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LESSON -9 Areas of Parallelograms and Triangles

ﬂ Objective Type Questions 1

[ I. Multiple choice questions j

1 Two figures are congruent, if they have the

a) same size b) same shape C) same area d) same shape and size
(d)
2. |f Aand Baretwocongruent figures, then
a) ar (A) >ar (B) b) ar (A) =ar (B) c) ar (A) <ar (B) d) none of these
b)

3. Given parallelogram ABCD and EBCF on t he same base BC and between the same parallels BC
and AF. Given ar (EBCF) = 15 square cm, then ar (ABCD) is

a) 30 sg.cm b) 7.5 sg.cm c) 15 sg.cm d) 5 sgq.cm

Sol : Parallelograms on the same base and bet ween the same parallels are equal in ar ea.
= ar (ABCD) =ar (EBCF)

Since ar (EBCF) =15 sqg.cm, so

ar (ABCD) =15 sg.cm

~ Correct optionis (c)

4. If ar (Parallelogram ABCD) =25 ¢m? and on same base CD a ABCD is given such t hat
ar (ABCD) = xcm? then value of x is

a) 25 cm? b) 12 cm? c) 12.5 cm? d) 50 cm?

Sol : If atriangle and a parallelogram ar e on t he same base and bet ween the same
parallels, thenthe area of the triangle is equal to half the area of the
par allelogram.

= ar (ABCD) = ar (ABCD)

= x=% x 25 = x = 125cm? ~ Correct option (c)
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5. Two parallelograms are on equal bases and bet ween the same parallels. The ratio of their

areas is [NCERT Exemplar]
a)1:2 b)1:1 c)2:1 d)3:1
Sol : (b)

6. ABCD is a quadrilat eral whose diagonal AC divides it intotwo parts, equal in area, then ABCD
[NCERT Exemplar]
a) is arectangle
b) is always a rhombus
c) is a parallelogram
d) need not be any of (a), (b), or (c)
(d)

7. Inthe given figure, ABCD is parallelogram. Calculat e the area of parallelogram ABCD.

A~ 5cm B
Sol :Area of parallelogram ABCD
=base x altitude = AB x DB
=5x7 =35 cm?

8. Find the area of arhombus, the length of whose diagonals are 16cm and 12cm respectively.

Sol : Area of rhombus ==X d;X d;

N | =

x 16 X 12 cm?

N | =

=96 cm?
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&

A

| n parallelogram ABCD, AB =8 cm and the altitudes corresponding t o sides AB and AD are
DM =6cm and BN = 10cm respectively. Find AD.

D C
NA
5 Tl
A M B
Sol : Area of parallelogram =base x altitude

~ AD X BN =AB X DM

AD x 10 =8 x 6
P 2 G 48cm
10 1

E I1. Multiple choice questions j

Given a triangle ABC and E is mid-point of median AD of AABC. | f ar (ABED) =20 cm?.
Then ar (AABQC) is.

a) 10 cm? b) 5 cm? c) 60 cm? d) 80 cm?
A
E
B D C

Sol : Since BE is t he median of AABD,so
ar (ABED) = ar (AABD)

= 20 =~ ar (AABD)

= ar(AABD) = 40 cm?

Since AD is the median of AABC, so

ar(AABC) = 2ar(AABD)
= ar(AABC) = 2 x40 =80cm?
~ Correct option is (d)
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2. The mid-point of the sides of atriangle along with any of the vertices as f ourt h point
make a par allelogram of area equal to half area of triangle

a) True b) False
A
F E
B D C
Sol: We have
ar(A DEF) =-ar(AABC)

Now, ar (BDEF) =ar(ADEF) + ar(AFBD)
=2 ar(ADEF)
=2 x ;ar(AABC)
=% ar(AABC)
~ correct optionis (a).

3.1n thegiven figure, ABCD is a par allelogram in which diagonals AC and BD intersect at O.
| f ar (lgm ABCD) is 68 cm?, then find ar(AOAB).

D c

o7
LN\

A B

Sol: We have ar(AOAB ) == x ar (llgm ABCD)

1
4

X 68cm? =17 cm?

AT

4. ABC and BDE are two equilateral triangles such that D is the mid-point of BC. Prove t hat
ar(ABDE). = -ar(AABC)

A

Sol: Let the side of triangle, BC=a
4 g Oreated by Pinkz
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ar(A ABC). Hence proved.

b

B

A

AN

1.

