Quadrilateralsand Parallelograms

Exercise SA

Questlon 1:

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

Then, 567 +115° - 84°- x= 360°
= 2557+ x=360°
=% x=360"-255"=105°

- Thefourth angleis105°.

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, 2% +4x +5x — 7x = 360°
= 18x = 360°
360
= = =20°
X=18

- theanglesof thequadrilateralare:
2x =2x20=40"
4x =4 20=80°
o =5x20 =100°
Tx=7=20=140°
~.therequired anglesare4(®, 80°, 1007 and 140°,
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Question 3:
Since AB || DC

=

Since AB || DC, 2A and 2D are consecutive intenor angles.
Consecutive interior angles sum upto 1807,

S0, A +ZD =180

= 55° + 2D = 18B0°

= LB =480—-55°=125"

Also,we know that, sum of the angles of a quadriateral is 360°
= LA LB - 2C - LD = 360°

557+ 0%+ AC +125° = 360°
2507 + £C =360°
LC=360°—250"=110°
SLC=110FandeD =125°

b

Question 4;
Givent aFDCIsanequiiatateral triangle sndABCDISasquare
E
) <
A B

To Prove: AE =BE

and £DAE= 157

(i) Proof: Since AEDC is an equilateral triangle,
ZEDC = 60° and 4ECD = 60°

Since ABCD is a square,

#CDA =90% and 2DCB = 00°

In AEDA
ZEDA =ZEDC+ 2CDA
=60 +9p°
=150° ... (1)
in AECB

ZECB = ZECD+ £DCB
=602 +0n%=15p8

= ZEDA =-ECB =R )
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
AEDA = AECB [By SAS]
The corresponding parts of the congruent triangles are equal.

AE = BE [C.P.CT]
(ii)Now in A EDA , we have
ED =DA
= ~<DEA =:sDAE [base anglesare equal]
But ZEDA = 1507 [from (1)]

So, by angle sum property in AEDA
ZEDA +2DAE +2DEA=180°

= 150" + ZDAE +DAE =180°

= 2./DAE =180 -150"

= 2 -DAE= 30°

= /DAE = 3_2”=15°
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Question 5:
Siver: BM L AC andDN L AC andBM = DN

To Prove; AC bisects BD.

We have,

ZDON = ZMOB [Vertically opposite angles |
ZDNO = £BMO = 9(°

BM =DN [Given |
~ADNO =ABMO  [ByAAS]
-0D = 0B [crPeT]

So, AC bisects BD.

Question 6;

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

(IBE=DE

(iil) 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 i |

The corresponding parts of the congruent
triangles are equal.

So, ZBAC =ZDAC  [C.PL.T]
= ZBAE =-DAE

It means that AC bisects £BAD, that is ZA
Also, ZBCA=2DCA [C.P.CT]
= ZBCE=2DCE

It means that AC bisects #BCD, thatis ~C

(i) InAABEand AADE, wehave

AB=AD [given]
ZBAE = ~DAE [From (i)]
AE=AE [Comman]
Thus by Side-Angle-Side criterion of congruence, we have
g AABE = /ADE [ BySAS]
So, BE =DE [By c.p.c.t]

{iii) Since from equation (1)in subpart (i), we have
AABC = AADC,
Thus, by cp.at, LABC = £ADC

Question 7:
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Given Asquare ABCOinwhich 2POR = 20 andPB = QC = DR

ToProve (i) B =PRC
(1) PG~ QR
(i ZOFR = 450
D
M
Proof :
(i) Consider the line segement GB:
QB =BC-QC

=CD-DR [-ABCDIsa square, so BC =DC,QC = DR{given)]
QBE=RC ... (1)

(it)In APBQ and AQCR, we have

PB =QC [Given]
SPBQ = ZQCR = 90F [ ABCDisasquare]
ard QB =RC [From (1)]
Thus by Side-Angle-Side criterion of congruence, we have
APBQ = AQCR [By SAS]
= PQ=0R [Bycpct]

