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Exercise 9A
Type Properties
Parallelogram * (Opposite sidesare equal and parallel
D * Opposite angles are equal
Rectangle * Opposite sides are equal and parallel

* Allanglesare right angles (90°)

Square * Opposite sidesare parallel
* All sidesare equal
* Allanglesare right angles (90°)

Rhombus * Opposite sides are parallel

* Allsidesare equal

&  Opposite angles are equal

* Diagonals bisect each other at right angles (90%)

Trapezoid *  One pair of opposite sidesis parallel
Kite *  Two pairs of adjacentsides are equal
* One pair of opposite sides are equal
* Onediagonal bisects the other
L]

Diagonals intersect at right angle (907)

Question 1:

Let the fourth angle be x.
We know, that sum of the angles of a quadrilateralis 360°

Then, 56° +115° + 84° x= 360°
= 255%+ % =360°
= x=360°-255°=105"

-~ Thefourthangleis105°.

Question 2:

Let the angles of a quadrilateral be 2x, 4x, 5x and 7x.
We know, that sum of the angles of a quadrilateral is 360°
Then, 2x +4x L 5x 4+ 7x =360° @

= 18x = 360° 60 ‘\C)

360 _

= X =g =20° %8
~.theanglesof thequadrilateralare: 6
2x =2x20=40° & Q
4x = 4x20 =80 \(b %'
S =5x20=100° %
7x = 7% 20 = 140° Q &Q

~.therequiredanglesare40°®,80° 100°and 140°, . O @
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Since AB || DG, £A and £D are consecutive interior angles.
Conseautive interior angles sum upto 180°.

Se, ZA + /D = 180°
= 55° + /D = 180°
s /D =180°—55° = 125°

Also,we know that, sum of the angles of a quadrilateral is 360°
LA+ 2B +£C+ 2D = 360"
5504 70° 4+ ZAC+125° = 360°
250° + AC = 3608
ZC=360°-250°=110°
~2C=110°andZD = 125°

L T

Question 4:

Given: AEDC Isanequilatateral triangle and ABCDIS asquare

E

A B

To Prove: AE =BE

and ZDAE= 15°

(i) Proof: Since AEDC is an equilateral triangle,
ZEDC = 60° and <ECD = 60°

Since ABCD is a square,

ZCDA =90% and ~DCB = 90°

In AEDA
£EDA =ZEDC+ ZCDA
=60° +90°
=150 ... (1)
In AECB

ZECB = Z/ECD+ sDCB
=60%+90%=150°

= ZEDA =ZECB ST )
Thus, in AEDA and AECB
ED = EC [sides of equilateral triangle AEDC]
ZEDA =ZECB [from (2)]
DA= CB [sides of square cABCD] @
Thus, by Side-Angle-Side criterion of congruence, we have 0 . O
AEDA = AECB  [By SAS] b \\
The corresponding parts of the congruent triangles are equal. @ O

AE = BE [C.P.C.T] 6
(ii)Now in A EDA , we have @K Q
X\

ED =DA
= Z/DEA =.DAE [base angles are equal] %
But ZEDA =150°  [from (1)] Q \Q
So, by angle sum property in AEDA ’\\O @
ZEDA +2DAE +/DEA=180° '% %)
=150° + /DAE +~DAE =180° @ \/
= o _ 0

= 2 /DAE —1803 150 . Q
= 2 /DAE = 30 N\
s HRE e R /QQ
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Question 5:
Given: BM L AC andDN L AC andBM = DM

To Prove : AC bisects BD.

We have,

ZDON = Z/MOB [Vertically opposite angles |
ZDNO = £BMO = 90*

BM = DN [Given]
- ADNO =ABMO  [ByAAS]
-.0D = 0B [cP.CT]

So, AC bisecis BD.

Question 6:

C

Given: ABCD Is quadrilateral in which AB = AD and BC=DC
To Prove: (i) AC bisects ZA and 2C

(i)BE = DE

(i) ZABC = £ADC

Proof: In AABC and AADC,we have

AB=AD [Given]
BC=DC [Given]
AC=AC [Common]
Thus by Side-Side-Side criterion of congruence,
AABC = AADC ainea1)

The corresponding parts of the congruent
triangles are equal.

