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CHAPTER 27

QUADRILATERAL

27.1 | REVIEW

Quadrilateral A quadrilateral is a closed polygon with four sides.

The adjoining figure shows a
quadrilateral ABCD which has :

(i) four sides : AB, BC, CD and DA
(ii) four vertices: A, B, Cand D
(iii) four angles : ZABC, ~/BCD, ZCDA and .DAB A\

(iv) two diagonals : AC and BD

R e '

The sum of angles of a quadrilateral = 4 right angles :?360”

R i e e R s

Example 1 :
The angles of a quadrilateral are in the ratio 3 : 4 : 5 : 6. Find all its angles.
Solution :
Since, 3+4+5+6 = 18 and sum of the angles of a quadrilateral is 360°
~ First angle = %x 360° = 60°, second angle = 1_48_ x 360° = 80"
third angle = ng x 360° = 100° and, fourth angle = % x 360° = 120°

Alternative method :
Let the angles of the quadrilateral be 3x, 4x, 5x and 6x.
3x + 4x + 5x + 6x = 360° — 18x = 360° and x=20°
First angle = 3x =3 x 20° = 60°, second angle = 4x = 4 x 20° = 80°,

third angle = 5x =5 x 20° = 100° and fourth angle = 6x = 6 x 20° = 120" {

Example 2 :

Three angles of a quadrilateral are in the ratio 4 : 6 3. If the fourth angle is 100°; find the

other three angles of the quadrilateral.

Solution :
Let the three angles be 4x, 6x and 3x
4x + 6x + 3x + 100° = 360°
=) 13x = 360° — 100° = 260° and, X =
The other three angles are : 4x, 6x and 3x
= 4 x 20°, 6 x 20° and 3 x 20° = 80°, 120° and 60"

260°
13

=207

2ol
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TEST_ _YQURSELF_,{.;

1. InquadnlateraIABCD A /B /C: D =6:4:6:8. LA i =
L e e . The special name of this quadrilateral is .................... -

2. In quadrilateral ABCD, ZA = 100°, ZB = 70° and £C : 4D = 8 : 11; the angle“f_-'
ZD = i e e |

| |
| 3. If one exterior angle of a quadrilateral is 140° and the other three angles of the quadrilateral
| are in the ratio 8 : 15 : 9, the largest angle of the quadrialteral .......................ccoinii. .

4. Two angles of a quadrialteral are equal and the two other angles are separately equal.

|
'[ Can any two sides of the given quadrialteral be parallel ? ..............
|

i e e e e e i
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1. Two angles of a quadrilateral are 89° and | 8. In the given figure :

113°. If the other two angles are equal, find the | /b = 2a + 15° and
|
equal angles. | | Ve
2. Two angles of a quadrilateral are 68° and 76°. | find the values of b and c.
If the other two angles are in the ratio 5: 7, | V

find the measure of each of them. 9. Three angles of a quadrilateral are equal. If
3. Angles of a quadrilateral are (4x)°, 5(x + 2)°, the fourth angle is 69°, find the measure of

(7x — 20)° and 6(x + 3)°. Find : equal angles.

(i) the value of x. 10. In quadrilateral PQRS, £P: £ZQ: ZR: 4£S =

(i) each angle of the quadrilateral. 3:4:6:7. Calculate each angle of the

: . : ; ; quadrilateral and then prove that PQ and SR
4. Use the information given in the following are parallel to each other.
figure to find :

(i) (i) Is PS also parallel to QR ?
P

: (i) Assign a special name to quadrilateral
(i) «Band £C. PQRS.

11. Use the information given in the following
figure to find the value of x.

A T S L - e

s m——

5. In quadrilateral ABCD, side AB s 80°
parallel to side DC. If ZA: 42D =1 : 2 and
L0 28 =05 70°

(i) Calculate each angle of the quadrilateral.

1 . . dril I 12. The following figure shows a quadrilateral in
(i) i;s&%n 8 speclel name IS e | which sides AB and DC are parallel.

: =4:5 /B =(3x-15)°
6. From the following figure find, et 2 ; ( )
and £ZC = (4x + 20)°, find each angle of the

X D ax B quadrilateral ABCD.
(i) <ZABC
(i) <ZACD D > C
A
7. Given : In quadrilateral ABCD, £C = 64°,
ZD = £ZC - 8°% ZA = 5fax+ 2)% and
/B = 2(2a + 7)°. Calculate ZA. A > =
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27.2| SPECIAL TYPES OF QUADRILATERALS

1. Trapezium :

A trapezium is a quadrilateral in which one pair
of opposite sides are parallel but other two sides of it
are non-parallel.

