle.

50. The required diagram is shown below:

51.

s

P :
In AAPD and ABPD, we have
AP=BP......... [Given]

1=/2 ... ['.- Each equal to 90°]

PD=PD.......... [Common side]

So, by SAS Criterion of congruence, we have

AAPD >~ ABPD

SLA=/3 [CPCT]

But,/3=/4 ... ['.- Diagonals bisect opposite angles of a rhombus]
=/A=/3=L4 e €))

Now, AD || BC

SO, ZA + ZABC = 180° ['.- Sum of consecutive interior angles is 180°]
=LA+ 3+ £4=180°

=/A+ /A+ ZA=180° [ by Using (1)]

= 3/A=180°

= /A= 1T —60°

Now, ZABC = /3 + /4

=60° + 60°

=120° ... ['.- Opposite angles of a rhombus are equal]

.. ZADC = ZABC =120° ....['.- Opposite angles of a rhombus are equal]
Since ABCD is a parallelogram, we can write

AB || DC

Now, AB || DC and transversal BD intersects them at B and D.

S LL= LD (Alternate interior angles)

Now, in triangles ABM and CDN, we have

L1=L2 e, (Proved above)

Z/AMB = ZCND ........(Each 90°)

AB =DC......cce... (Opposite sides of parallelogram)

.. AABM = ACDN ....... (By AAS criterion of congruence)
.. AM = CN ( by CPCT).

Hence proved
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52. Given: ABCD is a parallelogram and line segments AX, CY bisect the angles A and C respectively.
b

0] G

To Prove : AX || CY
Proof : ABCD is a parallelogram.
.. ZA=/C.. [Opposite /s]
= %AA = % Z/C .. .[As halves of equals are equal]
= /1= /2 ..[As AX bisects ZA and CY bisects ZC]. .(1)
Now, AB || DC and CY intersects them
. Z£2=/3 ... .[Alternate interior Zs] ... (2)
Z1=/3...[From (1) and (2)]
But these are corresponding angles
L AX | CY.
)] a C

53.

A p B
Given, P and Q are mid-points of AB and CD.
Now, AB||CD,
AP QC
Also, AB =DC
$AB=2DC
AP =QC
Now, AP || QC and AP = QC
."/APCQ is a parallelogram.
AQ||PCorSQJ| PR
Again,
AB||DC= 2 AB = 2DC
~BP=QD
Now, BP||QD and BP = QD
.".BPDQ is a parallelogram
So, PD||BQ or PS||QR
Thus, SQ|IRP and PS||QR
.".PQRS is a parallelogram.
54. Given: A parallelogram ABCD: E and F are points of diagonal AC of parallelogram ABCD such that AE = CF.

™

fF 1o~ wf

SN N T/

' |II H.::_E___.- III /
/ L'l _a-"d-.. n |

. . I|II
_-"-f__. '\--._\_\__h_\gl/
A ) — B
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55.

56.

57.

To prove: BFDE is parallelogram.

Proof: ABCD is a parallelogram.

..OD =0B ...(1) ['. Diagonals of parallelogram bisect each other]
OA =0C ...(2) ['." Diagonals of parallelogram bisect each other]
AE = CF ...(3) [Given]

By subtracting (3) from (2), we obtain

OA-AE=0C-CF

..OE=0F ...(4)

Therefore, BFDE is a parallelogram. [Because OD = OB and OE = OF]
ABCD is a rhombus.

We know that rhombus is type of parallelogram whose all sides are equal.
So in ADCB,

DC =BC

.. ZCDB = ZCBD = y° base angles of isosceles triangle are equal.
Now, x = ZCAB ...alternate angles with transversal AC

. x =5 x/BAD

SX= 3 X 620

5.x=31°

In ADOC,

We know sum of angles of triangle is 180°

ZCDO + /ZDOC + Z0CD = 180°

.. ZCDO +90° + 31° = 180°

.. ZCDO = 59°

c.y=59°

Hence the required values of x = 31° and y = 59°

Given: In triangle ABC, points M and N on the sides AB and AC respectively are taken so that AM = iAB and AN = iAC .

To Prove : MN = iBC
Construction: Join EF where E and F are the mid points of AB and AC respectively.

Proof: E is the mid-point of AB and F is the mid-point of AC.
EF || BC and EF = § BC

Now AE= 2AB and AM = 1 AB

S AM = ZAE

Similarly, AN = %AF

M and N are the mid-points of AE and AF respectively.

