Theorems on Area

Question 1.
Prove that the line segment joining the mid-points of a pair of opposite sides of a
parallelogram divides it into two equal parallelograms.
Solution:
Given. ABCD is a parallelogram in which E

and F are mid-points of AB and CD respectively.

Joining EF.
To prove. ar (|l AEFD) = ar (||( EBCF)
D -
p F, C
/! / /
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/o /
/i /
A G E’ B
Construction. DG L AGand let DG =h i.e. h is the
Altitude on side AB.

Proof. ar (|| ABCD)=AB x h

1
ar (Il AEFD)=AExh=—ABxh .. ()
(*+ E is the mid-point of AB)

1
ar (Il EBCF) = EF x h =  AB x4 e (2)

(. E i§ the mid-point of AB)
From (1) and (2)
ar (|l gm ABFD) = ar (|| EBCF)

Hence, the line segment joining the mid-points of
a pair of opposite sides of a parallelogram divides
it into two equal parallelograms. (Q.E.D.)

Question 2.

Prove that the diagonals of a parallelogram divide it into four triangles of equal
area.

Solution:



Given. In parallelogram ABCD the diagonals
AC and BD are cut at point O,

To prove. ar (AAOB) = ar (ABOC) = ar (ACOD) =
ar (AAOD)

C

Proof. We know that

In parallelogram ABCD the diagonals are bisecting
each other.

AO=0C
In AACD, O is the mid-point of AC.

DO is median
" ar (AAOD) = ar (COD) (D)

[Median of a triangle divides it into two triangles
of equal areas]

Similarly, m AABC

ar(AAOB)=ar(ACOB) o .~ .. (2)
In AADB

ar {AAOD) = ar (AAOB) e (3)
and in ACDB )
ar(ACOD) =ar (ACOB) e (4)

From (1), (2), (3)and (4)
ar (AAOB) = ar (ABOC) = ar (ACOD) = ar (AAOD)

Hence, diagonals of a parallelogram divide it into
four triangles of equal Area. (Q.E.D.)

Question 3.

(a) In the figure (1) given below, AD is median of AABC and P is any point on AD.
Prove that

(i) area of APBD = area of APDC.

(ii) area of AABP = area of AACP.

(b) In the figure (2) given below, DE || BC. prove that (i) area of AACD = area of A



ABE.
(ii) area of AOBD = area of AOCE.

Solution:



(a) Given. A A ABC in which AD is median. P
is any point on AD. Join PB and PC,

To prove. (i) ar( APBD)=ar(APDC)
(#) ar (A ABP) =ar ( AACP)



(1

Proof. Since, AD is median of A ABC

ar(AABD)=ar (AADC) (1)
(Median of a triangle divides it into two triangles
of equal areas)

Also PD is median of ABPD

Similarly ar ( APBD) = ar ( APDC) (@
Subtracting (2) from (1),

ar( AABD —ar (APBD) =ar ( AADC) - ar ( APDC)
or, ar ( AABP)=ar ( AACP) {Q.E.Dy)

(b) Given. A ABC in which DE || BC.
To prove.

() ar ( AACD) = ar( AABE)
(if)ar (AOBD) = ar( AOCE)
Proof. (/) ADEC and ABDE
are on the same base DE and

between the same || line DE
and BE. >

ar ( ADEC) = ar ( ABDE) ’ (2) F

Adding ar (ADE) to both side,

ar (ADEC) + ar (AADE) =ar ( ABDE) + ar ( A ADE)
= ar(AACD)=ar(AABE) (Q.E.D.)
(if) ar( ADEC)=ar( ABDE)

Subtracting ar ( ADOE) from both side,

ar ( ADEC) - ar (ADOE) =ar ( ABDE) - ar ( ADOE)
= ar(AOBD)=ar(AOCE) . (QE.D.)




Question 4.

(a) In the figure (1) given below, ABCD is a parallelogram and P is any point in BC.
Prove that: Area of AABP + area of ADPC = Area of AAPD.

(b) In the figure (2) given below, O is any point inside a parallelogram ABCD.
Prove that:

i
(i) area of AOAB + area of AOCD =3 alrea of || gm ABCD.

(ii) area of A OBC + area of A OAD =2 area of ||gmABCD
D - ¢ D 5 C

Solution:



(@) Given. ABCD is a parallelogram and P is
any point in BC.
To prove.
ar (AABP) + ar
(ADPC) =ar ( AAPD)
Proof. AAPD and
Il em ABCD are on the
same Base AD and
between the same || lines AD and BC,

1
arl A APD) = E ar (Il gm ABCD) e (1)
In parallelogram ABCD

ar (Il gm ABCD)} = ar ( AABP) + ar ( AAPD) + ar
( ADPC)
Dividing both sides by 2, we get
I 1 1
—ar (Il gm ABCD) = —ar (AABP) + —ar
2 2 2

1
(AAPD) + Eﬂ:‘(ﬂDPC} ... (2)

From(1)and (2)
1 1 '
ar ( AAPD) = Eﬂr ( AABP) + Em‘ (&APD) +

1
B ar { ADPC)

ar ( AAPD) -

1a | —

1
ar (AAPD) = 7 ar (AABP) +

I
E ar { ADPC)

= -;-m'{_ﬂ.APD}= %{m‘[ﬁ.ABP}+m+(ﬂDPC}]
=  ar{AAPD)=ar (AABP) + ar (ADPC)
ar ( AABP) + ar (ADPC) =ar ( AAPD)
(Q.ED.)



(b) Given. || gm ABCD
in which O is any point
inside it.

To prove. (i) ar
(AOAB) +ar( AOCD)

i

1 ”
= -i-m'(ll em ABCD) A )

(il ar (AOBC) + ar (AOAD) = Ji ar (llgm ABCD)
Construction. Draw POQ || AB through O. It meets
AD atP and BC at Q.

Proof. (i) AB || PQand AP || BQ

-, ABQP isa |l em

Similarly PQCD s a || gm

Now, AOAB and || gm ABQP are on same base
AB and between same || lines AB and PQ.

ar ( AOAB) = %m‘ (Il gm ABQP) (1)
Similarly, ar ( AOCD) =% ar (Il gm PQCD) 2 (2)
Adding (1) and (2),
ar ( AOAB) + ar ( AOCD)

1 1
= Eﬂ!‘(ll gm ABQP) + 7 ar (Il gm PQCD)
= ar(AOAB)+ar(AOCD)

1
= 5 lar (1 gm ABQR), € (1 'gm PQCD))
= ar(AOAB) +ar( AOCD)= %ﬂr{n gm ABCD)
| (QED)



(iii) . ar (AOAB)+ar (AOBC) + ar( AOCD) +
ar{ AOAD) = ar=(ll zm ABCD)
= [ar(AOQAB)+ar(AOCD)] + [ar{AOBC)+

ar ( AOAD)] = ar (Il gm ABCD)

1
= 5 ar (1 gm ABCD) + ar (AOBC) +
ar ( AOAD) = ar (]| gm ABCD)
=  ar(AOBC)+ar(AOAD)

1
= ar (Il gm ABCD) - —-ar (1| gm ABCD)

| 1
- =ar(AOBC) +ar(AOAD) = —ar (il gm ABCD)
(QE.D.)