If the non-parallel sides of a trapezium are equal,
it is called an isosceles trapezium.

In an isosceles trapezium ABCD, side AB // side
DC and non-parallel sides AD and BC are equal. Also,

(i) ZA = 4B and £C = £ZD
and, (ii) diagonal AC = diagonal BD.

2. Parallelogram :

EEIII————— T T et g L ——

A parallelogram is a quadrilateral in which both D > C
the pairs of opposite sides are parallel.

The given figure shows a parallelogram ABCD
as AB is parallel to DC and AD is parallel to BC. A > B

B s e = ——d R e bt

Theorem 5

If a pair of opposite sides of a quadrilateral are equal and parallel, it is a
parallelogram.

Given : A quadrilateral ABCD in which AB = DC and AB is parallel to DC.
To prove : ABCD is a parallelogram.
Construction : Join B and D.

Proof : D= 1 e C

Statement Reason i

In A ABD and A CDB; . ol e

1. AB=DC Given

aBh=RBD Common (identity).

g tare g Alternate angles, since BD cuts parallel sides AB and DC
. AABD = A CDB S.A.S.
= =D Corresponding parts of congruent triangles are

congruent.

But these are alternate angles,
-. AD is parallel to BC. When alternate angles are equal, the lines are parallel.

Since, both the pairs of opposite sides of the quadrilateral ABCD are parallel, |
parallelogram,
Hence Proved.

259
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Theorem 6
In a parallelogram : D > 5T C
(i) opposite sides are equal,
(i) opposite angles are equal and g
(iii) each diagonal bisects the parallelogram. AL B

Given : A parallelogram ABCD.
Toprove: (i) AB=DC and AD =BC
(i) £ZA=~«Cand £B = 4D

(iii) AC bisects the parallelogram i.e. A ABC = A ADC and also, BD bisects the
parallelogram i.e. A ABD = A BCD.

Construction : Draw diagonal AC

Proof :
Statement Reason
In A ABC and A ADC,
1. Za=200 Alternate angles, as AC cuts parallel sides AB and DC
2. " Zbe iy Alternate angles, as AC cuts parallel sides AD and BC.
3. AC=AC Common.
. AABC = A ADC A.S.A.
(i) Since, A ABC = A ADC
AB = DC and AD = BC Corresponding parts of congruent triangles are
congruent.
(ii) Since, A ABC = A ADC
s LB = 2D Corresponding parts of congruent triangles are
congruent.
and ZA = ZC Fromiand2; Za+ Zd=4b+ Zcie £LA=ZC
(iii) Since, A ABC = A ADC
s AABC = A ADC Congruent triangles are equal.

Diagonal AC bisects parallelogram ABCD.
Similarly, by drawing the diagonal BD, it can be proved that A ABD = A BCD.
i.e. BD bisects the parallelgoram ABCD.

Hence Proved.

Theorem 7/

The diagonals of a parallelogram bisect each other.
Given : A parallelogram ABCD whose diagonals intersect each other at O. -
To prove : Diagonals bisect each other. i.e. OA = OC and OB = OD.

Proof .
Statement Reason
In A AOB and A COD,
1. Za=4D Alternate angles.
2. ZowZl) Alternate angles.
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3. AB=DC Opposite sides of a parallelogram are equal.
. AAOB = A COD A.S.A.
~. OA=0C and OB = OD Corresponding parts of congruent triangles are
congruent.

Hence Proved.
In order to prove that given quadrilateral is a parallelogram; show that :
(i) opposite sides are parallel or, (i) opposite sides are equal or,
(ii) opposite angles are equal or,  (iv) diagonals bisect each other or,
(iv) a pair of opposite sides are equal and parallel.

2. Rectangle :

A rectangle is a quadrilateral in which : D+ —C |
(i) opposite sides are equal i.e. AB = DC and AD = BC
(i) opposite sides are parallel i.e. AB // DC and AD // BC and 4‘ |
(iii) each angle is 90° i.e. ZA = £B = £C = £D =90°. (il BTN B |

1. A quadrilateral, with each angle 90° is called a rectangle. See Fig. (a)
2. A parallelogram, with any angle 90° is called a rectangle. See Fig. (b)
3. Aparallelogram, with equal diagonals is called a rectangle. See Fig. (c)

a O > —>>
.. e
N A : ~,
] i 1 T >> P
Fig. (a) Fig. (b) Fig. (c)
1. In order to prove that given quadrilateral Is a rectangle show that each of its angles
is 90°
2. In order to prove that the given parallelogram is a rectangle; show that :
(i) any angle of it is 90°or (ii) its diagonals are equal.

