CHAPTER 3|

COORDINATE GEOMETRY
I

What's the good of Mercator’s North Poles and Equators, Tropics, Zones and
Meridian Lines? So the Bellman would cry; and crew would reply * They are
merely conventional signs!’

LEWISCARROLL, The Hunting of the Snark
3.1Introduction

You have already studied how to locate a point on a number line. You aso know how
to describethe position of apoint on theline. There are many other situations, in which
to find apoint we are required to describe its position with reference to more than one
line. For example, consider the following situations:

I. InFig. 3.1, thereisamain road running
in the East-West direction and streets with
numbering from West to East. Also, on each
street, house numbers are marked. To look for
afriend’shouse here, isit enough to know only
one reference point? For instance, if we only
know that sheliveson Street 2, will webeable
to find her house easily? Not as easily aswhen
we know two pieces of information about it, W E
namely, the number of the street on whichitis
situated, and the house number. If we want to
reach the house which is situated in the 2™
street and has the number 5, first of all we
would identify the 2™ street and then the house
numbered 5 on it. In Fig. 3.1, H shows the
location of the house. Similarly, P shows the
location of the house corresponding to Street
number 7 and House number 4.
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I1. Suppose you put adot on asheet of paper [Fig.3.2 (a)]. If weask you totell us
the position of the dot on the paper, how will you do this? Perhapsyou will try in some
such manner: “The dot isin the upper half of the paper”, or “It is near the left edge of
the paper”, or “It is very near the left hand upper corner of the sheet”. Do any of
these statementsfix the position of the dot precisely? No! But, if you say “ Thedot is
nearly 5 cm away from the left edge of the paper”, it helpsto give someidea but still
doesnot fix the position of the dot. A little thought might enable you to say that the dot
isaso a adistance of 9 cm abovethe bottom line. We now know exactly wherethedot is!

9cm

(a) (b)
Fig.3.2

For this purpose, we fixed the position of the dot by specifying its distances from two
fixed lines, the left edge of the paper and the bottom line of the paper [Fig.3.2 (b)]. In
other words, we need two independent informationsfor finding the position of the dot.

Now, perform the following classroom activity known as‘ Seating Plan’.

Activity 1 (Seating Plan) : Draw aplan of the seating in your classroom, pushing all
the desks together. Represent each desk by a square. In each square, write the name
of the student occupying the desk, which the square represents. Position of each
student in the classroom is described precisely by using two independent informations:

(i) thecolumninwhich she or he sits,
(i) therow inwhich sheor he sits.

If you are sitting on the desk lying in the 5" column and 3 row (represented by
the shaded squarein Fig. 3.3), your position could bewritten as (5, 3), first writing the
column number, and then the row number. Is this the same as (3, 5)? Write down the
names and positions of other studentsin your class. For example, if Soniaissittingin
the 4™ column and 1% row, write S(4,1). The teacher’s desk is not part of your seating
plan. We are treating the teacher just as an observer.
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7 T shows teacher’s desk
S shows Sonia’s desk

—_
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Fig.3.3

In the discussion above, you observe that position of any object lying in a plane
can be represented with the help of two perpendicular lines. In case of ‘dot’, we
require distance of the dot from bottom line aswell as from |eft edge of the paper. In
case of seating plan, we require the number of the column and that of the row. This
simple idea has far reaching consequences, and has given rise to a very important
branch of Mathematics known as Coordinate Geometry. In this chapter, we aim to
introduce some basic concepts of coordinate geometry. You will study more about
theseinyour higher classes. Thisstudy wasinitially devel oped by the French philosopher
and mathematician René Déscartes.

René Déscartes, the great French mathematician of the
seventeenth century, liked to lie in bed and think! One
day, when resting in bed, he solved the problem of
describing the position of apoint in aplane. His method
was a development of the older idea of latitude and
longitude. In honour of Déscartes, the system used for
describing the position of a point in a plane is also

known as the Cartesian system.