MN || EF and MN = EF = 2 (5BC) ... .[From (1)]

= ;BC
Given: ABCD is a parallelogram. The angle bisectors AE and BE of adjacent angles A and B meet at E.
o c
E
A B

To Prove : ZAEB = 90°
Proof : AD || BC.. .. [Opposite sides of || gm]

.. Z/DAB + ZCBA =180° .. . .[As the sum of interior angles on the same side of a transversal is 180°]
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= 2/EAB + 2/EBA = 180° . . .[As AE and BE are the bisectors of ZDAB and Z/CBA respectively]
= /EAB + ZEBA = 90°

In AEAB,

/EAB + ZEBA + ZAEB = 180° . . .[As the sum of three angles of a triangle is 180°]

= 90° + ZAEB =180° . . . [From (1)]

= /AEB =90°

58. ABCD is a parallelogram. P is the mid-point of CD. CR which intersects AB at Q is parallel to AP
In ADCR, P is the mid-point of CD and AP || CR,

{

.". A is the mid-point of DR, i.e., AD = AR.

['."The line drawn through the mid-point of one side of a triangle parallel to another side intersects the third side at its mid-point.]

In AARQ and ABCQ, we have

AR =BC[." AD = AR [proved above) and AD = BC]

/1 = /2 [Vertically opposite angles]

/3 = /4 [Alt. Zs]

. AARQ = ABCQ [By AAS Congruence rule]

CQ = QR [CPCT]

CQ=QR

Hence, DA = AR and CQ = QR

Section D
59. i. By joining mid points of sides of a quadrilateral one can make parallelogram.
S and R are mid points of sides AD and CD of AADC, P and Q are mid points of sides AB and BC of AABC, then by mid-
point theorem SR || AC and SR = 3 AC similarly PQ || AC and PQ = 3 AC.
Therefore SR || PQ and SR =PQ
A quadrilateral is a parallelogram if a pair of opposite sides is equal and parallel.
Hence PQRS is parallelogram.
ii. ZRQP. = 30°, Opposite angles of a parallelogram are equal.

iii. Adjacent angles of a parallelogram are supplementary.
Thus, ZRSP + ZSPQ = 180°
50° + ZSPQ = 180°
ZSPQ = 180° - 50°
=130°
OR
RQ=3cm
Opposite side of a parallelogram are equal.

60. i. We know that line joining mid points of two sides of triangle is half and parallel to third side.
Hence RQ is parallel to BC and half of BC.
RQ= % =14 cm
Length of RQ = 14 cm
ii. By mid-point theorem we know that line joining mid points of two sides of triangle is half and parallel to third side.

PQ=48 =2 -125cm

BC 28
QR = i 14 cm
AC 26
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Length of garland = PQ + QR+ RP =125+ 14 + 13 =39.5 cm
Length of garland = 39.5 cm.

iii. As R and P are mid-points of sides AB and BC of the triangle ABC, by mid point theorem, RP || AC Similarly, RQ || BC and
PQ || AB. Therefore ARPQ, BRQP and RQCP are all parallelograms. Now RQ is a diagonal of the parallelogram ARPQ,
therefore, AARQ =2 APQR Similarly ACPQ = ARQP and ABPR =2 AQRP So, all the four triangles are congruent.
Therefore Area of AARQ = Area of ACPQ = Area of ABPR = Area of APQR
Area AABC = Area of AARQ + Area of ACPQ + Area of ABPR + Area of APQR
Area of A ABC = 4 Area of APQR
APQR = 7ar(ABC)

OR
As R and Q are mid-points of sides AB and AC of the triangle ABC. Similarly, P and Q are mid points of sides BC and AC by
mid-point theorem, RQ || BC and PQ || AB. Therefore BRQP is parallelogram.
Section E
61. It is given that ABCD is parallelogram and ZDAB = 80° and ZDBC = 60°

We need to find measure of ZCDB and ZADB

In ABCD, AD || BC, BD as transversal,

/DBC = ZADB = 60° ... Alternate interior angles

= /ADB = 60° .....(i)

As /DAB and ZADC are adjacent angles,
/DAB + ZADC = 180°

= /ADC =180° - /ZDAB

= /ADC = 180° - 80° = 100°

Also,
/ADC = ZADB + ZCDB
.. ZADC = 100°

Z/ADB + ZCDB = 100°...... (ii)

From (i) and (ii), we get:

60° + ZCDB = 100°

= Z/CDB = 100° - 60° = 40°

Hence, ZCDB = 40° and ZADB = 60°

D R C
F
E
9]
62. 5 Q
A P B

Let ABCD be the square and P, Q, R and S be the midpoints of AB, BC, CD and DA, respectively.
Join diagonals of the square.