So, ZBAC =sDAC [C.P.C.T]
= ZBAE =-DAE

It means that AC bisects #BAD, that is ZA
Also, ZBCA=-DCA [C.P.C.T]
= ZBCE=<DCE

It means that AC bisects #BCD, that is 2C

(i) InAABEand AADE,wehave @
AB = AD [given] 0 . O
/BAE = /DAE [From ()] b \\
AE = AE [Common] O
Thus by Side-Angle-Side criterion of congruence, we have @

AABE = /ADE [ BySAS] &% Q

So, BE =DE [By c.p.c.t]

(iii) Since from equation (1) in subpart (i), we have \@ %.
AABC = AADC, %

Thus, by c.p.c.t, ZABC = ZADC

Question 7: \ \/
@ \
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Given: Asquare ABCDIinwhich £POR = 90° andFB = QC = DR

ToProve (i) OB =RC
(ii) PQ- QR
(i) ZOFR = 45°

P
A
Proof :
(i)Consider the line segement QB:
QB =BC-QC
=CD-DR [.-ABCDisa square,so BC =DC,QC = DR(given)]
QB =RC ......(1)
(ii)In APBQ and AQCR,we have
PB=QC [Given]
£PBQ = AQCR = 90° [.ABCDisasquare]
and QB =RC [from (1]]
Thus by Side-Angle-Side criterion of congruence, we have
APBQ = AQCR [By SAS]
e PQ =QR [Bycp.ct]

(iii) Given that, PQ =QR
So,in APQR
ZQPR = ZQRP [isosceles triangle, so base
angles are equal]
By the angle sum property, in APQR
ZQPR + ZQRP +90F = 180°
= QPR + ZQPR = 180° — 90° = 90¢

QPR = 22 = 45°,

Question 8:
Given: O is a point within a quadrilateral ABCD

ToProve:0A+ 0B +0C+0D = AC+BD
Construction :Join AC and BD

Proof :In AACO,

OA +0C> AC 0

[.in a tringle, sum of any two sides is greater than the thirdside]

Similady,In ABOD, @

Addingboth sidesof (i)and(ii), weget;

0B + 0D > BD .ii) 60 C,;\\O

OA +OC+ 0B + 0D > AC+BD (Proved) < (b
Question 9: @ 2
Given: ABCD is a quadrilateral and AC is one of its disgonals. % %‘
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A B

ToProve:

(i)AB +BC+ CD +DA > 2AC
(ii)AB + BC+CD >DA
(ili)AB+BC +CD + DA > AC+BD
Construction : Join BD.

Proof : (i()In AABC,

AB +BC > AC -.(1)
and,in AACD
AD +CD > AC (2]
Addingboth sidesof (1)and(2), weget :
AB+BC +CD <+ DA > 2AC (3
(i) In AABC,
AB +BC > AC
Onadding CD to bothsides of this inequality, we have,
AB +BC+CD > AC+CD (4
Now,in AACD, wehave,
AC+CD=DA ...(5)
From(4)and(5) we get
AB +BC+CD > DA ...(8)

(iii) In AABD and ABDC, we have

AB + DA > BD (7
and BC+CD>=BD ...(8)
On adding(7) and (8),weget
AB +BC+CD+DA > 2BD ...(9)

Adding (9) and (3), we have,

2(AB+BC +CD +DA) > 2BD + 2AC

ie.AB+BC+CD+DA>BD+AC
[Dividingboth sidesby 2]

Question 10:
Given: ABCD is aquadrilateral.
C
D
A

ToProve: LA+ /B 4+ AC+ /D =360°

Construction : JoinAC

Proof : In AABC

LZCAB+ LB+ £LBCA = 180° W00
InAACD,

LDACH ZACD + 2D = 180°
Addingbcth sidesof (i) and(i)we get
LCAB 4 LB+ LBCA 4 LZDAT 4 LACD ++ £D = 180% 4 1807
= LUAB 4+ £LDACH LB + LBCA + LACD + £D = 3807
= LA+ LB+ L0440 = 360°

L)

Exercise 9B

Question 1:
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A
A

In a parallelogram, opposite angles are equal.

LA=20=72
The sum of all the four angles of a parallelogram is 360°
So, LA LB+ LC+ 2D = 3608
= 72° + 2B+ 72° + ZD = 360° [-2A = 2£Q)
= 2/B + 144° = 360° [ 2B = 2D]
= 2:B = 360° - 144° = 2167
- 8=20 108
/B =108 ZC=72°and /D = 108°.
Question 2:

ABCD is a parallelogram,
s0 opposite angles are equal

& £LC=ZA=80°
AsAD |BC and BD is a transversal.
So, ZADB = /DBC = 60°
[Alternate angles]

In AABD

ZA + ZADB + ZABD =180°
= 80° +60° + ZABD = 180°
= 140° + ZABD = 180°
= ZABD = 180° — 140° = 40°

ZABC = ZABD <+ ZDBC
=407+ 60° = 100°
In a parallelogram, opposite angles are equal.
So, ZADC = ZABC = £100°
ZCDB = ZADC - ZADB
= 100F - 60° = 40°
and ZADB = 60°.

