Chapter 16. Area Theorems [Proof and Use]
Exercise 16(A)
Solution 1:

(A A DR and parallelogram ABED are on the same base AB and between the same parallels DE/AR, so area of the triangle A 4R is half the area
of parallelogram ABED.

Area of ABED = 2 (Area of ADE} = 120 cm?
(iiArea of parallelogram 1s equal to the area of rectangle on the same base and of the same altitude i.e, between the same parallels
Area of ABCF = Area of ABED = 120 cm?

(ili)We know that ares of triangles on the same base and between same parallel lines are equal

Area of ABE=Area of ADE =60 cm?

Solution 2:

After drawing the opposite sides of AB, we get
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Since from the figure, we get CD//FE therefore FC must parallel to DE. Therefore it is proved that the quadrilateral CDEF is a
parallelogram.

Area of parallelogram on same base and between same parallel lines is always equal and area of parallelogram is equal to
the area of rectangle on the same base and of the same altitude i.e, between same parallel lines.

So Area of CDEF= Area of ABDC + Area of ABEF

Hence Proved



Solution 3:
()
Since POS and parallelogram PMLS are on the same base PS and between the same parallels e, SP/LM.
As O is the center of LM and Ratio of area of triangles with same vertex and bases along the same line is equal to ratio of their respective bases.
The area of the parallelogram is twice the area of the triangle if they lie on the same base and in between the same parzllels.
So 2{Area of P3O)=Area of PMLS
Hence Proved.
(i)
Consider the expression Areal( /s POS)+ Areaq [QOR]:

LM is parallel to PS and PS is parallel to RO, therefore, LM is

1
Since triangle POS lie on the base PS and in between the parallels PS5 and LM, we h:;n.fe_."j‘-refJ [ VAN POS] = ?AFEG[D PSLM].

Since triangle QOR liz on the base QR and in between the parallels LM and RO, we have,

Areal /s QOR) = %Area[l:l LMQR)

Areal 2 POS)+ Areal A QOR) = %Area (OPSLM]) + %Areu (OLMQR)
= %[Area[m PSLM) + Area(OLMQR)]

= %[Area[DPQRS]]

(i}

In a parallelogram, the dlagonals bisect each other.

Therefare, O5=100)

Consider the triangle PQS, since OS5 = 00, OP is the median of the triangle POS.
We know that median of a triangle divides it into two triangles of equal area.

Therefore,

Areal A POS) = Areal A POQ)....01)

Similarly, since OR is the median of the triangle QRS, we have,
Areal A QOR) = Areal A SOR)....(2)

Adding eguations (1) and (2), we have,

Areal M POS)+ Areal A QOR) = Areal A POQ) + Areal 2\ SOR)

Hence Proved.

Solution 4:

Given ABCD is a parallelogram. P and Q are any points on the sides AB and BC respectively, join diagonals AC and BD.
proof:

since triangles with same base and between same set of parallel lines have equal areas

area (CPD)=area(BCD)...... (1)

again, diagonals of the parallelogram bisects area in two equal parts

area (BCD)=(1/2) area of parallelogram ABCD...... (2)



from (1) and (2)

area(CPD)=1/2 area(ABCD)...... 3)

similarly area (AQD)=area(ABD)=1/2 area(ABCD)...... 4)

from (3) and (4)

area(CPD)=area(AQD),

hence proved.

(i)

We know that area of triangles on the same base and between same parallel lines are equal

So Area of AQD= Area of ACD= Area of PDC = Area of BDC = Area of ABC=Area of APD + Area of BPC
Hence Proved

Solution 5:

o
W

Since triangle BEC and parallelogram ABCD are on the same base BC and between the same parallels i.e. BC/AD.