{iii) Given that, PQ=QR
So,nAPQR
ZQPR = ZQRP [isosceles triangle, so base-
angles are equal]
By the apgle sum property, in APQR
ZOPR = ZQRP +90° = 180%
= JQPR+ JQPR = 1807 — 90° =9{F

QPR = ? =457,

Question 8:
Giver: Ois a point within a guadrilateral

ToProve ! GA + 0B -0DC+0D » AC+BD

Constructon :JonAC and 8D

Proof :Tn AACO,

0OA +0C> AC 0]

['vin a tangle, sum of any twao sides is greater than the thirdside]
Similady,In ABOD,

OB +~0D = BD .Qii)
Addingboth sidesaf ()and(il), weaet;
OA+QC+0B+0D>AC+BD (Proved)
CQuestlon 9:
Given: ABCD Is aquadrilateral and AC Ts one of its
disgonals.
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A B

TaProve:

()AB +BC+CD +DA>2AC
(iI)AB+BC-CD>DA

(iii) AB +BC+ CD + DA = AC + BD
Construction : JoinBD.

Proof : {)in AABC,

AB = BC> AC L)
and,in AACD
AD+CDs AC (2
Addingbaoth sidesof (1)and(2), weget:
AB=BC=CD+ DA >2AC (3
() In AABC,
AB+BC> AC
Onadding CD to bothsides of this inequality, we have,
AB £ BC 4+ €D > AC+CD e
Now,in AACD, wehave,
AC-CD =DA (3)
From{4)and(5) we get
AB +BC +CD = DA .. (6)

{iil) In AABD and ABDC, we have

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

Adding (8) and (3), we have,

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

ieAB-BC-CD DA =BD-AC
[Dividingboth s desby 2]

CQuestion 10:

Given: ABCD is a quadrilateral.

©
]

A

ToProve | A8+ 4B + 20+ 210 =360°
Construchon ! JomAc

Proof i In ARBC

ZCAB+ ZB 4 £BCA = 180° wifh
InAACD,

LDAC + LACD 4- 20 = 1300 i)

Addingboth sidesof{ijandliilwe get

ZCAB 4 ZB - ZBCA 4 DAL 4 28GD 4 2D = 180° + 180°
=  JCAB+ZDACH 4B + LBCA + LACD + LD = 360°
= LALLB LS D =360
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— Exercise 9B

A
A
In a parallelogram; opposite angles are equal.

o LA = =70
The sum of all the four angles of a parallelogram is 360°

So, LA 4284 A4 2D =360°
= 728+ 2B+ 727 + 2D = 360° [-2Aa=40)
= 2/B - 1447 = 3607 - B= /D]
= 2/B =360 1447 = 216°
- B= ? = 108"
ZB.=108, /C= 72Zand sD = 108
Ouestion 2:
D C

ABCD is a parallelogram,
so opposite angles are egual

[
A

ZE=fLA=H0"
AsAD | BC and BD is a transversal
5o, LADB = SDBC=060°
[Alternate angles]
In AABD
2B+ ZADB - ZABD =130°
= 80° -+ 60F - LABD = 180F
= 140° = JABD = 180°
= ZABD = 1B0° —140°F = 4(F
ZABC = 2ABD ~ LDBC
=40° 4 60° = 100°
in a parallelogram, opposite angles are egual.
So, ZADC = ZABC = £100°
ZCDB = ZADC — JADB
=100° - 60° = 40°
and <ADB = 60°,
Questlon 3:
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ABTD |2 aparallengram in which Da=a0F and
biszctors of & and B mestsDC atP.

{i} In a parallelogram, opposite angles are equal.