Question 5.

If E, F, G and H are mid-points of the sides AB, BC;/CD and DA respectively of a
parallelogram ABCD, prove that area of quad. EFGH =1/2 area of || gm ABCD.



Solution:
Given : In parallelogram ABCD, E, F, G,
H are the mid-points of its sides AB, BC, CD and
DA respectively EF, FG, GH and HE are joined
To prove : Area of quad. EFGH = 1/2 area

|lgm ABCD
Construction : Join EG
D G C
A F
A E B
Proof : - E and G are mid-points of AB and
CD respectively
- EG||AD || BC

- AEGD and EBCG are parallelogram
Now |jgm AEGD and AEHG are on the same
base and between the parallel lines

1
.. area AEHG = ) area |jgm AEGD

Similarly,

1
area AEFG = 5 area lem EBCG

Adding (/) and (if),

area |gm

area AEHG + area AFFG = H;—

AEGD + area ||gm EBCG

1
=» area quad. EFGH = > area |lgm ABCD

Hence p}oved.

Question 6.
(a) In the figure (1) given below, ABCD is a parallelogram. P, Q are any two points
on the sides AB and BC respectively. Prove that, area of A CPD = area of A AQD.



R
(2)
(b) In the figure (2) given below, PQRS and ABRS are parallelograms and X is any

1
point on the side BR. Show that area of A AXS =7 area of ||gm PQRS
Solution:




(a) Given. || gm ABCD in which P is a point
on AB and Q is a point on BC,

To prove. (i) ar (ACPD) = ar (AQD)
Proof. ACPD and || gm ABCD are on the same

base CD and between the samc parallels AB and
CD. '

ar(ACPD) = -;-ar (Il gm ABCD) ....(1)

AAQD and || gm ABCD are on the same base AD
and between the same || lines AD and BC,

soar(AAQD) = -%ar (Il gm ABCD) ... (2)

From (1) and (2),

ar (ACPD) = ar (AAQD)

Hence, area of ACPD = area of A AQD.
(Q.E.D.)

(b) Given : PQRS and ABRS are parallelogram
on the same base SR. X is any point on BR. AX
and SX are joined.

1
To prove : area AAXS = > area lgm PQRS

" |lgm PQRS and ABRS are on the same base
SR and between the same parallels _

-, area ||gm PQRS = area |jgm ABRS (1)

~* AAXS and ||gm ABRS are on the same base
AS and between the same parallels

1
-, area AAXS = 5 area lgm ABRS

1
= 7 area lgm PQRS [From (i)]



Question 7.

D,EandF are mid-point of the sides BC, CA and AB respectively of a A ABC. Prove
that

(i) FDCE is a parallelogram

(ii) area of ADEF = IT area of A ABC

(iii) area of || gm FDCE = % area of A ABC.
Solution:



Given. D, E, F are mid-puint;a of the sides
BC, CA, and AB respectively of a A ABC.

A

B D - C
To prove. (i) FDCE is a parallelogram.
1
(if) Area of ADEF = 7 e of AABC.

1
(iif) Areaof || gm FDCE = 3 area of AABC.

Proof. ‘- F and E are mid-points of ABand AC
respectively.

1

FE || BC and FE =3 BC weene (1)

Also D is mid-point of BC
1

Ch= EBC S— )
From (1) and (2)
FE || BC and FE = €D
i.e. FE || CD and FE = CD )

Similarly D and F are mid-points of BC and AB
respectively.

. DFIIEC isa |l gm .
(QE.D)
(i) Since FDCE isa || gm

And DE is diagonal of || gm FDCE

. ar (ADEF) = ar (DEC) N )
[ A diagonal of a parallelogram divides, it into
two triangle of equal areas]

Similarly, we show BDEF and DEAF are || gm and



ar ( ADEF) = ar ( ABDF) = ar ( A AFE) ()]
From (5) and (6)

ar ( ADEF) =ar ( ABDF) =ar ( AAFE)=ar ( ADEC)
Now, ar (AABC)=ar ( ABDF) + ar ( ADEF) + ar
(ADEC)+ ar(AAFE)

=  ar(AABC)=ar( ADEF) + ar (ADEF) + ar
{ ADEF) + ar ( ADEF)

= ar(AABC=4ar( ADEF)

1
= ar(ADEF)= Ear{ﬂABC} _

area of ADEF = %area of A ABC e (7)
(QED.)
(iif) Areaof || gm FDCE =ar ( ADEF) + ar ( ADEC)
= ar { ADEF) + ar ( ADEF)
= 2ar ( ADEF) (From (3)]

=2 B ar (MBC}] © [From(?)

1
- Areaof || gm FDCE = Earﬂa of AABC
(Q.E.D.)

Question 8.
In the given figure, D, E and F are mid points of the sides BC, CA and AB
respectively of AABC. Prove that BCEF is a trapezium and area of trap. BCEF

= ‘i area of A ABC.
A

B D C
Solution:



Given : 1n AABC, D, E and F are the mid-
points of the sides BC., CA and AB
respectively and are joined in order.

To prove : Area trapezium BCEF = — area

4
AABC.,
Proof : -~ D and E are the mid-points of BC

and CA respectively.

1
*. DE||ABand 5 AB

1
Similarly, EF || BC and B BC

1
and FD || AC and - AC

. BDEF, CEFD and AFDE are parallelograms
which are equal in area.
ED, DE and EF are the diagonals -of these
llgms which divide correspondning
parallelogram into two trianglesequal in area.
" Now, area of trapezium BCEF has the equal
trianlges and AABC has 4 equal triangles.

3
. area of trap. BCEF = 3 area (AABC)

Question P.Q.
Prove that two triangles having equal areas and having one side of one of the

triangles equal to one side of the other, have their corresponding altitudes equal.
Solution:



Given. Area of A ABC =area of APQR
Also BC = QR

A

B 3] C Q 5 R
To prove. AD =PS, where AD and PS are Altitudes
of AABC and APQR respectively.

Proof. Areaof AABC=Areaof APQR ... (1)

1
Now, area of AABC = ) x Base x AD ... (2)
. 1
Area of APQR = 7" Base x Altitude

=  ar(APQR)= % x QR x PS e (3)
From (1), (2) and (3),

1 1
ExBCxAD#EKQRXPS
or BCxAD=QR = PS

or QR xAD=QRxPS [BC =0R (given)
or AD=PS
Le. Altitude of A ABC = Altitude of APQR
(Q.E.D.)
Question 9.

(a) In the figure (1) given-below, the point D divides the side BC of AABC in the
ratio m : n. Prove that area of A ABD: area of AADC=m:n.

