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3.3 Plotting a Point in the Plane if its Coordinates are Given

Uptil now we have drawn the points for you, and asked you to give their coordinates.
Now we will show you how we place these points in the plane if we know its coordinates.
We call this process “plotting the point™.

Let the coordinates of a point be (3, 5). We want to plot this point in the coordinate
plane. We draw the coordinate axes, and choose our units such that one centimetre
represents one unit on both the axes. The coordinates of the point (3, 5) tell us that the

distance of this point from the y - axis along the positive x - axis is 3 units and the
distance of the point from the x - axis along the positive y - axis is 5 units. Starting from
the origin O, we count 3 units on the positive x - axis and mark the corresponding point
as A. Now, starting from A, we move in the positive direction of the y - axis and count
5 units and mark the corresponding point as P (see Fig.3.15). You see that the distance
of P from the y - axis is 3 units and from the x - axis is 5 units. Hence, P is the position
of the point. Note that P lies in the 1st quadrant, since both the coordinates of P are
positive. Similarly, you can plot the point Q (5, —4) in the coordinate plane. The distance
of Q from the x - axis is 4 units along the negative y - axis, so that its y - coordinate is
—4 (see Fig.3.15). The point Q lies in the 4th quadrant. Why?

¥
A

> P@3,5)
44

3

2
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"5 —4-3 -2 -10 1 2 3 4U4s
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—24
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-41 QG -4
5L

v
Y’

Fig. 3.15
Example 3 : Locate the points (5, 0), (0, 5), (2, 5), (5, 2), (-3, 5), (-3, -5), (5,-3) and
(6, 1) in the Cartesian plane.

Solution : Taking 1cm = lunit, we draw the x - axis and the y - axis. The positions of
the points are shown by dots in Fig.3.16.
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Fig. 3.16

Note : In the example above, you see that (5, 0) and (0, 5) are not at the same
position. Similarly, (5, 2) and (2, 5) are at different positions. Also, (-3, 5) and (5, -3)
are at different positions. By taking several such examples, you will find that, if x #y,
then the position of (x, y) in the Cartesian plane is different from the position
of (y, x). So, if we interchange the coordinates x and y, the position of (y, x) will differ
from the position of (x, y). This means that the order of x and y is important in (x, y).
Therefore, (x, y) is called an ordered pair. The ordered pair (x, y) # ordered pair (y, x),
if x #y. Also (x, y) = (y, x), if x = y.

Example 4 : Plot the following ordered pairs (x, y) of numbers as points in the Cartesian
plane. Use the scale 1cm = 1 unit on the axes.

X

-3

0

y

7

-3.5
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Solution : The pairs of numbers given in the table can be represented by the points
(=3,7),(0,-3.5), (= 1,—=3), (4,4) and (2, — 3). The locations of the points are shown
by dots in Fig.3.17.

Y

N

(-3,7)

7
6
5
41 . (4, 4)
3
2

w2
~1,-3)¢ -3¢} . (2,-3
( ) "(0’_3'5)( )
44
54
v
h
Fig. 3.17

Activity 2 : A game for two persons (Requirements: two counters or coins, graph
paper, two dice of different colours, say red and green):

Place each counter at (0, 0). Each player throws two dice simultaneously. When
the first player does so, suppose the red die shows 3 and the green one shows 1. So,
she moves her counter to (3, 1). Similarly, if the second player throws 2 on the red and
4 on the green, she moves her counter to (2, 4). On the second throw, if the first player
throws 1 on the red and 4 on the green, she moves her counter from (3, 1) to
(3+ 1, 1+4), thatis, adding 1 to the x - coordinate and 4 to the y - coordinate of (3, 1).

The purpose of the game is to arrive first at (10, 10) without overshooting, i.e.,
neither the abscissa nor the ordinate can be greater than 10. Also, a counter should not
coincide with the position held by another counter. For example, if the first player’s
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counter moves on to a point already occupied by the counter of the second player, then
the second player’s counter goes to (0, 0). If a move is not possible without overshooting,
the player misses that turn. You can extend this game to play with more friends.

Remark : Plotting of points in the Cartesian plane can be compared to some extent
with drawing of graphs in different situations such as Time-Distance Graph, Side-
Perimeter Graph, etc which you have come across in earlier classes. In such situations,
we may call the axes, t-axis, d-axis, s-axis or p-axis, etc. in place of the
x and y axes.