So, LC=vA=860°

In a paralielogram the sum of all the four angles is 360,
=LA 4+ LB +LC4+ LD =360°

Now, 2B + 2D =360° - (£A + 2C)
=360" —(60° = 60°) = 240°
228 = 240° [ 2B = 41]
So, 8= =2 126
Since AB || DPand APisatransversal
Sq, ZAPD = ZPAB = Eg =30° ...(1)

[ alternateangles]
Also, AB || PCand BP is-a transversal

5o, ZABP = ACPB
But, ﬂﬂ?:?:&;f:ﬁgv
ZCPB = 60° 2)

Now, LAPD — LAPB = ZCPB = 180°
[As DPC 5 a straightline]
30F + ZAPB + 6070 = 1807

= ZAPB = 180° - 30° - 60° = 90°
(i) Since ZAPD = 307 [from (1}]
and ZDAP = ‘f!_;l_ =30°
Sa, ZAPD = ZDAP
Mow in AAPD,

ZAPD = ZDAP......(3)
DPF =AD [isosceles trangle,
sides are equal ]
As ZCPB =60° [from (2]]
and L=608
50,:PBC = 180° —60° — 60° = 607
Sinceall anglesin the APCBare equal,
it is anequilateraltriangle
PB=PC=BC....(4)

fiii) ZDPA=cPAD, [from(3)]
. DP=AD [isoscele striangle, sdes are equal]
=BC [opposite sides are equal]
= PC- [from (4)]

= %DC [ Df'= BC = P'is the midpaint of DC]

DC=2AD.

Queston &
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ABCD 15 a paralleloaram

()  ZADB=4COD =105°
|vertical opposite angle]
Now jn AAOB, we have
£OAB + ZADB + ZABD = 180°
= 357 £105° ~£ABO =180°
= 140" ~ ZABO =180
= ZABO=180"-140° =407,
(i) Since AB | DCand BD is & transversal
So, ZABD=/CDB [alternate angles]
= /CD0 = /CDB = ZABD = ZABO = 4¢°
Z0DC =40°
() As AB || CD and ACis a transversal
So, ZACE =/ DAC=40"
[altemate opposite angles]
(iv) <£CBD =B - <LABO
Bul, ZA+s/B+ - C4+2B=360°

[+ ABCD is a parrellogram]

= 2/ 2.8 = 360"

=2 = (40° + 359 + 228 = 3607
= 150° + 278 = 360°

= 2.8 =360°—150° =210°

o
—_->._-_'B=3_w_ =105

2
andZCBD = £B — ZABO
=105"— 40" = 55°
~CBD =85°
Question 5:
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In a parallelogram, the opposite angles are equal.
So, in the parallelogram ABCD,

IR =1C

and ZB=D

Since ZA = (2% +25]
ZC= (2%~ 25"

and ZB={3x% —5:}D

£D=(3x—5)"
In a parallelogram, the sum of all the four angles is 360"
5 LB+ /B + £C+ /D =360°
= (2 +25)+ (3% —5) + (2x + 25) + (3x—5) = 360°

= 10x +40=360°
= 10x =360" — 40° = 3207
= X = g =32"

10

coAA={2x+25)=(2x32+ 25)=89°
B ={3x—5)=(3x32-5)=91°
£C=(2%x+25=(2%32+25)=89°
2B={3x—5)={3x32-5=061"

o ZA=2C=89" and 4B =/D=91°

Question &
Lets ABCD be a parallelogram.
Suppose, A =x"

Then, £B,which is adjacent angle of Ais g)(”.
In a parallelogram, the opposite angles are equal
= L‘A:LC:xoandLB:LD:gxa

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

= ZA 2 B C D= 360°
= x-—ilx—x—_ii)c:?:ﬁﬂo
5 5
8 o
= 20+ —x =360
5
= §x=360°
= x=9023 _ 1600
18
2B =x=100"
B=2x—3, 100= 80
5 5
£C=x=100"
D=2x=2 100=80°
5 5

s ZA=/C=100" and «B = 2D = 80",

Question 7:
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Lets ABCD be the given parallelogram

If ZAis smallest angle, thenthe greater angle

= £B=2.8—30°

In a parallelogram, the opposite angles are equal

= A= /Cand #B= /D =2<A—30"