So Area( A BEC) = % x Area(dABCD) = % x 48 =24 cm’

(1)
Area(O0ANMD) = Area(OBNMC)
= %Area[DABCD)

= % x 2 x Area( /\ BEC)
= Areal /A BEC)

Therefore, Parallelograms ANMD and NBCM have areas equal to triangle BEC

Solution 6:

Since A DCE and A DEE are on the same base DB and between the same parallels i.e. DE/CE, therefore we get

4r (ADCB) = Ar (ADEB)
Ar{ADCR +AADB) = hr (ADAB+AADB)
br (ABCD) = Ar (K4DE)

Hence proved

Solution 7:
A APE and parallelogram ABCD are on the same base AB and between the same parallel lines AB and CD.

Ar.{:'_‘.APB) = %A_r.{parallelogram ABCD} ...... {3
A ADQ and parallelogram ABCD are on the same base AD and between the same parallel lines AD and BQ.
Ar.{MDQ] = %A.r (parallelogram ABCD] ...... (1)

Adding equation (i) and (i), we get

Ar.{:'_‘.APB) +Ar (MDQ} =i (parallelogram ABCD}

Ar.(quad.ADQB]—Ar. (&BPQ] = Ar.(parallelogram ABCD]

Ar(oquad ADQBY-Ar (ABPCOY = Ar{quad ADQE}-Ar (ADCQ)
Ar (ABPQ)= Ar (ADCQ)

Subtracting Ar. A PCQ from both sides, we get

br(ABPQ)— Ar(APCQ) = Ar (ADCQ)- Ar (APCQ)
Ar (ABCP) = Ac(ADPQ)

Hence proved.



Solution 8:

(c L /A— =3
A B P

Since triangle EDG and EGA are on the same base EG and between the same parallel lines EG and DA, therefore
Ar (AEDG) = Ar (AEGA)

Subtracting ARG from both sides, we have

Ar (AEOD) = Ar (AGOA) 1)

Similarby

Ar{ADPC)= Ar (ABEF) (i)

Now

class

ABPC and 4 BQP are on the same base BF and between the same parallel lines BP and CQ.
% Ar._{&BPC_} = Ar..{_&BQP}
From (i) and (i), we get

L AT{AARC) = Ar (ABQF)

Hence proved.



Solution 10:

i
Wl

LEAC = ARAR+ ABAC

LEAC =907+ 2840 L )]
LBAR = ARAC+ A BAC
LBAR =007+ B4 L (7]

From (i) and (ii}, we get

LERAC = ZBAFR

In A EAC and A BAF we have, EA=AB

SRAC = ABAF and AC=AF

S AEAC = A BAF (SAS axiom of congruency)

{1

Since MABC s a right triangle, we have,

AC? = AB® + BC® [Using Pythagoras Theorem in /A ABC]
= AB* = AC? - BC®

— AB? = (AR + RC —(BR? + RC?) [Since AC= AR+ RC and Using Pythagoras
Thearem in £ BRC]

- AB® = AR? + 2AR x RC + RC? - [BR? + RC?) [Using the identity]

— AB? = AR? + 2AR x RC + RC% —[AB% — AR? + RC?) [Using Pythagoras Theorem in /\ABR]
= 2AB° =2AR%4 2AR x RC

= AB® = AR[AR + RC)

= AB*= AR X AC

= AB% = AR % AF

= ArealO0ABDE)= Arealrectangle ARHF)

Solution &i:
(i)
In A ABC, D s midpoint of AB and E is the midpoint of AC.
AD_ 4B
AR AT
DEis parallel to BC,
- 4 (AADC) = Ar (ABDC) = %Ar. (£450)
Again
Ar{:'_‘.AEB] = Ar (&BEC} == %Ar.(MBC]

From the above two equations, we have

Area [ AADC) = Areal A AEB).

Hence Proved

(if)

We know that area of triangles on the same base and between same parallel lines are equal
Arealtriangle DEC)= Area(triangle BCE}

Arealtriangle DOB} + Arealtriangle BOC) = Arealtriangle BOC) + Arealtriangle COE)

So Arealtriangle DOB) = Arealtriangle COE)



Solution 12:
(i)

Since A EBC and parallelogram ABCD are on the same base BC and between the same parallels i.e. BC/AD.

