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CHAPTER 9
AREAS OF PARALLELOGRAMS AND TRIANGLES

Points to Remember :
1. Two congruent figures must have equal areas. However, two figures having equal areas need not to be

congruent.
2. Two figures are said to be on the same base and between the same parallels, if they have a common base

and the vertices (or the vertex) opposite to the common base of each figure lie on a line parallel to the
base.

3. Parallelograms on the same base and between the same parallels are equal in area.
4. Area of parallelogram = Base × corresponding height.
5. Parallelograms on the same base (or equal bases) and having equal areas lie between the same parallels.
6. Two triangles on the same base (or equal bases) and between the same parallels are equal in area.
7. Two triangles having the same base (or equal bases) and equal areas lie betwen the same parallels.

8. Area of Triangle 
2
1

  × Base × corresponding height.

9. Area of a Rhombus 
2
1

 × product of diagonals.

10. Area of a Trapezium 
2
1

  × (sum of the parallel sides) × (distance between them).

11. A median of a triangle divides it into two triangles of equal area.
12. The diagonals of a parallelogram divides it into four triangles of equal area.

ILLUSTRATIVE EXAMPLES
Example 1. In the given figure, ABCD is a parallelogram, AB = 12 cm, altitude DF = 7.2 cm and DE = 6 cm, find

the perimeter of parallelogram ABCD.
Solution. Area of parallelogram ABCD = AB × DE ...(1)

also, Area of parallelogram ABCD = BC × DF ...(2)
From (1) and (2), we get

AB × DE = BC × DF
 12 × 6 = BC × 7.2

 cm10
7.2

612BC 


                                   

 Perimeter of parallelogram ABCD
        = 2 (AB + BC) = 2 (12 + 10) cm

 = 2 (22) cm = 44 cm Ans.

Example 2. P, Q, R, S are respectively, the mid-points of sides AB, BC, CD and DA of parallelogram ABCD.
Show that the quadrilateral PQRS is a parallelogram and its area is half the area of the parallelo-
gram ABCD.
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Solution. Join A to C and Q to S

Now, In ABC, P and Q are respectively mid-points of AB and BC.

   PQ || AC and AC
2
1PQ  ...(1)  ( mid-point theorem)

Similarly, SR || AC and AC
2
1SR  ...(2)

From (1) and (2), we get
PQ || SR and PQ = SR

So, PQRS is a parallelogram.
Now, SPQ and parallelogram ABQS stand on same base SQ and between same parallels AB and
QS,

     ar (PQS) ABQS)gram(paralleloar
2
1

 ...(3)

Similarly, ar (SRQ) SQCD)gram(paralleloar
2
1

 ...(4)

adding (3) and (4), we get,

ar (PQS) + ar (SRQ) SQCD)]gram(paralleloarABQS)gram(parallelo[ar
2
1



 ABCD)gram(paralleloar
2
1PQRS)gram(paralleloar 

which proves the result.
Example 3. P and Q are any two points lying on the sides DC and AD respectively of a parallelogram ABCD.

Show that ar (APB) = ar (BQC).               —NCERT
Solution. APB and parallelogram ABCD stand on the same base AB and lie between the same parallels AB

and DC.

    ar (APB) = ar(ABCD)
2
1

...(1)

Similarly, BQC and parallelogram stand on the same         
base BC and lie between the same parallels BC and AD.

   (ABCD)ar
2
1(BQC)ar  ...(2)

from (1) and (2), we get
ar (APB) = ar (BQC). Hence proved.

Example 4. A farmer was having a field in the form of a parallelogram PQRS. She took any point A on RS and
joined it to points P and Q. In how many parts the fields is divided? What are the shapes of these
parts? The farmer wants to sow wheat and pulses in equal portions of the field seperately. How
should she do it?             —(NCERT)
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Solution. Clearly, the field parallelogram PQRS is divided into 3 parts. Each part is in shape of a triangle.
Since APQ and parallelogram PQRS stand on the same base PQ and lie between the same
parallels PQ and SR.

    ar (APQ) = 
2
1

. ar (PQRS) ...(1)

Clearly, ar (APS) + ar (AQR)
   = ar (PQRS) – ar (APQ)     

  = ar (PQRS) – 
2
1

 ar (PQRS)  ( using (1))

 = 
2
1

 ar (PQRS) ...(2)

From (1) and (2), we get
ar (APS) + ar (AQR) = ar (APQ)

Thus, the farmer should sow wheat and pulses either as [(APS and AQR) or APQ] or as
[APQ or (APS and AQR)].

