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Quadrilaterals

EXERCISE 8.1 PAGE: 146

1. The angles of a quadrilateral are in the ratio 3 : 5 : 9 : 13. Find all the angles of the quadrilateral.

Solution:

Let the common ratio between the angles be x.

We know that the sum of the interior angles of the quadrilateral = 360°

Now, Q
3x+5x+9x+13x = 360° Q
=30x=360°=x= &

12°

, Angles of the quadrilateral are: &

3x =3x12°=36° %

5x =5%12°=60°

9x =9x12°=108°

13x = 13x12°=156°

2. If the diagonals of a parallelogram are equal hoWthat it is a rectangle.

o
Solution:
v \V
A B

To show that ABCD is a rectangle if the diagonals of a parallelogram are equal

To show ABCD is a rectangle, we have to prove that one of its interior angles is right-angled. Proof,
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In AABC and ABAD,
AB = BA (Common)

BC =AD (Opposite sides of a parallelogram are equal)

AC =BD (Given) ’\
Therefore, AABC = ABAD [SSS congruency]|

£A = £B [Corresponding parts of Congruent Triangles]

also, &

£A+2£B = 180° (Sum of the angles on the same side of the transversal)
= 22£A=180°
Therefore, ABCD is a rectangle. %

Hence Proved.

3. Show that if the diagonals of a quadrilateral bisect each o Q ght angles, then it is a rhombus.

Solution:

)

and ZAOB = 2BOC = £0CD = £ZODA = 90°

To show that if the diagonals of a quadrilateral bisect each other at right angles, then it is a rhombus, we have to prove
that ABCD is a parallelogram and AB = BC =CD = AD

[ https://educationbharat001.com/ ]




[ EducationBharat001 ]

Proof,

In AAOB and ACOB,

OA =0C (Given)

2AOB = £COB (Opposite sides of a parallelogram are equal)
OB = OB (Common)

Therefore, AAOB = ACOB [SAS congruency]
Thus, AB = BC [CPCT]

Similarly, we can prove,

BC=CD

CD=AD

AD=AB

,AB=BC=CD=AD

Opposite sides of a quadrilateral are equal. Hence, it is a pafa
ABCD is rhombus as it is a parallelogram whose diagona

Hence Proved.
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a right angle.

o
4. Show that the diagonals of a squar are& isect each other at right angles.
Solution: &

A B:)qy

4

D C

Let AIMquare and its diagonals AC and BD intersect each other at O.

To show that,
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AC=BDAO=
OC and ZAOB =

90°

Proof, \
In AABC and ABAD,

AB = BA (Common)

£ABC=2£BAD =90° &

BC = AD (Given)

AABC = ABAD [SAS congruency] ‘b
Thus, %

AC =BD [CPCT]
diagonals are equal.

Now,

In AAOB and ACOD,
2BAO = £DCO (Alternate interior angles)
£2AOB = £COD (Vertically opposite) AB o O
= CD (Given) N\«
]

,AAOB = ACOD [AAS congruen

Thus, ‘ l
AO = CO [CPCT].

, Diagonal bisect 0

AO = CO (diagonals are bisected)

AB = CB (Sides of the square)
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,AAOB = ACOB [SSS congruency] also,
£AOB = 2COB

£2AOB+£COB = 180° (Linear pair)

Thus, ZAOB = £COB = 90° ’\
, Diagonals bisect each other at right angles

5. Show that if the diagonals of a quadrilateral are equal and bisect each other at right angle it are.
Solution: Q

; ; N\
o >

D C

Given that,

Let ABCD be a quadrilateral and its diagonals AC and 15Qet egfh other at a right angle at O.

To prove that,
: : o
The Quadrilateral ABCD is a square.
Proof, 0

In AAOB and ACOD,

AO = CO (Diagonals bisect dach otHer
£2AOB = £COD (Verticall site)
OB = 0D (Dia is ach other)
,AA congruency]

Thus,

AB=CD KCPCT] — (i)
also,

20AB = £0CD (Alternate interior angles)
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= AB | CD

Now,

In AAOD and ACOD,

AO = CO (Diagonals bisect each other)
2AOD = £COD (Vertically opposite)
OD = OD (Common)

,AAOD = ACOD [SAS congruency]

Thus,

AD=BCand AD=CD

= AD=BC=CD=AB — (ii) also, ZADC =
<BCD [CPCT] and £ADC+4BCD = 180°
(co-interior angles)

= 2£ADC = 180°

=/ADC = 90° — (iii) ® O
One of the interior angles is a right anglx\,

Thus, from (i), (ii) and (iii), given gfadfilateraPABCD is a square.

