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Quadrilateral

9.01 Introduction

9.02

In chapters 5 and 6 you have studied, about many properties oftriangles. You know
that a triangle is formed by joining three non-collinear points.

Now, we mark the groups of 4-4 points on paper and join them one by one in scme
order and see that how many possible figures can be found?

1

3
1
2 4
3 4
1 10 .2
4 2 4
3 2

{1i) Fig. 9.01 oy (iv)

Le3]

Possible figures like 9.01 (1), (1), (111) and (iv) can be formed. In this chapter, we will
study figureslike 9.01 (iii), which we call quadrilateral.

Quadrilateral

Afigure enclosed by four line segmentsis called a quadrilateral. A quadrilateral has four
sides, four angles and four vertices. Likemn Fig. 9.02, PORS1s aquadrilateral where
PO, OR RS and SP are tour sides, (), Rand S are R

four verticesand £/ F, £ (), ~ Rand £ Sare four
angles. S

Opposite Sides and Opposite Angles : In Fig.

9.02 RY1s the opposite side of Q) and QR 1s the Q
opposite side of PS. / Pisoppositeof £ Rand £ Fig 9.02
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is opposite of /£ S.
InFig. 9. 02, pair of adjacent sides are P, QR and PS, SK. Similarly, SP, PQ and
SR, R are also pair of adjacent sides.

Diagonal : Line joining opposite vertices s called diagonal. In Fig 9.02, ’K and ()Y are the

9.03

9.04

diagonals of quadrilateral POR.Y.

Sum of the Angles of Quadrilateral

Sum of all four angles of'a quadrilateral is 4 right angles (360°). We have learnt this
property of quadrilateral in chapter 5 through Corollary 4.

Types of Quadrilateral

Kite : In Fig 9.03 WXYZ is a quadrilateral whose two pairs of
adjecent sides /. e., WX, XY and WZ, YZ are equal. It is called kite. N

Such quadrilateral whosetwo pair of adjacent sides areequal, is called ¥ Y

kite. As
™ (3]

Trapezium : InFig 9.04, ABC'Dis aquadrilateral whose one pairof % ol

opposite sides A and /(" are parallel. This quadrilateral is known as

trapezium. X
Fig. 9.03
D c Kite
A B
Trapezivm
Fig. 9.04

Parallelogram : InFig. 9.05, PORS1sa parallelogram whose two pair of opposite
sides PO, RS and PSS, QR are parallel

S R

[/

Parallelogran

P

Fig. 9.05
A parallelogram isa trapezium but a trapezium isnot a parallelogram,
Rectangle : In Fig 9.06, FF(;H 15 a special parallelogram called rectangle whose
each angleis 90°,
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Rectanple

Fig. 9.06
Arectangleisa parallelogram but a parallelogram isnot necessarily a rectangle.
Arectangle isa trapezium but a trapeziumis not rectangle.

Rhombus : Infig. 9.07, 74/ VW is aspecial parallelogram called rhombus, whose each side
is cqual in mcasurc.

25 cm v

T 25 om

Rhombus

Fig.9.07
Such parallelogram whose each side is equal, 1s known asrhombus.
Arhombusis a parallelogram but a parallelogram is not necessarily arhombus.
Arthombusisa parallelogram, but a parallelogram is not a rhombus.
Square InFig, 9.08, K7 MN1s a special rectangle called square whose all sides are
equal or a special parallelogram whose each side is equal and each angleis 90°.
Asquareisatrapeziumbut a trapeziumis not a square. Asquare is a parallelogram but
a parallelogramis not necessarily a square. Asquareis arectangle but arectangle is not
necessarily a square. A square is a rhombus but a rhombus s not necessarily a square.

N 25 em M
[ 1 | -
= =
s s
[fe} [fe}
o o
1 [
K 25 om L
Square
Fig. 9.08
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9.05 Properties of Parallelogram

Theorem 9.1. The diagonal of a parallelogram divides it into two congruent

triangles.
Given : ABC'Dis aparallelogramand 57 its diagonal.
To Prove : AABD = ABCD
Proof: InFig. 9.09, AB('DD iy aparallelogram.
AB| CDand BiJis atransversal
£ ABD =/ (DB (Alternate interior angles)
AD||BC and BiJ1s atransversal
L ADB=Z(CBD(Alternate interior angles)

D NC
A B
Fig. 9.09
Now, inAABD and A CDB

LABD — £ CDB [From equ. (i)]

RD=RD [Common]

ZADB— ZCBD [Fromequ (ii)]

AABD = ACDB (ByASAcongruncerule)
Hence proved

Theorem 9.2. Opposite sides of a parallelogram are equal.
Given : InFig. 9.09, ABCDisaparallelogram.

To Prove :AB — CDand AD — BC

Construction : Draw a diagonal B

Proof: Fromtheorem 9.1, AABI) ~ ACDB

Since, corresponding parts of a congruent triangle are equal.

AB—Cand A — BC Hence Proved

Theorem 9.3. (Converse of Theorem 9.2)

If each pair of opposite sides of a quadrilateral be equal, then it is a parallelogram.

Given : AB(C'D1saquadrilateral whose opposite sides 45 — CDand BC — AD.
To prove : ABCD1s a parallelogram.

Construction : Join4to C.
Proof: InA ARC and A (DA,
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A B
Fig. 9.10
AB-CD (Given)
BC —-AD (Given)
AC=AC (Common)
- AABC = ACDA [By SS8 congruence rule]
or ZCAB=/ACD (CPCT)

Transversal line AC intersects two lines A8 and CD such that alternate interior angles
LCAB and ZACD are equal

. AB || DC A1)
and ZACB — Z CAD (CPCT)
Transversal line AC intersects two lines BC and A1) such that interior angles £AC’B and
Z CAD are equal.
BC|AD (1)

Thus, from (1) and (i1), quadrilateral A B} is a parallelogram. Hence Proved
Theorem 9.4. Opposite angles of a parallelogram are equal.
Given : ABCDisaparallelogram.
ToProve: L/A=/Cand L B=2D
Proof: AB('Disa parallelogram.
AB||DCand AD || CB
Since, sum ofthe interior angles onthe same side of atransversal is 180°,

- Z A+/D=180° e
and Z/C+/D=180" {2)
From (T)and (2)
/D / |
A B
Fig. 9.11
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LA+ /D=/C+/D
LA=/C
Similarly, wecanprove A/B=./D Hence Proved.
Now, converse of this theorem 1s also true? Letus proveit.

Theorem 9.5. If opposite angles of a quadrilateral are equal, then it is a

parallelogram.

Given : Aquadrilateral ABCD in which

LZA-Z2C and <ZB=4D

D c

Fig. 9.12

To Prove : ABCDis a parallelogram.
Proof : Inaquadrilateral ABC)

LA-2C A1)
and ZB=2D ..(i1)
onadding(1)and(2), we get

LA+ZB=/C+ 2D e
But LA+ LB+ 2C+ 21D -360° ~(2)

From(1)and(2), we get

LA+ LB—- /2 £D-180°

ZA+ 2B —180°
A trangversal line A5 intersects two lines A1) and BC such that sum of consecutive
interior anglesis 180°
s AD | BC
ZC 1 2D —180° = LA+ 2D=180° [« £(C=2A]
A trangversal line A D intersects two lines A5 and (D such that sum of consecutive
interior anglesis 180°.