René Déscartes (1596 -1650)
Fig.3.4

EXERCISE31

1. How will you describe the position of atable lamp on your study table to another
person?

2. (Street Plan) : A city has two main roads which cross each other at the centre of the
city. These two roads are along the North-South direction and East-West direction.
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All the other streets of the city run parallel to these roads and are 200 m apart. There
are about 5 streetsin each direction. Using 1cm = 200 m, draw amodel of the city on
your notebook. Represent the roads/streets by single lines.

There are many cross- streetsin your model. A particular cross-street is made by
two streets, one running in the North - South direction and another in the East - West
direction. Each cross street is referred to in the following manner : If the 2 street
running in the North - South direction and 5" in the East - West direction meet at some
crossing, then we will call this cross-street (2, 5). Using this convention, find:

(i) how many cross - streets can be referred to as (4, 3).

(i) how many cross - streets can be referred to as (3, 4).

3.2 Cartesian System

You have studied the number linein the chapter on * Number System’. On the number
line, distancesfrom afixed point are marked in equal units positively in one direction
and negatively in the other. The point from which the distances are marked is called
the origin. We use the number line to represent the numbers by marking points on a
line at equal distances. If one unit distance represents the number ‘1', then 3 units
distance represents the number ‘3, ‘0" being at the origin. The point in the positive
direction at a distance r from the origin represents the number r. The point in the
negative direction at adistance r from the origin represents the number —r. Locations
of different numbers on the number line are shown in Fig. 3.5.

One unit One unit
distance distance
- Origin -
-5 4 3 2 -1 0 1 2 3 4 5
Fig.3.5

Descartesinvented theidea of placing two such lines perpendicular to each other
on a plane, and locating points on the plane by referring them to these lines. The
perpendicular lines may bein any direction such asin Fig.3.6. But, when we choose

(a) (b) (c)
Fig.3.6
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point where X’X and Y'Y crossis

called the origin, and is denoted _ Negativex -axis

by O. Since the positive numbers —6-5-4-3-2-10 1 2 3 4 5 6

lie on the directions OX and OY, -1

OX and QY arecalled thepositive

directions of the x - axis and the

y- axis, respectively. Similarly, OX’

and OY’ are called the negative

directions of the x - axis and the Negative y -axis

y - axis, respectively. Y’
Fig.3.8

these two lines to locate a point in a plane in this chapter, one line Y
will be horizontal and the other will be vertical, asin Fig. 3.6(c).
These lines are actually obtained as follows : Take two number
lines, callingthem X”X and Y’Y. Place X"X horizontal [asin Fig. 3.7(a)] 44
and write the numbers on it just as written on the number line. We do
the same thing with Y”Y except that Y'Y is vertical, not horizontal 31
[Fig. 3.7(b)]. 21
1 +
0+ Origin
-1+
2+
-3+
— 4+
Origin
X’ } } } } } } } } } } } } X
-5 -4 -3 -2-1 0 1 2 3 4 5 Y’
() (b)
Fig.3.7
Combineboth thelinesin such
: Y
away that thetwo linescross each Positi 4
other at their zeroes, or origins ostve y s
(Fig. 3.8). Thehorizontal line X"X 5
iscalled thex - axisand the vertical 4
lineY’Y iscaledthey - axis. The 3
2
1

Positive x -axis

-2
-3
—4
-5
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You observe that the axes (plura of the word Y
‘axis’) divide the plane into four parts. These four
parts are called the quadrants (one fourth part),
numbered I, 11, 111 and IV anticlockwise from OX
(seeFig.3.9). So, the plane consists of the axesand
these quadrants. We call the plane, the Cartesian X’ 0 X
plane, or the coordinate plane, or the xy-plane.
The axes are called the coordinate axes.

Quadrant I1 Quadrant [

Quadrant III Quadrant IV

NG
Fig.3.9

Now, let us see why this system is so basic to mathematics, and how it is useful.
Consider the following diagram where the axes are drawn on graph paper. Let us see
the distances of the points P and Q from the axes. For this, we draw perpendiculars
PM onthex - axisand PN on they - axis. Similarly, we draw perpendiculars QR and
QSasshownin Fig. 3.10.

r

— N W b

i i T v ) T T W
M

@,
w N

<

Fig.3.10

You find that

(i) Theperpendicular distance of the point Pfrom they - axis measured along the
positive direction of the x - axisisPN = OM = 4 units.