Example 5. Show that a median of a triangle divides it into two triangles of equal area.                    —NCERT
Solution. Let ABC be a given triangle and AD is a median. Draw AE   BC.

Since, D is mid point of BC, so we have,
BD = DC ...(1)

Now, ar (ABD) AEBD
2
1

 ...(2)

and,  ar (ADC) AECD
2
1



     AEBD
2
1

 ...(3)

(  BD = DC)
From (2) and (3), we get

ar (ABD) = ar (ADC)
which proves the desired result.

Example 6. E is any point on median AD of a ABC. Show that ar (ABE) = ar (ACE)                —NCERT
Solution. Given : AD is a median of ABC and E is any point on AD.

To prove : ar (ABE) = ar (ACE)
Proof :    AD is the median of ABC
 ar (ABD) = ar (ACD) ...(1)              
also, ED is the median of EBC,
 ar (BED) = ar (CED) ...(2)
Subtracting (2) from (1), we get

ar (ABD) – ar (BED) = ar (ACD) – ar (CED)
 ar (ABE) = ar (ACE). Hence shown.

Example 7. In a ABC, E is the mid-point of median AD. Show that ar (BED) = 
4
1

 ar (ABC).           —NCERTT

Solution. Given : ABC in which E is the mid-point of median AD.

To prove : ar (BED) 
4
1

  . ar (ABC)
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Proof : Since AD is a median of ABC and median divides a triangle into two triangles of equal
area.
    ar (ABD) = ar (ADC)

 ar (ABD) = 
2
1

 ar (ABC) ...(1)

In ABD, BE is a median,
 ar (BED) = ar (BAE)

 ar (BED) = (ABD)ar
2
1

(ABC)ar
2
1

2
1
 (   using (1))

= (ABC)ar
4
1

Hence shown.
Example 8. If the medians of a ABC intersect at G, show that

ar (AGB) = ar (AGC) = ar (BGC) 
3
1

  ar (ABC)

Solution. We know that a median of a triangle divides it into two triangles of equal areas.
In ABC, AD is the median.
       ar (ABD) = ar (ACD) ...(1)
Again, In GBC, ar (GBD) = ar (GCD) ...(2)
Subtracting (2) from (1),

ar (ABD) – ar (GBD) = ar (ACD) – ar (GCD)
 ar (ABG) = ar (AGC) ...(3)
Similarly, ar (AGB) = ar (BGC) ...(4)
From (3) and (4), we get,

ar (ABG) = ar (AGC) = ar (BGC)
Now,  ar (ABC) = ar (ABG) + ar (AGC) + ar (BGC)

      = 3 ar (ABG)

, ar (ABC) ABC)(ar
3
1



Hence, ar(AGB) = ar (AGC) = ar (BGC) ABC)(ar
3
1



Example 9. PQRS and ABRS are parallelograms and X is any point on the side BR. Show that :
 (i) ar (parallelogram PQRS) = ar (parallelogram ABRS)

(ii) ar (AXS) = 
2
1

 ar (parallelogram PQRS)
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Solution. Since, parallelogram PQRS and ABRS stand on same base SR and between same parallels SR and
PB,
 ar (parallelogram PQRS) = ar (parallelogram ABRS)

Again, ar (ASX) = 
2
1

 ar (parallelogram ABRS)           

(  ASX and parallelogram ABRS stand
on same base AS and between parallel
lines AS and BR)
But, ar (parallelogram ABRS) = ar (paral-
lelogram PQRS)

   ar (ASX) 
2
1

  ar (parallelogram PQRS)

Hence proved.
Example 10. In ABC, D, E and F are mid-points of the sides BC, CA and AB respectively. Prove that :

(i) BDEF is a parallelogram

(ii) ar (DEF) 
4
1

  ar (ABC)

(iii) ar (BDEF) 
2
1

  ar (ABC).

Solution. (i) FE || BC or FE || BD
and   DE || BF (   mid point theorem)
   BDEF is a parallelogram.
(ii) Since a diagonal of a parallelogram divides it into two triangles equal in area.
    ar (BDF) = ar (DEF)
Similarly, ar (DCE) = ar (DEF)

and ar (DEF) = ar (AFE)
Combining all these, we get
ar (BDF) = ar (DEF) = ar (DCE) = ar (AFE)
But, ar (ABC) = ar (BDF) + ar (DEF) + ar (DCE) + ar (AFE) = 4 ar (DEF)

  ar (DEF) ABC)(ar.
4
1



(iii) Again, 4ar (DEF) = ar (ABC)

 2 . ar (DEF) = 
2
1

 ar (ABC)

 ar (BDEF) = 
2
1

 . ar (ABC)