AB|DC ..(6)
From(5)and (6), we get
Thus, ABCDisa parallelogram. Hence Proved

Theorem 9.6. Diagonals of a parallelogram bisect each other.

Given : Aparallelogram ABC7) whose diagonals AC and B> tersect each other at O,
To Prove : U4 —OCand OB =0D
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Proof': - ABCDisaparallelogram.
AD | BCand tansversal B1J intersectsthem.
LADB — Z DB (Alternate interior angles)
= ZADO= 2/ 0OBC A1)
Again A7) | BC and transversal A( intersectsthem
ZDAC=ZBCA (Alternateinteriorangle)

_— ZDAO=/BCO ~(2)
D } c
O
A f B
Fig. 9.13
INAAOD and A COB
ZADO — £ RO [Fromequ(]1)]
AD - BC [Opposite side of a parallelogram]
LADO =/ BCO [Fromequ(2)]
AAOD = ACOB [By ASAcongruency rule]
Since, corresponding parts of congruent triangles are equal,
S0, O — 0B
and 04=0C Hence Proved

Theorem 9.7, (Converse of Theorem 9.6)
If diagonals of a quadrilateral bisect each other, then it is a parallelogram.

Given : A quadrilateral ABC) whose diagonals A("and B bisect each other at (J, /.e.,0A
—OCand OB — 0D

D c
To Prove . ABCT)1s aparallelogram.
Proof: In AAOB and A COD, O
0A - 0C (Given) A 3
L AOB — 2 COD (Vertically opposite angles) Fig. 9.14
and OB=0D (Given)

AAOB = ACOD  (BySAS congruency rule)
Since, corresponding parts of congruent triangles are equal so
Z04AB=/0CD = L CAB — ZACD

Transversal A( 'intersects two lines A5 and /(' such that alternate interior angles (A5
and ACD are equal.
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AB| CD
Similarly, we can prove AD | BC
ABCDisaparallelogram. Hence Proved
Theorem 9.8. A guadrilateral is a parallelogram if a pair of opposite sides is equal
and parallel. D c

Given : Aquadrilateral ABCD, inwhichAB  DCandAB — DC
To Prove : AB('Disaparallelogram.

Construction : Join 4 to C. AT B
Proove: AB D('and A('isatransversal Fig.9.15
ZBAC — £ZDCA (Alternate interior angles) A1)
Now, inAARC and A CDA
AB—DC (Given)
/L BAC=/DCA [From(1)]
AC —AC (Common)
AABC = ACDA (By SAS congruency)
Since, corresponding parts of congruent triangles are equal,
50 LACB— ZCAD

Now, A1 and BC both intersectsby transversal 4C” such that alternate angles
L ACBand are equal 2 CAD

AD | BC (2)
and AR| CD (Given)
Thus, ABCD is aparallelogram. Hence Proved

[Mlustrative Examples
Example 1. Two line segments AC and BD bisect each other at point P
Prove that ABCD is a parallelogram. D o

Solution : Given AC and B1) intersect each other at point £ v
To Prove . ABCT)1s aparallelogram. ﬁ
Construction : Join AB, BC, (DD and DA respectively.

Proof: InAAPBand ACFPD Fig. 9.16
Fromfigure ABC'DD1s a quadrilateral in which AC and B> are
diagonals.
Since, AP — P(’ and BP - PD (Given)
So, AC and BD bisects each other.
Fromtheorem 9.7, AB(CF>1saparallelogram. Hence Proved

Example 2. In a parallelogram ABCD, it is not defined that bisectors of £ 4and
Z Bintersect at point P Prove that £/ APB=90°,
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Solution : Given : InFig. 9.17, bisectors ofadjacent angles ./ A D c
and ./ B, intersect at £
To Prove: L APB —90°
Proof: We knowthat the sum of'the adjecent angles of a A B
parallelogramis 180° Fig 9.17

: ZA+ 2/ B-180° e

1
ZPAB :ELA [APis the bisector of £ 4]

1
and ZPBA = 5 ZB [BPisthebisector of /5]

/PAB+ LPBA:%(4A+LB) @)

From(1)and(2), we have
/PAB+/PBA =90° .(3)
InAPAB, sum ofthe angles of atriangle is 180°.
ZPAB+/PBA+ ZAPB =180"
From(3)and (4)
— Z APB =90" Hence Proved

Example 3. Two points Pand  are situated on diagonal BD of a parallelogram
ABCD such that D(Q = BE Prove APC() is a parallelogram.

Solution : D c
a _

Given : Two points /’and () are situated on diagonal 50 of
aparallelogram ABCD suchthat 5P =Q0D.
To Prove . APC() isaparallelogram.

A

Proof : InAAQ) and ACPB. Fig.9.18
AD=BC [Opposite sides a of parallelogram]
ZADQ=ZCBP (Alternate interior angles)

QD —RBFP (Given)
AAQD = ACPB (By SAS congruency)

Since, corresponding parts of congruent triangles are equal

AQ - CP (1)
Similarly, ACQOD = AAPR
and CQ — AP .A2)
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From(1)and(2), APCQisaparallelogram. Hence Proved
Example 4. Diagonals of a quadrilateral ABCD intersect each other at point © such that
OA: OC=3:2.15s ABCD a parallclogram? Clearity with reason,
Solution : Given, 04 - OC —3:2
= 0OA = OC
Thus, ABCis not a parallelogram because diagonals of a quadrilateral ABC ) do
notbisect each other. Hence Proved
Example 5. The angle of a quadrilateral are in ratio 3:4:4:7. Find all the anlges of the
quadrilateral.
Solution : Let the angles of a quadrilateral be 3x, 4x,4x and 7x.
Since, the sum of'the angles of a quadrilateral 1s 360°,
3X + dx + 4x + 7Tx = 360"
18x =360°,
x—20°
Required angles are 3x =3 x20°=60°
dx=4 = 20°=80°
dx=4=x20°=80°
Tx=T7x20°=140°
Thus, the angles are 60°, 80°, 80%and 140°.
Examplc 6. A diagonal of a parallelogram bisccts its one angle, Prove that this diagonal will
also bisect its apposite angle. A B

by

Solution : Let usdraw aFig 9.19 as per given conditions. In
which diagonal AC bisects £ 847 of aparallelogram ABCT).