Question 3:
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ABCD is aparalelogram in which DA=60F and
bisectors of A and B meetsDCatP.

>
W
=]

(i) In a parallelogram, opposite angles are equal.

So, A0 =LA =60°

In a parallelogram the sum of all the four angles is 360°,
=/A+ /B+/C+ 2D = 360°

Now, /B + /D =360° — (/A + 20)
= 360° — (60° + 60°) = 240°
2/B = 240° [ ZB= /D]
S0, s H B

2

Since AB || DPand APisatransversal
So, ZAPD = ZPAB = ? —3¢° ...(1)

[ alternate angles]
Also, AB | PCand BP is a transversal.

So, ZABP = /CPB
But, m5p=§=ﬂ=m¢
2 2
ZCPB = 60° -(2)

Now, £APD + £APB + £CPB = 180°
[As DPCis a straightline]
30° 4+ ZAPB +60° = 180°

= ZAPB = 180° - 30° - 60° = 90°
(i) Since ZAPD = 30° [from (1)]

=]
and /DAP = % =30°
So, ZAPD = ZDAP
MNow in AAPD,

ZAPD = ZDAP......(3)
DP =AD [isosceles triangle,
sides are equal]

As ZCPB =607 [from (2)]
and £C =60F

So, £PBC = 180° — 60° — 60° = 60°
Sinceall angles in theAPCBare equal,
it is anequilateral triangle

PB =PC =BC....(4)

ZDPA = /PAD, [from(3)]
DP = AD [isoscele striangle, sides are equal]
=BC [opposite sides are equal]
= PC [from (4)]

= %DC [ DP = PC = P is the midpoint of DC]

(iii)

DC = 2AD.

Question 4:
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ABCD is a parallzlogram

(i ZAOB = £COD =105°
[vertical opposite angle]
Now in AAOB, we have
ZOAB + ZAOB + ZABO = 180°
= 35° +105° + ZABO = 180°
= 140° + ZABO = 180°
= ZABO = 1807 — 140° = 40°,
(i) Since AB||DC and BD is a transversal
So, ZABD = ZCDB [altemate angles]
= /CDO = /CDB = Z/ABD = Z/ABD = 40°
£0DC =40°

(iii) As AB | CD and ACis a transversal

So, ZACB= /DAC=40"

[altermate opposite angles]
(iv) <ZCBD= B - ZABO
But, Z£A +ZB+£C+2£D=2360°
[- ABCD is a parrellogram]

= 2/A +2/B =360°
= 2x(40° + 35%) + 24B = 360°
= 150° + 2/B = 360°
=278 =360°-150° =210°

(u]
=>z3=% =105°

andZCBD = /B — ZABO
=105° — 40°? = 65°
£CBD = 65"

Question 5:
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In a parallelogram, the opposite angles are equal.
So, in the parallelogram ABCD,

ZA=LC

and ZB=/D

Since ZA = [:2)( +25
/C=(2x+25)

and B =3 —5}
£D=(3x-5)"

In a parallelogram, the sum of all the four angles is 360°
ZA 4+ /B 4 /C+ /D =360°
= [2x+25)+[:3x—5)+{2x+25)+(3x—5)=360°

= 10x + 40 = 360°
= 10x =360° — 40° = 320°
e o 320 _ 390

10

o £A = (2x +25) = (2x32 + 25) = 89°
/B =(3x-5)=(3x32-5)=91°
AC=(2x | 29)={Zx32 { B5)—8
/D =(3x—5)=(3x32-5)=91°

S ZA=/C=89" and /B =/D=91°

Question 6:
Lets ABCD be a parallelogram.
Suppose, A =x"
Then, ZB,which is adjacent angle of Ais gxo
In a parallelogram, the opposite angles are equal
= éA:éC:x”andéBzz_’ngxo

The sum of all the four angles of a parallelogram is 360°%.

= A+ /B + /C+ /D = 360°
T 4 i
= X+—=—X4+Xx+—=—x=300
5 +5
= 2x+l—§x:360°
Ly 18 SeaP
5
_ _360x5 _, ggo
ZA =x =100°

T O
5 5

ZC=x=100"

.zD=—x_‘—‘x100 80°

/A =/C=100° and £B=.£D=80°. 0 . Q
Question 7: @

U] b
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Lets ABCD be the given parallelogram.