EXERCISE 3.3
1. In which quadrant or on which axis do each of the points (- 2, 4), (3,- 1), (- 1, 0),
(1,2) and (- 3, -5) lie? Verify your answer by locating them on the Cartesian plane.

2. Plot the points (x, y) given in the following table on the plane, choosing suitable units
of distance on the axes.

X -2 -1 0 1 3

y 8 7 ~1.25 3 il
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4.4 Graph of a Linear Equation in Two Variables

So far, you have obtained the solutions of a linear equation in two variables algebraically.
Now, let us look at their geometric representation. You know that each such equation
has infinitely many solutions. How can we show them in the coordinate plane? You
may have got some indication in which we write the solution as pairs of values. The
solutions of the linear equation in Example 3, namely,

xX+2y=6 (@))
can be expressed in the form of a table as follows by writing the values of y below the
corresponding values of x :

Table 1
X 0 2 4 6
y 3 2 1 0

In the previous chapter, you
studied how to plot the points on a
graph paper. Let us plot the points
@, 3), (2,2), (4, 1)and (6, 0) on a
graph paper. Now join any two of
these points and obtain a line. Let us
call this as line AB (see Fig. 4.2).

Do you see that the other two
points also lie on the line AB? Now,
pick another point on this line, say
(8, —1). Is this a solution? In fact,
8+2(—=1)=6.So, (8,—1)is asolution. N
Pick any other point on this line AB
and verify whether its coordinates Fig. 4.2
satisfy the equation or not. Now, take
any point not lying on the line AB, say (2, 0). Do its coordinates satisfy the equation?
Check, and see that they do not.

Let us list our observations:

&
<

1. Every point whose coordinates satisfy Equation (1) lies on the line AB.
2. Every point (a, b) on the line AB gives a solution x = a, y = b of Equation (1).
3. Any point, which does not lie on the line AB, is not a solution of Equation (1).

So, you can conclude that every point on the line satisfies the equation of the line
and every solution of the equation is a point on the line. In fact, a linear equation in two
variables is represented geometrically by a line whose points make up the collection of
solutions of the equation. This is called the graph of the linear equation. So, to obtain
the graph of a linear equation in two variables, it is enough to plot two points
corresponding to two solutions and join them by a line. However, it is advisable to plot
more than two such points so that you can immediately check the correctness of the
graph.

Remark : The reason that a, degree one, polynomial equation ax + by + ¢ =0 is called
a linear equation is that its geometrical representation is a straight line.

Example 5 : Given the point (1, 2), find the equation of a line on which it lies. How
many such equations are there?

Solution : Here (1, 2) is a solution of a linear equation you are looking for. So, you are
looking for any line passing through the point (1, 2). One example of such a linear
equation is x + y = 3. Others are y — x = 1, y = 2x, since they are also satisfied by the
coordinates of the point (1, 2). In fact, there are infinitely many linear equations which

P
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are satisfied by the coordinates of the point (1, 2). Can you see this pictorially?

Example 6 : Draw the graph of x + y = 7.

Solution : To draw the graph, we
need at least two solutions of the
equation. You can check that x = 0,
y=7,and x =7, y =0 are solutions
of the given equation. So, you can
use the following table to draw the

graph:

Y

(7,0)

Table 2
T
X 0 7 e
y 7 0

Draw the graph by plotting the
two points from Table 2 and then
by joining the same by a line (see Fig. 4.3).

Example 7 : You know that the force applied on
a body is directly proportional to the acceleration
produced in the body. Write an equation to express
this situation and plot the graph of the equation.

Solution : Here the variables involved are force
and acceleration. Let the force applied be y units
and the acceleration produced be x units. From
ratio and proportion, you can express this fact as
y = kx, where k is a constant. (From your study
of science, you know that k is actually the mass
of the body.)

Now, since we do not know what & is, we cannot
draw the precise graph of y = kx. However, if we
give a certain value to k, then we can draw the
graph. Let us take k = 3, i.e., we draw the line
representing y = 3x.

For this we find two of its solutions, say (0, 0) and
(2, 6) (see Fig. 4.4).