Given: ZBAC=/2DAC
To prove: ZBCA— £ DCA C ) ©
Proof: Given, 48 (D and AC isatransversal. Fig.9.19
£ BAC — ZDCA (Alternate interior angles) (1)
Similarly, Z DAC= 2 BCA (Alternate interior angles, as A1) | BC)...(2)
But ZBCA=ZDAC (Given) ..(3)
From(1),(2)and (3), we get

Z/BCA =/DCA Hence Proved

Example 7. PQ and RS are two equal and parallel line segment. Point M which is not
on side PQ or RS, is joined with Q and S respectively. A line parallel to QM
and passing through Pis drawn, and anotherline parallel to SM and passing
through Ris drawn. These lines meet at V. Prove tha line segments MN and
PQ are equal and parallel to each other.
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Solution : Draw a diagram according to the (Fig. 9.20) given conditions

- :

Fig. 9.20
Giventhat PQ=RSand PO || RS
P(OSRisa parallelogram.
PR=0Sand PR QS (1)
Now PR | OS

ZRPQ + ZPQS = 180" (Interior angles of the same side of atransversal)

=  ZRPQ+/PQM + /MQS =180° -A(2)
Also PN || OM (By construction)

ZNPR + ZRPQ+ 2 PQM =180° [From(2)and (3)] ..(3)
—  ZNPR- ZRPQ+ZPQM=ZRPQ+ 2 PQM+ £ MQS
ZNPR— ZMQS .A(4)
Similarly, Z NRP=/MSQ .(5)
InAPNR and A QMS
PR—RS [From(1)]
ZNPR=/MQS  [From(4)]
ZNEP — ZMSQ [From(5})]

i APNR = AQMS [BYASA, (1), (4)and (5)]

So, PN — OM and NR=MS

Since, PN || QM, so POMN isa parallelogram.

Thus, MN — PO and MN || PQ. Hence Proved

Exercise 9.1
1. Theangles of a quadrilateral are in the ratio 3:5:9:13. Find all the angles of the
quadrilateral.
2. Diagonals AC and B of a parallelogram A BC'D intersect each other at point (J, where
(A =3 cmand 0D =2 cm. Find the lengths of AC" and B
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L

11.

The diagonals ofa parallelogram are perpendicular to each other. Isthis satement true?
Give reason in support of your answer.

State whether the angles 110°, 80°, 70° and 95°, are angles of a quadrilateral? Why
and whynot?

Areall theangles of a quadrilateral, be obtuse angles? (Grve reason for your answer.
One angle of'a quadrilateral is 108° and other three angles are equal. Find the measure
of'each ofthe three equal angles.

ABCDsatrapeziuminwhichAB DCand £/ A— /B —45° Find £/ ("and £ Dof
this trapezmim.

The angle between two altitudes, drawn from the vertex of an obtuse angle to the
opposite sides of a parallelogram 1s 60°. Find all the angles of this parallelogram.
Points /< and /-lie on diagonal AC” of a parallelogram 481 such that 47- =/ Show
that BFDF s a parallelogram.

InFig. 9.21, ABCD1s aparallelogram. AQ and (P arethebisectorsof L Aand £ C
respectively. Prove that A7°C'(J1s a parallelogram.

Fig. 9.21
InFig. 9.22, ABCD and Al*[xB are parallelograms. Prove that ('D//Fis a
parallelogram.

D C
A \ B
F E
Fig. 9.22

The perpendiculars A7 and () are drawn from points 4 and ( respectively on
diagonal B1) of a parallelogram ABCL). Prove that AP — C'Q.

InFig. 9.23. ABCD)is a quadrilateral in which A8 || 2C and A — BC. Provethat
/A—ZB.
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Fig. 9.23
14. InFig 9.24, ABCD is aparallelogram. £ and () are the mid points of opposite sides

ABand CD. Prove that PR(.S'is a parallelogram.
D Q C

A P B
Fig. 9.24

9.06 Special Parallelogram and their Properties
You have studied different types of parallelogramin this chapter and you have also
verified some properties.
Letustrytounderstand some existing properties of those specific parallelograms with
the help ot some theorems.
Theorem 9.9. If diagonals of a parallelogram are equal, then itis a rectangle.
Given : ABCDis aparallelogramin which AC — BID., D c
To Prove . ABCDisarectangle.
Proof: InAARCand A BAD
BC—AD (Opp. sides of parallelogram)
AB—-ARB (Common side) A
AC —BD (Given)
By SSS property of congruency
AABC = ABAD

Since, corresponding angles of congruent triangles are equal,

/DAB+ ZCBA =180°
= L DAB+ Z DAB —180°
. £ DAB— Z(BA —90°
Thus, ABCD isarectangle. Hence Proved
Converse : Diagonals of a rectangular are equal to each other,

Theorem 9.10. If the diagonals of a parallclogram are perpendicular to each other,
thenitis a rhombus.

Fig. 9.25
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Given : Diagonals AC' and B of parallelogram ABCL) are D C
perpendicular to each other. v
To prove : AB('Disarhombus D
Proof: InA AOB and A COR A

OB — OB (Common) B

A
ZAOB=2ZBOC=90° (Given) Fig. 9.26
AO=C0O(Diagonals of parallelogram bisect each other)
AAOB = ACOB (By SAS congruency)
Since, corresponding parts of congruent triangles are equal,
AB=BC
Thus, ABC1 isarhombus. Hence Proved

Converse : Diagonals of a rhombus are perpendicular to each other.
Theorem 9.11. [If the diagonals of a parallelogram are equal and

perpendicular to each other, then it is a square. D C
Given : ABC D 1s aparallelogram where AC' — B/ and
AC L BD R
To Prove . ABC D is asquare. A B
Proof - - Diagonals of a parallelogram bisect each other Fig. 9.27
RO—-0OD A1)
InAABO and AADO
BO=0D [From(1)]
LAOB — Z AOD —90°(Given)
AO —A40 (Common)

AABO —AADO (By SAS congruency)
Since, corresponding parts of congruent triangles are equal,

s AB —-AD (2)

Now, inAABD and ABAC
BD —AC (Given)
AB=AR (Common)
AD=BC (Opposite sides of parallelogram)

AABD = ABAC (By SSS congruency)

Since, corresponding parts of congruent triangles are equal,
) L DAB -/ (CBA ..(3)
We know that the sum of two adjacent angles ofa parallelogram is 180°,
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ZDAB+/ CBA=180° (4
From (3)and (4), we get

LDAB — 2 CBA —-90° .(5)
Andfrom(2)and(5), we get
ABCDisasquare. Hence Proved

Converse : Diagonals of a square are equal and perpendicular to each other.
9.07 Mid-Poit Theorem

You have studied about some properties of triangles and quadrilaterals. Now let us
study another result which is related to the mid-point theorem.

Theorem 9.12. A line segment joining the mid points of any two sides of a triangle,
is half and parallel to its third side.

Given : In A ABC, points 12 and I£ are mid-points ot sides A8 and AC respectively.
To Prove (i) DE| BC, and(ii) DE = %BC

Construction : Extend i to I where £ — DI JoinCto
Proof : In AADE and A CFE

AE-CE (Given)
LAED — ZCEF (Vertically opposite angles)
DI — LI (By construction)

AADE = ACFE (By SAS congruency rule]

Since, corresponding parts of congruent triangles are equal.

A
AD = CF A1)
and LFAD = ZFECF /\
Transversal AC intersectslines A58 and C'F'such that D E F
alternate angles /2415 and 15C'f are equal. / \/
AD || Cland BD || I A
But AD —BD (Given) ..(3) Fig 9.28

From(1)and(3), we get
BD—CF and BD (CF
BCFEDisaparalellogram.
DF =BCand i< B(

1 1.
—DF =—phC
= 2 2
|
- DE=FEF = > DF . (By construction)
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|

1
Thus, DE = 5 BC and DE|| BC Hence Proved

Theorem 9.14. (Converse of Theorem 9.12)

The line drawn through the mid-point of one side of a triangle, parallel to another side
bisects the third side.