The sum of all the four angles of a parallelogram is 3607
= LA+ LB+ 4C+ /D =360°

= ZA +(2-A—30%) = £A + (27K —30%) = 3607

= ZA 278 —=30° £ 2A £ 228 — 307 = 360°

= 6.A — 60% = 360°

= 6-A =360% = 60" = 420"
0

== W 4260 = 70')

FEA=T70%= 2C=70°
ZB=(22A—-30%) = (2x70° —30%)=110°
/D =sB=110°

LA =2C=70% and 2B = /D =110%

Quastion B:
Perir zter of a parrallelogram ABCD
- 2B+ BC+ CD+ 24
=3A54+BC+ 9. 5+BC
[ ABCD is aparrale mgram and its coposite sides arz equal
e AR = CD and BC = Z4]

Z0=19+ 2BC
[Feritneter = 30 orligiven)]
= =BC=30-19= 11
= BG = % =55

AB = 9.5crm, BiS= 5.5cm, CD = A5¢cm, DA = 5.52m.

Cuestion &

{1y ABCD 15 arhombusg so s all sides are equal.

L
¥

A
In ALBC, we have

AR =8C
= JCAB =ZACB =3x9
s, SOAR 4 ZBRC 4 £ACE = 180°
= K4 1107 ox = 180"
= 2x=180" _1107=70°
" - ?_)o_ﬂ =350

=357 andy =357
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(1) Stnce in & rhombus, all sides ars equal

i c
A B
Soin AABD, AB = AD
= LABD = ZADB
= x=y RSO 1 ¢ |
Now in AABC, AB=8C
=" ZCAB=ZACE
= ZACB = 40¢

S£B =180 - JCAB— SACH
=180° —40° — 40° =100°

= YDBC=4B - %% =100—x"°

But /DBC= (ADB=y" [dtemateangle]
= 100 - %% =y"°

= 1007 — % =x" [Ffrom (1)]

= 2 =100

= = % =350°

So.x =507 and vy =50°

(1) Since ABCD 1= a rhombls

So,2A = £CilesC=62"

Now in ABCD,
BC=DC
= ZCDB=/DBC=y"
As, 2BDC = 2DBC + #BCD = 180°
= y=y+62°=180°
= 2y =180%—62" =118"

As diagonals of & rhembus are perpendicular to each cther,
ACOD is a nght trangle:and Z2DOC= 90" Z0DC =y =59"
= /DCO=90"— 20DC
=90°_59%=31°
~£DC0 =x=31"
s~ %x=31%nd 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 rhembus,diagonals bisect sach
other at nght anagles

Soin AROB
£LADB =900
1 1
A== =_w2d=
o] EAC 3 2 12am
1 1
d = ==»18=9
and, BO 250 p 18 cm
A B

Now, by Pythagoras Theorem , we have

=

AB® =AD"+ 0B?

AB? =127 =%
=144 +81 =235

AB =225 =15 am

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

Question 11:

Since dragonals of arhomobus bisect 2ach other st right anagles

So, AO=0C=1

sdnright 4806,

1
AGIEXIDZBUT‘-

ABT = AOF + 087
=% 1% =& 4 0B?
= OB® = 100— 64 =36
=  OB=.36=6cm
i Length of the other diagonal BD =2 < 0B

=2%6=12cm,

48

Areaof ARBL === ACx OB

[

=1 1ex6=48cnt,

—

Area of &ACD:§><AC:<GD

1

=§x16x5=48cm2

oo Area of rhombus ABCD = (Area of ARBCH Area of AALD)

Question 12:

= (484 48jem® =96 cm®.
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A B

We know that diagonals of a rectangle are-equal
and bisect each other.
So,in AADB
AD =08
= Z0AB = 0BA [base angles are equal]
te,  ZOBA=35" [-208B=3%, given]
ZA0B =180° - 35% - 35° = 1307
and, ZDOC=y" =-A0B=110"
[Vertically opp. anales]
Consider the nght tmangle, AABC, nght angled at B.
So, ZABC=90" [- ABCDis a rectangle]
Now, consider the AOBC
So, ~Z0BC=x"=<ABC- - 0BA
=ag” —35°
=550
~x=553nd y= 110"