&
<

123456 7\

Fig. 4.3
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From the graph, you can see that when the force applied is 3 units, the acceleration
produced is 1 unit. Also, note that (0, 0) lies on the graph which means the acceleration
produced is 0 units, when the force applied is O units.

Remark : The graph of the equation of the form y = kx is a line which always passes
through the origin.

Example 8 : For each of the graphs given in Fig. 4.5 select the equation whose graph
it is from the choices given below:

(a) For Fig. 4.5 (1),

@ x+y=0 (i) y=2x (i) y=x (iv) y=2x+1
(b) For Fig. 4.5 (i1),

@ x+y=0 (i) y=2x (i) y=2x+4 (iv) y=x-4
(c) For Fig. 4.5 (ii1),

@ x+y=0 (i) y=2x (i) y=2x+1 (iv) y=2x-4

Fig.4.5
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Solution : (a) In Fig. 4.5 (i), the points on the line are (-1, -2), (0, 0), (1, 2). By
inspection, y = 2x is the equation corresponding to this graph. You can find that the
y-coordinate in each case is double that of the x-coordinate.

(b) In Fig. 4.5 (ii), the points on the line are (-2, 0), (0, 4), (1, 6). You know that the
coordinates of the points of the graph (line) satisfy the equation y = 2x + 4. So,
y = 2x + 4 is the equation corresponding to the graph in Fig. 4.5 (ii).

(c) In Fig. 4.5 (ii1), the points on the line are (-1, -6), (0,—4), (1,-2), (2, 0). By inspection,
you can see that y = 2x — 4 is the equation corresponding to the given graph (line).

EXERCISE 4.3

1. Draw the graph of each of the following linear equations in two variables:
O x+y=4 @@ x-y=2 @) y=3x @iv) 3=2x+y

2. Give the equations of two lines passing through (2, 14). How many more such lines
are there, and why?

If the point (3, 4) lies on the graph of the equation 3y = ax + 7, find the value of a.

The taxi fare in a city is as follows: For the first kilometre, the fare is ¥ 8 and for the
subsequent distance it is ¥ 5 per km. Taking the distance covered as x km and total
fare as ¥ y, write a linear equation for this information, and draw its graph.

5. From the choices given below, choose the equation whose graphs are given in Fig. 4.6

and Fig. 4.7.

For Fig. 4.6 For Fig. 4.7

D y=x @ y=x+2

(i) x+y=0 () y=x-2

(iii) y=2x (iii) y=—x+2

(iv) 2+3y="Tx (iv) x+2y=6 Y
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If the work done by a body on application of a constant force is directly proportional
to the distance travelled by the body, express this in the form of an equation in two
variables and draw the graph of the same by taking the constant force as 5 units. Also
read from the graph the work done when the distance travelled by the body is

(1) 2 units (11) O unit

Yamini and Fatima, two students of Class IX of a school, together contributed I 100
towards the Prime Minister’s Relief Fund to help the earthquake victims. Write a linear
equation which satisfies this data. (You may take their contributions as ¥ x and
< y.) Draw the graph of the same.

In countries like USA and Canada, temperature is measured in Fahrenheit, whereas in
countries like India, it is measured in Celsius. Here is a linear equation that converts
Fahrenheit to Celsius:

F= (2JC + 32
5

(1) Draw the graph of the linear equation above using Celsius for x-axis and Fahrenheit
for y-axis.

(i) If the temperature is 30°C, what is the temperature in Fahrenheit?
(u1) If the temperature is 95°F, what is the temperature in Celsius?

(iv) If the temperature is 0°C, what is the temperature in Fahrenheit and if the
temperature is 0°F, what is the temperature in Celsius?

(v) Is there a temperature which is numerically the same in both Fahrenheit and
Celsius? If yes, find it.
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6.5 Parallel Lines and a Transversal

Recall that a line which intersects two or more lines
at distinct points is called a transversal
(see Fig. 6.18). Line / intersects lines m and n at
points P and Q respectively. Therefore, line / is a
transversal for lines m and n. Observe that four angles
are formed at each of the points P and Q.

Let us name these anglesas £ 1, £2,..., ZL8 as
shown in Fig. 6.18.
L1, £2, £7 and £ 8 are called exterior

angles, while £ 3, £ 4, £ 5 and £ 6 are called
interior angles.