Given  InAABC, Disthe mid-point of side AB inFig. 9.29 3/, BCandit
Intersects. AC at point /<,

To Prove: A5 =F£(

Construction : Draw C/<parallel to B which intersects /< (extended) at point /«

Proof: - - BC || DI (Given) R
and BD CF (By construction)
BCI<Disaparallelogram. 5 /\E E
BD=Ctl
But BD=A4D (Given) / \/
AD = CF e B Fig 9.29 c
Now, inAADF and A CFE
ZADFE — ZCFE(Alternateinterior angles)
AD=CF [From (1)]
L DAE — Z FCF [Alternate interior angles]
AADE = ACFE (By ASAcongruency rile)
AE=CE Hence Proved

9.08. Intercept

Ifthere aretwo lines/ and /, in aplane and line /, intersects these lines on different
points 4 and B, thenthe line segment AB is called intercept made by lines / and /, on
line /

3

Here, will prove the tollowing theorem tor three parallel lines. This theorem canbe
extended for more than three lines.
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L 4

I
F 3

\

Fig. 9.30 Fig. 9.31
Theorem 9.15. If there are three or more than three parallel lines and intercepts
made by them on a transversal line are equal, then the corresponding
intercepts on the other transversal will be also equal,

L 2
R

b

F 3

Given : InFig9.32, / m, nare three parallel lines and
two transversalslines / and /, intersect them on points £ £
A B, Cand D, F, Frespectivelyand A8 — BC.

:
£ - \A

To Prove : 13i5 — EIF C

Construction : Draw (z/{ | / whichpassesthrough m B £

L.

Proof: - /andm are parallel lines \C X
. AG| BE V. JFH
and AB | GE (By construction) Fig. 9.32

. ABE(s 1s aparallelogram.

v

|

-]

) AB -Gl (1)
Similarly, BCHI1s a parallelogram.
BC—FH .(2)
Given AB—BC
i GRE—FEH ..(3)
Again / | nandtransversal / intersects them.
L GDI=Z1KFH (Alternate interior angles)...(4)
Now, in A GDE and A HI
ZUGDE— 2 EFH [From (4)]
GE=FH [From (3)]
LUGED= ZHEF [ Vertically opposite angles]
AGDE = AHFE (By ASAcongruency rule)
Since, corresponsding parts of congruent triangles are equal,
Thus, Dic=EI" Hence Proved
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Mlustrative Examples

Example 8. D, £ and F are respectively mid-points of sides BC, CAand AB of are
equilateral triangle ABC. Prove that A DEF is an equilateral triangle.

Solution : A
Given : AABCin which D, 7, Fare the mid-points of
sides 7, 4 and A B respectively.

F E
To Prove : A DI/ is an equilateral triangle.
Proof: In A ABC, D, IZand /- are the mid - points of sides B c
B(, (4 and AB respectively. D
. Fig. 9.33
DE=—AB '
5 A1)
1
EF = —BC ~(2)
2
1
FD = EAC ..(3)
But AABCisan equilateral triangle .
AB=BC=CA (4
From(1),(2),(3)and (4)
DE—-FF—-FD
Thus, ADEFisanequilateral triangle. Hence Proved

Example 9. Prove that aline, joining the mid-points of the diagonals of a trapezium,
will be parallel to its parallel sides and half of their difference.

Solution : Given : Atrapezium ABC'D inwhich D C
AB| DC, Fand Gare mid-points of diagonals AC
and BD respectively. £
To Prove: (1) & AR
1 A E B
(ii) FGZE(AB—CD) Fig. 9.34

Construction : Join ({7 and extend it suchthat it will meet AR at F-.
Proof : InACDG and A £BG

L CDG=ZLBG (Alternate interior angles)
DG-GB (Given)

ZDCG— L BEG (Alternate interior angles)
ACDG = AEBG (By 454 conguency nile)

Since, corresponding parts of two congruent triangles are equal.
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CG—Li(r (1)
and CD - LB ~(2)
Nowin A ACE, {-and G are the mid points of sides AC and (/- respect ively.

1

FG ||AE and FG:EAE ..(3)
But AFK—AB-ERB

AFE—AB-CD [From (2}] .. (4)
From(3)and(4), we get

2 2
and I'G| AL
| .

Thus, FG||ABand /G = E(AB -CD) Honce Proved

Example 10. Prove that the quadrilateral obtained by joining the mid points of
consecutive sides of a quadrilateral is a parallelogram,

Solution :
Given : InFig9. 35 ABCDis a quadrilateral where £,(, £ and 5 are the mid-points of'its

consecutive sides respectively. D R C
To Prove : POKS1saparallelogram.
Construction : JoinAC. S Q
Proof: In AABC, P and () are the mid-points of sides 45

-~ . A P B
and BC respectively. Fig 935

1
PO || AC and PQ=5AC (1)

InAADC, Sand R are mid points of sides A7 and DC respectively.

1
SR||AC and SR =—AC A2)

From(1)and(2), we get
PO SR and PQ— SR
Thus, in quadrilateral PORS one pair of opposite sides are equal and parallel.
Thus, POIS'1s a parallelogram
Example 11. In Fig 9.36, X and Y are respectively mid points of opposite sides AD
and BC of a parallelogram ABCD. Also, BX and DYintersect line AC at points
Pand Q respectively. Show that AP=PQ=(QC.
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Solution : Infig. 9.36, Xand Y are the mid-points of sides D R C
AD and BC respectively ot a parallelogram ABCI.

X Y
DX =1 4D and BY = L1cB P
2 2 A B
ButABCD1saparallelogram. Fig 9.36
AD=BCandAD | BC [Opposite sides of a parallelogram]
= %Al)zéb‘(? and AD|| BC
- DX=BYand DX|| YB
One pair ot opposite sides of quadrilateral XBYD are equal and parallel
.. XBYDisaparallelogram
= PX| QD

We know that the segment drawn from the mid-point of one side of a triangle and
parallel to the other side bisects the third side.
In A CBP, Yis the mid-point ot BC and YQ || BP

o Qisthemid-point of CP

= Pisthe mid-point of AQ

= AP=PQ (1)

Simlilary CQ=PQ (1)
AP=PQ=QC [From (1) and (11)]

Example 12. In Fig. 9.37 AY and CX are respectively the bisectors of opposite angles

A and C of parallelogram ABCD. Show that Dy c

AY||CX

Solution: /A = /C (opposite angles of parallelogram) i i i ;

1 1 A X B
= SeA=72C Fig.9.37

[-- AY and CXarethebisectors of £ Aand £ Crespectively]
.. AB | CD (oppositesides of parallelogram)
Also AX||YC and transversal CX intersects them
ZYAX=/YCX A1)
Atransversal line CX intersects two parallel lines AB and CD.