(i) We know that diagonals of a rectangle
are equal and bisect each other,

So,in AAOB, OA = OB
= LOAB = ZOBA
Againin AAOE,
ZADB ~ JOAB ~ 20BA = 180"
= 110" + ZOAB + ZOBA = 180"
= 2:/0AB=180" —110° =70°
= Z0aB~copA =20 =3%
Since AB || CD and AC 1= a transversal, <DCA and ZCAB
are alternate angles,and thus they are equal.
S0, ZDCA = y® = JCAB and SCAB =357 .....{1)
= !,I'D =35°

Now consider the right trangle, AABC
ZACB=x9 =00% - ZCAB

=90° 35"  [from (1)]

=551
- x=55" and y = 35°%

Question 13:
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Consider the triangle AABD

AB=AD [ ABCD is 2 square]

Sg, 2ADB = SABD [base angles are equal]

~ ZADB + ZABD = 90° [.-ZA = 90°as ABCD is a square]
2/AD8 = 90"

- ZADB = % =45%

Now in ACXB,

ZXOB =2DOC= 80" [vertically opposite angle]
and <ABD =45" = 2XBD =45".....(1)
So, extenpriAXO = £X0B - 2XBD
x0 =80% ~457  {from (1)]
=125
W =129

Question 14:

A parallelogram ABCD in which AlLand CM
are perpendiculars toits diagonal BD
A D

B (&
To Prove ; (JAALD = ACMB
(i) AL=CM
Proof :{i)  In AALD and ACMB, we have
ZALD =2CMB=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
: 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 parallelogramABCOin which anals
bisectorsof £4 and £B intersactar k.

To Prove: <APB=907

Proof : .‘.FA'D:%:.A

and ;PBA=%;B [Given]

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

= A+sp=180° ... (1)
: , T
ZPAB = £PBA=— /A +=
PAB +LPBA== 5<B
=3(ea4c8)
.=}2- <180° [from (1)]
ZPABL2PBA =90 ... (2)
Now in APAB,
ZPAB +2PBA + ZAPB=180"
= 90 L APH =180° [from {2)]
= ZAPB=180" —90° =90
ZAPB=90"
Questlon 14;
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Given: A paralldlogram ABCD in which AP = %AB and

1

==BC
R 3

r
A il

To Prove: PAQC s a parallelogram.
Proof ; In AABQ and ACDP
AB =CD
[ cpposite sides of a parallelagram)
LB=4D
2

and DP= AD-PA=§AD
and, BQ= BC-—CQ=BC—%BC
3. 3 .
_— =—AD A = !
28C=2AD  [:AD =BC]
8Q = DP

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

Sg, AABQ =ACDP By SAS]

The corresponding parts of the congruent triangles are equal.
AQ=CP [By cpet]

. 1
pA=2
and  PA=AD

1 1
and Q= §ac=3.nm
PA=CQ [.-AD=BC]

Also, by cpinty, LQAB = ZPCD.....[1)
Therefore,
ZOAP=LA — ZOAB

= /C—ZPCD [snce ZA = sCand from (1)]

=/PCQ [altermate interior angles are equal]

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

Question 17:
o i £

A E B

Given A parallelagram ABCD ,in which diagonals intersect
at O.E and F are the paints on AB and CD

To Prove QE=0F
Proof : In AAOGE and ACOF, wehave
LCAE = /DCA [Altemate angles]
AQ=C0 [diagonals are equal
and bisect each other]
and, ZAOE = LCOF [verncally opposita angles]
Thus by Angle-Side-Angle criterion of congruence, we have,
AAOE = ACOF [By ASA]
The corresponding parts of the congruent trisngles are equal.
OE= OF [By oct]
Question 18;
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A B E