Fig. 6.18

Recall that in the earlier classes, you have named some pairs of angles formed

when a transversal intersects two lines. These are as follows:
(a) Corresponding angles :
(i)ZLland £ 5 (1) £L2and £6
(i) L4 and £ 8 (iv) L3 and L7
(b) Alternate interior angles :
(i) £L4and L6 (ii)) £L3and L5
(c) Alternate exterior angles:
(1) ZLland L7 (1) £L2and £ 8
(d) Interior angles on the same side of the transversal:
(i)ZL4and L5 (i) L3and L6

Interior angles on the same side of the transversal

or allied angles or co-interior angles. Further, many
a times, we simply use the words alternate angles for

are also referred to as consecutive interior angles /{I
1

A
S
w

alternate interior angles.

Now, let us find out the relation between the
angles in these pairs when line m is parallel to line n. 6

v

You know that the ruled lines of your notebook are
parallel to each other. So, with ruler and pencil, draw
two parallel lines along any two of these lines and a
transversal to intersect them as shown in Fig. 6.19. Fig. 6.19

SA
Q’%
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Now, measure any pair of corresponding angles and find out the relation between
them. Youmay findthat: £ 1=£5,£2=/6,£4= /8 and £3 = £ 7. From this,
you may conclude the following axiom.

Axiom 6.3 : If a transversal intersects two parallel lines, then each pair of
correspondmg angles is equal.

Axiom 6.3 is also referred to as the corresponding angles axiom. Now, let us
discuss the converse of this axiom which is as follows:

If a transversal intersects two lines such that a pair of corresponding angles is
equal, then the two lines are parallel.

Does this statement hold true? It can be verified as follows: Draw a line AD and
mark points B and C on it. At B and C, construct £ ABQ and £ BCS equal to each
other as shown in Fig. 6.20 (i).

/1, //

@) (i1)
Fig. 6.20

Produce QB and SC on the other side of AD to form two lines PQ and RS
[see Fig. 6.20 (ii)]. You may observe that the two lines do not intersect each other. You
may also draw common perpendiculars to the two lines PQ and RS at different points
and measure their lengths. You will find it the same everywhere. So, you may conclude
that the lines are parallel. Therefore, the converse of corresponding angles axiom is
also true. So, we have the following axiom:

Axiom 6.4 : If a transversal intersects two lines such that a pair of corresponding
angles is equal, then the two lines are parallel to each other.

Can we use corresponding angles axiom to find P
out the relation between the alternate interior angles Q
when a transversal intersects two parallel lines? In <€ A é>
Fig. 6.21, transveral PS intersects parallel lines AB
and CD at points Q and R respectively.
Is ZBQR = Z QRC and £ AQR = Z QRD? <:C R D>
You know that Z PQA = £ QRC (1) \S
(Corresponding angles axiom)
Fig. 6.21
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Is Z PQA = Z BQR? Yes! (Why ?) (2)
So, from (1) and (2), you may conclude that

Z BQR = £ QRC.
Similarly, Z AQR = Z QRD.

This result can be stated as a theorem given below:

Theorem 6.2 : If a transversal intersects two parallel lines, then each pair of
alternate interior angles is equal.

Now, using the converse of the corresponding angles axiom, can we show the two
lines parallel if a pair of alternate interior angles is equal? In Fig. 6.22, the transversal
PS intersects lines AB and CD at points Q and R respectively such that

Z BQR = Z QRC. "
Is AB Il CD? /
ZBQR=ZPQA  (Why?) (1) < >

But, L BOR = & QRC (Given) (2)
So, from (1) and (2), you may conclude that
Z/PQA = Z QRC T 7 D
S

But they are corresponding angles.

N
v

So, AB IICD (Converse of corresponding angles axiom)
Fig. 6.22

This result can be stated as a theorem given below:

Theorem 6.3 : If a transversal intersects two lines such that a pair of alternate
interior angles is equal, then the two lines are parallel.

In a similar way, you can obtain the following two theorems related to interior angles
on the same side of the transversal.

Theorem 6.4 : If a transversal intersects two parallel lines, then each pair of
interior angles on the same side of the transversal is supplementary.

Theorem 6.5 : If a transversal intersects two lines such that a pair of interior
angles on the same side of the transversal is supplementary, then the two lines
are parallel.