2.

[ I. Short answer questions j

Diagonals AC and BD of a quadrilateral ABCD intersect each other at P.Show
that ar(AAPB) x ar(ACPD) = ar(AAPD) x ar(ABPC)

Sol. We have

ar (AAPD) x ar (ABPC)
GXAL xDP) x C

GxBPxAL)x GxDPxCM)

x CM x BP)

=ar (AAPB) x ar (ACPD) Hence Proved.

If Pis any point in the interior of a parallelogram ABCD, then prove that area of
(AAPB) is less than half the area of the parallelogram
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Sol. Given: Pis any point inthe interior of parallelogram ABCD
To prove : ar (AAPB) < ~ (ar lgm ABCD)
Construction: Draw DN L AB and PM L AB.
Proof : ar (I gm ABCD) = AB x DN
ar (AAPB) =~ (AB X PM)
Now, PM <DN
= ABx PM <AB x DN

=

N | =

(AB X PM) < = (AB X DN)
= ar (AAPB) < ~ar (1l gm ABCD)

Hence proved

[ I1. Short answer questions j

1. ABCD is a parallelogram. E is a point on BA such that BE = 2EA and F is a point on
DC such that DF = 2FC. Prove that AECF is a parallelogram whose area is one- third of
the area of parallelogram ABCD.

A E B

Sol. Given: A parallelogram ABCD. E is a point on BA 3BE=2EA and F is a point on
DC such that DF=2FC.

To prove: (i) AECF is a par allelogram.

(i) ar (Il gm AECF) = %ar (Il gm ABCD)
Proof : BE =2EA and DF =2FC
= AB —-AE =2AE and DC-FC =2FC

= AB =3AE and DC=3FC
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= AE =-AB and FC=:DC
= AE =FC (+~AB=CD)
~ AE |IFCsuch that AE =FC
~ AEFCis a parallelogram.
Par allelograms ABCD and AECF have the same altitude and AE =§AB
~ ar( |l gm AECF) = gar( I gm ABCD)
Hence proved.

3. ABCD and PQRC rectangles. Q is mid- point of AC. Show that P is the mid- point of DC
and R is the mid- point of BC. Also, fine the ratio of ar(ABCD) and ar (PQRC)

A B
Sol. Given : ABCD and PQRC are rectangles. Q is mid-point of AC

To prove : PR are mid-points of DC, BCrespectively and find ar (ABCD) : ar (PQRC)
Proof : In A CAB, Q isthe mid-point of AC.
QR I AB
(~ ABCD and PQRC bot h are rect angles)
= Ris the mid-point of BC. (By conver se of mid-point theorem)
Againin A CAB, Q and R are the mid-points of AC and BCrespectively.
= QR= - AB (By mid-point theorem)
>  QR= -DC
(~AB = DG, Opposit e sides of arectangle)
In A CAD, Q isthe mid —-point of AC.
Again, PQ || DA
= Pis the mid-point of DC
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(By conver se of mid-point theorem)

Againin A CAD, Q and Pare the mid-points of AC and DCrespectively
= PQ = ~ DA (By mid-point theorem)
= PQ = ~CB -—--(ii)
(~ DA =CB, opposit e sides of arectangle)

Now, ar (ABCD) = DC X CB
ar (RQRC) =QRX PQ =(3 nc) X (3 cB)

=-DCx CB= - (ar ABCD)

ar (PQRC) 1. .
2 (ABCD) ~ 2 i.,e.=14

Hence, ar (PQRC) : ar(ABCD) = 1:4

[ I11. Short answer questions j

1. D and E are the mid- points of BC and AD respectively of AABC.
of AABC = 20cm? find area of AEBD.

If area

A

B D C

Sol. -~ Disthe mid-point of BC

~ AD is the median of AABC

1

= ar (AABD) =5 ar (AABC)

(~ Median of atriangle divides it intotwo triangles of equal areas)

= ar (AABD) =2 x 20cm? = 10cm?
Also, BE is the median of AABD.
ar (AEBD) =~ ar (AABD) = x 10 =5 cm?
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2. The medians BE and CF of a AABC intersect at G. Prove that ar (AGBC) = ar (AFGE)
A

B C
Sol. Given : Medians BE and CF of AABCintersect at G
To prove : ar (AGBC) = ar (AFGE)