(i) Theperpendicular distance of the point Pfrom the x - axis measured along the
positive direction of they - axisisPM = ON = 3 units.
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(iii) The perpendicular distance of the point Q from the y - axis measured along
the negative direction of the x - axisis OR = SQ = 6 units.

(iv) The perpendicular distance of the point Q from the x - axis measured along
the negative direction of they - axisis OS = RQ = 2 units.

Now, using these distances, how can we describe the points so that there is no
confusion?

We write the coordinates of apoint, using the following conventions:

(i) Thex - coordinate of a point isits perpendicular distance from they - axis
measured along the x -axis (positive along the positive direction of thex - axis
and negative along the negative direction of the x - axis). For thepoint P, itis
+ 4 andfor Q, itis—6. The x - coordinate is also called the abscissa.

(i) They - coordinate of a point isits perpendicular distance from the x - axis
measured along they - axis (positive along the positive direction of they - axis
and negative along the negative direction of they - axis). For thepoint P, itis
+ 3andfor Q, itis—2. They - coordinate is aso called the ordinate.

(iii) Instating the coordinates of apoint in the coordinate plane, the x - coordinate
comesfirst, and then they - coordinate. We place the coordinatesin brackets.

Hence, the coordinates of P are (4, 3) and the coordinates of Q are (— 6, — 2).
Note that the coordinates describe a point in the plane uniquely. (3, 4) is not the

same as (4, 3).

Example 1: SeeFig. 3.11 and complete the following statements:

(i)

(ii)
(iii)
(iv)

The abscissa and the ordinate of the point Bare ___and _ _ _, respectively.
Hence, the coordinatesof B are (_ _, _ ).

The x-coordinate and the y-coordinate of the point M are _ ~ _and _ _
respectively. Hence, the coordinatesof M are (_ _, _ ).

The x-coordinate and the y-coordinate of the point L are _ _ _and _

respectively. Hence, the coordinatesof L are (_ _, _ ).

The x-coordinate and the y-coordinate of the point Sare _ _ _ and ,
respectively. Hence, the coordinates of Sare (_ _, _ ).
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Fig. 3.11

Solution : (i) Since the distance of the point B from the y - axis is 4 units, the
X - coordinate or abscissa of the point B is 4. The distance of the point B from the
X - axisis 3 units; therefore, they - coordinate, i.e., the ordinate, of the point B is 3.
Hence, the coordinates of the point B are (4, 3).

Asin (i) above:

(i) Thex- coordinate and they - coordinate of the point M are—3 and 4, respectively.
Hence, the coordinates of the point M are (-3, 4).

(i) Thex- coordinate and they - coordinate of the point L are—5 and —4, respectively.
Hence, the coordinates of the point L are (-5, —4).

(iv) Thex- coordinate and they- coordinate of the point Sare 3and —4, respectively.
Hence, the coordinates of the point S are (3, — 4).
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Example 2 : Write the coordinates of the

points marked on the axesin Fig. 3.12. Y

Solution : You can see that : )

(i) The point A is at adistance of + 4 units 3+B
fromthey - axisand at adistance zero 2
from the x - axis. Therefore, the C TE A

X - coordinate of A is 4 and theX —6—5—4—3—2—17(1) 1 2 3 4 5

y - coordinate is 0. Hence, the

wIiro

-2

coordinates of A are (4, 0). _3
(i) Thecoordinatesof B are (0, 3). Why? P D
(ili) The coordinates of C are (— 5, 0).

Why? Y’

(iv) The coordinates of D are (0, — 4). Why? _
Fig. 3.12

2
(v) The coordinates of E are [5 Oj . Why?

Since every point on the x - axis has no distance (zero distance) from the x - axis,
therefore, they - coordinate of every point lying onthex - axisisalwayszero. Thus, the
coordinates of any point on the x - axis are of theform (x, 0), where x isthe distance of
the point from they - axis. Similarly, the coordinates of any point on they - axis are of
theform (0O, y), where y is the distance of the point from the x - axis. Why?

What are the coordinates of the origin O? It has zero distance from both the
axes so that its abscissa and ordinate are both zero. Therefore, the coordinates of
the origin are (O, 0).