(b) In the figure (2) given below, P is a point on the sidoBC of AABC such that PC
= 2BP, and Q is a point on AP such that QA = 5 PQ, find area of AAQC : area of

AABC.

(c) In the figure (3) given below, AD is a median of AABC and P is a point in AC
such that area of AADP : area of AABD = 2:3. Find

(i) AP : PC (ii) area of APDC : area of AABC.



/o/

B m:n

(3

Solution:

Given. In AABC, D divides the side BC in
theratiom -nieBD:DC= m:n

To prove. Area of AABD : Area of AADC=m : n

1
Proof. Areaof AABD = 3 * Base % height

1
= ar(AABD)= 3 xBDxAE ... (Y
1
Area of ( AACD) = E xDC x AE Al (2)
Dividing (1) by (2) A
1 ( i
ar(AABD) 2 BDxAE |
AACD) 1 ' !
ﬂ."‘{ j E}(DCK;&E /l'.'!/ i"l\
B mooan O
ar(AABD) BD  m (1)

ar(AACD) ~ DC  »n
|given BD: DC  =m . n]
(QED,)



(b) Given, In AABC,Pisa
point on side BC such that
PC = 2BP and Q is a point
on AP such that QA = 5PQ.

Required. Area of AAQC :

Area of AABC
Sol. PC=2BP [given)
But BC=BP +PC
PC PC
I .+ BP=-=
BC > +PC [ > ]
_ PC+2PC — BC= 3PC
2
= pC=2BC
2
2
Arcaof AAPC= Eﬁu‘ea of AABC (1)
QA =5PQ (given)
5
= AQ= AP [+ AQ=AQ+ PQ]
5 ;
= Areaof AAQC= s Area of AAPC
5. (2 i
= Ex —Area of AABC {From (1)]
3 : :
5
=3 Area of AABC
Area of AAQC/ 5
Area of AABC -9

Hence, Area of AAQC : Area of ﬂABC
=5:9 Ans.



(¢) Given. AD is a median of AABC. Pisa
point on AC such that ’

Area of AADP : area of AABD
=2:3

Required. (i) AP:PC

(i1} Area of APDC : area of x
AABC 5
Sol. (i) Since AD is median of

AABC

1
. Area of AABD = Area of AADC= Earea
of AABC . (1)

[~ Median divides a triangle into two triangle of
equal area] :



Given. Area of AADP : Areaof AABD=2:3
. {given)
= Areaof AADP : Areaof AADC=2:3
= AP:AC=2:3

AP 2 2

Z AacT3 T APTFAC
2 AC
Now, PC=AC~AP=AC—EAC= 3 (2)
-
ap 3% o
PC AC
3

= AP:PC=2:1

) AC
(if) From(2) PC= 3
PC 1

AC 3
Since the base AC, of APDC, AADC lie along the
same line, and these triangles have equal heights,
therefore,

Area of APDC PC
Area of AADC  AC

Area of APDC 1
= Arca of AADC <3
Area of APDC
= 7 =3 [From (1)]
Earea of AABC
Areaof APDC 1
= Area of AABC ~ 3 * 2
Area of APDC
—

Area of AABC™ 6
Hence, area of APDC :areaof AABC=1:6



Question 10.

(a) In the figure (1) given below, area of parallelogram ABCD is 29 cm2. Calculate
the height of parallelogram ABEF if AB = 5.8 cm

(b) In the figure (2) given below, area of AABD is 24 sq. units. If AB = 8 units, find
the height of ABC.

(c) In the figure (3) given below, E and F are mid points of sides AB and CD
respectively of parallelogram ABCD. If the area of parallelogram ABCip is 36 cm2.
(i) State the area of A APD.

(ii) Name the parallelogram whose area is equal to the area of A APD.

) A 5 B
D F C E
1 B
() [ F C
ﬁ"B
A (2) B P

(3)

Solution:



Given. Area of || gm ABCD =29 cm
Required. Height of
parallelogram ABEF A

ifAB=58cm.
Sol. Since || gm ABCD
and || gm ABEF wﬂh
equal Bases

between the same °
parallels so that their
area are same.

ar (Il gm ABEF) =ar (|l ABCD)
= ar(ll gm ABEF) =29 cm? e (1)
[ar (Il gm ABCD = 29 cm? given)]
Also ar (Il gm ABEF = Base x height
= 29 = AB x height [From (1)]
= 29=5.8 x height [AB = 5.8 (given)]
29 29x10 10
58 58 2
. Height of parallelogram ABEF = 5cm
(b) Given. Area of AABD
= 24 sq. umts = AB = 8 units.
Required. Height of A ABC,

Sol. Area of AABD =24 sq,
units (D)

(2)



Area of AABD = Area of AABC . {2)
(-- Triangles on the same base and between the
same parallels are equal in area)
From (1) and (2),
Area of AABC = 24 sq. units.

1
= Ex,ﬁ.ﬂxheight=24

24 %2
8

I .
= EKE><height=24 = height=

= height=3x2=6

Hence, height of A ABC = 6 Units.
(¢) Given. In |l gm ABCD, E and F are mid-point
of sides AB and CD respectively.

ﬂ.i"“l gH'IABCD)=3ﬁcmz D E

Required : (i) ar( AAPD)

(i) name the || gm whose ‘

area is equal to the area of

AAPD. A ’
Sol. AAPD and || gm ABCD

are on the same base AD (3)
and between the same P

|| lines AD and BC,

C

ar( AAPD) = %ar{il gm ABCD) e (1)

But ar (|| gm ABCD) = 36 cn? (2)
From (1) and (2),

ar (AAPD) = %x 36 em’
ar( AAPD) =18 cm?



(#) E and F are mid-points of AB and CD
In ACPD, EF || PC.
Also EF bisect the || gm ABCD in two equal parts.
Now, EF || AD and AE || DF
AFEFD isa |l gm.

ar(ll g AEFD = ar (I gmABCD) .03
From (1) and (3),” -
ar ( AAPD) = ar (]l gm AEFD)
AEFD is the required || gm which is equal to
the area of AAPD. (Q.E.D.)

Question 11.

(a) In the figure (1) given below, ABCD is a parallelogram. Points P and Q on BC

trisect BC into three equal parts. Prove that :

1
area of AAPQ = area of ADPQ =5 (area of ||gm ABCD)
(b) In the figure (2) given below, DE is drawn parallel to the diagonal AC of the
quadrilateral ABCD to meet BC produced at the point'E. Prove that area of quad.

ABCD = area of AABE.

(c) In the figure (3) given below, ABCD is a parallelogram. O is any point on the
diagonal AC of the parallelogram. Show that the area of AAOB is equal to the area

of AAOD.
A

.....
----

LI

=

W

(3)

Solution:



. (a) Given : In ||gm ABCD, points P and Q
trisect BC into three equal parts. i
To prove : area (AAPQ) = area (ADPQ) =

I
g area lgem ABCD.