Hence Proved. Q

6. Diagonal AQyof a al am ABCD bisects 2A (see Fig. 8.19). Show that

(i) it bisects 2

(i) ABCD
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AD = CD [CPCT] — (ii) ‘b
also, %&
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D (

Fig, 8.19
Solution:
(1) In AADC and ACBA,
AD = CB (Opposite sides of a parallelogram) DC
= BA (Opposite sides of a parallelogram)
AC = CA (Common Side)
,AADC = ACBA [SSS congruency]
Thus,
2ACD = 2CAB by CPCT and

£CAB = 2CAD (Given)

= £ACD = £BCA o O
Thus, N\,
AC bisects £C also. %

(i) £ACD = £CAD (Proved e)
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= AD = CD (Opposite sides 0 angles of a triangle are equal)
Also,AB=B posite sides of a parallelogram)
Thus,

7. ABCD
4D.

Solution:

rhombus. Show that diagonal AC bisects £A as well as £C and diagonal BD bisects 2B as well as
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A B

ABCD is a rhombus.

AC and BD are its diagonals.
Proof,

AD = CD (Sides of a rhombus) ‘ b
2DAC = £DCA (Angles opposite of equal sides of a triangle are eq a

AB|| CD

Given that, Q

=/DAC = £BCA (Alternate interior angles)

=/DCA=2BCA
, AC bisects 2C.
o
Similarly,
We can prove that diagonal AC bisects z&\'

Following the same method,

We can prove that the diagon‘l BD 75 ts «B and £D.
8.ABCDisar ctaW iagonal AC bisects £A as well as £C. Show that:
e

(i) ABCDisa

(ii) Djdgonal B s 2B as well as 2D.
Soluti
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A B

D C
(i) ZDAC = 2DCA (AC bisects 2A as well as 2C) Q
= AD = CD (Sides opposite to equal angles of a triangle are equal) also, &

CD = AB (Opposite sides of a rectangle)

L AB=BC=CD=AD @

Thus, ABCD is a square. %

(ii) In ABCD,

BC=CD

= £CDB = £CBD (Angles opposite to equal sides are equal) a

2CDB = £ABD (Alternate interior angles)
= £CBD = 2ABD
o
Thus, BD bisects 2B \(
Now, N

£CBD = £ADB

= 2CDB = 2ADB < ’
2D.

Thus, BD bisectg 2B as we

, two points P and Q are taken on diagonal BD such that DP = BQ (see Fig. 8.20). Show

(iii) AAQB = ACPD

(iv) AQ = CP
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(v) APCQ is a parallelogram

Fig. 8.20
Solution: ‘b
(1) In AAPD and ACQB, &
DP = BQ (Given) %

2ADP = 2CBQ (Alternate interior angles)

AD = BC (Opposite sides of a parallelogram)

Thus, AAPD = ACQB [SAS congruency]

(i) AP=CQ by CPCT as AAPD = ACQB.

(iii) In AAQB and ACPD, ¢ O
BQ = DP (Given) N\(
£2ABQ = £CDP (Alternate interior

AB = CD (Opposite sides of § parallglogram)

Thus, AAQB =, ACPID [S opgruency|

(iv) As AAQB

estions (ii) and (iv), it is clear that APCQ has equal opposite sides and also has equal and opposite angles. ,
a parallelogram.

10. ABCD is a parallelogram and AP and CQ are perpendiculars from vertices A and C on diagonal BD (see Fig.
8.21). Show that
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(i) AAPB = ACQD

(i) AP= CQ

Solution:

(i) In AAPB and ACQD, @

2ABP = £CDQ (Alternate interior angles)

2APB = 2CQD (=90° as AP and CQ are perpendiculars) %

AB = CD (ABCD is a parallelogram) ,
AAPB = ACQD [AAS congruency]
(i) As AAPB = ACQD.