In AABC, we have, by midpoint theorem,
~.PQ|| ACand PQ = 1 AC

Similarly, SR || AC and SR =3 AC.

As, PQ || AC and SR || AC, then also PQ | | SR
Also, PQ = SR, each equal to % AC...(D)

So, PQRS is a parallelogram

Now, in ASAP and AQBP, we have,

AS=BQ

ZA=/B=90°

AP =BP
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63.

64. Given: A quadrilateral ABCD in which EG and FH are the line-segments joining the mid-points of opposite sides of a

.". By SAS test of congruency,
ASAP =~ AQBP

Hence, PS =PQ ...by cpct ...(2)
Similarly, ASDR = AQCR
..SR=RQ...bycpct...(3)
Hence, from 1, 2 and 3 we have,
PQ=PQ=SR=RQ

We know that the diagonals of a square bisect each other at right angles.
.. ZEOF =90°

Now, RQ || DB

= RE || FO

Also, SR || AC

= FR || OE

.". OERF is a parallelogram.

So, ZFRE = ZEQF = 90° (Opposite angles are equal)

Thus, PQRS is a parallelogram with ZR =90° and PQ = PS = SR = RQ.

This means that PQRS is square.

Hence, the quadrilateral formed by joining the midpoints of the pairs of adjacent sides of a square is a square.
D R c

Consider AABC

We know that P and Q are the midpoints of AB and BC
So we get PQ || AC and

PQ = AC...(1)

Consider ABCD

We know that Q and R are the midpoints of BC and CD
So we get QR || BD and

QR =3 BD...(2)

Consider AADC

We know that S and R are the midpoints of AD and CD
So we get RS || AC and

RS =73 AC...(3)

Consider AABD

We know that P and S are the midpoints of AB and AD
So we get SP || BD and

SP=2BD..(4)

Using all the equations

PQ || RSand QR || SP

Thus, PQRS is a parallelogram

It is given AC = BD

We can write it as

$AC=3BD

From the equations we get

PQ=QR =RS =SP

PQRS is a rhombus

Therefore, it is proved that the quadrilateral formed by joining the midpoints of its sides is a rhombus.

quadrilateral.
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65.

66.

D <] C

g _--*’\“m
H - “AF
~ .~ |O ; .-"/
P
[ rd
A E B

To prove: EG and FH bisect each other.

Construction: Join AC, EF, FG, GH and HE.

Proof: In ABC, E and F are the mid-points of respective sides AB and BC.
S EF|ACandEF = 3 AC .......... (i)

Similarly, in ADC,

G and H are the mid-points of respective sides CD and AD.

~HG| ACand HG = § AC .......... (ii)

From eq. (i) and (ii), we get,

EF || HG and EF = HG

.". EFGH is a parallelogram.

Since the diagonals of a parallelogram bisect each other, therefore line segments (i.e. diagonals) EG and FH (of parallelogram

EFGH) bisect each other.
Hence Proved.

Given: A rectangle ABCD in which P, Q, R and S are the mid-points of the sides AB, BC, CD and DA

respectively. PQ, QR, RS and SP are joined.
D ? =G

To prove: PQRS is a rhombus.
Construction: Join AC.
Proof: In AABC, P and Q are the mid-points of sides AB, BC respectively.

- PQ[|ACand PQ= 5 AC......... (i)

In AADC, R and S are the‘mid-points of sides CD, AD respectively.
.SR||AC and SR = % AC...i...... (ii)

From eq. (i) and (ii), PQ || SR and PQ = SR.......... (iii)

.". PQRS is a parallelogram.

Now ABCD is a rectangle.[Given]

.. AD=BC

= 1 AD=1 BC=AS=BQ......... (iv)

In triangles APS and BPQ,

AP = BP [P is the mid-point of AB]

/PAS = /PBQ [Each 90° ]

And AS = BQ [From eq. (iv)]

.. AAPS =~ ABPQ[By SAS congruency]

= PS=PQ[By C.PC.T].........(V)

From eq. (iii) and (v), we get that PQRS is a parallelogram.
Since, PS = PQ

= Two adjacent sides are equal.