Inthe examples above, you may have observed the following rel ationship between
the signs of the coordinates of a point and the quadrant of a point in which it lies.

(i) If apointisinthe 1st quadrant, then the point will beintheform (+, +), sincethe
1st quadrant is enclosed by the positive x - axis and the positivey - axis.

(i) If apointisinthe 2nd quadrant, thenthe point will beintheform (-, +), sincethe
2nd quadrant is enclosed by the negative x - axis and the positivey - axis.

(iii) If apointisinthe 3rd quadrant, then the point will beintheform (—, —), sincethe
3rd quadrant is enclosed by the negative x - axis and the negative y - axis.

(iv) If apointisinthe4th quadrant, then the point will beintheform (+,-), sincethe
4th quadrant is enclosed by the positive x - axis and the negative y - axis
(see Fig. 3.13).
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Fig. 3.13

Remark : The system we have discussed above for describing a point in a plane is
only aconvention, which is accepted al over the world. The system could aso have
been, for example, the ordinate first, and the abscissa second. However, the whole
world sticksto the system we have described to avoid any confusion.

EXERCISE 3.2

1. Writethe answer of each of the following questions:

() What is the name of horizontal and the vertical lines drawn to determine the
position of any point in the Cartesian plane?

(i) What isthe name of each part of the plane formed by these two lines?
(iii) Write the name of the point where these two lines intersect.
2. SeeFig.3.14, and writethefollowing:
(i) Thecoordinates of B.
(i) The coordinates of C.
(iii) The point identified by the coordinates (-3, —-5).
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(iv) The point identified by the coordinates (2, — 4).
(v) The abscissa of the point D.

(vi) The ordinate of the point H.

(vii) The coordinates of the point L.

(viii) The coordinates of the point M.

Y

3.3Plotting aPoint in thePlaneif itsCoor dinatesar e Given

Uptil now we have drawn the pointsfor you, and asked you to give their coordinates.
Now wewill show you how we place these pointsin the planeif we know its coordinates.
We call this process “plotting the point”.

L et the coordinates of apoint be (3, 5). Wewant 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 usthat the
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distance of this point from the y - axis along the positive x - axisis 3 units and the
distance of the point from the x - axisalong the positivey - axisis5 units. Starting from
theorigin O, we count 3 unitson the positive x - axisand mark the corresponding point
asA. Now, starting from A, we movein the positive direction of they - axisand count
5 unitsand mark the corresponding point as P (see Fig.3.15). You seethat the distance
of Pfromthey - axisis 3 unitsand from the x - axisis 5 units. Hence, Pisthe 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) inthe coordinate plane. The distance
of Q fromthex - axisis4 unitsalong the negativey - axis, so that itsy - coordinateis
- 4 (see Fig.3.15). The point Q liesin the 4th quadrant. Why?

Y

51 P(3,5)

24
14

-5 -4-3-2-10 1 2 3 4Us
— 1+ +
_2l

-4t Q5. 4)

Fig. 3.15

Example3: Locatethe 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 = 1unit, we draw the x - axis and the'y - axis. The positions of
the points are shown by dotsin Fig.3.16.
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(=3,5)

+(0,5) +(2,5)

«(5,2)
(6, 1)

(=3,-5)-

v’

Fig. 3.16

. (5,-3)

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

if x#y. Also (X, y) = (y, X), if x=y.

Example4: Plot thefollowing ordered pairs of number (X, y) aspointsin the Cartesian
plane. Use the scale 1cm = 1 unit on the axes.

X

—3

0 -1

y

7

—3.5 -3
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Solution : The pairs of numbers given in the table can be represented by the points
(=3,7),(0,-35),(-1,-3),(4,4) and (2, — 3). Thelocations of the points are shown
by dotsinFig.3.17.