You may recall that you have verified all the above axioms and theorems in earlier
classes through activities. You may repeat those activities here also.
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6.7 Angle Sum Property of a Triangle

In the earlier classes, you have studied through activities that the sum of all the angles
of a triangle is 180°. We can prove this statement using the axioms and theorems
related to parallel lines.

Theorem 6.7 : The sum of the angles of a triangle is 180°.

Proof : Let us see what is given in the statement o
above, that is, the hypothesis and what we need to
prove. We are given a triangle PQR and £ 1, £ 2
and Z 3 are the angles of A PQR (see Fig. 6.34).

We need to prove that £ 1 + £ 2 + £ 3 =180°. Let

us draw a line XPY parallel to QR through the

opposite vertex P, as shown in Fig. 6.35, so that we 2 3

can use the properties related to parallel lines. Q 5

Now, XPY is a line. Fig. 6.34
Therefore, L4+ L1+ £5=180° (1)
But XPY Il QR and PQ, PR are transversals.

So, Ld=,7 and Z35=4L£3
(Pairs of alternate angles)

Substituting £ 4 and £ 5 in (1), we get
L2+ /£1+£3=180°
That is, L1+£2+£3=180°

Q

Fig. 6.35

Recall that you have studied about the formation of an exterior angle of a triangle in
the earlier classes (see Fig. 6.36). Side QR is produced to point S, Z PRS is called an
exterior angle of APQR.

Is £3+/£4=180°?(Why?) (1)
Also, see that
Z1+£2+ £3=180°(Why?) (2)
From (1) and (2), you can see that
L4d=L1+L2.

This result can be stated in the form of ~ Q R S
a theorem as given below: Fig. 6.36

P

A 4

M O
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Theorem 6.8 : If a side of a triangle is produced, then the exterior angle so
formed is equal to the sum of the two interior opposite angles.

It is obvious from the above theorem that an exterior angle of a triangle is greater
than either of its interior apposite angles.

Now, let us take some examples based on the above
theorems.

Example 7 : In Fig. 6.37,if QT L PR, Z TQR =40°
and £ SPR = 30°, find x and y.

Solution : In A TQR, 90° + 40° + x = 180°

(Angle sum property of a triangle)
Therefore, x= 50°
Now, y=ZSPR +x (Theorem 6.8)

Therefore, y = 30°+50°
= 80° Q

Example 8 : In Fig. 6.38, the sides AB and AC of A
AABC are produced to points E and D respectively.
If bisectors BO and CO of £ CBE and £ BCD .
respectively meet at point O, then prove that

1
Z BOC =90° - — ZBAC.
OC =90 > 2 AY £X ¢
Solution : Ray BO is the bisector of £ CBE. E D

|
Therefore, Z CBO = E Z CBE

|
5 (180°-y)

—90°- < (1) %

2
Similarly, ray CO is the bisector of £ BCD. Fig. 6.38

Therefore, Z BCO

— L BCD
= — (180° -2)

= 90° - )

N | 2



In ABOC, £BOC + £ BCO + £ CBO = 180° 3)
Substituting (1) and (2) in (3), you get

4BOC+90°—§+90°—% = 180°

S ZBOC= = + 2
o " 272
1
o, # BOC. = 5 y+2) (4)
But, x+y+z=180° (Angle sum property of a triangle)
Therefore, y+z=180°-x

Therefore, (4) becomes

(@F]

1
ZBOC = ) (180° —x)

=90°- =
B
|
= 90° - = £ BAC
EXERCISE 6.3

In Fig. 6.39, sides QP and RQ of A PQR are produced to points S and T respectively.
If ZSPR =135°and ZPQT =110°, find ZPRQ.

InFig. 6.40, £ X =62°, £ XYZ =54°.1f YO and ZO are the bisectors of Z XYZ and
£ XZY respectively of AXYZ, find Z OZY and £ YOZ.

InFig. 6.41,if AB IIDE, Z BAC =35° and £ CDE =53°, find Z DCE.

S
X
o A B\
P{)135 /\ T s
62°
£
0]
o 1100 ) > 530
X Q R Y £ D E
Fig. 6.39 Fig. 6.40 Fig. 6.41

In Fig. 6.42, if lines PQ and RS intersect at point T, such that £ PRT =40°, Z RPT =95°
and ZTSQ=75° find £ SQT.