,AP=CQ [CPCT]

11. In AABC and ADEF, AB = DE, AB || ®E, B nd BC || EF. Vertices A, B and C are joined to vertices D,

E and F, respectively (see Fig. 8.22). \(
Show that N

(i) quadrilateral ABED is a par3 %

(ii) quadrilateral BEFC is @élogram

(iii) AD || CF agd AD\=

(iv) quadrilate F a parallelogram
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Solution:

(i) AB = DE and AB || DE (Given)

Two opposite sides of a quadrilateral are equal and parallel to each other. @

iz

- =
-~
'~

Thus, quadrilateral ABED is a parallelogram (ii)
Again BC = EF and BC || EF.
Thus, quadrilateral BEFC is a parallelogram.

(ii1) Since ABED and BEFC are parallelograms.

= AD = BE and BE = CF (Opposite sides of a parallelogram are \ |

,AD =CF.

Also, AD || BE and BE || CF (Opposite md@ ofa ‘gr m are parallel)
,AD || CF

(iv) AD and CF are opposite sides o ad al ACFD which are equal and parallel to each other. Thus, it is a
parallelogram.

(v) Since ACFD is a paralle]‘graml
AC || DF and AC = DF

(vi) In AABC a EFS

AC = DF (@pposite sides of a parallelogram)
,AABC = ADEF [SSS congruency]

12. ABCD is a trapezium in which AB || CD and AD = BC (see Fig. 8.23). Show that
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(i) 2A=sB

(i) £C=4D

(iii) AABC = ABAD

(iv) diagonal AC = diagonal BD

[Hint: Extend AB and draw a line through C parallel to DA intersecting AB produced at E.]

\ 3

Fig. 8.23 (b&’
Solution:
To Construct: Draw a line through C parallel to DA intersectin, odu

(i) CE =AD (Opposite sides of a parallelogram)

AD =BC (Given)

,BC=CE
=<+CBE = 2CEB \Q

also,

2A+2CBE = 180° (Angles on the of transversal and 2CBE = 2CEB)
2B +£CBE =180° (As Line@

=>/A=1B

(i) 2A+4D = C ° (Angles on the same side of transversal)

A= /B)

(iii)) In AABC and ABAD,
AB =AB (Common)

2DBA = 2CBA
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AD = BC (Given)
,AABC = ABAD [SAS congruency]

(iv) Diagonal AC = diagonal BD by CPCT as AABC = ABAD.
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EXERCISE 8.2 PAGE: 150
1. ABCD is a quadrilateral in which P, Q, R and S are mid-points of the sides AB, BC, CD and DA (see Fig 8.29).
AC is a diagonal. Show that:

(i) SR||ACand SR=1/2AC

(i) PQ=SR
(iii) PQRS is a parallelogram.

Fig. 8.29 (b

(i) In ADAC,

Solution:

R is the mid point of DC and S is the mid point of DA.

Thus by mid point theorem, SR || AC and SR =2 AC

(ii) In ABAC, Py
P is the mid point of AB and Q is the mi % .
Thus by mid point theorem, PQ || A d 2 AC also,

SR="%AC

(iii) SR || AC

from question (i) and,

, PQRS is a parallelogram.

2. ABCD is a rhombus and P, Q, R and S are the mid-points of the sides AB, BC, CD and DA, respectively. Show
that the quadrilateral PQRS is a rectangle.
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Solution:
B
|
|
|
I

Pl | \

I
I
|

R 1
I
I Q
|

N fz\a

I
!
D

Given in the question, %

ABCD is a thombus and P, Q, R and S are the mid-points of the side , DA, respectively. To

Prove,

PQRS is a rectangle.

Construction, Join

AC and BD.

Proof: ¢ O
In ADRS and ABPQ, N\'

DS = BQ (Halves of the opposite sille rhombus)

£SDR = 2£QBP (Opposite angles of ombus)

DR = BP (Halves of the o ite Sides of the rhombus)

ency]|

- ()

RC = PA (Halves of the opposite sides of the rhombus)
£RCQ = £PAS (Opposite angles of the rhombus)

CQ = AS (Halves of the opposite sides of the thombus)
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,AQCR = ASAP [SAS congruency]

RQ = SP [CPCT] (ii)

Now,

In ACDB, ’\
R and Q are the mid points of CD and BC, respectively.

= QR ||BD

also, &

P and S are the mid points of AD and AB, respectively.