Proof : We have ar (AFBC)= - ar (AABC) ~ ------- (i)

(~ Median CF divides AABC into two triangles of equal areas)
Similarly, ar (AEBC) =~ ar (AABC) ------ (ii)
From (i) and (ii) we get
ar (AFBC) =ar (AEBC) -—--(iii)
Subtracting ar (ABGC) from both sides of (iii) , we get
ar (AFBC) - ar (ABQQ) =ar (AEBC) - ar (ABGO)
= ar (AFGB)=ar (AEGC) ---(iv)
Also, ar (AABE) =ar (ABEC)
(~ BE is median of AABC)
= ar(ABFG) +ar (AFGE) =ar (ABGC) +ar (AGEC)

= ar (AFGE) =ar (ABGO) Using (iv)
Hence proved

3. Inthe given figure, X and Y are point on side LN of the A LMN such that LX = XY
=YN. Through X, a line is drawn parallel to LM to meet MN at Z. Prove that
ar(ALZY) = ar( MZYX) L RN

M Z N
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Sol. Given : LX = XY =YN. And XZ || LM

To prove : ar (ALZY) =ar( MZYX)

Proof : XZ || LM

ALXZ and AXMZ are on the same base XZ and between t he same parallels XZ and LM.
~ar (ALXZ) = ar (AXMZ)

Adding ar (A XYZ) onbot h sides we get

ar (ALXZ) +ar (A XM2Z)

Adding ar (A XYZ) on both sides, we get

ar (ALXZ) +ar (AXYZ) =ar (AXMZ) +ar (AXYZ)

~ar (ALZY) = ar (AMZYX) Hence proved.

[ IV. Short answer questions j

4. In AABC, D is the mid- point of AB and P is any point on BC. |f CQ ||PD meets AB in
Qin the given figure, then prove that ar(ABPQ) = % ar(AABC) [NCERT Exemplar]

B = C

Sol: Given A AABC,Dis the mid-point of AB and Pis any point on BC and CQIIPD meet s
ABinQ

To prove: ar (ABPQ) =% ar (AABC)
Construction: Join D and C

Proof : since CD is the median of AABC.
. ar (ABCD) == ar (AABC)

(~ Median of atriangle divides it intotriangles of equal areas) ... (i)
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DPI CQ [Given]

[Triangles are on t he same base DP and between t he same parallels DP and CQ]
Adding ar (ADBP) on bot h sides, we get
ar (ADPQ) + ar(ADBP) = ar (ADPC) + ar (ADBP)
= ar(ABPQ) =ar(aABCD) L. (i)
From (i) and (ii) , we get
ar (APQB) =% ar (AABC) Hence proved.

. Inthe 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 ABDF = 3cm? Find the area of
parallelogram ABCD

A B

Sol. I n AADF and ECF,

2ADF = £ECF [Alternateinterior angles]
AD =CE (~ AD =BC and BC = CE)

<DFA = «CFE (Vertically opposit e angles)
AADF = A ECF (AAS congruence rule)

= ar(AADF) =ar (A ECF)

Also DF = CF (CPCT)

~ Fisthe mid-point of DC

= BF is the median in ABCD

= ar (ABCD) =2ar (ABDF)
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(~ Median of atriangle divides it intotwo triangles of equal areas)
= ar (ABCD) =2 x 3 cm? =6c¢cn?
~ ar (I gm ABCD) =2ar (ABCD)
=(2 x 6) cm? =12 cm?

6. D is the mid- point of side BC of AABC and E is the mid- point of BD. If O is the
mid- point of AE then prove that ar (A BOE) = % ar ((AABC)

A

B E D C

Sol. Given: D, E and O are mid-points of BC, BD and AE respectively

To prove : ar (A BOE) =§ ar ((AABC)

Proof : since AD and AE are the medians of AABC and AABD respectively.
- ar (AABD) = ar (AABC) ---(1)

and ar (AABE) =% ar (AABD) ---(2)

Also, OB isthe median of AABE

- ar (ABOE) =~ ar (AABE) i (3)

From (i), (ii) and (iii) we get ar (ABOE) =§ ar (AABE)

=2 x 2ar (AABD)
2 2

=~ ar (AABC) Hence proved
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7. In the given figure, ABCD and AEFD are two parallelogram. Prove that

i) PE = FQ
ii) ar(APEA) = ar (AQFD)

iii) ar(AAPE) : ar (APFA) = ar (AQFD) : ar (APFD)