MPp
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InFig. 6.43,if PQ L PS, PQII SR, £ SQR =28° and £ QRT =65°, then find the values
of x and y.

P
Pry —Q
95°
2
40° S y
" . 75° 4 65°
S R - o
Fig. 6.42 Q Fig. 6.43
In Fig. 6.44, the side QR of APQR is produced to I
a point S. If the bisectors of £ PQR and P
Z PRS meet at point T, then prove that
1
ZQTR= — LOPR.
2 >
Q R S
Fig. 6.44

MC



Chapt:erTr7isangl e

(@F]

7.6 Inequalities in a Triangle

So far, you have been mainly studying the equality of sides and angles of a triangle or
triangles. Sometimes, we do come across unequal objects, we need to compare them.
For example, line-segment AB is greater in length as compared to line segment CD in
Fig. 7.41 (i) and £ A is greater than £ B in Fig 7.41 (ii).

| I A > >
@ (i)
Fig. 7.41

Let us now examine whether there is any relation between unequal sides and
unequal angles of a triangle. For this, let us perform the following activity:

Activity : Fix two pins on a drawing board say at B and C and tie a thread to mark a
side BC of a triangle.

Fix one end of another thread at C and tie a pencil
at the other (free) end . Mark a point A with the
pencil and draw A ABC (see Fig 7.42). Now, shift

the pencil and mark another point A” on CA beyond
A (new position of it)

So, A’C>AC (Comparing the lengths)

Join A" to B and complete the triangle A’BC.
What can you say about £ A’BC and £ ABC?

Compare them. What do you observe? Fig. 7.42
Clearly, ZA’BC>Z ABC

Continue to mark more points on CA (extended) and draw the triangles with the
side BC and the points marked.

You will observe that as the length of the side AC is increased (by taking different
positions of A), the angle opposite to it, that is, £ B also increases.

Let us now perform another activity :

MT
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Activity : Construct a scalene triangle (that is a triangle in which all sides are of
different lengths). Measure the lengths of the sides.

Now, measure the angles. What do you C
observe?

In A ABC of Fig 7.43, BC is the longest side
and AC is the shortest side.

Also, Z Ais the largest and Z B is the smallest. A

Repeat this activity with some other triangles. Fig. 7.43

We arrive at a very important result of inequalities in a triangle. It is stated in the
form of a theorem as shown below:

Theorem 7.6 : If two sides of a triangle are unequal, the angle opposite to the
longer side is larger (or greater).

You may prove this theorem by taking a point P
on BC such that CA = CP in Fig. 7.43.

Now, let us perform another activity :

Activity : Draw a line-segment AB. With A as centre
and some radius, draw an arc and mark different
points say P, Q, R, S, T onit. Fig. 7.44

Join each of these points with A as well as with B (see Fig. 7.44). Observe that as
we move from P to T, £ A is becoming larger and larger. What is happening to the
length of the side opposite to it? Observe that the length of the side is also increasing;
that is Z TAB > Z SAB > ZRAB > Z QAB > ZPAB and TB > SB > RB > QB > PB.

Now, draw any triangle with all angles unequal A
to each other. Measure the lengths of the sides
(see Fig. 7.45).

Observe that the side opposite to the largest angle
is the longest. In Fig. 7.45, Z B is the largest angle
and AC is the longest side.

Repeat this activity for some more triangles and B C
we see that the converse of Theorem 7.6 is also true. Fig. 7.45
In this way, we arrive at the following theorem:

My
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Theorem 7.7 : In any triangle, the side opposite to the larger (greater) angle is
longer.

This theorem can be proved by the method of contradiction.

Now take a triangle ABC and in it, find AB + BC, BC + AC and AC + AB. What
do you observe?

You will observe that AB + BC > AC,
BC + AC > AB and AC + AB > BC.
Repeat this activity with other triangles and with this you can arrive at the following

theorem : D

Theorem 7.8 : The sum of any two sides of a
triangle is greater than the third side.

A
In Fig. 7.46, observe that the side BA of A ABC has
been produced to a point D such that AD = AC. Can you
show that £ BCD > Z BDC and BA + AC > BC? Have
you arrived at the proof of the above theorem. B C
Let us now take some examples based on these results. Fig. 7.46

Example 9 : D is a point on side BC of A ABC such that AD = AC (see Fig. 7.47).
Show that AB > AD.