If ZAis smallest angle, then the greater angle

= B =270 - 300

In a parallelogram, the opposite angles are equal

= ZA=2sCand /B = /D =22/ — 30°

The sum of all the four angles of a parallelogram is 360°

= A+ 7B+ /C+ 2D =360°

= ZA + (278 =307 + ZA + (22A — 307) = 360°

= LA +228 30 + A + 228 - 30° = 360°

= 6/A — 60° = 360°

= 6-A =360° + 607 = 420°
= R 42;1“ _ 700

LA =T70" = 2C=70"

B =278 -30") = (2x70° - 30") = 110"
/D =/B=110°

LA =/C=70%and £B= /D =110%

Question 8:
Perimeter of a parrallelogram ABCD
=AB+BC+ CD+DA
=95+BC+9.5+BC
[ ABCD is aparrallelogram and its opposite sides are equal
e AB = CD and BC = DA]

30=19+ 2BC
[Perimeter = 30 cr given ]
= 2BC=30-19=11
= BC=%=5.5cm

AB =95cm, BC=55cm, CD = 9.5cm, DA =5.5cm.

Question 9:
(I} ABCD is arhombus so s all sides are equal.

In AABC, we have
AR =BC

= JCAB =/ACB =x"
s, LCAB 4 ZABC 4+ ZACE = 180°

= % +110° 4+ x = 180"
= 2w =180" - 110° = 70°

R <&
= W = —— = 35 .

2 0 \O
5= 3 andy =3 O N
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(i) Since In a rhombus, all sides are equal

Soin AABD, AB = AD
= ZABD = ZADB
= =0 s (1)
Now in AABC, AB =BC
= ZCAB = ZACB
= ZACB = 40°
~.£B =180 — /CAB — Z/ACB
=180° - 40° - 40° = 100°

= Z/DBC=sB -x°=100- x°
But ZDBC= ZADB=¥" [alternateangle]
= 100-x"=vy?
= 100° — x° = x° [from (1)]
= 2 =100
=% XY = 100 _ 50°

2
So,x =50° and y = 50°
() Since ABCD is a rhombus
D C

g
62°
K
S0, A = £Gie JC =620
Now in ABCD,
BC=DC
= ZCDB = /DBC = y°

As, /BDC + £DBC + £BCD = 180°

= y +y+62° =180°
= 2y =180°-62°=118"
2

As diagonals of a rhombus are perpendicular to each other,
ACOD is a right triangle and £DOC = 90°% £0DC = y = 59°
= /DCO=90° - 20DC
=90°% - 59° = 31°
;. ZDCO =x=31°
x =31%and y = 59°

Question 10:
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ABCD is a rhombus in which diagonal AC =24an
and BD =18 am.

We knowthat in a rhombus,diagonals bisect each
other at right angles.

Soin AAOB

ZA0B = 90°
1 1
AO=ZAC=3x24=12 cm

1 1
and, BD-iBD—ijB—Qcm

D C

g
N

A B

Now, by Pythagoras Theorem , we have
AB? = AO® + OB?

= AB? =127 1+ ¢?
=144 4+ 81 =225
= AB =225 =15 am

So the length of each side of the rhombus is 15 cm

Wondershare
PDFelement
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Question 11:

since diagonals of arhomobus bisect each ather at right anales.
So, AO:CC:%AC:%XIG:BUTI

sInright AROE,

287 = AQ? +0B?
= 108 = £2 4 oB?
= 0B =100-64 =36
= 0B = -J’E’E=6':m.
Length of the other diagonal BD =2 =08
=2x%6=12cm,

Area of MBC:%XAC:-:OB
=%x16><6 = 48 T,
Area of AACD :%xACxOD

=%><16><6=48cm2.

o, Area of rhombusABCD =(Area of AABCH Area of AACD)
= (484 48)cm” =96 cm?,

Question 12:
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D C

A B

We know that diagonals of a rectangle are equal
and bisect each other.
So,in AAOCB
AO=0B
ZOAB = £0BA [base angles are equal]
ie. ZOBA=35° [:Z0AB =35, given]
ZA0B =180" - 357 — 357 =110°
ZDOC = y° = /AOB = 110°
[Vertically opp. angles]
Consider the right triangle, AABC, right angled at B.
So, <ABC=90" [.- ABCD is a rectangle]
Mow, consider the AOBC
So, Z0BC=x" =/ABC - £OBA
=90° —35°
=55
~x=5%andy=110°

and

r

(ii) We know that diagonals of a rectangle
are equal and bisect each other.

D C
Yo
(s
11
A "B

So,in AAOB, OA = OB
=  ZOAB = ZOBA
Again in AAOB,
£AOB + ZOAB + £0BA = 180°
= 110% + ZOAB + ZOBA = 180°

=  2/0AB=A280" - 110" =R

= 208+ 208A="0=3%

Since AB || CD and AC is a transversal, £DCA and ZCAB

are alternate angles,and thus they are equal.