3. Rhombus : ~ T N e —
A rhombus is a quadrilateral in which all the sides are equal. g C
The given figure shows a rhombus
ABCD, so: AB=BC =CD=DA

! t B

1. Aquadrilateral, with all the sides equal is called a rhombus. See. Fig. (a)
2. A parallelogram, with any pair of adjacent sides equal, is called a rhombus. See

Fig. (b)
3. A parallelogran whose diagonals interesect at 90°, is a rhombus. See Fig.(c).
»_ h >_ i
Y kq’ #
t e . R
Fig. (a) Fig. (b) Fig. (c)
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1. Inorderto prove that given quadrilateral is a rhombus, show that:

(i) its all sides are equal or
(ii) its diagonals bisect each other at 90°.
2. Inorderto prove that given parallelogram is a rhombus, show that :
(i) diagonals intersect each other at 90°
(ii) any air of adjacent sides is equal.

. Since, in parallelogram, opposite sides are already equal, so if the adjacent sides are also
. equal, it is a rhombus.

4. Square :

| A square is a quadrilateral in which all the sides are Dyt []C
- equal and each angle is 90°.

| The given figure shows a square ABCD, so,
(i) AB=BC =CD =DA and (ii) ZA = ZzB = ZC = ZD = 90°.

#

s = AT TEAE LT L e T S LR e e s e e i i Tl

1. Asquareis quadrilateral in when:

() all the sides are equal. (i) each angle is 90°.
(iif) diagonals bisect each other at right angle.  (iv) diagonals are equal.
2. Asquareis aparallelogram in which : b C
(i) all the sides are equal, SN T
(i) each angle is a right-angle, Nod
(iii) diagonals are equal, I J{ i
(iv) diagonals intersect at right-angle. . ;1""{ : [.-
3. Asquareis arectanglein which : A B
(i) adjacent sides are equal and (i) diagonals intersect at right-angle.
4. Asquareisarhombusinwhich:
(i) each angle is 90° (ii) diagonals are equal.
g A square satisfies all the properties of a :
(i) quadrilateral, (i) trapezium, (iii) parallelogram,
(iv) rectangle and (v) rhombus.
Therefore, the fourth angle = 360° — (......... S Pl gl )= 300 E G = :
6. State, true or false : |
(i) A rhombus is a parallelogram ........... (ii) A rectangle is a rhombus ...........
(iii) A rectangle is a parallelogram .......... (iv) Every square is a rectangle ...........
(v) Every square is a rhombus ........... (vi) Every rhombus is a square ...........
(vii) A square is a parallelogram ........... (viii) A rectangle is a square ...........
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Example 3 :
Prove that consecutive angles of a parallelogram are supplementary.
Solution : P> 1
Consider a parallelogram ABCD in which AB//DC and AD//BC.
To prove : ZA + £B = 180° | -
A B

Proof :

We know the opposite angles of a parallelogram are equal, therefore ZA = ZC and
ZB = £ZD.

Also, as the sum of interior angles of a quadrilateral = 360°
= /A + 2B+ ZC + 4D = 360°

= LA+ 2B+ ZA + £B = 360° [-- ZC = ZA and 4D = ZB]
=5 2/A + 2/B = 360°
I.e. ZA + £B = 3620 = 180° Hence proved.

e ——— T

Similary, we can prove that : |
/B + 2£C=180°, ZC + D = 180° and 4D + ZA =180°.

Example 4 :

In a parallelogram ABCD, X and Y are points on diagonal BD such that DX = BY. Prove
that AXCY is a parallelogram.

Solution : 3 G
According to the given statement, the figure will
be as shown alongside. -
In A ADX and A CBY : :
AD = BC [Opposite sides of a parallelgram are equal]
=Y [Given]
ZADX = ZCBY [Alternate angles as AD//BC and BD is transversal]
A ADX = A CBY [By S.A.S]
=5 ke = OY [Corresponding parts of congruent triangles]
Similarly, A CDX = A ABY [By S.A.S.]
= GXi= AY

AX = CY and CX =AY

= AXCY is a parallelogram.
Hence proved

B e

Whenever the opposite sides of a quad nlataral are aqual the quadnlateral isa parallelogram 1

e e —————

Example 5 :

P and Q are the points of trisection of the diagonal BD of a parallelogram ABCD. Prove
that CQ is parallel to AP.
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Proof :

According to the given statement, the figure will
be as shown alongside.