Given : ABCD s a parrallelogramin which AB is produced to

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

To Prove :0B=0C

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

thus, alternate angles are equal]
DC=8E [AB = CD and BE=AB]

Thus, by Angle-Angle-Side cnterion of congruepce, we have
AQCD =AOBE  [hy AAS]

The corresponding parts of the congruent tiiangles are equal.
oCc=08

Hence, ED bisect BC

Question 19;
5 C

A B ¥

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

Tao Prove: AF=2AB

Proof :In ADEC and AFEB

ZDEC=.FEB [Vertically opposite angles]
BCE=/FBE [alternate angles]
CE=EB [Given]

Thus by Angle-Angle-Side cntenon of congnience, we have
ADEC=AFER [By AAS]
The corresponding parts of the congruent triangles are equal.
. DC=FB [By cper]
So, AF = AB +BF
=AB+DC
=AB -+ AB
= 2AB
~AF =248

Question 20:
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Givery | & AABT in which through poirits A8 andC lines
QR QOF and RF are drawn parallel to BG, CA and AB,

Q A i
B C
P
i

To prove : BC= 5 GR
Proof : Since AR | BC and AB||RC [Given]
S0, ABCR Is & parallelogram Therefore

AR =BC skirersll)

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

= QR = 28C
QR
= C=2_
B 2
-1
BC= 2_QR
Question 21:

Giver 1 & a8BC in whidh through points & Band C lines
OR, QF and RP have been drawn parrallel to BC, AC and AB of
AABC respectively,

Q A R

P

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 OB | AC
So, AQBC is 2 parallelogram Therefore

OA =BC cre (i)
Adding both side of (i) and (i}, we get

AR - QA =BC~BC

= QR = ZBC
_ QR
= BC==
_d
BC==QR

Similarly, we can prove AB =—; RP and AC = %PQ
Sg,Perimeter of APQR =PQ + QR +RP

=2AC +2BC -2AB

= 2[AC ~BC < AB)

= APerimeter of AABC)
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Question 1= Exercise 9C

Given :ABCD js trapezium in whidch AB ||DC and through
the mid - point E of AD aline drawn parallel to AB which cuts
BC at F.

D C

A B

To prove: Fisthe mid —point of BC
Broof :Since AB ||DC and EF || AB
Sg, 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 ADsa transversal and therefore,

Lat us apply Intercepts Theoram.

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

o CF =F8

o 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,

o) I C

Toprove: GP =PH
Proof :AD, EF and BC are three line segments and DC and AB
are twao transversal
The intercepts made by theline 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,
Now, 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 ather transversal are alse equal.

Thus, by Intercept Theorem, AR =RB because
DF=FC

But AE=EB [Given]

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

Hence our assumption is wrong.

So,AD || EF | BC
Mow, again by Intercept Theorem, we have
GP=PH

because GH is transversal and intecept made by ADEF
and BC on GH are equal as DF = FC.

Questlon 3:
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Given (ABCD is trapedaum in which AB [|DC

P and Q are the mid —peints of AD and BC DQis joined and
produced and AB is also produced and so that they meet at £
AC cuts PQQ at R,

Ta'prove:
(ijpQ=0QE
(i)PR || AB
(iiJAR =RC
Proof ;
(i) Consider the trangles AQCD and AQBE
£ZDQC = £BQE [vertically opposite angles)
g = BQ [~ Qis the midpoint of BC]
LQDC =7CEB [AE ||DC, BCis a transversal,
and thus alternate angles are equal]
Thus, by Angle-Side-Angle critenon of congruence, we have
AQCD = AQEB  [by ASA]
The corresponding parts of the congruent tnangles are equal.
Thus, DQ=QE by cp.ct]
(i) Midpaint Theorem: The line segment joining the midpoints
af any two sides of a triangle is parallel to the third side and
equal to half of it
Thus by the midpaint Theorem, PQ || AE.
AB isa 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 s part of PQ is also parallel to AB
: PR |AB | DC

(iii}Intercept Theorem: If there are three paralle! lines and
the intercepts made by them on one transversal are egual
then the intercept on any other transversal are also equal,
The three lines PR, AB and DC are aut by AC and AD.