S0, ZDCA =y = ZCAB and ZCAB =35° .....(1)

==ry° = 35°

MNow consider the right triangle, AABC

ZACB = x? =90°% — 2CAB
=90° - 35°
=55

- x=55" and y = 35%

[from (1)]

Question 13:
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D c

o
A X B

Consider the triangle AABD

AB=AD [. ABCD is a sguare]

So, ZADB = ZABD [base angles are equal]

. ZADB + £ABD = 90° [-£A =90%asABCD is a square]
2/ADB = 90

= /ADB = % =450

Now in AOXB,

ZXO0B = /DOC=80" [vertically opposite angle]
and ZABD =457 = /XBD =45°....(1)
So, extenor£ZAX0 = £X0B + ZXBD
x? =80 +45°  [from (1)]
=125"
x? =125°

Question 14:

A parallelogram ABCD in which AL and CM
are perpendiculars to its diagonal BD

A D
M
B : : C
To Prove : (i)AALD = ACMB
(i) AL =CM

Proof : (i)  In AALD and ACMB, we have
ZALD = ZCMB = 90" [Given]

ZADL = ZCBM [AD ||BC,BD is a transversal, so
alternate angles are equal]
AD =BC [Opposite sides of a

parallelogram]
Thus by Angle-Angle-Side criterion of congruence, we have
ol AALD = ACMB [By AAS]
(i) Since AALD = ACMB, the corresponding parts of the
congruent triangles are equal.
AL =CM [CPCT.]

Question 15:
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Given: A parallelogram ABCDin which angle
bisectorsof £A and £B intersectat P,

To Prove: ZAPB=90°
Proof : zPAB:%LA
and éPB.A:%z_’B [Given]

- AD and BC are parallel and AB is a transversal.
So sum of consecutive angles is 180°,

= ZA + /B =180" (1)
1 1
ZPAB +/PBA=Z /A +Z /B
- 373
- %{/_fn ~2B)
1
=E>¢18Cl":I [from (1)]
/PAB +-PBA =90° ... @
Now in APAB,
ZPAB +/PBA + /APB=180"
= 90° + ZAPB =180° [from (2)]
= #APB=180° —90° =90’
ZAPB=90"
Question 16:
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Given: A parallelogram ABCD in which AP = %AD and
cq-1sc
3

A B

To Prove: PAQC s a parallelogram.
Proof : In AABQ and ACDP

AB =CD
[ opposite sides of a parallelogram|
ZB=£D
and DP= AD- PA=§ AD
and, BQ= BC-CQ=BC- %BC
~28c=2ap [.-AD=BC]
3 3 5
BQ = DP
Thus, by Side-Angle-Side criterion of congruence, we have,
So, AABQ =ACDP [By SAS]
The corresponding parts of the congruent triangles are equal.
AQ=CP [By cpct]
and  PA=1AD
3
1 1
and = -BC==AD
= 3 3
PA=CQ [.*AD=BC]
Also, by c.p.c.t, £QAB = £PCD.....(1)
Therefore,
ZQAP=/A — /QAB
= /C - ZPCD [since £A = £C and from (1)]
=£PCQ [alternate interior angles are equal]

Therefore, AQ and CP are two parallel lines.
So,PAQC is a parallelogram.

Question 17:
(5] E C

A E B

Given : A parallelogram ABCD ,in which diagonals intersect
at O.E and F are the points on AB and CD

To Prove: OE =CF
Proof : In AAOE and ACOF, wehave

ZCAE = /DCA [Alternate angles]

AO=CO [diagonals are equal @
and bisect each other] . O

and, ZACE = ZCOF [Vertically opposite angles] 60 \\
Thus by Angle-Side-Angle criterion of congruence, we have, 0

AAOE = ACOF [By ASA] @

The corresponding parts of the congruent triangles are equal. @ Q

OE= OF [By cpct] @
N
Question 18: Q &Q
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A Y B E

Given : ABCD is a parrallelogramin which AB is produced to

E such that BE = AB. DE is joined which auts BC at O.

To Prove :0B=0C

Proof :In AOCD and AOBE, we have,
ZDOC = ZEOB [vertically opposite angles are equal]
Z£0CD =Z0BE [AB || CD,BC is a transversal

thus, alternate angles are equal]
DC=BE [AB = CD and BE=AB]

Thus, by Angle-Angle-Side criterion of congruence, we have
AOCD =AOBE  [by AAS]

The corresponding parts of the congruent triangles are equal.
ocC=08

Hence,ED bisect BC.