C Q D
Sol. Given: ABCD And AEFD are two parallelograms

To prove :

i) PE = FQ

i) ar (APEA) =ar (AQFD)

iii) ar (AAPE) : ar (APFA) =ar (AQFD) : ar (APFD)
Proof : i) | n AAPE andADQF

2APE = 2«DQF (Corresponding angles)
AE =DF (Opposit e sides of a parallelogram)
2AEP = 2DFQ (Corresponding angles)

A APE = ADQF ( AAS congruence rule)

= PE=QF (CPCT)

(i) ar (APEA) =ar (AQFD) ----(i)

(~ Congruent triangles are equal in ar eas)

b

E—=

A

(iii) APFA = APFD are on the same base PF and bet ween the same parallels PQ and AD

~ ar (APFA) = ar (A PFD) {2

Dividing (i) by (ii), we get

ar (AAPE) ar (AQFD)

ar (APFA) ~ ar (APFD)
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= ar (AAPE) : ar (APFA)
=ar (AQFD) : ar (APFD)

Hence proved

b
¥

B

A
A

E I. Long answer questions I

1. In the given figure, ABCD is a parallelogram. O is any point on AC. PQ | AB and
LM || AD. Prove that ar(llgm DLOP) = ar (Il gm BMOQ)

D L C
Pr--------= l{j """""""" Q
A M B

Sol. Given: ABCD is a parallelogram and point O lies on AC. PQ || ABandLM | AD
To prove : ar ( parallelogram DLOP)
= ar ( parallelogram BMOQ)

Proof :- Diagonal of aar parallelogram divides it intotwotriangles of equal areas
~ ar (AADC) =ar (AABC)
= ar (AAPO) +ar(llgm DLOP) +ar (ALOC)

=ar (AAOM) +ar (Ilgm BMOQ) +ar (AOQC) ----(i)
~ AO and OC ar e diagonals of parallelogram
AMOP and OQCL respectively

ar (AAPO) =ar (AAMO) ----(ii)
ar (AOLC) =ar (AOQCQC) ----(iii)
Subtracting (ii) and (iii) from (i) we get
ar(llgm DLOP) = ar (lIlgm BMOQ) Hence proved
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2. The diagonals of a parallelogram ABCD intersect at a point O. Through O, a line is
drawn to intersect AD at Pand BC at Q. Show that PQ divides the parallelogram into

two parts of equal area. [NCERT Exemplar]
A P D
0
B Q C

Sol. Given : A parallelogram ABCD in which diagonals ACand BD intersect at O .
Through O, alineisdrawntointersect AD at Pand BCat Q.

To prove : ar (APQB) = ar (PQCD)
= 2(Il gm ABCD)
Proof : Diagonals of a parallelogram divides it into two triangles of equal area.
ar (AABC) = ar (AACD)
ar(ABQO) + ar(COQ) = ar(CDPO) +ar (AAOP)----(i)

I n AAOP and ACOQ, we have

2AOP= 2 COQ (Vertically opposit e angles)
OA =0C (Diagonals of a parallelogram bisect each ot her)
20OAP= 2 0CQ (Alternate interior angles)
=~ AAOP = ACOQ (ASA congruence rule)

As congruent triangles are equal in areas,

= ar (AAOP) =ar (ACOQ)

From (i) and (ii) we get

ar (ABQO) +ar (AAOP) =ar(CDPO) +ar (ACOQ)
ar (ABQO) =ar (CDPQ)

ar (APQB) =ar (PQCD)

Hence proved.
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[ I1. Long answer questions j

In the given figure, X and Y are the mid- points of AC and AB respectively,
QP ||IBC and CYQ and BXP are straight lines. Prove that ar(AABP) = ar(AACQ)

M
B C

Sol. Given: X and Y are mid-points of ACand AB respectively. QP || BC and CYQ
and BXPare straight lines.