P and Q are the points of trisection of the diagonal BD.
1

= BP:PQ=QD=§BD
inAAPD and ABQC : BQ= £BDand PD = £ BD = BQ =PD
BOIE—ET) [Proved above'] |
AD = B [Opposite sides of the parallelogram ABCD]
and, ZADB = ZCBD [Alternate angles]
A APD = ABQC [By S.A.S.] |
= ZAPD = Z2C05 [Corresponding parts of congruent triangles]

But these are alternate angles and whenever the alternate angles are equal, the lines
are parallel.

~. CQ is paraliel to AP. Hence proved.

Example 6 :

In parallelogram ABCD, the bisectors of adjacent angles A and D intersect each other at
point P. Prove that ZAPD = 90°.

QAalittinn -
S01Ution .

According to the given statement, the figure will
be as shown alongside : i

Since, AB is parallel to DC and AD is transversal,
/BAD + ZADC = 180° 5 # Basal .. I
Since, AP bisects angle BAD

ZPAD = ?21— ZBAD
And, DP bisects angle ADC
— £PDA = %JADC
ZPAD + £PDA = %ABAD - %AADC
- %(LBAD + ZADC)
= -;— x 180" = 0= [From equation I]
In triangle APD,
ZPAD + ZPDA + ZAPD = 180° [Sum of angles of a A = 180°]
= 90° + LAPD = 180°
= ZAPD = 180° —-90° = 90° ; Hence proved.
264
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7. When opposite angles of a quadrilateral are equal, it is @ .......ccoceereeee

8. When any angle of a parallelogram is 90°, it is & ...........oceeeenene

9. When any pair of adjacent sides of a parallelogram are equal, itis @ .....ccrivernanenne
10. When diagonals of a ..........c.oceeeeee are equal, it is a square.
11. Adjacent sides of a rectangle are equal, If RIS B neaein:
12. When each angle of a quadrilateral is 90°, itiS @ ......ccovvivivene |
13. Ifthe diagonals of quadrilateral bisect each other at 90°; the quadrilateralis ..........ccecceeune. I

14. AB// DC, CP bisects angle BCD and BP bisects angle B 5 %
ABC; then \
(i) £ZPBC + £ZPCB = ...cocevrernnnnee. f,x‘F‘
(i) £ZBPC = ..ccceiiiiinninnnn c X sty
15. In rhombus ABCD, angle ABD = 58°, then
41, oo EEEETIAY
Y = e \n\
. — B B AR RSN A LZ 3 53::?\:(
EXERCISE 27(B) — _—
In parallelogram ABCD, /A =3times £B. Find 9. Given : Parallelogram D C
all the angles of the parallelogram. In the same ABCD in which
parallelogram, if AB = 5x — 7 and diagonals AC and BD - "
CD = 3x + 1; find the length of CD. intersect at M. N
In parallelogram PQRS, ZQ = (4x—5)° and £S Prove : M is mid-point A B
= (3x + 10)°. Calculate : ZQ and ZR. of LN.
In rhombus ABCD : 10. In an isosceles-trapezium, show that the
(i) if £A =74° find £B and ZC. opposite angles are supplementary.
(i) if AD = 7-5 cm; find BC and CD. 11. ABCD is a parallelogram. What kind of

In square PQRS :
() fPQ=3x-7andQR =X+ 3; find PS.
(i) if PR=5xand QS =9X— 8. Find QS.

ABCD is a rectangle. A D
It ZBPC = 124°. =

Calculate : 124°

(i) ZBAP (i) ZADP. P 5
ABCD is a rhombus. If ZBAC = 38°, find :

(i) £ACB D G
(il) £DAC

(iii) £ADC. 4 <4 ;

ABCD is a rhombus. If ZBCA = 35°, find
ZADC.

PQRS is a parallelogram whose diagonals
intersect at M.

If ZPMS =54°, ZQSR =25° and £SQR =30%;
find :

(i) £RPS

(i) zPRS (iii) ZPSR.

265

1

13.

14.