Construction : Through P and Q, draw PR
and QS parallel to AB E_md CD.

A R S D




Proof : Now, AAPD and AAQD lie on the
same base AD and between the same parallel
AD and BC.
. ar(AAPD) = ar(AAQD)
ar{ﬂ.APD} ar(AAOD) = ar(AAQD) - ar(AAOD)

[on substracting ar(AAOD from both sides]

= ar(AAPO = ar(AOQD) (1)

= ar(AAPO) + ar(AOPQ) = ar(AOQD) +
ar(AOPQ)
[on adding ar(AOPQ) on both sides]
ar(AAPQ) = ar(ADPQ) (i)
Again, AAPQ and parallelogram PQSR are
on the same base PQ and between same
parallels PQ and AD.

- ar(AAPQ) = —:],_“ar{ﬂgm PQRS) ..(iif)

Now,

ar(jjgm ABCD) BCxheight ~ 3PQ x height
ar(]lgm PQRS) ~ PQxheight ~ PQ x height
=3

|
ar(figm PQRS) = Earillgm ABCDY ...(iv)

Using (i), (iii) and (iv), we get
ar{AAPQ) = ar(ADPQ)

1
5 ar(lgm PQRS)

1 |
3 X *jar{llgm ABCD)

I
= ar(AAPQ) = ar(ADPQ) = 5 ar(lem ABCD)

Hence prﬁvad.



{b) Given : In the given figure, DE || AC the
diagonal of quadrilateral ABCD which meets
at E on producing BC. AC, AE are joined.

To prove : Area of quadrilateral ABCD =

area AABE.

Proof : AACE and AADE area on the same

base AC and between the same parallelogram.
.. area AACE = area AADC

Adding area AABC to both sides

area AACE + area AABC
= area AADC + area AABC
= area AABE =area quad. ABCD

(¢) Given : In [lgm ABCD, O is any point on
diagonal AC.

To prove : area AAOB = area AAOD
Construction : Join BD which meets AC at
D_ ___cC

"\\: . T .

L 3

i
¥

L 4

= ‘_-_l: )
(]
. ¥
i" H
w 0
H
‘\ L]
[
H
L]
H
i
E
.1

Proof : In AABD, AP ismedian
(- Diagonals of a ||gm bisect each other)
-, area AABP = area AADP (1)
Similarly, area APBO = area APDO  ...(ii)
Adding, (/) and (ii), we get
area AABO = area AADO (i)
= AAOB =area AAOD

Question P.Q.

(a) In the figure (1) given below, two parallelograms ABCD and AEFB are drawn
on opposite sides of AB, prove that: area of || gm ABCD + area of || gm AEFB =
area of || gm EFCD.

(b) In the figure (2) given below, D is mid-point of the side AB of AABC. P is any
point on BC, CQ is drawn parallel to PD to meet AB in Q. Show that area of ABPQ

1
=7 area of AABC.



(c) In the figure (3) given below, DE is drawn parallel to the diagonal AC of the
quadrilateral ABCD to meet BC produced at the point E. Prove that area of quad.
ABCD = area of AABE.

B @ ¢ F
Solution:



(a) Given. ABCD and AEFB are two || gm on

opposite sides of AB.
To prove. ar (|| gm ABCD) + ar (|l gm AEFB) +
ar (Il gm EFCD)
Construction.
Produced AB to meet
CE atP. A
Proof. || gm PQDC and
I gm ABCD are on the
same base CD and
between same || lines.

ar (|l gm PQDC) = ar (|| gm ABCD) (1)
Again || gm PQEF and || gm AEFB are on the same
base EF and between same || lines .

ar (Il gm PQEF) = ar (Il gm AEFB) .. (2)
Adding (1) and (2)
ar (Il gm PQDC) + ar (|l gm PQEF) =
ar (Il gm ABCD) + ar (|| gm AEFB)
=  ar{ll gm EFCD) = ar (Il gm ABCD) +
ar (|l gm AEFB)
Hence, area of || gm ABCD + area of || gm AE FB
= area of || gm EFCD. (Q.E.D.)
() Given. A A ABC, in which D is mid-point of
the side AB. P is any point on'BC, CQ || PD to
meet AB in Q.

1
To prove. ar( ABPQ)= 5y ar (A ABC)
Const. Join CD.
Proof. A

-, CD is median of A AEC_

N
r

L

m f=====-—r=-====30
S O B
=

1 Q

. ar(ABCD)= = ar(AABC) |
(. Median divides a triangle
into two triangle of equal area)
Now, ADPQ and ADPC are on ° P C
the same Base DP and between the same parallel
lines DP and QC.

. ar (ADPQ) = ar (ADPC) e (2)
From(1),

1
ar (ABCD) = Em'{ AABC) -



or ar{a.ﬂpn)+ar(¢DPC}=%armAEC)
1
or ar (ABPD) +ar (ADPQ) = ar (AABC)

[From(2) ]
or ar( ABPQ)= %ar{aABC}

1
Hence, area of ABPQ = 3 area of AABC.

(QE.D)
(¢) Given. ABCD is a || gm. A
DE is drawn parallel to the ; D
diagonal AC of the \
quadrilateral ABCD to meet Y

BC produced at the point E.

To prove. Area of quad. g c e
ABCD = area of A ABE

Proof. DE ||BC - (given)

- AACE and A ACD on the same base AC and
between the same || lines AC and DE.

+. area of AACE = area of AACD
Adding both sides area of AABC.

area of AACE + area of AABC =areaof AACD
+ area of AABC.

or area of AABE = area of quad. ABCD

Hence, area of quad. ABCD = area of A ABE.
(QED)

Question 12.

(a) In the figure given, ABCD and AEFG are two parallelograms.

Prove that area of || gm ABCD = area of || gm AEFG.

(b) In the fig. (2) given below, the side AB of the parallelogram ABCD is produced
to E. A st. line At through A is drawn parallel to CE to meet CB produced at F and
parallelogram BFGE is Completed prove that area of || gm BFGE=Area of ||
gmABCD.



(c) In the figure (3) given below AB || DC || EF, AD || BEandDE || AF. Prove the area
ofDEFH is equal to the area of ABCD.
A B

Solution:



(a) Given. ABCD"dnd AEFG are two
parallelograms as shown in the figure.

To prove. Area ABCD =area AEFG

Construction. Join BG.
D c

E
Proof. - AABG and | | gm ABCD are on the

same base AB and between the same parallels

1
. area AABG = 3 (area || gm ABCD)

A1)
Similarly AABG and | | gm AEFG are on the
same base AG and between the same parallels;

1
.. area (AABG) = — (area||gm AEFG)

2
from (/) and (i}
1 1
2 (area || gm ABCD) = E

i (area || gm AEFG)
. area || gm ABCD =area || gm AEFG.
Hence proved.
(b) Given. A || gm ABCD in which AB is produced
to E. A straight line through A is drawn parallel to

CE to meet CB produced at F, and || gm BFGE is
completed. :



(2)

To prove. area of || gm BFGE = area of || gm
ABCD
Construction : Join AC and EF.