= PS || BD ‘b
= QR || PS &

, PQRS is a parallelogram. %

also, ZPQR =90°

Now,

In PQRS,

RS =PQ and RQ = SP from (i) and (i1)

, PQRS is a rectangle. &\,

3. ABCD is a rectangle and P, Q, S mid-points of the sides AB, BC, CD and DA, respectively. Show that
the quadrilateral PQRS is a rho

Solution:

D

Given in the question,
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ABCD is a rectangle and P, Q, R and S are mid-points of the sides AB, BC, CD and DA, respectively. Construction,

Join AC and BD.

To Prove, PQRS is

a rhombus. '\
Proof:

In AABC

P and Q are the mid-points of AB and BC, respectively &

, PQ||AC and PQ = 2 AC (Midpoint theorem) — (i)

In AADC,
SR || AC and SR =", AC (Midpoint theorem) — (ii) %

So, PQ || SR and PQ = SR
As in quadrilateral PQRS one pair of opposite sides is equal an lel chlother, so, it is a parallelogram.
, PS || QR and PS = QR (Opposite sides of parallelogram) -

Now,

In ABCD,

Q and R are mid points of side BC and CI’, T spe
, QR || BD and QR = ' BD (Midpoint t’@\@v)
AC =BD (Diagonals of a rectangl&%l — (V)
From equations (i), (ii), (iii), @
PQ=QR=SR=PS

So, PQRS is arh us.

4.A ezium in which AB || DC, BD is a diagonal and E is the mid-point of AD. A line is drawn
llel to AB intersecting BC at F (see Fig. 8.30). Show that F is the mid-point of BC.
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D (

N
R

Fig. 8.30

Solution:

\
\
S

Given that,
ABCD is a trapezium in which AB || DC, BD is a diagonal and E is the mid-point of &

To prove, %
F is the mid-point of BC.

Proof,

BD intersected EF at G.

In ABAD,
E is the mid point of AD and also EG || AB.
o
Thus, G is the mid point of BD (Converse of fmid eorem)

&

In ABDC, (b
G is the mid point of BD and‘lso G’ || AB || DC.
Thus, F is the mid pojat o onverse of mid point theorem)

F and EC trisect the diagonal BD.
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Solution:

Given that,

To show, %

AF and EC trisect the diagonal BD.
Proof,
ABCD is a parallelogram
,AB || CD also,
AE || FC
o
Now,
AB = CD (Opposite sides of parallelo ra& =

%2 AB=1CD
= AE = FC (E and F are mid@r side AB and CD)
AECEF is a paralie ( d CF are parallel and equal to each other)

es Of a parallelogram)

In AD
F is mid point of side DC and FP || CQ (as AF || EC).
P is the mid-point of DQ (Converse of mid-point theorem)

= DP=PQ — (i)
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Similarly,

In AAPB,

E is midpoint of side AB and EQ || AP (as AF || EC).

Q is the mid-point of PB (Converse of mid-point theorem) ,\
=PQ = QB — (ii)

From equations (i) and (i),

DP=PQ=BQ &

Hence, the line segments AF and EC trisect the diagonal BD.

Solution:

Hence Proved. ‘b
6. Show that the line segments joining the mid-points of the opposite sides W ilateral bisect each other.

R

Let ABCD be a quadrilateral @Q@i S the mid points of AB, BC, CD and DA, respectively.

Now,

In AACD,

R and S age the @ ots of CD and DA, respectively.

Similarl an show that,
PQIAC,
PS || BD and

QR BD
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, PQRS is parallelogram.
PR and QS are the diagonals of the parallelogram PQRS. So, they will bisect each other.
7. ABC is a triangle right angled at C. A line through the mid-point M of hypotenuse AB and parallel to BC

intersects AC at D. Show that
(i) D is the mid-point of AC

(i)  MD L AC (iii) CM = MA = % AB Solution: : ,\

C D X
(1) In AACB,
M is the midpoint of AB and MD || BC ®

, D is the midpoint of AC (Converse of mid %{ m)
(i1)) £ACB = 2£ADM (Correspondin r& , ZACB =90°
, ZADM =90° and MD 1L AC

(iii) In AAMD and ACMD,

oint@ffside AC)

£ADM = 0°)

AM = CM [CPCT] also, AM =1 AB (M
is midpoint of AB)

Hence, CM =MA =" AB
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