Question 19:

Given : A parrallelogram ABCD in which Eis the mid point of
side BC. DE and ABwhen produced meet at F.

ToProve: AF=2AB

Proof :In ADEC and AFEB

/DEC=/FEB [Vertically opposite angles]
DCE=/FBE [altermate angles]
CE=EB [Given]
Thus by Angle-Angle-Side criterion of congruence, we have
ADEC= AFEB [By AAS]
The corresponding parts of the congruent triangles are equal.
it DC=FB [By cpct]
So, AF = AB +BF
=AB +DC
= AB+ AB
= 2AB
- AF =2AB
Question 20:


http://cbs.wondershare.com/go.php?pid=5239&m=db

https://millionstar.godaddysites.com/

Given: & AABCIn which through points A,B andC,lines
QR, QP and RP are drawn parallel to BC, C& and AB.

To prove : BC=% QR
Proof : Since AR ||BC and AB ||RC [Given]
So, ABCR is a parallelogram Therefore

AR=BC = . 0]

Also, AQ| BC and QB || AC
So, AQBC is a parallelogram. Therefore
QA=BC . D)
Adding both side of (i) and (i), we get
AR +-QA=BC+BC

= QR = 28C
_Qr
= BC= >
i
BC= §QR
Question 21:

Given A AABC, in which through points A,6and C,lines
R, QP and RP have been drawn parrallel to BC, AC and AB of
AABC respectively.

To Prove : Perimeter of APQR = 2(Perimeter of AABC)
Proof :
Since AR ||BC and AB ||RC [Given]
So, ABCR is a parallelogram Therefore

AR = BC |
Also, AQ || BC and QB || AC
So, AQBC is a parallelogram Therefore

QA=BC  seeene (i)
Adding both side of (i) and (ii), we get

AR +QA =BC +BC

= QR = 2BC
_QR
= BC_T
1
BC—EQR

Similary, we can prove AB =?12 RP and AC = %PQ

So,Perimeter of APQR =PQ + QR +RP
=2AC +2BC + 2AB
= 2(AC +BC + AB)
= 2(Perimeter of AABC)

Exercise 9C

Question 1:
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Given : ABCD is trapezium in which AB ||DC and through
the mid - point E of AD a line drawn parallel to AB which cuts

BCatF.
‘D c
E F
A B

To prove: F isthe mid —point of BC
Proof :Since AB ||DC and EF || AB
So, AB | EF ||DC

Intercept Theorem: If there are three parallel lines and
the intercepts made by them on one transversal are equal
then the intercept on any other transversal are also equal.

Now AD isa transversal and therefore,

Let us apply Intercepts Theorem.

Thus, theintercepts made by AB,EF and DC
on transversal BC are also equal

5 CF=FB

~. Fis mid —Point of BC

Question 2:

Given : A parallelogram ABCD in which E and F are the mid
points of AB and CD. A line segment GH cuts EF at P.

Toprove: GP =PH
Proof :AD, EFand BC are three line segments and DC and AB
are two transversal.
The intercepts made by the line on transversal AB and CD are
equal because,
AE =EB
and DF=FC
We need to prove that FE is parallel to AD.
Let us prove by the method of contradiction.
Let us assume that FE is not parallel to AD.
MNow, draw FR parallel to AD.
Intercept Theorem: If there are three parallel lines and
the intercepts made by them on one transversal are equal
then the intercept on any other transversal are also equal.

Thus,by Intercept Theorem, AR =RB because 0 . O
DF =FC 6 \\

But AE =EB [Given] 0

There cannot be two mid points R and E of AB. @

Hence our assumption is wrong. 6

So, AD || EF |BC K Q

MNow, again by Intercept Theorem, we have \@ %_
GP =PH %

because GHis transversal and intecept made by AD,EF Q &Q

and BC on GH are equal as DF = FC.

Question 3: Q\ \/
'
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Given : ABCD is trapedum in which AB |DC

P and Q are the mid —points of AD and BC. DQ s joined and
produced and AB is also produced and so that they meet atE
AC cuts PQ at R.

To prove :
()DQ =QE
(i)PR || AB
(iii)AR = RC
Proaf :
(i)Consider the triangles AQCD and AQBE
£DQC = ZBQE [vertically opposite angles]
CQ = BQ [ Qis the midpoint of BC]
Z0DC=ZQEB [AE ||DC, BCis a transversal,
and thus alternate angles are equal]
Thus, by Angle-Side-Angle criterion of congruence, we have
AQCD = AQEB  [by ASA]
The corresponding parts of the congruent triangles are equal.
Thus, DQ=QE [by c.p.c.t]
(i) Midpoint Theorem: The line segment joining the midpoints
of any two sides of a triangle is parallel to the third side and
equal to half of it.
Thus by the midpoint Theorem, PQ || AE.
AB is a part of AE and hence, we have PQ || AB
Since the intercepts made by the lines AB, PQ and DC

on AD
Since PQ || AB | DC
So,PR which is part of PQ is also parallel to AB

; PR ||AB | DC

(ili)Intercept Theorem: If there are three parallel lines and
the intercepts made by them on one transversal are equal
then the intercept on any other transversal are also equal.
The three lines PR, AB and DC are cut by AC and AD.