Sp, by intercept Thearem, AR=RC

Question 4;
Ghven: AARBC In which AD |5 Its median and DE| | AB
A
i
B D c

To Prove : BE is a median of AABC
Proof [In AABC,
DE| AB [Given]
Dis the mid —point of BC
The line drawn throuah the midpoint of one side of a triangle,
parallel to another side, intersects the third side atits
midpeint,
5o, by Mid point Theorem Eis the mid —point of AC
-, BE is the median of AABC drawn through B

Questlon 5:
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Given (4 ASBC in which AD and BE are the medians OF
iz drawn parallel to BE;

B D C

1
To prove ; CF= ZAC
Proof  InACBE,

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

The line drawn through the midpoirt of one side of & tnangls,
parallel by another side, Intersects the third side at jts
rhidpoint,

Soby Mid point Theorem Fis the mid point of EC
1

q BE=_EQ
2.

= %[%AC] [BE is the median through B]

i
=—A
i 4

Thus, CF = .11;1«:

Question &

Giver: BBCD s aparaleogram in whichE is the mid point
of DT

o E C

G

Thrauah 0 & line isdrwan parallel to BB mesting A8 atF andBC
produced a1 G
ToProve. i) AD = %GC
(i) DG=2EB

Froof (i InACDG,
EB ||DG and E 1= the mid— point of OO,
The line drawn through the midpoint of one side of a Hangle,
paraliel to ancther side, intersects the third side atits
mildpoint
S, by Mid = point Thearem |, B is the mid —point of CG

CB =BG
As ABCD i1z a parallelogram,
Sy  AD=BC
3 BG=0CB

L AD:BG:-%CG

(il Midpoint Theorem: The line segment Joiming the midpaints
of any two sides of a triangle = parallel to the third side and
equal tohalf of it

Since E s the mid point of DC and B 15 the mid pointof G5
o+ By Mid point Theorem, inACDG

e
EB = EDG

= DG =2EB
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Question 7:
Given A AABCin whichD,E and F are the mid points of BC

ACand AD respectively.
DE,EFand FD are joined to getfour iangles.

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= % 8C [By Mid point Theorem]
Similarly FD =3 AC
and ED =% AB
Now,in AAFE and ABFD, we have

AF=FB

1

FE= EBC =BD

FD = % AC= AE
Thus by Side-Side-Side criterion of congruence, we have
3 AAFEZ ABFD [By 555]
Again,in ABFD and AFED, we have

FE| BC

ie FE [BD andAB | ED
Le FB || ED, by Mid point Theorem.

So, BDEF is a parallelogram
FD being a dizgonal divides the parallelogram
into two congruent triangles
ABFD = AFDE
Sirmilarly we can prove FECD is a parallelogram,
So;, AFED = AFDC
Thus, all the four triangies
ABFD, AFDE; AFED and AEDC
are congruent to sach other.

Question 8:
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Given :A tnangle ABC in which D,E and F are the mid points
of BC,AC and AB respectively.
A

B D C

Toprove: AEDF=/ A

ZDEF=4B
and «DFE =£C
Proof ;
Midpoint Theorem! The line segment joining the midpaoints
of any two sides of a triangle is parallel to the third side and
equal to half of it.
In AAFE and ADFE

|

AF= EAB =ED [By Mid point Theorem]
AE = %AC= D [By Mid point Theorerr]
FE=EF [Comman]
Thus by Side-Side-Side cnteron of congruence, we have
AAFE = ADTE [By 558]
The corresponding parts of the congruent triangles are equal.
: A =/FDE [CPCT]
Sirnilarly we can prove that
£B = ZLDEF

and <C=:DFE

Question ¥:
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Given ; ABCD is a rectangle and P, @, R and S are the mid
points of AB, BC, CD and DA respectively.