Hence proved.
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Example 11. In the given figure, ABC and ABD are two triangles on the same base AB. If line segment CD is
bisected by AB at O, show that ar (ABC) = ar (ABD).               —NCERT

Solution. Given : ABC and ABD are two triangles on the same base AB. A line segment CD is bisected by AB
at O. i.e. OC = OD.
To prove : ar (ABC) = ar (ABD)
Proof : In ACD, we have OC = OD (given)
      AO is a median.
     ar (AOC) = ar (AOD) ...(1)

(  median divides a triangle in two triangles of equal areas).
Similarly, In BCD, BO is the median.
 ar (BOC) = ar (BOD) ...(2)
adding (1) and (2), we get

ar (AOC) + ar (BOC) = ar (AOD) + ar (BOD)
 ar (ABC) = ar (ABD).

Example 12. In the given figure, diagonals AC and BD of a quadrilateral ABCD intersect at O such that
OB = OD. If AB = CD, then show that :
   (i) ar (DOC) = ar (AOB)
 (ii) ar (DCB) = ar (ACB)
(iii) DA || CB or ABCD is a parallelogram.               —NCERT

Solution. (i) Draw DN   AC and BM   AC.
In DON and BOM
DNO = BMO (each = 90°)
DON = BOM (vert. opp. angles)        
                  OD = OB (given)
 DON  BOM (AAS congruence condition)
 ar (DON) = ar (BOM) ...(1)

(  congruent triangles have equal area)
Again, In DCN and BAM

DNC = BMA (each = 90°)
          DC = AB (given)
          DN = BM (DON  BOM  DN = BM)

 DCN  BAM (RHS congruence condition)
  ar (DCN) = ar (BAM) ...(2) (  congruent triangles have equal areas)
adding (1) and (2), we get
ar (DON) + ar (DCN) = ar (BOM) + ar (BAM)
 ar (DOC = ar (AOB)
(ii) Since, ar (DOC) = ar (AOB)
    ar (DOC) + ar (BOC) = ar (AOB) + ar (BOC)
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 ar (DCB) = ar (ACB)
(iii) DCB and ACB have equal areas and have the same base. So, these triangles lie between
the same parallels.
   DA || CB.  i.e.  ABCD is a parallelogram.

Example 13. A point O inside a rectangle ABCD is joined to the vertices. Prove that :
ar (AOD) + ar (BOC) = ar (AOB) + as (COD)

Solution. Draw POQ || AD and ROS || AB.
Since, POQ || AD and DC cuts them.
ADC = PQC = 90°   (   corr. angles)
i.e. OQ   CD. Similarly, OR   AD, OP    AB and OS   BC.
Consider, ar (AOD) + ar (BOC)

OSBC
2
1ORAD

2
1



OS)(ORAD
2
1

 BC)AD(          

ABAD
2
1RSAD

2
1



           ABCD)(rect.ar
2
1

 ...(1)

Again, ar (AOB) + ar (COD)

OQCD
2
1OPAB

2
1



OQ)(OPAB
2
1

 (   AB = CD)

ADAB
2
1PQAB

2
1



           ABCD)(rect.ar
2
1

 ...(2)

From (1) and (2), we get
ar (AOD) + ar (BOC) = ar (AOB) + ar (COD)

Example 14. The side AB of a parallelogram ABCD is produced to any point P. A line through A and parallel to
CP meets CB produced at Q and then parallelogram PBQR is completed (see figure). Show that
ar (ABCD) = ar (PBQR).

Solution. Join A to C and P and Q. Since AC and PQ are diagonals of parallelogram ABCD and parallelogram
BPQR respectively.
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    ar (ABC) = 
2
1

 ar (ABCD) ...(1)

and, ar (PBQ) = 
2
1

 ar (BPRQ) ...(2)

Now, ACQ and AQP are in the same base AQ and CP.
    ar (ACQ) = ar (AQP)
 ar (ACQ) – ar (ABQ) = ar (AQP) – ar (ABQ)

(  Subtracting ar (ABQ) from both sides)
 ar (ABC) = ar (BPQ)

 ar(BPRQ)
2
1(ABCD)ar

2
1

 (   using (1) and (2))

 ar (ABCD) = ar (BPRQ) Hence proved.
Example 15. In the given figure, PQ is a line parallel to side BC of ABC. If BX || CA and CY || BA meet the line

PQ produced in X and Y respectively, show that : ar (ABX) = ar (ACY).