Proof. -- AAFC and AAFE are on the same base
AF and between parallel lines AC and EF.

. ar (AAFC) =ar (AAFE) e (1)
subtracting both sides ar (AABF) ar (AAFC) -
ar (AABF)=ar (AAFE) - ar (AABF)

or ar(AABC)=ar{ABEF)

Multiplying bu.i si<les by 2,

2ar (AABC) =2 ar (ABEF)

or ar (|l gm ABCD) = ar (|| gm BFGE)

(- diagonals of || gm divides it into two triangles
of equal areas.) o

Hence, area of || gm BFGE = area of || gm ABCD.

: (Q.E.D.)

(¢) Given. DC || EF, AD || BE and DE |} AF

To prove. ar (DEFH) = ar (ABCD)

Proof. DE || AF and AD|| BE




ADEGisal|l gm (given)
Now, || gm ABCD and || gm ADEG are on the same
base AD and between the same || lines AD and BE.

- ar(ll gm ABCD) = ar ||(-ADEG) e (1)
Again DEFGisa |l gm
"~ (-~ DE || AF and DC || EF (given))

Il gm DEFH and || gm ADEG are on the same

base DE and between the same || lines DE and AF.

ar ()| gm DEFH) = ar (|| gm ADEG) e 2)
From (1) and (2),
ar (Il gm ABCD) = ar (|l gm DEFH)
or ar (ABCD) = ar (DEFH) (Q.E.D.)
Question 13.

Any point D is taken on the side BC of, a A ABC and AD.is produced to E such
that AD=DE, prove that area of A BCE = area of A ABC.



Solution:
Given. In A ABC, D 1s taken on the side BC.
AD produced to E such that AD = DE.
A

i
|
|
!
!

B ™M N L C
To prove. Area of ABCE =area of AABC
Proof. In A ABE,

AD=DE (Given)
o BD isamedianof AABE
= ar(AABD)=ar( ABED) vl 1)

[median divides a triangle into twa triangles of
equal area]

Similarly, in AACE

CD is median of A ACE.

= ar(AACD) =ar(ACED) e (2)
Adding (1) and (2),

ar( AABD)+ ar( AACD) = ar (BED) + ar ( ACED)
or, ar( AABC) = ar ( ABCE) .

Hence, area of ABCE = area of A ABC. (Q.E.D.)

Question 14.

ABCD is a rectangle and P is'mid-point of AB. DP is produced to meet CB at Q.
Prove that area of rectangle ABCD = area of A DQC.

Solution:



Given. ABCD is arectangle P is mid-point of
ADB DP is joined and produced meeting CB

produced at Q.
D _- L o
A B B
Q
To prove. Area rectangle ABCD
=area (ADQC)

Proof. In A APD and ABQP,
AP=BP (.- D is mid-point of AB)

ZDAP=ZQBP (each 90°)
ZAPD = #BPQ (vertically opposite angles)
AAPD = ABQP (ASA postulate)

arca AAPD = area ABQP
Now area ABCD = area AAPD
+area PBCD
=area ABQP + area PBCD
- =area ADQC
Hence proved

Question P.Q.
ABCD is a square, E and F are mid-points of the sides AB and AD respectively

3
Prove that area of ACEF = &(area of square ABCD).
Solution:



Given. ABCD is a square. E and F are the mid-
points of sides AB and AD espectively EF,
EC and FC are joined. '

c
F
A . E B i
3
To prove. area ACEF = E
(area of square ABCD)

Proof. Let side of square = a
then area of square ABCD = @’

1
Now area of AAEF = E AE = AF

a a a2
X X — = ——
2 2

8

b | —



1
area of AEBC = E x EB x BC

1 a a?

2 4

1
and area of ACDF = E x CD x DF

». Area of ACEF = area of sq. ABCD — (area of
A AE) + area of A EBC + area of A CDF)

e ﬂz+az+a1
- 8 4 4

8 8
3 , 3 -
==a° == ' . D.
Sﬁ' g area of sq. ABC
Question P.Q.

A line PQ is drawn parallel to the side BC of AABC. BE is drawn parallel to CA to
meet QP (produced) at E and.CF is drawn parallel to BA to meet PQ (produced) at
F. Prove that

area of AABE=area of AACF.

Solution:



Given. A line PQ is drawn parallel to side BC
of AABC.

BE || CA and CF || BA drawn which meet PQ
produced both sides at E and F respectively
AE, AF and BF are joined.

To prove. area of AABE =area of AACF
Proof. -.- AABE and ACBE are on the same
base BE and between the same parallels
. area AABE =area ACBE (1)
Again -~ AACF and ABCF are on the same
base CF and between the same parallels
... area AACF = area ABCF (i}
But ACBE and ACBF are on the same base BC

and between the same parallels.
. area ACBE = area ABCF i)
-~ from (1), (if) and (iii)
area AABE = area AACF
Hence proved.

Question 15.

(a) In the figure (1) given below, the perimeter of parallelogram is 42 cm. Calculate
the lengths of the sides of the parallelogram.

(b) In the figure (2) given below, the perimeter of A ABC is 37 cm. If the lengths of
the altitudes AM, BN and CL are 5x, 6x, and 4x respectively, Calculate the lengths
of the sides of AABC.

(c) In the fig. (3) given below, ABCD is a parallelogram. P is a point on DC such
that area of ADAP = 25 cm? and area of ABCP =15 cm?. Find

(i) area of || gm ABCD

(ii) DP : PC.



Solution:
(a) Given. Perimeter of || gm ABCD =42 cm.

Required. Lengths of the sides of || gm ABCD.
Sol. Let AB=P -

YO
“

#
)
2
rr

/

¥,

FJ
L2 #
3 A
¥

2poscas
i

b

—
g

Then, perimeter of || gm=2 (AB + BC)
= 42=2(P+BC)
42 -
= —=P+BC
2
= 21=P+BC



= BC=21-P
Area of || gm ABCD = AB x DM
=Px6=6P —y

(Taking base AB and height DM)
Again, area of || gm ABCD =BC x DN

(Taking Base BC and height DN)
=(21-P)x S=E{2] - (2)
From (1) and (2),
6P=8(21-P) = G6P=168-8P
= 6P+ 8P=168 = 14P=168

168

P=1—4=12

Hence, sides of || gm, AB = 12 c¢m and
BC=(21-12)cm=9cm.

(b) Given. The perimeter of AABC = 37 cm.
Length of the Altitudes AM, BN, and CL are 5x ,
6x , and 4x respectively.

Required. Lengths of BC, CA, and AB.