So, ZCXB=2YCX ( -~ alternative angles ) .. (i)
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From (i) and (i) ~ YAX= ~ CXB

because the corresponding angles are equal.
AX || YC (because sum of interior angles on one side of a transversal line is 180 )
o AY || CX Hence Proved
Example 13. Show that a quadrilateral, formed by joining the mid-points of the sides
of a rhombus, in the same order, is a rectangle.
Solution : Let ABCD bea rhombus and P.Q,R,S are mid-points of sides AB, BC, CD and
DA respectively. (Fig. 9.38). JoinAC and BD. A = B

From A4BD, we get

1
SP = EBD and SP || DB

Q
(S and Pare the mid points of sides AB and
ADrespectively)
Similarly, RQ = %BD andRQ||BD ° R ©
- SP=RQand SP || RQ Fig.9.38
- PQRSisaparallelogram.
Also AC 1 BD (Diagonals ofa rhombus are perpendicular to each other)
PQ||AC (In ABAC, Pand Q are mid points of sides AB and BC respectively)
SP ||BD (1)
InA ABC, Pand Q) are the mid point of AB and BC respectively
. PQ | AC ..(2)
From(1)and(2) SP L PQ [-- AC L BD]
Z8SPQ =90°
PQRS isarectangle. Hence Proved

Exercise 9.2

1. InFig. 9.39ABCD and AEFG are two parallelograms. If ./ C = 55°, then determine

ZF. 5 c
G%F /
A 3 B

Fig. 9.39
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Canallthe angles ofa quadrilateral be acute angles? Give reason for your answer.
Can all the angles of a quadrilateral be right angles? Give reason of your answer.

The diagonals of a quadrilateral ABCD bisect each other. If ~ A =35", then

determine /B.

Opposite angles ot a quadrilateral ABCD are equal. IfAB=4 ¢m, then determine CD.
ABCDisarhombusinwhichaltitude from D on AB, bisects AB. Find the angles ofthe
rhombus.

Inatriangle ABC, lines RQ, PR and QP are respectively drawn parallel tolines BC, CA
and AB passing through points A, B and C, as shown in fig. 9.40 Show that

1
BC=-=0R.
5 Q
R A Q
B c
P
Fig. 9.40

D, F and F-are respectively the mid points of sides BC, (A4 and AF respectively ofan
equilateral triangle ABC". Show that A 3/</<1s also an equilateral triangle.
Points £ and O are respectively taken on opposite sides A8 and (/) ofa parallelogram
ABC suchthat AP =C'() (Fig 9.41). Show that A" and P(J bisect each other.

D Q C

P
Fig.9.41
Fisthe mid-point of side A0 of atrapezium AFCD in which AF || DC. Through point
F alineisdrawn parallel to AB, intersects B at F. Show that 7 is the mid-point of BC.
[Hint: Join AC’].
InAABC, AB — 5cm, BC=8cmand CA=7cm. If Dand E are mid-points of AB
and B( 'respectively, then find the length of /<.

In Fig 9.42, it 18 given that BDEF and FDCE areparallelograms. Canyou say
that B7) — CD? Why and why not?
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Fig. 9.42

13. InFig 9.43,D, /£and /- are mid points of sides B, C4 and AB respectively. If A8 —
4.3 cm, BC — 5.6 ecmand AC — 3.9 cm, then tind the perimeter of'the following :
(1) A DEL (i) quadrilateral B

A
F E
B D cC
Fig. 9.43

14.  Provethat aquadrilateral obtained by joining the mid points of consecutive sides ofa
square, 1s also a square.

15. The diagenals of a quadrilateral are perpendicular to each other. Prove that a
quadrilateral obtained by joining the mid-points of its sidesis a rectangle.

16. Provethatinaright-angled triangle, the bisecting median of hypotenuse is half of the
hypotenuse.

17.  Provethat arhombusis obtained byjoining the mid-points of the pairs of opposite sides
ofarectangle.

Constructions of Quadrilaterals
9.09. Quadrilateral

A plane figure enclosed by four line segment, is called a quadrilateral. The line joining its
opposite vertices is called its diagonal.

InFig. 9.44 AB, BC, (D) and DA areits tour sides. 4, B, Cand ) are its vertices and
A( and B are the diagonals of quadrilateral ABCD.
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Fig. 9.44
9.10. Construction of Quadrilateral

When we have to construct a quadrilateral, a rough sketch should be drawn and mark
the given facts. Generally, there is specitic importance of diagonal in construction of a
quadrilateral. So it should be considered by drawing a diagonal in rough sketch
definitly. [s anytriangle can be construct byit? It should be seenby drawing quadrilateral
afterformation oftriangle. Construction of aquadrilateral canbe completed by drawing
triangle. It is not necessary to draw a diagonal in each condition. Some times without
drawing any diagonal, quadrilateral can be constructed.
1t canbeunderstand clearly by the constructions givenin this chapter.

Construction 9.16 : Construction of a quadrilateral when foursides and a diagonal
aregiven.
Construct a quadrilateral ABCD in whichAB — 3 cm, B(' —4.5cem, CD=6 cm,
DA=4cmand AC'=48 cm.

Construction : First draw a rough sketch on the basis of given measures and mark them on
it.

45 cm

= &

cm

{Rough Figure)

_ D<
Fig, 9.45

According to the rough sketch, draw 4(' — 4.8 cm. Construct a triangle 45C by
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drawing an arc of radius 3 cm from A and arc of radius 4.5 cm trom C. Similarly,
complete A ACD by drawing arc of length equal to A and ().
Thus, ABC1) is the required quadrilateral.
Construction 9.17. Construction of a Quadrilateral in which four sides and
one angle are given.
Construct a quadrilateral ABCDinwhichAB —4.8cm, BC —3.5cm, (D —4.5¢m,
DA=4cmand £4=60°
Construction : Draw arough sketch according to the given measures and mark them.

A 48 om

Fig. 9.46
Draw line segment AB — 4.8 cm. Draw £ )AB — 60°at point A and cut AD=4cm
fromA . Draw two arcs from point D and B of raddi 4.5 cmand 3.5 cm respectively
theyintersect at point (. Join DC and BC. Thus, ABCD s arequired quadrilateral.
Construction 9.18. Construction of a quadrilateral when three sides an two
diagonals are given,
Construct a quadrilateral ABCD in which AB — 5.5 cm, BC —3.3 cm, A1) — 4.6 cmand
diagonals AC'=35.7cmand BD=6cm.

§
o
el

£
<% (RoughFigure)

5.5 €M B A 55 em )

Fig. 9.47

Construction : Draw a rough sketch according to the given measures and mark them.
According to rough sketch draw line segment A5 — 5.5 cm. ConstructaA A5 by
drawing the arcs of radii 4.6 cmand 6 cm from points A and B respectively. Similarly
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again, construct AAB( by drawing arcs ofradii 5. 7cmand 3.3 cm from points 4 and
B. JoinCand D).

Thus, ABCD 1sthe required quadrilateral.

Construction 9.19. Construction of a quadrilateral when three sides and two angles
hetween them are given.

Construct a quadrilateral ABCD in whichAB —3.5em, BC' — 5em, CD=5.5cm,
ZB=120%nd ~/ C=60".

Construction : Draw arough sketch according to given measures and mark them.

0

o
o
ol
%

(Rough Figure)

B 5 om o

Fig 9.48
Draw line segment (=5 cm. Draw /B =/120° and /("= £ 60° at points B and
Crespectively with AC and cut the given lengths A5 — 3.5 ecmand C7D — 5.5 cm from
Fand C respectively. Join 4 and /) to obtained the quadrilateral.
Thus ABCDis required quadrilateral.