Hence, PQRS is a rhombus.

Two triangles ABC and DEF such that AB = DE and AB || DE
Also, BC = EF and BC || EF
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67.

B
TO PROVE AC = DF and AC || DF

i. In quadrilateral ABED, we have
AB =DE and AB || DE
= One pair of opposite sides are equal and parallel
= ABED is a parallelogram
= AD =BE and AD || BE
ii. In quadrilateral BCFE, we have
BC = EF and BC || EF
= One pair of opposite sides are equal and parallel
= BCFE is a parallelogram
= CF = BE and CF || BE ...(ii)
iii. From (i) and (ii), we have
AD =CF and AD || CF
= ACFD is a parallelogram
= AC = DF and AC || DF
iv. In A’s ABC and DEF, we have
AB = DE [Given]
BC = EF (Given) and AC = DF [Proved in (iii)]
So, by SSS congruence criterion, we obtain

AABC =~ ADEF
P 12em Q

T
From the figure we know that PM is the bisector of /P

So we get
ZQPM = ZSPM ... (1)
We know that PQRS is a parallelogram

From the figure we know that PQ || SR and PM is a transversal /QPM and /PMS are alternate angles

ZQPM = /PMS ... (2)

Consider equation (1) and (2)

Z/SPM = /PMS ... (3)

We know that the sides opposite to equal angles are equal
MS=PS=9cm

ZRMT and ZPMS are vertically opposite angles

ZRMT = /PMS ... (4)

We know that PS || QT and PT is the transversal

/RTM = ZSPM

It can be written as

/RTM = /ZRMT

We know that the sides opposite to equal angles are equal
RT =RM

We get

RM = SR - MS
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68.

69.

By substituting the values
RM=12-9

RM =3 cm

RT=RM =3 cm

Therefore, the length of RT is 3 cm.

D R
- . C

ge!

- - JI

A P B
Given, P, Q, R and S are mid-points of the sides AB, BC, CD and DA, respectively.
Also, AC =BD and AC is perpendicular to BD.
In AADC, by mid-point theorem,
SR|| AC and SR = 5 AC
In AABC, by mid-point theorem,
PQ|| AC and PQ = %AC
-PQ| SR and PQ=SR = 3 AC
Now, in AABD, by mid-point theorem,
SP || BD and SP = $BD = 2 AC
In ABCD, by mid-point theorem,
RQ||BDand RQ = $BD = £ AC
~SP=RQ=1AC
-PQ=SR=SP=RQ
Thus, all four sides are equal.
Now, in quadrilateral EOFR,
OF || FR, OF || ER
..Z/EOF = ZERF = 90°(Opposite angles of parallelogram)
..ZQRS =90°
Hence, PQRS is a square.
Given : ABCD is trapezium. P and Q are the mid-points of the diagonals AC and BD respectively.
To Prove :

i.PQJ| AB or DC
ii. PQ = § (AB-DC)

Construction : Join DP and produce DP to meet AB in R.
(]

Al

In AAPR and ACPD,

/PAR = /PCD ....[Alternate angles]
/APR = ZCPD ....[Vertically opp. angles]
AP = CP ...[Given]

.. AAPR= ACPD.. .[By ASA axiom]
.PR=PD ...[c.p.c.t.]
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70.

71.

72.

and AR =CD ....[c.p.c.t.]

In A DRB,

As P and Q are the mid-points of DR and BD respectively.

A PQ||RB or AB or DC

and PQ= RB = 7 (AB - AR) = 7 (AB - DC) ....[As AR = DC]

In AADQ, we have

/A + ZADQ+ ZQ =180 (sum of the angles of AADQ)

= /A+1/D+/Q=180° ..(1)

In ACBP, we have

ZC+ ZCBP + /P = 180° (sum of the angles of ACBP)

= /C+ %43 +/P=180° ..(2)

Adding (1) and (2), we get

ZA+/Cq + B3+ /D + /P+/Q=360°

= /A+/C+/B+/D+/P+/Q=360°+5/B+3/D..[adding 3 ZB + 5 /D) on both sides]
= 360° + /P +/Q=360° + 3 (£B+ /D)

['.- sum of all the angles of a quadrilateral is 360°=ZA +ZC + /B + /D = 360°]

= /P+/Q= 3({B+ /D)

Hence proved

Given: In a parallelogram ABCD, E and F are the mid-points of sides AB and CD respectively.
To Prove: Line segments AF and EC intersect the diagonal BD.