To prove: ar (AABP) = ar (AACQ)
Prove: X and Y are the mid-point sof AC and AB respectively.
-~ Bymid-point theorem

XY | BC

Triangles BYC and BXC ar e on the same base BC and bet ween t he same parallel
XY and BC.

ar(ABYC) = ar(ABXC)
Subtracting ar(ABOC)f rom bot h sides, we get
ar(ABYC) — ar(ABOC) = ar(ABXC) — ar(ABOC)
= ar(ABOY) = ar(ACOX)
Adding ar (AXQY) on bot h sides, we get
ar(ABQY) +ar(AXOY) = ar(AQCOX) + ar(AXOY)
= ar(ABXY) = ar(ACXY) ........... (i)

+ Parallelogram XYAP and Par allelogram XYAQ are onthe same base XY and
between the same parallels XY and bet ween t he same parallels XY and PQ

~ar(AXYAP) = ar(AXYQA) ... (ii)
Adding (i) and (ii), we get
ar(ABXY) + ar(XYAP) = ar(ACXY) + ar(XYQA)

= ar(AABP) = ar(A40Q) Hence proved.
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2. Inthe given figure, ABCDE is any pentagon. BP drawn parallel to AC meets DC
produced at P and EQ drawn parallel to AD meets CD produced at Q. Prove that

ar(ABCDE) = ar(AAPQ) [NCERT Examplar]
A
B E
P C D Q

Sol. Given: ABCDE is any pentagon, BP || AC and EQ || AD
To Prove : ar (ABCDE) =ar(AAPQ)

Proof : AABC and AAPC ar e on t he same base AC and bet ween the same parallels BPand AC
ar(AABC) = ar(AAPQ) ...........(iQ)

Similarly, AAED and AAQD areon t he same base AD and between the same parallels AD
and EQ

ar(AAED) = ar(AAQD).......(ii)
Adding (i) and (ii),we get
ar(AABC) = ar(AAED) = ar(AAPC) = ar(AAQD) ... (iii)
Adding ar(AACD) on both sides of (iii), we get
ar(AABC) +ar(AAED) + ar(AACD)
=ar(AAPC) + ar(AAQD) + ar(AACD)
= ar(ABCDE) = ar(AAPQ)

Hence proved.
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. If the medians of a (AABC)intersect at G, show that ar(AAGC) = ar(AAGB) =

ar(ABGC) = %(AABC).

B D C

Sol. Given: A AABCin hich medians AD, BE and CF intersect each other at G

To prove: ar (AAGC) = ar (AAGB) = ar (ABCO)

w |-

=-ar (AABQ)
Proof: | n AABC, ADis t he median.
As a median of atriangle divides it intotwo triangles of equal areas,
ar(AABD) = ar(6ACD) L. (i)
| n AGBC, GDis t he median,
ar(AGBD) = ar(AGCD) ... (i)
Subtracting (i) from (i), we get
ar(AABD) — ar(AGBD) = ar(AACD) — ar(AGCD)....... (iii)
ar(AAGB) = ar(AAGC)
Similarly,
ar(AAGB) = ar(ABGC) .. (iv)
From (iii) and (iv) , we get
ar(AAGB) = ar(ABGC)
=ar(AAGC) (v)
But ar(AAGB) + ar(ABGC)+ar(AAGC)
= ar(AABC) N AV )|
From (v) and (vi) , we get

3ar(AAGB) = ar(AABC)
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ar(AAGB) = %ar(AABC)
Hence, ar(AAGB) = ar(AAGC) = ar(ABGC)
= %ar(AABC) Hence proved.

4. Inthe given figure, ABCD is a parallelogram. Prove that ar(ABCP) = ar(ADPQ),
if BC = CQ [CBSE 2016]

Sol. Given :A parallelogram ABCD in which BC = CQ
To prove: ar(ABCP) = ar(ADPQ),
Construction : Join AC

Proof: since AAPC and ABPC are onthe same base PC and between t he same par allels
PC and AB.

ar(AAPC) = ar(ABPC) -

Since ABCD is a parallelogr am.
AD =BC

= AD= OQ (+BC=CQ)
Now, AD || CQ and AD=CQ
Thus in quadrilat eral ADQC, one pair of opposite sides is equal and par allel
~ ADCQ is a parallelogram.
= AP= PQand CP=DP
[Diagonals of a par allelogram bisect each other]
Now, in AAPC and DPQ

AP=PQ [Proved above]
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2£APC = 2DPQ [Vertically opposit e angles]
PC=PD [Proved above]

~ AAPC = ADPQ [SAS congruence rule]
= ar(AAPC) = ar(ADPQ  ......... (ii)

From (i) and (ii), we get
ar(ABCP) = ar(ADPQ)

Hence proved.
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