Construction 9.20. Construction of a quadrilateral when two consecutive sides and
angle between them and other two angles are given.
Construct a quadrilateral A BCD inwhich AB — 5 cm, AD — 5.3 cm, £ A=60°,
ZC=105%nd £ D=90",
Construction: ~ A+ B+ ./ C+ /2 D=360°
_— 60° +105° + £/ B+ 90° =360° _— 255°+ ZB=360°
Draw aroughsketch according to given measures and mark them.

-1 5 cm

A 5 cm i



Draw line segment A8 =5 cm. At points A and B, draw £ 4=60° and £ B=105°

with AB. From A cut, AD>=5.3 cmandat £, draw /£ D =90° with AD.
Thus, ABC 13 isthe required quadrilateral.

L

Exercise 9.3
Construct quadrilaterals for the following given facts with description of steps of
construction.
Ina quadrilateral ABC, AB —3.5¢m, BC'=4.8 e, CD — 5. f cm, AD)=4.4 cmand
adiagonal AC’ —59cm,
In a quadrilateral PORS, PO —4cm, QR=3 cm, 05 —4.8cm,PS=3.5cmand
PR—-5cm.
In, quadrilateral ABC D, AB — 4ecm, BC=4.5¢m, CD —3.5¢cm, AD — 3 cm and
Z A=60
In, quadrilateral ABCD, AB —3.5¢cm, BC —3cm, AD —2.5¢cm, AC=4.5cmand
BD=4cm.
In, quadrilateral PQRS, PO — 3 em, QR =4 cm, PS=4.5cm, PR — 6 cm and
QS8=55cm.
In, quadnlateral ABCT, AB—BC —3.0cm, AD —5cm, £ A=90%and £ B —120°,
In, quadnilateral ABCI)LAF —3.8¢cm, BC —2.5cm, (D —4.5cmand £ B —30%and
£ C=150°
In, quadrilateral PORS, PO —3 em, QR=3.5¢cm, £ Q=90"and ~/ P=105°and
ZR=120",
In, quadrilatera] PORS, PO=25cm, R —3.7cm, LQ=120° £S=60%and
L R=90

.11 Constructions of Parallelograms and Rectangles

Before the construction of parallelogram, rectangle, square and rhombus, it is
necessary to know the tollowing facts.

Inaparallelogram : (1) Opposite sides are equal,
() opposite angles are equal,

(111) Diagonals bisect each other,

(iv)Each diagonal bisects a parallelogram into two congruent triangles.
Inarectangle : (i) Each angle isright angle,

(ii) Opposite sides are equal.

(u1) Diagonals are equal.

(1v) Diagonals bisect each other.

Inasquare: (i) All four sides are equal.

(if) Each angleis right angle.

(i) Diagonals are equal.
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(iv) Diagonals bisect each other at right angle,
(v)Each diagonal makes an angle ot45° with sides.
4. Inarhombus: (i) All four sides are equal.
(1) Oppositeangles are equal.
(u1) Diagonals bisect each other at ight angle.
(iv) Diagonals are bisectors of the vertex angles.
Construction 9.21 . Construction of a parallelogram when two sides and one
diagonal are given.
Construct aparallelogram ABCD if AB=5cm, BC=4cmand B{)— 7.7 cm.
Construction : Draw rough sketch according to given measures and mark them.

D& 2cm \/

n Scm ' 4 P\

{RoughFigure)

S5cm

A Som

Fig. 9.50

Drawaline segment A8 — 5 cm. Construct A AB1) by drawing arcs of radii 4 cm and
7.7 cmfrom points A and B respectively. Similarly, construct ABCD by drawing arcs
ofradii4 cmand 5 cm from points B and D respectively.
Thus, ABCDisthe required parallelogram.

Construction 9.22. Construction of a parallelogram when a side and two diagonals
are given,
Construct a parallelogram ABCD in whichAB =5 ¢m, diagonal AC’' — 7.6 cm and
diagonal BD0=5.6cm.

Hint: Ina parallelogram, diagenal bisect each other

4O =OC = %AC and BO = OD = %BD.

AO = %x 7.6=38cm agnd PO :%x5,6:2,80m,

Construction: Draw arough sketch according to given measures and mark them.
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{Rough Figure) A
Fig. 9.51

Draw aline segment AB — 5 ¢cm. Censtruct a A4()B by drawing arcs of radii 3.8 cm
or half of diagonal AC’ and 2.8 cmor, half of diagonal 5. Extend A() and B0 sothat
AC—=7.6cmand BD=5.6cm. Join BC, (') and AD. Thus, ABC'D isthe required
parallelogram.

Construction 9.23. Construction of a parallelogram in which two adjecent sides and
angle between them are given.

Construct a parallelogram ABCD where 48 — 5.5 cm, BC' — 3.7 cmand £ A — 60°,

Construction : Draw arough sketch according to given measures and mark them.

[J/ 5.5 cm
D 55 c
A, L
b3 \\\ A i
/ / (Rough Figure)
G0° .
A 5 B

Fig. 9.52

Draw aline segment A5 — 5.5 cm. Construct £ BAM — 60° at point 4 andmake a
AABD by taking AD=3.7 cm. Similarly, by taking 5C'=3.7cmand DC=5.5cm
construct ABDC.

Thus, ABC1 is arequired parallelogram.

Construction 9.24. Construction of a rectangle whose diagonal and one side are
given.
Construct arectangle in which diagonal 813 — 5.8 cmand one side 45 — Scm.

Construction : Draw arough sketch according to given measures and mark them.
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) i — —
D C
“\"-\V 3‘3 _-7<. \\"‘-\_ H8cm
000 (Rough Figurc)
™ s A7
A 5 B 90°
A Som B
Fig.9.53

Draw aline segment AB — 5 cm. At point A, draw £ A — 90°, Taking B as centre.
draw an arc of radius Bf) — 5.8 cm which intersect at /). Now taking /) and B as
centres draw two arcs of radii 4B and A D respectively which intersect, at C. Join (/)
and BC.
Thus, ABCDisa required rectangle.
Construction 9.25: Construction of rhombus when two diagonals are given.
Construct arhombus whose diagonals are 4 cm and 6 cm respectively.
Construction : Draw arough sketch of given measures and mark them.

D

L —

NS
N

3om

\/ 2cm
N

{Rough Figure)

Fig. 9.54
Draw diagonal AC” — 4 cm. Draw perpendicular bisector of AC which meets AC at
(). Take (J as centre and draw two arcs .of radius equal to halfofthe length of other

: .
diagonal 8D = [E X6 = Jij both sides of AC. These arcsintersect perpendicular

bisectorat Band D. Jom AR, BC, CDand A1
Thus ABCDis a required rhombus.
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Construction 9.26 : Construction of a square whose diagonals are given.

Construct a square whose diagonal is 5 cm.

Construction : Draw arough sketch of given measures and mark them.

L

4,
5.
0.