So, by intercept Theorem, AR=RC

Question 4:
Given: AAABRC In which AD s its median and DE| | AB

To Prove : BE is a median of AABC.
Proof :In AABC,

DE || AB [Giwven] @
D is the mid — point of BC . O
The line drawn through the midpoint of one side of a triangle, té \\

parallel to another side, intersects the third side atits

midpoint. @

So, by Mid point Theorem ,Eis the mid —point of AC. 6
- BE is the median of AABC drawn through B \ Q

Question 5: Q &Q
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Given :AAABC in which AD and BE are the medians. DF
is drawn parallel to BE.

To prove : CF==-AC

Pr oof :In ACBE,

D is the mid point of BC and DF is paralldl to BE.

The line drawn through the midpoint of one side of a triangle,
parallel to another side, intersects the third side atits
midpoint.

So,by Mid point Theorem F is the mid point of EC.
1

GeOF=<=EC
2
= %[%AC] [BE is the median through B]
1
=ZAC.
Thus, CF = 1ac
4
Question 6:
Given: ABCD is a pardleogram in whichE is the mid point
of DC.
B E e
A
G

Through O, a line isdrwan parallel to EB meeting AB atF andBC
produced at G

ToProve (i) AD = %GC

(i) DG = 2EB
Proof: (i) InACDG,
EB||DG and E is the mid — point of CD.
The line drawn through the midpcint of one side of a triangle,
parallel to another side, intersects the third side at its

midpaoint. @

S, by Mid — point Theorem , B is the mid — paint of CG 0 . O
% CB =BG 6 \\
As, ABCD is a parallelogram, @ O

So, AD=BC

= BG=CB 1 &%
=  AD=BG=1CG \(b %.Q

(iMdpoint Thecrem: The line segment joining the midpoints %
of any two sides of a triangle is parallel to the third side and Q Q
equal to half of it. . &

Since E is the mid point of DC and B is the mid pointOf CG \\\
*

. By Mid point Theorem,in ACDG \ @
q; V
EB = 5DG @
= DG=2EB . Q
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Question 7:

Given : A AABC in whichD,E and F are the mid points of BC,
ACand AB respectively.
DE,EFand FD are joined to getfour triangles.

A

B D C

To Prove : Four triangle AFE, BFD,FDE and EDC areCongruent.
Proof : Since F,E are mid point of AB and AC

So, EF= % BC [By Mid point Theorem]
Similarly FD:% AC
and ED =% AB
Now,in AAFE and ABFD, we have
AF=FB
FE=LBc=gD
2
1
FD = 5 AC= AE
Thus by Side-Side-Side criterion of congruence, we have
X AAFE= ABFD [By 555]
Again,in ABFD and AFED, we have
FE| BC
ie. FE ||BD and AB | ED
Le. FB | ED,by Mid point Theorem.

So, BDEF is a parallelogram.
FD being a diagonal divides the parallelogram
into two congruent triangles
ABFD = AFDE
Similarly we can prove FECD is a parallelogram.
Sao, AFED = AEDC
Thus, all the four triangles
ABFD, AFDE, AFED and AEDC
are congruent to each other.

Question 8:
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Given : A triangle ABC in which D,E and F are the mid points

of BC,AC and AB respectively.
A :

Toprove: ZEDF=/ZA
ZDEF = /B
and DFE =£C
Proof :
Midpoint Theorem: The line segment joining the midpoints
of any two sides of a triangle is parallel to the third side and
equal to half of it.
In AAFE and ADFE

AF = %AB= ED [By Mid point Theorem]
AE = %AC= FD [By Mid point Theorem]
FE=EE [Common]

Thus by Side-Side-Side criterion of congruence, we have

AAFE = ADFE [By S55]

The corresponding parts of the congruent triangles are equal.
/A = /FDE [CP.CT.]

Similarly we can prove that
£B = /DEF

and ZC=/DFE

Question 9:
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Given: ABCDis arectangle and P, Q, R and S are the mid
points of AB, BC, CD and DA respectively.

Dpe ¢

To prove : PQRS is a rhombus

Construction : Join AC and BD

Proof : In AABC,

P and Q are the mid —points of AB and BC.