Solution. Parallelogram XBCQ and ABX stand on the same base BX and between the same parallels BX
and CA, we have

ar (ABX) 
2
1

  ar (parallelogram XBCQ) ...(1)

Also, parallelogram BCYP and ACY stand on same base CY and between the same parallels CY
and BA, we have

ar (ACY) 
2
1

  ar (parallelogram BCYP) ...(2)

But, parallelogram XBCQ and parallelogram BCYP stand on same base BC and between same
parallels BC and XY,
 ar (parallelogram XBCQ) = ar (parallelogram BCYP) ...(3)
from (1), (2) and (3), we get,

ar (ABX) = ar (ACY)
Hence proved.

Example 16. In the given figure, ABCDE is a pentagon. A line through B parallel to AC meets DC produced at
F. Show that
(i) ar (ACB) = ar (ACF)
(ii) ar (AEDF) = ar (ABCDE)                       —NCERT

Solution. (i) Since ACD and ACF are on the same base
AC and betweeen the same parallels AC and BF,                       
  ar (ACB) = ar (ACF)
(ii) Now, ar (ACB) = ar (ACF)
adding ar (ACDE) both sides, we get
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ar (ACB) + ar (ACDE) = ar (ACF) + ar (ACDE)
 ar (AEDF) = ar (ABCDE)
Hence proved.

Example 17. Diagonals AC and BD of a quadrilateral ABCD intersect at O in such a way that ar (AOD) =
ar (BOC). Prove that ABCD is a trapezium.                               —NCERT

Solution. Diagonals AC and BD of a quadrilateral ABCD intersect at O in such a way that,
ar (AOD) = ar (BOC) ...(1)
adding ar (ODC) on both sides, we get
ar (AOD) + ar (ODC) = ar (BOC) + ar (ODC)
 ar (ADC) = ar (BDC)

 BMDC
2
1ALDC

2
1



 AL = BM
 AB || DC.   (distance between two parallel lines is same)
Hence ABCD is a trapezium.

Example 18. In the given figure, ar (DRC) = ar (DPC) and ar (BDP) = ar (ARC). Show that both the quadrilaterals
ABCD and DCPR are trapeziums.

Solution.        ar (BDP) = ar (ARC) ...(1) (given)
and ar (DPC) = ar (DRC) ...(2) (given)
subtracting (2) from (1), we get
ar (BDP) – ar (DPC) = ar (ARC) – ar (DRC)
   ar (BDC) = ar (ADC)
         DC || AB
Hence, ABCD is a trapezium.
       ar (DRC) = ar (DPC) (given)
on subtracting ar (DLC) from both sides, we get
ar (DRC) – ar (DLC) = ar (DPC) – ar (DLC)
 ar (DLR) = ar (CLP)
on adding ar (RLP) to both sides, we get
 ar (DLR) + ar (RLP) = ar (CLP) + ar (RLP)
 ar (DRP) = ar (CRP)
           RP || DC
Hence, DCPR is a trapezium.

Example 19. Let P, Q, R and S be respectively the mid-points of the sides AB, BC, CD and DA of quadrilateral

ABCD. Show that PQRS is a parallelogram such that ar (parallelogram PQRS) 
2
1

  ar (quad.

ABCD).
Solution. Join A to C and A to R.

In ABC, P and Q are mid-points of AB and BC respectively.

  PQ || AC and AC.
2
1PQ 

In DAC, S and R are mid-points of AD and DC respectively.

  SR || AC and AC.
2
1SR 

Thus, PQ || SR and PQ = SR.
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   PQRS is a parallelogram.
Now, median AR divides ACD into the triangles of equal area.

  ar (ARD) = 
2
1

 . ar (ACD) ...(1)

median RS divides ARD into two triangles of equal area.

   ar (DSR) = 
2
1

 ar (ARD) ...(2)

from (1) and (2), we get, ar (DSR) =
2
1

 ar (ARD) = 
2
1

 (
2
1

 ar (ACD)) = 
4
1

 ar (ACD)

Similarly, ar (BQP) = 
4
1

 ar (ABC).

  ar (DSR) + ar (BQP) = 
4
1

 [ar (ACD) + ar (ABC)]

 ar (DSR) + ar (BQP) = 
4
1

 ar (quad. ABCD) ...(3)

Similarly, ar (CRQ) + ar (ASP) = 
4
1

 ar (quad. ABCD) ...(4)

Adding (3) and (4), we get

ar (DSR) + ar (BQP) + ar (CRQ) + ar (ASP) = 
2
1

 ar (quad. ABCD) ...(5)

But, ar (DSR) + ar (BQP) + ar (CRQ) + ar (ASP)
   + ar (parallelogram ABCD) = ar (quad ABCD) ...(6)

Subtracting (5) from (6), we get

ar (|| PQRS) = 
2
1

 ar (quad. ABCD). Hence proved.