>
..
8
[
ey
[}
25 2.5
nd28 o 5 D 227 Ng
QV 5
L'} [¥]
w
-
A
sl
X
Ko
Fig. 9.55

Draw a diagonal 72 — 5 cm. Draw its perpendicular bisector which meets 57> at O.
Take (Jascentreand cut OC=0A4=2.5cm. Join AR, BC, D and DA.

Thus, AB('Dis the required square.
Exercise 9.4

Construct a parallelogram ABCD imwhichAB=4.7cm, BC — 3.5 cmand AC —
Tem,

Construct a parallelogram PORS inwhich PQ — 5 ¢m, diagonal ’K — 7.6 cmand
diagonal 8 — 5.6 cm.

Construct a parallelogram ABCD whose two sidesare 4.6 cm and 3 cm respectively
and angle between them1s 60°.

Construct arectangle A BCD inwhich AB — 6 cmand diagonal AC — 10 ¢m,
Construct arhombus ABC1) whose diagonals AC'=7 cmand B =5cm.
Construct a square ABCI) whose diagonal is 6 cm.

Construction 9.27 : Construction of a Trapezinm

(a) When four sides of a trapezinm are given and in which two sides are parallel.

Constructatrapezmm ABCDinwhichAB=7cm, BC —6cm, (1) —4cm, 24 —Scemand

AB| CD.

Construction : Draw arough sketch based on given measures and mark all the lengths.
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Scm

4cm C

D
b 4 cm & \
e e a
[y
E & cm L‘L; L‘L; G
© {Rough Figurc)
A 4em E 3cm B
A 4em FE  3cm B
Fig, 956

Mark a point Fonline AB suchthat AF — D’ — 4 cm. Draw aline segment AB=7
cm and mark point /< such that A/ — 4 cm. Take /< and B as centres draw two arcs
radii 5 cm (=41} and 6 cm (= BC) respectively which intersect each other at point C.
Againtaking 4 and C as centres, draw two arcs of radi 5 cm and 4 cm such that they
intersect each other at 1. Join Bto C, Cto 22 and 4 to 72 to construct a complete
quadrilateral.

Thus, ABC 1) isthe required trapezium.

(b) Construction of Trapezinm if three sides and one angle are given and it is
also given that which sides are parallel.

Construct atrapezium ABCDinwhich AR || CD, £ B —90°, AB=4cm, BC=2.8
cm, AD -3 5¢em.

Construction : Draw arough sketch of trapePium and mark all the given measures.

H C DN\ W7l
e A k o
5
£ w
: >KcE
35em & (Rough Figure) <\}\
4 dem B 7<_
4 cm b
Fig. 9.57

For fair construction, take AB — 4 cm. Construct ~ B=90° at B. Cutapointata
distance of 2.8 em from line making right angle and mark it as C. Again construct
ZC—=90%atpointC. (- AB CDand LB —90°, £ —90%)

Taking A as a, centre, cut a point on aline drawn perpendicular at point Cand mark 1t
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as ). JoinA and D> to construct a quadrilateral ABCD.
Thus, ABCD 1s arequired trapezium.
Exercise 9.5

Construct atrapezium ABCD inwhichAB| CDAB=4cm,BC—23cm, (D —28
cmand D4 —1.9cm.
Construct a trapezium PORS mwhich PO | SR,.PQ — 6cm, KS=3cm, PS=3cm
and OR — 5cm.
Construct atrapezium ABCD in whichAB | CD, AB —8cem, BC —6em, (=4 cm
and ~/ B=75°
Construct atrapezum ABCDmwhichAB (D, AB —4¢m, BC=4cm, AD=5cm
and /B =90".
IMPORTANT POINTS
Sum of all the angles of 'a quadrilateral is 360°.
A diagonal of a parallelogram divides it into two congruent triangles.
Inaparallelogram :
(1) opposite angles are equal.
(ii) opposite sides are equal.
(i) diagonals bisect each other.
Any quadrilateral isa parallelogram, if -
(1) 1ts opposite angles are equal,
(1) its opposite sides are equal.
(i) 1ts diagonals bisect each other.
(iv) a pair of opposite sides is equal and parallel.
Diagonals of arectangle bisect each other and are equal and vice-versa.
Diagonals of arhombus, bisect each other at right angles and vice-versa.
Diagonals ofa square bisect each other at right angles and are equal and vice-versa.

A line segment joining mid-points of two sides of a triangle, is parallel to third side and
halfotit.

Aline passing through the mid-point of one side of a triangle side and parallel to another
side, bisectsthe third side.

A quadrilateral, obtained by joining the mid-points ofthe sides of aquadrilateral ina
order, isaparallelogram.

It is necessary for the construction of a quadrilateral:

(i) four sides and a diagonal are given.

(i1) four sides and an angle are given.

(111) three sides and two diagonals are given,
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15.

17.
18.

19.
20.

21

(iv)threesides and angle betweenthem are given.

(v)two adjecent sides and angle betweenthem and other two angles are given.
It1s necessary for the construction of a parallelogram :

(i)two adjecent sides and a diagonal are given.

(11) one side and two diagonals are given,

(i11) two adjecent sides and two angle betweenthem are given.

1t1s necessary for the construction ofarectangle :

(1)twoadjecent sides are given.

(i1) a side and a diagonal are given.

For construction of square, it is necessary that:

(i) asideis given.

(1) diagonalis given.

Forthe construction of rhombus, it is necessary that :

(i) measure of a side and an angle between two adjecent sides,

(i) diagonals are given.

For the construction of a trapezium, it isnecessary that :

(i) four sides are given and parallel sides are known.

(i1) three sides and an angle are given and parallel sides are known.

Opposite sides ofa parallelogram are equal and parallel and opposite angles a equal.

Four sides ofa square are equal and each angleis right angle. Diagonals of a square are
equal and bisect each other at right angles.

Opposite sides ofa rectangle are equal and each angle is right angle.

Inarhombus, four sides are equal and opposite angles are equal. Diagonals bisect each
other atright angles.

Inatrapezium, only one pair of opposite sides be parallel.
Miscellaneous Exercise-9

Write the correct answers of each of the following questions (From question 1 to 15)
Three angles of a quadrilateral are 75°, 90° and 75°. Its fourthangle is :

(a) 90° (b)95° (c) 105° (d) 120°

A diagonal of rectangle is inclined at an angle of 25° with a side. The acute angle
between its diagonalsis

(a) 55° (b)50° (c) 40° (d)25°
ABCDisarthombusinwhich £ ACE —40°. Then ZADEB s
(a)40° (b)45° (c) 50° (d)60°
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11.

A quadrilateral, formed by joining the mid-points of the sides ot a quadrilateral OIS,
inaorder, isarectangleif’:

(a) PORSisarectangle

(b) PORS 1s aparallelogram

(c)Diagonals of PORS are perpendicular to each other.
(d) Diagonals of PORS are equal.

A quadrilateral, formed by joining the mid-points of the sides ot a quadrilateral OIS,
ina order, is arhombus if}

(a) PORSisarhombus

(b) PORS is aparallelogram

(c) Dragonals of PORS are perpendicular to each other

(d)Diagonals of PORS are equal.