Midpoint Theorem: The line segment joining the midpoints
of any two sides of a triangle is parallel to the third side and
equal to half of it

So by Mid — point Theorem,

PQ | AC and PQ= %AC
Similary, from AADC,

RS || AC and RS = %AC

~PQ||RS and PQ = RS = %AC.....{U

MNow, in ABAD,

P and S are the mid —points of AB and AD.
So by Mid —point Theorem, we have

PS | BD and PS = éDB

Similarly, from ABCD,

RQ || BD and RQ=%DB

—PS||RQ and PS:RQ:%DB\ ...... @

The diagonals of a rectangle are equal
-~ AC=BD )
From (1), (2) and (3) we have

PQ RS and PS ||RQ and

: PQ=QR =RS =5P

. PQRSisarhombus.

Question 10:
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Given : ABCD is a rhombus in which P,Q,R and S are the
mid —points of AB, BC, CD and DA respectively.

A P B
To Prove :PQRS is a rectangle.
Construction : Join AC and BD.
Proof :
Midpoint Theorem: The line segment joining the midpoints
of any two sides of a triangle is parallel to the third side and
equal to half of it.
In AABC
P and Q are the mid points of AB and BC.
So by Mid point Theorem,
PQ | ACand PQ= %AC
Similarly, from AADC,

RS | AC and RS = %AC

=PQ| RS and PQ=R5=%AC..“,.(1}

Now, in ABAD,
P and S are the mid —points of AB and AD.

So by Mid —point Theorem, we have
PS ||BD and PS = %DB
Similarly, from ABCD,
RQ | BD and RQ=%DB

= PS|RQ and PS =RQ = %DB. ...... 2

From (1) and (2), we have

PQRS is a parallelogram as its opposite sides are parallel.
We know ,that in a rhombus, diagonals intersects

at right angles.

-~ ZEOF =90°
Now, RQ || DB
= RE||FO
Also, SR || AC
= FR || OE

OERF isa parallelogram
In a parallelogram, opposite angles are equal.
So, ZFRE = /EOF =90°
Thus, PQRS is a parallelogram with 2R = 90°
Hence,PQRS is a rectangle.

Question 11:
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Given : ABCD is a square in which E,F,G and H arethe mid
points of AB, BC,CD and AD, respectively.
The mid points are joined together,

D G c

To prove :EFGH is a square.

Construction :Join AC and BD

Proof :

Midpoint Theorem: The line segment joining the midpoints
of any two sides of a triangle is parallel to the third side and
equal to half of it.

In AABC

E and F are the mid — points and by the

Mid points Theorem , we have

EF || AC and EF=%AC
Similady, in AADC,

H and G are the midpoints and by the
Mid points Thearem , we have

HG || AC and HG = %AC
Thus, we have,
EF |HG and EF= HG=%AC..‘...(1}

In ABAD,
H and E are the midpoints and by the
Mid points Theorem , we have,

HE || BD and HE = %BD

In ABCD,
G and F are the midpoints and by the
Mid points Theorem , we have,

GF | BD and GF=% BD

Thus, we have,
HE || GF and HE = GF = %E\D ..... @

The diagonals of a square are equal.
=AC=BD . (3)

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

GF | BD and HE || GF.
Also, we have EF=GF=GH=HE @

So, EFGH is a rhombus 0 ’\0
e

Mow, as diagonals of a square are equal
and intersect at right angles. @

So, £DOC=90° 6
In a parallelogram the sum of adjacent angles is 180°. K Q

So, </DOC-+/GKO=180° 6\{0 %_

= ZGKO=180° -90° =90°

But /GKO = ZEFG [Corresponding angles] OQ &Q
= a0” ;
:EGFﬁ IS a square ‘\\\ ®®

Question 12:
. \Q
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Given: A quadrlateral ABCD inwhich H,L, G and K arethe
midpolnts of ABBC ,CD and AD,
Points G and H are joined and k andL are joined

To prove : GH and KL bisect each other.
Constructon : Join KH, BD and GL.
Proof: Since K and H are themid points of AD and AB.
Soin ASBD, by mid paint theorem,
1

= KH= 5 BD
- € Similarly,in ACBD,
1

GL= 280D
L 2

L= KH=GL
Mow in AKOH and AGOL, we have
kKH=GL

LOKH=/GL0 [Alternate anal es]
ZOHK = £0GL [Alternate angl es)
L AKOH = AGOL [5AS]
= OK=0Land 0G=0H [CPCT]
. GH and KL bisect each other.


http://cbs.wondershare.com/go.php?pid=5239&m=db