D

-'C

A

To prove ; PORS is a rhombus.

Construction : Juin ACand 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 tnangle is parallel to the third side and
equal to half of it

So by Mid —point Theorem,

PO ACand PQ = %AC
Similarly, from AADC,
RS | AC and RS = %AC

Now, in ABAD,

P and S are the mid —points of AB and AD.
So by Mid —point Theoremn, we have
PS||BD and PS = %DB

Similarly, from ABCD,

RQ || BD and RQ:%DB

= PS||RQand PS :RQ:%D& ...... @

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

PQ |RS and PS | RQ and

; PQ=0QR =R5=5P

-« PQRS1s arhombus.

Question 10:
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Given : ABCD is a rhombus in which P,Q,R and 5 are the
mid—points of AB, B, CD and DA respectively.

D R ”

A P B
To Prove :PQRS s a rectangle.
Construction : Jdin AC and BD,
Proof :
Midpoint Theorem: The line segrment joining the midpoints
of any two sides of a tnangle is parallel to the third side and
equal ta half of it
In AABC
P and Q are the mid points of AB and BC.
So by Mid point Theoram,

PO | ACand PQ= %AC
Similarly, from AADC,

RS | AC 2nd RS:%AC

— PG| RS and m:nS:%_Ac.,...(i)

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

So by Mid —point Theorem, we have
pS ||BD and PS = éna
Similarly, from ABCD,

RG [ BO and RQ=§DB
= PS | RQ and PS =RQ = %Da,..‘.,m

From (1) and (2); we have

PQRS is a parallelogram asits gpposite sides are parall«l,
We know ,that In a rhombus, diagonals int er sects

at right angles

& ZEOF =90°
Now, RQ | DB
= RE | FO
Also, SR (| AC
- FR || OF

OERF isa parallelogram
In a parallelogram, opposite angles ara equal.
So, ZFRE = ZEQF = 9(”
Thus; PORS is a parallelogram with /R = 90"
Hence, PQRS is a rectangle

Question 11:
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Given 1 ABCD is a sguare 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

Ta prove :EFGH is a square

Canstruction :Join AC and BD

Proaof

Midpoint Theorem: The line segment Joining the midpoints
of any two sides of a tnangle 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 £F=%AE
Similarly, mn AADC,

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

HG || AC and HG:%AC

Thus, we have,

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

HE || 8D and HE:%BD

In ABCD,

G and F are the midpeints and by the
Mid points Theorem , we have;

GF ||BD and GF :% BD
Thus, we have,
HE || GF and HE = GF = %BDA..“{Z}

The diagonals of a sguare are egual.
- AC=8D e (3)

Fram (1), (2) and (3}, we have

GF | BD and HE || GF.

Alsg, we have EF = GF = GH =HE

So, EFGH is a rhombus

Mow,as diagonals of 2 square are equal

and intersect at right angles

So, ZDOC=90"

In & parallelagram the sum of adjacent angles is 180%

So, £DOC< <GKO=180°

= ZGKO=180° —90” =g0°

But AGKO = ZEFG [Corresponding angles]
ZEFG = 90¢
EFGH is a square

Question 12:
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Given: A guaddlateral ABCD N which H LG and K are the
mid polnts of AB.BC ,CD and AD,
Foints Gand H are Jored andk and L are Joned

To prove : GH and kL bissct each cther.
Canstruchen: Join KH, BD and GL,

Proof ; Since K-and H are themid points of Allland 4B,

Soin AABD, by mid point theorem,

o KH=LBo
G 2

S —— C Simitarly,in ACED,
ﬁ Gl=280

% L

Tag = KH =Gl

i i s Mow 1n AKOH and AGOL, we have

H B kKH=0GL
LOKH =230 [Alternate angles]
LOHK = 2001 [Altarmate angles]

i AKOH = AGOL  [5A8]

= OK=0L and OG=0H [CPCT.]

5 GH and KL bissct each other
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