Solution : In A DAC,

AD = AC (Given) A
So, Z ADC = Z ACD

(Angles opposite to equal sides)
Now, Z ADC is an exterior angle for AABD.
So, £ ADC > Z ABD
or, £ ACD > Z ABD " D ¢
or, Z ACB > Z ABC Fig. 7.47
So, AB > AC (Side opposite to larger angle in A ABC)
or, AB > AD (AD = AC)

M b
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EXERCISE 74

Show that in a right angled triangle, the
hypotenuse is the longest side.

In Fig. 7.48, sides AB and AC of A ABC are
extended to points P and Q respectively. Also,
£ PBC < Z QCB. Show that AC > AB.

InFig.7.49, /B< £ A and £ C < £ D. Show that
AD<BC.

AB and CD are respectively the smallest and
longest sides of a quadrilateral ABCD

(see Fig. 7.50). Show that £ A > £ C and
ZB>/ZD.

InFig7.51, PR > PQ and PS bisects £ QPR. Prove
that Z PSR > Z PSQ.

P

AN
/ N\

Fig. 7.48

B
D
O
A

Fig. 7.49

D

d

Fig. 7.50

P
|
|
|
|
}
{
\
|
Q S R

Fig. 7.51

6. Show that of all line segments drawn from a given point not on it, the perpendicular

line segment is the shortest.

HN
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AREAS OF PARALLELOGRAMS AND TRIANGLES
I

9.1 Introduction

In Chapter 5, you have seen that the study of Geometry, originated with the
measurement of earth (lands) in the process of recasting boundaries of the fields and
dividing them into appropriate parts. For example, a farmer Budhia had a triangular
field and she wanted to divide it equally among her two daughters and one son. Without
actually calculating the area of the field, she just divided one side of the triangular field
into three equal parts and joined the two points of division to the opposite vertex. In
this way, the field was divided into three parts and she gave one part to each of her
children. Do you think that all the three parts so obtained by her were, in fact, equal in
area? To get answers to this type of questions and other related problems, there is a
need to have a relook at areas of plane figures, which you have already studied in
earlier classes.

You may recall that the part of the plane enclosed by a simple closed figure is
called a planar region corresponding to that figure. The magnitude or measure of this
planar region is called its area. This magnitude or measure is always expressed with
the help of a number (in some unit) such as 5 cm?, 8 m?, 3 hectares etc. So, we can say
that area of a figure is a number (in some unit) associated with the part of the plane
enclosed by the figure.

We are also familiar with the concept A B
of congruent figures from earlier classes
and from Chapter 7. Two figures are
called congruent, if they have the same
shape and the same size. In other words,
if two figures A and B are congruent
(see Fig.9.1), then using a tracing paper, Fig. 9.1

an.
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you can superpose one figure over the other such that it will cover the other completely.
So if two figures A and B are congruent, they must have equal areas. However,
the converse of this statement is not true. In other words, two figures having equal
areas need not be congruent. For example, in Fig. 9.2, rectangles ABCD and EFGH
have equal areas (9 x 4 cm” and 6 x 6 cm?) but clearly they are not congruent. (Why?)

E 6 cm F

A 9cm B
4 cm 6 cm
D C
H G
Fig. 9.2

Now let us look at Fig. 9.3 given below:

T
EBA
Fig. 9.3

You may observe that planar region formed by figure T is made up of two planar
regions formed by figures P and Q. You can easily see that

Area of figure T = Area of figure P + Area of figure Q.

You may denote the area of figure A as ar(A), area of figure B as ar(B), area of
figure T as ar(T), and so on. Now you can say that area of a figure is a number
(in some unit) associated with the part of the plane enclosed by the figure with
the following two properties:

(1) If A and B are two congruent figures, then ar(A) = ar(B);

and (2) if a planar region formed by a figure T is made up of two non-overlapping
planar regions formed by figures P and Q, then ar(T) = ar(P) + ar(Q).

You are also aware of some formulae for finding the areas of different figures
such as rectangle, square, parallelogram, triangle etc., from your earlier classes. In
this chapter, attempt shall be made to consolidate the knowledge about these formulae
by studying some relationship between the areas of these geometric figures under the