Proof: AB || CD. . .[Opp. sides of || gm ABCD]
SCAE || FC... (D)
As AB =DC... .[Opp. sides of || gm ABCD]
%AB = %DC .. .[Halves of equals are equal]
SLAE=CF...(2)
According to (1) and (2)
AECEF is a parallelogram . . [A quadrilateral is a parallelogram if a pair of opp. sides is parallel and of equal length]
.. EC|| AF...[Opp. sides.of || gm AECF]. . .(3)
In ADQC,
As F is the mid-point of DC and FP || CQ . . .[As EC || AF]
P is the mid-point of DQ . . . [By converse of mid-point theorem]
o.DP=PQ....(4)
Similarly, In ABAP,
BQ=PQ....(5
DP =PQ =BQ...From (4) and (5)
.. Line segments AF and EC trisect the diagonal BD.
Given ABC is a /AAright angle at C
i. M is mid-point of AB
And MD||BC
.". D is mid-Point of AC [a line through midpoint of one side of a parallel to another side bisect the third side.
ii. . MD||BC
/ADM = /DCB /ADM = /DCB [Corresponding angles]
/ADM = 90° ZADM = 90°
iii. In AADM and ACDM
AD =DC ['. D is mid-point of AC]
DM = DM [Common]
ADM CDM [By SAS]
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. AAM = ACM [By C.P.C.T]
.. AM =CM = MB ['. M is mid-point of AB]
-.CM=MA=1 AB.

73. Given: AABC in which D and E are mid-points of the side AB and AC respectively
To Prove: DE || BC
Construction: Draw CF || BA,which cut extended DE at point F.
Proof: InAADE and ACFE
/1= /2 [Vertically opposite angles]
AE = CE [Given]
And/3 = /4 [Alternate interior angles and AC is transversal and AB || CF,by construction]
.ANADE =~ ACFE [By ASA]
..DE =FE and AD = FC [By C.P.C.T]
But DA =DB
..DB=FC
Now DB || FC
.". DBCF is a parallelogram
.DE || BC
Also DE = EF = 3 BC
74. Given: ABCD is a rhombus and AB is produced to E and F such that AE = AB = BF.
To Prove ED L FC.
Proof :

AB = BF .... [By construction]

AB =BC ....[As ABCD is a rhombus]

BC =BF

/1= /2 ..[Zs opposite to equal side of a triangle]
In ABCEF,

/3=/1+/2=/1+/1..[From(1)]
=2/1...(2)

AB = AE ....[By construction]

AB = AD ....[As ABCD is rhombus]

AD = AE

/5= /6...[/s opposite to equal side of a triangle] . . .(3)
In AADE,
/4=/5+/6=/5+/5...[From (3)]
=2/5....(4)

As AD || BC

and transversal AB intersects them

.43+ /4=180°... [Consecutive interior angles on the same side of a transversal are supplementary]
=2/1+2/5=180°.. .[From (2) and (4)]

= /1+/5=90°....(5)
In GEF,

Z1+ /5+ /ZEGF =180° . . .[Sum of three angles of a triangle]
= 90° + ZEGF = 180° . . . [From (5)]

= /EGF =90°
= EG L GF
= ED 1 FC
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75. Given: ABCD is a trapezium.
AB || CD and AD = BC
To prove:
i./A=/B
ii. ZC=4D
iii. AABC =~ ABAD
iv. Diag. AC = Diag. BD
Construction: Draw CE parallel to AD and extend AB to intersect CE at E.

Proof:

i. As AECD is a parallelogram. [By construction]
..AD=EC
But AD = BC [Given]
.BC=EC
= / 3= /4 [Angles opposite to equal sides are equal]
Now /1 +/ 4 =180° [Interior angles]
And £2 + £3=180° [Linear pair]
= /L1+£4=/2+/3
=/1=/2[/3=/4]
= /A=/B

ii. /3 = Z C [Alternate interior angles]
And /D = Z4 [Opposite angles of a parallelogram]
But /3 = /4 [BCE is an isosceles triangle]
5. LC=4D

iii. In AABC and ABAD,
AB = AB [Common]
/1= /2 [Proved]
AD = BC [Given]|
.. AABC = ABAD [By SAS congruency]
= AC =BD [By C.P.C.T.]
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