1.

quadrilateral is it if :

(i) AC = BD and AC is perpendicular to
BD ?

(i) ACisperpendicularto BD but is not equal

toit ?

(i) AC = BD but AC is not perpendicular to

BD ?
Prove that the diagonals of a parallelogram
bisect each other.

If the diagonals of a parallelogram are of
equal lengths, the parallelogram is a rectangle.
Prove it.

In parallelogram ABCD, E is the mid-point of
AD and F is the mid-point of BC. Prove that
BFDE is a parallelogram.

In parallelogram ABCD, E is the mid-point
of side AB and CE bisects angle BCD. Prove
that :

(i) AE =AD
(i) DE bisects and ZADC and
(iii) Angle DEC is a right angle.
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16. In the alongside S R 19. The given figure D > C
diagram, the A shows a rhombus 110
bisectors of D ABCD in which angle
interior angles of BCD = 80°. Find O M
the parallelogram C angles x and y.

Q A B
PQRS enclose a P |
quadrilateral ABCD. 20. Use the (3 + 14) cm
Show that : ~ information given D 3“3‘; % AY
() «PSB+ ZSPB=90° (i) ZPBS = 90° :j'};h?aarlno?c??ilgz
(i) ZABC = 90° (iv) ZADC = 90° g

o : ; the values of x, y
(v) ZA=90 (vi) ABCD is a rectangle SHEl

>>
| 2 + 2
Thus, the bisectors of the angles of a | e L

parallelogram enclose a rectangle. - 21. The following figure is a rectangle in which
X:y=3:7,find the values of x and y.

17. In parallelogram ABCD, X and Y are mid-points

of opposite sides AB and DC respectively.
Prove that : X
(i) AX=YC. (i) AX is parallel to YC
(i)  AXCY is a parallelogram. y
18. The given figure D G '
shows parallelogram M 22. In the given figure, AB // EC, AB = AC and AE
ABCD. Points M and bisects ZDAC. Prove that :
N lie in diagonal BD () ZEAC = ZACB D
such that DM = BN. N (i) ABCE is a A/ -
Prove that : A B parallelogram.
() ADMC = ABNA and so CM = AN.
(i) AAMD = ACNB and so AM = CN.
(i) ANCM is a parallelogram. 5 G
TEST YOURSELF
i Q. (o] 3 o o H u Q o o o
| 118 x 360°; 120°, 18 x 360°, 60°, trapezium 2. 19 (360° — 100° — 70°) = 110
3. 52—- x (360° — 40°) = 150° 4.yes 5. 73° 84°, 102°, 259°, 101° 6. (i) true (ii) false (iii) true
(iv) true (v) true (vi) fasle (vii) true (viii) false 7. parallelogram 8. rectangle 9. rhombus 10. rhombus
11. square 12. rectangle 13. rhombus 14. (i) 1820 = 90° (ii) 180° — 90° = 90° 15. x = 58°,

y=180°-2 x 58° =64°, z=y = 64°

EXERCISE 27(A)
1. 79°each 2.90°and 126° 3. (i) x = 16° (i) 64°, 90°, 92° and 114° 4. (i) x =22° (ii) «B = 48°
and £C = 61° 5. (i) ZA = 60°, ZB = 100°, £C = 80° and 2D = 120° (i) Trapezium 6. (i) x = 26°
(i) ZABC = 104° (jii) ZACD =28° 7.130° 8. b =105°and Zc = 140° 9.97°each 10. /P = 54°,
£ZQ =72° £ZR = 108° and £S = 126° (i) No (ii) Trapezium 11. 40° 12. /A = a0, ¥*B*=6i"
ZC =120° and £D = 100°

EXERCISE 27(B)
1. 135°, 45°, 135° and 45°, CD = 13 units 2. 55° and 125° 3. (i) 106° and 74° (ii) BC =CD = 7-5cm
4. (i) 8 (ii) 10 5. (i) 62° (i) 28° 6. (i) 38° (ii) 38° (iii) 104° 7. 110° 8. (i) 96° (ii) 29° (iii) 55°
11. (i) Square (ii) Rhombus (iii) Rectangle 19. x = 70°, y = 50° 20. x = 11, y = 156° and z = 106°
21.x=27° and y = 63°

266

Downloaded from https:// www.studiestoday.com




	264_R
	265_L
	266_R
	267_L
	268_R
	269_L
	270_R
	271_L
	272_R
	273_L