Example 20. Prove that, of all the parallelograms of given sides, the parallelogram which is a rectangle has the
greatest area.

Solution. In parallelogram ABCD of sides a and b, let h be the height corresponding to the base a.

Now, In DAE,
h < b (  b, being the hypotenuse, is the longest side of the triangle)

multiplying both sides by a, we get
ah < ab

i.e. ar (parallelogram ABCD) < ar (rect ABCD),
which proves the result.
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PRACTICE EXERCISE

1. PQRS is a parallelogram in which SX   PQ and QY   PS. If PS = 18 cm, SX =1 2 cm and QY = 8 cm, find
the value of PQ. (Ans. PQ = 12 cm)

2. Show that the line segment joining the mid-points of a pair of opposite sides of a parallelogram divides
it into two equal parallelograms.

3. In the given figure, O is a point in the interior of parallelogram ABCD. Show that :

(i) ar (AOB) + ar (OCD) 
2
1

  ar (ABCD)

(ii) ar (AOD) + ar (OBC) = ar (AOB) + ar (OCD)

4. The diagonals of a parallelogram ABCD intersect at a point O. Through O, a line is drawn to intersect AD
at X and BC at Y. Show that XY divides the parallelogram into two parts of equal area.

5. Find the area of rhombus, the lengths of whose diagonals are 8 cm and 6 cm. Also, find length of the side
of the rhombus.       (Ans. Area = 24 cm2, side = 5 cm)

6. Find the area of a trapezium, whose parallel sides are 11 cm and 7 cm respectively and the distance
between these sides is 6 cm.             (Ans. Area = 54 cm2)

7. BD is one of the diagonals of a quadrilateral ABCD. If AM   BD and CN   BD. Show that :

ar (quad. ABCD) 
2
1

  × BD × (AM + CN)

8. In the given figure,  ABCD is a trapezium in which AB || DC and its diagonals AC and BD intersects at O.
Prove that ar (AOD) = ar (BOC).

9. In the given figure, D is the midpoint of side AB of ABC and X is any point on BC. If CY || XD meets AB

in Y, prove that : ar (BXY) 
2
1

  ar (ABC)
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10. Show that the diagonals of a parallelogram divides it into four triangle of equal area.
11. If each diagonal of a quadrilateral seperates it into two triangles of equal area then show that the

quadrilateral is a parallelogram.
12. E is any point on the median AD of ABC. Show that ar (ABE) = ar (ACE).

13. In a triangle ABC, E is the mid point of median AD. Show that ar (BED) 
4
1

  ar (ABC).

14. In the given figure, the side AB of parallelogram ABCD is produced to a point P and a line through A,
parallel to CP, meets CB produced in Q and the parallelogram BQRP is completed. Show that
ar (parallelogram ABCD) = ar (parallelogram BQRP).

15. Diagonal BD of a quadrilateral ABCD bisects the other diagonal AC in O. Prove that :
ar (ABD) = ar (CBD)

16. Let P, Q, R and S be respectively the mid points of the sides AB, BC, CD and DA of quadrilateral ABCD.

Show that PQRS is a parallelogram such that ar (parallelogram PQRS) 
2
1

  ar (quad. ABCD).

17. In the given figure, ABCD is a parallelogram and E is any point on BC. Prove that :
ar (ABE) + ar (DEC) = ar (EDA)

18. The medians CF and BE intersect at G. Prove that ar (GBC) = ar (quad. AFGE).
19. D and E are points on sides AB and AC respectively of ABC such that ar (DBC) = ar (EBC). Prove that

DE || BC.
20. ABCD is a parallelogram, E and F are the mid-points of BC and CD respectively. Prove that :

ar (AEF) 
8
3

  ar (parallelogram ABCD).
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PRACTICE TEST

MM : 15 Time : 1 hour

General Instructions :

Each Questions carries 3 marks.

1. Show that a median of a triangle divides it into two triangles of equal areas.
2. ABCD is a parallelogram and O is any point in its interior. Prove that :

       ar (AOB) + ar (COD) = ar (BOC) + ar (AOD)
3. Triangles ABC and DBC are on the same base BC with A, D on opposite sides of line BC, such that

ar (ABC) = ar (DBC). Show that BC bisects AD.
4. D, E and F are the mid-points of the sides BC, CA and AB respectively of ABC. Prove that BDEF is a

parallelogram whose area is half of ABC. Also, show that ar (DEF) = 
4
1

 ar (ABC).

5. In the given figure, AP || BQ || CR. Prove that ar (AQC) = ar (PBR).
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