Sol. Let BC=Pand CA=Q




Then perimeter of AABC
=AB+BC+CA

= 37=AB+P+Q

= AB=37-P-Q

1 1
Area of ﬁhEC=E *x BC x AM = E CA x BN

x AB x CL

1
2
ie lKPKS —lx ® &
e x =3 Q x 6x

1 ' P -
- 5(3'}'+P—-Q]H4x = —=3Q=2 (37-P-Q)

. 2
Taking first two parts
5P
> =3Q = 5P=6Q = S5P-6Q=0 ..(I)
Taking second and third parts

3Q=2(37-P-Q) = 3Q=74-2P-2Q
= 3Q+2Q+2P=74 = 2P+5Q=74 ...(2)



Multiplying equation (1) by (5) & (2) by (6), we get

25P-30Q =0
12P + 30Q =444
Adding, 37p =444
- p M
37

Substituting the value of P in equation (1), we get
5x12-6Q=0 = 060-6Q=0 = 60=06Q
60
= Q= 5 10

Hence, BC=P=12¢cm, CA=0Q = 10 ¢cm and
AB=37-P-Q=37-12-10=15¢cm..

(¢) Given. ABCD isa || gm. P is a point on DC such
thatar ( ADAP) =25 e’ and ar { ABCP) = 15 em?®
Required. (i) ar(ll gm ABCD) (i) DP : PC

z
Sol. () ar (AAPB) = —ar (Il gm ABCD)

(* Area of a triangle is half that of a || gm on the
same base and between the same parallels)

D P .

e

.l".
i
[]

B

(3

Then _;‘f!'!" (Il gm ABCD) =.ar ( ADAP) + ar ( ABCP)
= 25¢mt’ + 15em?® = 40’
= ar(ll gm ABCD) =2 % 40 cu? = 80 cn?
(if) Since AADP and ABCP are on the same base
CD and between same || lines CD and AB. -
ar(ADAP) Dp
ar(ABCP)  pC
25 Dp Dp
5 PC T ¥C
= DP:PC=5:3

—_— | b2
tn | in
1



Question 16.
In the adjoining figure, E is mid-point of the side AB of a triangle ABC and EBCF
is a parallelogram. If the area of A ABC is 25 sq. units, find the area of || gm EBCF.

Solution:
A

[N

Let EF, side of || gm BCEF meets AC at G.
.- E 1s mid point and EF || BC
*. G is mid point of AC.

= AG=GC
Now in AAEG and ACFG,
ZEAG, ZGCF (Alternate angles)
£ZEGA=ZCGF
(vertically opposite angles)
AG=GC . (proved)
AAEG = ACFG

=% area AAEG = area ACFG.
Now

area || gm EBCF=area BCGE + area ACFG
=area BCGE + area AAEG = area AABC
But area AABC =25 sq. units.
-, area || gm EBCF = 25 sq. units

Question 17.

(a) In the figure (1) given below, BC || AE and CD || BE. Prove that: area of AABC=
area of AEBD.

(b) In the ligure (2) given below, ABC is right angled triangle at A. AGFB is a
square on the side AB and BCDE is a square on the hypotenuse BC. If AN L ED,
prove that:

(i) ABCF = A ABE.

(if)arca of square ABFG = area of rectangle BENM.



‘a) Given. BC || AE and CD || BE
To prove. Area of AABC 4 2 E

= area of AEBD. -
Construction. Join CE

Proof. AABC and AEBC

are on the same Base BC D
and between the same ||

lines AE and BC. B C

ar (AABC) = a )

(AEBC) e (1)

- AEBC and AEBD are on the same base BE
and between same || lines BE and CD.

- ar(AEBC)=ar(AEBD) .. 2)
From (1) and (2)

ar (AABC) = ar (AEBD)

Hence, area of AABC =arca of AEBD (Q.E.D.)

(b) Given. A right angled A ABC in which
£ A= 90° Squares AGFB and BCDE are
drawn on the side AB and hypotenuse BC of
AABC. AN LED meeting BC at M

To Prove: (i) ABCF = AABE

(it) area of square ABFG = area of rectangle
BENM

G
Fz—=====-~3 A
=3I 7
~d |
hi o
g e Ny
B 7
] M
’
J
i
/
i
i
! n
E N D

Solution:



Proof: (i) ZLFBC= ZFBA+ ZABC

= Z£FBC=90°+ ZABC ... (N
ZABE = ZEAC + ZABC

ZABE =90° + ZABC s (2)
From (1) and (2),

£ZFBC=/ABE ... (3)
Now, in ABCF and A ABE

BF = AB '

£ZFBC= ZABE ' [From (3)]

BC = BE
. ABCF =z AABE

(By 5.A.S. axiom of congruency)
(i) ABCF = AABE (Proved in part (i) above)
ar(ABCF)=ar(AABE) ... (4)
ZBAG + £ZBAC = 90° + 90°

= ZBAG+ £BAC=180°
GAC is a straight line.

Now, A BCF and square AGFB are on the same
base BF and between the same || lines BF and
GC.

1
ar (ABCF) = Sar (square AGFB) . "..... (5)

Again, AABT and rectangle BENM are on the
same base BE and between theé same || lines BE
and AN.

1
. ar(AABE) = 5 ar (Rectangle BENM) ..... (6)
From (4), (5) and (6)
1 1
TR (square AGFB) = Sar (Rectangle BENM)

= ar (square AGFB) = ar (Rectangle BENM)
Hence, area of square AGFB = area of Rectangle
BENM., (Q.E.D))

Multiple Choice Questions

Choose the correct answer from the given four options (1 to 8):
Question 1.



In the given figure, if | || m, AF || BE, FC L m and ED L m, then the correct
statement is

(a) area of ||ABEF = area of rect. CDEF

(b) area of ||ABEF = area of quad. CBEF

(c) area of ||ABEF = 2 area of AACF

(d) area of ||ABEF = 2 area of AEBD

s

E«

Solution:

In the given figure,

[]lm, AF || BE, FC Lmand ED L m

 ||gm ABEF and rectangle CDEF are on the same base EF‘and between the same
parallel

~ area ||gm ABEF = area rect. CDEF (a)

Question 2.

Two parallelograms are on equal bases and between the same parallels. The ratio
of their areas is

(a)1:2

(b)1:1

(c)2:1

(d)3:1

Solution:

A triangle and a parallelogram are on the same base and between same parallel, then
~ They are equal in-area

=~ Their ratio 1:1 (b)

Question 3.

If a triangle and a parallelogram are on the same base and between same
parallels, then the ratio of area of the triangle to the area of parallelogram is
(@)1:3

(b)1:2

(c)3:1

(d)1:4

Solution:

A triangle and a parallelogram are on the same base and between same parallel, then
area of

1
triangle = 7 area ||gm
~ Their ratio 1 : 2 (b)



Question 4.