Ar.(&EBC-}=% x Ar parallelogram ABCD)

{parallelogram ABCD )=2x Ar (AEBC)
= 2x480cm
= 960cm®

(i)

Parallelograms on same base and between same parallels are equal inarea

Area of BCFE = Area of ABCD= 940 cm?

(i)

Area of triangle ACD=450= (1/2) = 30 x Altitude
Altitude=32 cm

(iv)

The area of a triangle is half that of a parallelogram on the same base and between the same parallels.

Therefore,

Areal N ECF) = iJ-fhre:r;t[l:l CBEF)

Since ED and his line, therefore
LECR = £ FAD

From the above conditions, we have

ARFC = hAFD

Adding quadrilateral CBDF in both sides, we have

Areaof /gm BDEC= Area of A ABC

Solution 14:
In Parallelogram PQRS, AC // P5// QR and PQ // DB // SR.

Similarly, AQRC and APSC are also paralielograms.

class24

Since A ABC and paralielogram AQRC are on the same base AC and between the same parallels, then

Adding (i) and {ii), we get

Area of quadrilateral PQRS = 2 x Area of gquad. ABCD



Solution 15:
Given: ABCD is a trapezium

AB || CD,MN || AC

JoinCand M
We know that area of triangles on the same base and between same parallel lines are equal.

So Area of A AMD = Area of A AMC

Similarly, consider AMMNC guadrilateral where MN || AC.

M ACM and A ACN are on the same base and between the same parallel lines. So areas are equal.
So, Area of A AGHM =#irea of LdCAL

From the abowe bevoequations, we.can say

Areaof A ADM = Area of A CAN

Hence Proved.

Solution 16:

We know that area of triangles on the same base and between same parallel lines are equal.
Consider ABED quadrilateral; AD||BE

With common base, BE and between AD and BE parallel lines, we have
Area of AABE = Area of ABDE

Similarly, in BEFC quadrilateral, BE| |CF

With common base BC and between BE and CF parallel lines, we have
Area of ABEC = Area of ABEF

Adding both equations, we have

Area of AABE + Area of ABEC = Area of ABEF + Area of ABDE

=> Area of AEC = Area of DBF

Hence Proved

Solution 17:

Given: ABCD is a parallelogram.

We know that

Area of AABC = Area of AACD

Consider AABX,

Area of AABX = Area of AABC + Area of AACX

We also know that area of triangles on the same base and between same parallel lines are equal.
Area of AACX = Area of ACXD

From above equations, we can conclude that

Area of AABX = Area of AABC + Area of AACX = Area of AACD+ Area of ACXD = Area of ACXD Quadrilateral
Hence Proved

Solution 18:
Join B and R and P and R.
We know that the area of the parallelogram is equal to twice the area of the triangle, if the triangle and the parallelogram



are on the same base and between the parallels
Consider ABCD parallelogram:
Since the parallelogram ABCD and the triangle ABR lie on AB and between the parallels AB and DC, we have

Area(0ABCD)=2 x Areal A ABR) 1)
We know that the area of triangles with same base and between the same parallel lings are equal.

Since the triangles ABR and APR liz on the same base AR and between the parallels AR and QF, we have,

Areal A ABR) = Areal A APR) iy

From equations (1) and (2}, we have,

Area(0ABCD) =2 x Areal A APR)...(3)
Also, the triangle APR and the parallelogram ARQFP
lie on the same base AR band between the parallels, AR and QF,

Areal A AFPR) = % ® Area(O0ARQF)....(4)
Using (4) in equation (3), we have,
Area(0ABCD)=2 x % * Area(0ARQF)

Area(0ABCD) = Area(OARQP)
Hence proved.