Ifthe ratio of angles 4, B, (" andDofa quadrilateral ABCD, takingin this orderis 3:
7:6:4. ThenAR(CDisa:

(a) rhombus (b)parallelogram (c)trapezium (d)kite

Ina quadrilateral ABCT), bisectors of £ A and £ B, intersect each other at /2 bisectors

of Z/ Band /£ (" at (), bisectors of ~Cand £ D at X, and bisectors of /D and /£ A
intersect each other at S. Then PORS1sa:

(a)rectangle (b)ythombus  (c)parallelogram
(d) quadrilateral whose opposite angles are supplementry.

1f AP and COD are two parallel lines, then bisectors of £ APQ, £ BPQ), £ COF and
Z PQDmake:

(a)asquare (byarhombus (c)arectangle (d)anyother parallelogram
Joining the mid-points of the sides of thombus, ina order, obtained a figure is
(a)arhombus  (b)arectangle (c)asquare  (d)any parallelogram

D and £, are mid points of side A5 and AC respectively ofa A AB("and O1s any point
onside B (J1sjoined with A. It P and () are mid points of (8 and OC respectively,
then DIQOFP1sa:

(a)square (b)rectangle  (c)rhombus  (d)parallelogram

The figure obtained by joining the mid-points of the sides of a quadrilateral ABCD in
order, is only a square if!

(a)ABCD1sarhombus

{b)Diagonals of AB('{) are equal

(c) Diagonals of AR’ are equal and perpendicular to each other
(d)Diagonals of ABC'1) are perpendicular to each other
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12.

16.
17.

18.
19.

20.
21

22,

23.

24,

25,

Diagonals AC and B1) of a parallelogram ABCD intersect each other at point . If
ZDAC —32%and L AOB — 70°, then Z/DBC is

(a)24° (b)86° (c)38° (d)32°
Which of the following statementsis not true for a parallelogram :
(a) Opposite sides are equal

{b) Opposite angles are equal

(c) Opposite angles are bisected by diagoanls

(d) Diagonals bisect each other.

D and Frare mid points of sides AB and AC respectively of a A ABC. DEisextended
upto F To prove that CF is equal to the line segment /)4 and parallel, we are required
another information, whichis:

(2) £ DAE — L EIC (byAL — LI
(c) DE—EF (d) LADE— £ ECF

Diagonals of a parallelogram ABCT intersect at point 0. If £ BOC =90° and
ZBDC —50° then L OAB s

(a) 90° (b)50° (c)40° (d) 10°
ABRCDisaparallelogram. Ifits diagonals are equal, then find the value of £ ABC.
Diagonals of arhombus are equal and perpendicular to each other. 1s this statement
true? Givenreason for your answer.

Three angles of a quadrilateral ABC{are equal. Isthis a parallelogram?
Inquadrilateral ABC, £ A ' £ D — 180°. What specific name can be given to this
quadrilateral?

All angles ofa quadrilateral are equal. What specific nameis givento this quadrilateral?
Diagonals of rectangle are equal and perpendicular to each other. Isthis statement true?
Give reason for your answer.

Any square, insidean isosceles right-angled triangle s such that one angleis commonin
both square and triangle. Show that the vertex of the square, which opposite to the
vertex of the common angle, bisects the hypotenuse.

Inaparallelogram ABCI, AB=10cmand A3 — 6 em. Bisector of /£ A meets [ "at
E and producing A £ and BC meet at 7 Find the length of CF.

£ (), Rand § are the mid-points of sides AR, BC, (') and 124 respectivelyinwhich
AC —BDand A4¢C 1 BP. Provethat PORSisa square.

A diagonal of a parallelogram, bisects one of its angle. Prove that this parallelogram is
arhombus.
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26.

27,

28,

29.

30.

el tad

&

38.
39,
40,

41.
42.

44,

—_

ABCD saquadrilateral in which A8 | D and A= B( Provethat £/ A=/ Band
ZC=/D.

E isthe mid pointof median AD of A 4 BC. BF is extended to meet AC at / Show that
Ar=Lac
J

Show that a quadrilateral formed by joining the mid points of the consecutive side ofa
squareisalso a square.

Prove that aquadrilateral formed by the bisectors of the angles of a parallelogramis a
rectangle.

P and (J are two points on opposite sides A and BC of parallelogram ABCD such
that diagonal Q) passes through O, the point of intersection of diagonals A and BD.
Provethat PQ is bisected at point (7.

ABCD isarectangle whose diagonal B bisects £ B. Show that ABCD is asquare.
D, I and [ are respectively the mid-points of sides A8, B( and CA ofa A ABC.
Prove that byjoining the points D, F and F triangle 4B’ divided into four congruent
triangles.

Prove that the line joining the mid-points of diagonals of a trapezium, is parallel to the
parallel sides of that trapezium.

Pis the mid peint of side CDofa parallelogram A BC7). A line drawn passing through C
and parallel to 7’4 meets A5 at () and extended 104 at R. Provethat )4 — AR and
QO —-0R

Construct a quadrilateral ABCD inwhich AB — 3. 7em, BC' — 3 em, (1D — 5cm, AD
=4cmand L A=90°,

Construct aquadnlateral ABCD mwhich A5 —AD —32cm, B —2.5¢m, AC — 4
cmand BD=5cm.

Construct a quadrilateral PORS in whichPQ =3.5cm, QR=3.5cm, L P=60°,
ZQ=105"and £ S=75°.

Construct arhombus whose one side s 3.6 cmand one angle 1s 60°

Construct asquareinwhichAB + BC+ (D — D4—12.8cm.

Construct atrapeziumin whichA#R | CD, AB —5¢m, BC —3cm, AD=3.3 cmand
distance between parallel sidesis 2.5 cm.

Construct a rhombus ABC inwhichAB=6cmand £ A =120°.

Construct atrapezium where A8 — 2.3 ¢cm, BC —3.4em, CD=54cm, 24 —3.7cm
andAB|| CD.

Construct arhombus ABC D whose diagonalsare 5.6 cmand 7.2 cm.

Construct arectangle ABC D inwhichAB — 4.5 cmand B =6cm.
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Answers

EXERCISE 9.1
1. 36° 60° 108, 156°
2. AC=6cm, BD=4c¢m
3. No, diagonals of a parallelogram bisects each other.
4. No, sum of'the angles of a quadrilateral should be 360°.
5. No, sum of angles will be greater than 360°which is not possible for a quadrilateral.
6. 84°
7. Eachangleis 135°
8. 1200, 60°, 120°, 60°
EXERCISE 9.2
1. 550
2. No, sum of all angles will be less than 360°.
3. Yes, that will be rectangle or square.
4. 1450
5. 4em
6. 60,120, 60, 120
13. (1) 6.9cem{(ii) 9.9cm

Miscellaneous Exercise 9

1.D 2. B 3. C 4. D
5.C 6. B 7. D 8. C
9.B 10.D 11.C 12. C
13.C 14. C 15. C

16. 907, this quadrilateral is a rectangle.

17.  This statement is not true because diagoanls of a rhombus are perpendicular to each
other but they are not equal.

18. Itisnot necessary to be parallelogram.
19.  Parallelogram.
20. Rectangle or square

21. No, diagonals of rectangle are equal but not perpendicular to each other.
23. 4cm
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