A median of a triangle divides it into two

(a) triangles of equal area

(b) congruent triangles

(c) right triangles

(d) isosceles triangles

Solution:

A median of a triangle divides it into two triangle equal in area. (a)

Question 5.
In the given figure, area of parallelogram ABCD is
(a) AB x BM
(b) BC x BN
(c) DC x DL
(d) AD x DL

D N
M L/

.."ih L - B
Solution:

In the given figure,
Area of ||gm ABCD = AB x DL or DC xDL.(~- AB = DC) (c)

Question 6.
The mid-points of the sides of a triangle along with any of the vertices as the
fourth point make a parallelogram of area equal to

|
(a) 3 area of AABC
(b) “a area of AABC

(c) T area of AABC
(d) area of AABC



Solution:
The mid-points of the sides of a triangle along
with any of vertices as the fourth point makes

1
a parallelogram of area equal to ) the area

of AABC

B D C

1
i.e., area ||gn DEAF = E area AABC (a)

Question 7.

In the given figure, ABCD is a trapezium with parallel sides AB=acmandDC=b
cm. E and F are mid-points of the non parallel sides. The ratio of area of ABEF
and area of EFCD is

(@)a:b

(b) (3a + b) : (a+ 3b)

(c) (a+3b):(3a+Db)

(d) (2a + b) : (3a+ b)

Solution:



In the figure, ABCD is a tragezium in which
AB|DC '
AB=a,DC=5b

E and F are mid points on DA and CB
respectively

Let 4 be the height (- EF | AB || DC)

- EF = lz(a+ b)



a+h
E 2 F
'If
A a B '

Area of trapezium ABFE
_ [ 1@@+h) ﬁ]

2 2 2

h [2a+a+b]

_}—13 + b
g Gath)

and area of trap. EFCD

L
7 [EF +DC] x 3

_ g[a+b+b] _ h[axb%2b
4l 2 ol 2

_h
=2 [a+ 3b]
. h h
*. Ratio = E{3a +b): E{a + 3b) -
=(3a+b):(a+3b) (b)
Question 8.

In the given figure, AB || DC and AB # DC. If the diagonals AC and BD of the
trapezium ABCD intersect at O, then which of the following statements is not

true?
(a) area of AABC = area of AABD



(b) area of AACD = area of ABCD

(c) area of AOAB = area of AOCD

(d) area of AOAD = area of AOBC
D

A
Solution:

cin \the trapezium ABCD, AB || DC
AB=DC

The diagonals BD and AC intersect each other
at O

Only statement area of AOAB is not equal to
area ACOD '

Other all statements are true

Only (b) is not true. (b)

Chapter test

Question 1.

(a) In the figure (1) given below,; ABCD is a rectangle (not drawn to scale ) with
side AB =4 cm and AD = 6 cm. Find :

(i) the area of parallelogram DEFC

(ii) area of AEFG.

(b) In the figure (2) given below, PQRS is a parallelogram formed by drawing lines

parallel to the diagonals-of a quadrilateral ABCD through its corners. Prove that
area of || gm PQRS = 2 x area of quad. ABCD.

R
P
Dr C G ) - .

Solution:



(«) Given. ABCD is a rectangle AB = 4
cm and AD =6 cm.
Required. (i) The area of || gm DEFC.
(if) area of AEFG

-(#) Since AB = 4cm and AD = 6 ¢cm (gwen)
. Area of rectangle ABCD = AB x AD

=4 ¢cm * 6 cm = 24 cm’
 Now, area of rectangle ABCD D\ > C -:3
= area of || gm DEFC N j
wl R/

(++ Both are on the same . !
Base and between the same - AN
parallel lines) s N
= Area of || gm DEFC A B ETF
= 24cm® (D)

1
(ii) Area of AEFG = E(area of |l gm DEFC)

(.. Both are on the same base and between the
same parallel lines)

1.
- Areaof AEFG = E *x 24 em? = 12 cm?  Ans.

(b) Given. PQRS is a || gm formed by drawing line:
parallel to the diagonals of quadrilateral ABCL
through its corners.

To prove. Area of || gm PQRS = 2. area of quad
ABCD




Proof. ar (AACD) = %— ar (Il gm ACRS)

[-. both are on same base AC and between the
same || AC and SR ]

= ar(ll gm ACRS ) =2ar (AACD) ....(I)
Similarly, .

1
ar (AABC) = Ear{ll gm A APQC)

= ar(ll gm APQC) =2ar (AABC) . ... (2)
Adding (1) from (2),

ar (I gm ACRS) + ar (Il gm APQC) =
2ar( AACD) + 2ar (AABC)

= (Il gm PQRS)=2[ar (AACD) + ar (AABC)]
=  ar (|l gm PQRS) = 2ar (quad. ABCD)
Hence, area of || gm PQRS = 2.area of quad.
ABCD. . (Q.E.D.)

Question P.Q.

In the adjoining figure, ABCD and ABEF are parallelogram and P is any point on
DC. If area of || gm ABCD =90 cm2, find:

(i) area of || gm ABEF

(ii) area of AABP.

(iii) area of ABEF.

F D P E N




Solution:
* In the given figure,

ABCD and ABEF are parallelogram P is an
point on DC

Area of ||gm ABCD = 90 cm’

lgm ABCD and ABEF are on the same base
AB are between the same parallels '

(i) .. Area of ||gm ABEF = area of ||gm ABCD =
90 cm?

(if) - AABP and ||gm ABCD are on the same base
AB and between the same parallels

1
- Area AABP = ) area ||gm ABCD

1
= > x 90 ¢cm? = 45 cm?

(iii) - ABEF and ||gm ABEF are on the same base
EF and between the same parallels

. Area ABEF = %area-ugm ABEF

1
=5 x90=45cm’

Question 2.
In the parallelogram ABCD, P is a point on the side AB and Q is a point on the
side BC. Prove that
(i) area of ACPD = area of AAQD
(iif)area of AADQ = area of AAPD + area of ACPB.
D C




Solution:
Given. || gm ABCD in which P is a point
on AB and Q is a point on BC.

To prove. (i) ar (ACPD)=ar (AAQD)
(ii) ar (AADQ) = ar ( AAPD) + ar (ACPB)
Proof. ACPD and || gm ABCD are on the same

base CD and between the same parallels lines AB
and CD.

ar (ACPD) = % ar (Il gn ABCD) ... (1)

A ADQ and |l gm ABCD are on the same base AD
and between the same || lines AD and BC,

ar (AADQ) = % (Il gm ABCD) ... (2)
From (1) and (2),

ar (ACPD) = ar (AADQ)

or ar (ACPD) = ar (AADQ) (Q.E.D.)

(i) ar (AADQ) = %ar (Il gm ABCD)
( Proved in part (i) above )
= 2ar (AADQ) = ar (ll gm ABCD)
= ar(AADQ)+ ar (AADQ)=ar (|l gm ABCD)
..... (3)
But ar (AADQ)=ar (ACPD) . ... “)
(Proved in part (i) above)
From (3) and (4),
ar (AADQ) + ar (ACPD) = ar (Il gm ABCD)
= ar(AADQ)+ ar (ACPD)
=ar (AAPD) + ar (ACPD) + ar (ACPB) "
= ar(AADQ)=ar (AAPD)+ ar (ACPB)
(Q.E.D.)

Question 3.

In the adjoining figure, X and Y are points on the side LN of triangle LMN.
Through X, a line is drawn parallel to LM to meet MN at Z. Prove that area of ALZY
= area of quad. MZYX.



M

Solution:
. Given : In the figure,

X and Y are points on side LN of ALMN.
Through X, a line XZ || LM is drawn which meets
MN at Z.

To prove : area of ALZY = area of quad.
MZYX

Construction : Join MX, ZY and LZ
Proof: LM || XZ '

and ALZX and AMZX are on the same base
XZ and between the same parallels

area ALZX = area AMZX
Adding area AXZY to both sides
area ALZX + area AXZY

= area AMZX + area AXZY

= area ALZY = aréa quadrilateral MZY'X

Question P.Q.
If D is a point on the base BC of a triangle ABC such that 2BD = DC, prove that

area of AABD= 13 area of A ABC.
Solution:



Given. A ABC in which base BC. D is a
point on BC such that 2BD = DC.

1
To prove. ar(AABD)= 3 ar (ABC)

A
B D P C
Construction. Let P is the mid-point of DC join
AD =DC
1
= BD= E DC
i.e. BD=DP (P is mid-point of DC)

D is mid-point of BP.
In AABP, AD is median of BP
(D is mid-point of BP)
ar(AABD)=ar (AADP) . ... (1)
Again in AADC, AP is the median of DC.
(P is'mid-point of DC)
s, ar(AADP)=ar(AAPC) . . .. (2)
From (1) and (2),
ar (AABD) = ar (AADP) = ar (AAPC)
AABC is divided into-three equal triangles
and each A will be of % AABC.
ar (AABD) = :—I;'ar(:&ABC) (Q.E.D.)

Question 4.

Perpendiculars are drawn from a point within an equilateral triangle to the three
sides. Prove that the sum of the three perpendiculars is equal to the altitude of
the triangle.

Solution:



ABC is an equilateral triangle. i.e. AB = BC
= CA. P is any point within an equilateral triangle
to the three sides.

B L Db v
PN, PM, and PL are perpendicular on side AB, AC
and BC respectively. AD is any altitude from
point A on side BC.

To prove. AD=NP+LP+ MP
Construction. Join PA, PB and PC.

1
Proof. Areaof AABC ='-2" x Base x Altitude

-1
ar{ﬁABC}=E xBCxAD ... (D

, ] :
Now, area of AAPB = 5% ABE NP, ...9(2)



I
area of AAPC = 5 x ACxMP ... (3)

'. 1
area of ABPC = 5 BCxLP .. (4)
Adding (2), (3) and (4)

ar(AAPB) + ar (AAPC) + ar (ABPC)
=%xAB x NP + % <= AC x MP + %x BC = LP

1
ar {AABC) =5 [AB = NP +AC x MP x BC x LP]

= %[BC%NF+BCXMPXBC=<LP]
(- AB=AC=CA)
1
ar (AABC) = > x BC [ NP+ MP +LP] ..(5)
From (4) and (5),

1 1
) KBC*ADIE x BC x (NP + LP + MP)

= AD=NP+LP+MP

= NP+LP+MP=AD

i.e.sum of three perpendiculars is equal to the
altitude of the triangle.

Question 5.

If each diagonal of a quadrilateral’ divides it into two triangles of equal areas,
then prove that the quadrilateral is a parallelogram.

Solution:



Given : In quadrilateral ABCD,
aiagonal AC bisects the quadrilateral ABCD
in two triangle of equal area i.e.

D e

A ' | B
ar (AABC) = ar (A ADC)
To prove : ABCD is a parallelogram.
Proof : Join BD.

Proof : . Diagonals of quad. ABCD divides
the quad. into two triangles of equal area.

-. ar(A ABC) = ar(A ABD)

1
= 5 ar (ABCD)

But, these are on the same base AB
© .. Their heights are equal
-~ DC|| AB (1)
Similarly, we can prove that :
ar (A ABC) = ar (ABDC)
- BC || AD (1)
From (i) and (ii)
ABCD is a parallelogram.
- Hence proved.

Question 6.

In the given figure, ABCD is a parallelogram in which BC is produced to E such
that CE = BC. AE intersects CD at F. If area of ADFB = 3 cm?, find the area of
parallelogram ABCD.



Solution:



In the figure, ABCD is a parallelogram
BC is produced to E such that CE = BC




Join BD and AE
which intersects DC at F
Join BF, AC and DE
. Area of ADFB =3 cm?
Find the area of |lgm ABCD
Solution : ' In AABE, C is mid-point of BE
and CD | AB
. F is mid-point of AE and CD
. ABEDisa|gm

(- Diagonals AE and CD bisect each other
at F)

-+ BD is the diagonal of |jgm ABCD

1
ABCD = 5 lem ABCD
~* F is mid-point of DC

1
. ADFB = 3 ABCD

1 1
= ADFB = 3" E{Hgm ABCD)

1
= ADFB = " (lgm ABCD)

. area ||gm ABCD = 4 area ADFB
=4 x3=12cm?

Question 7.
In the given figure, ABCD is a square. E and F are mid-points of sides BC and CD

respectively. If R is mid-point of EF, prove that: area of AAER = area of AAFR.
Solution:
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Given : In square ABCD, BD is diagonals E
and F are mid-point of BC and CD
respectively. R is mid-point of EF.

To prove : area (AAER = area (AAFR)

Proof : In AABE and AADF

AB=AD (Sides of a square)

ZB=2D (Each 90°)

BE = CE (E is mid-point of BC)
- AABE = AADF (SAS axiom)
. AE=AF (c.p.ct)

Again in AAER and AAFR

AE = AF (Produced)

AR=AR (Common)

ER =FR (R is mid-point of EF)
;. AAER = AAFR (SSS axiom)

. area(AAER) = area (AAFR)

Question 8.

In the given figure, X and Y are mid-points of the sides AC and AB respectively of
AABC. QP || BC and CYQ and BXP are straight lines. Prove that area of AABP =
area of AACQ.
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Solution:

Given : In the given figure,
X and Y are the mid-points of the sides AC
and AB respectively of AABC
QP || BC
CYQ and BXP are straight lines
To prove : area(AABP) = area(AACQ)
Proof : -~ X and Y are the mid-points of sides
AC and AB respectively
S YX | BC
But QP || BC
. QP||BC| YX
In ABAP, Y is mid of AB and YX || QP
. X is mid-point of BP

1
L YX = 3 AP ()

Similarly we can prove in AAQC

l 9
YX =2 QA i)
From (7) and (i),
QA =AP
Now AABP and AACQ are on the equal base
and between the same parallel lines

. area(AABP) = area(AACQ)