(_3a 7) °

7
6
5
41 .« (4,4)
3
2

N
~1,-3)s -3+ < (2,-3
( ) .(0,73.5)( )
41
_54
v
Fig. 3.17

Activity 2 : A game for two persons (Regquirements: 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,
shemoves her counter to (3, 1). Similarly, if the second player throws 2 on thered and
4 on the green, she moves her counter to (2, 4). On the second throw, if thefirst 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 1to thex - coordinate and 4 to they - 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, acounter should not
coincide with the position held by another counter. For example, if the first player’s
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counter moveson to apoint already occupied by the counter of the second player, then
the second player’s counter goesto (0, 0). If amoveisnot possiblewithout overshooting,
the player misses that turn. You can extend this game to play with more friends.

Remark : Plotting of pointsin 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 comeacrossin 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. Inwhich 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. Plotthepoints(x, y) giveninthefollowing table on the plane, choosing suitable units
of distance on the axes.

X -2 -1 0 1 3

y 8 7 -1.25 3 -1

34Summary

In this chapter, you have studied the following points:
1. To locate the position of an object or a point in a plane, we require two perpendicular
lines. One of them is horizontal, and the other isvertical.

2. Theplaneiscalledthe Cartesian, or coordinate plane and thelines are called the coordinate
axes.

3. Thehorizontal lineiscalled thex -axis, and thevertical lineiscalled they - axis.
4. The coordinate axes divide the plane into four parts called quadrants.

5. Thepoint of intersection of the axesis called the origin.

6

The distance of a point from the y - axisis called its x-coordinate, or abscissa, and the
distance of the point from the x-axisis called its y-coordinate, or ordinate.

7. If theabscissaof apoint isx and the ordinateisy, then (x, y) are called the coordinates of
the point.

8. Thecoordinates of apoint on the x-axis are of the form (x, 0) and that of the point on the
y-axisare (0, y).
9. Thecoordinatesof the origin are (0, 0).

10. Thecoordinatesof apoint are of theform (+, +) in thefirst quadrant, (—, +) in the second
quadrant, (—, —) in the third quadrant and (+, —) in the fourth quadrant, where + denotes a
positive real number and — denotes a negative real number.

11. Ifxzy, then(x,y) # (Y, X), and (X, y) = (Y, X), if x=Y.
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Q.1.
Sol.

Q2.

(1)
(i)

Sol.

EXERCISE 3.1

How will you describe the position of a table lamp .
on your study table to another person? \

The table lamp is 2 feet from the seating side of \ 2t \
the desk and 1 feet from its right edge. so, we can
write the positiono f lamp as (2, 1). Ans.

(Street Plan) : A city has two main roads which cross each other at the
centre of the city. These two roads are along the North-South direction and
East-West direction. All the other streets of the city run parallel to these
roads and are 200 m apart. There are about 5 streets in each direction.
Using 1 cm =200 m, draw a model of the city on your notebook. Represent
the roads/streets by single lines.

There are many cross-streets in your model. A particular cross-street is
made by two streets, one running in the North-South direction and another
in the East-West direction. Each cross street is referred to in the following
manner : If the 2nd street running in the North-South direction and 5th
in the East-West direction meet at some

crossing, then we will call this cross- 12 3 A“ 4 5
street (2, 5). Using this convention, ~oA 1‘ A 4

k.

ﬁn d: a4
how many cross- streets can be reffered — 4€ 3 =
to as (4,3). Je A e
how many cross-streets can be referred
to as (3, 4). uﬁ C
Only one cross-street can be referred 2%
to as (4, 3). A different cross-street can 1
referred to as (3, 4). There is only one

such cross-street. Ans. S A A

3 4

L 4

L ]
o

mY

b

b
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EXERCISE 3.2

Q.1. Write the answer of each of the following questions :
(1) What is the name of horizontal and the vertical lines drawn to
determine the position of any point in the Cartesian plane?
(it) What is the name of each part of the plane formed by these two lines?
(i) Write the name of the point where these two lines intersect.
Sol. (i) x-axis and y-axis (i) Quadrants (iii) Origin
Q.2. See Fig. and write the following :
(i) The coordinates of B.
(ii) The coordinates of C.
(iii) The point identified by the coordinates (-3, -5).

(iv) The point identified by the A
coordinates (2, — 4). 5
(v) The abscissa of the point ;
D. 4
(vi) The ordinate of the point 3
H Bg—-—---- -4 L D

(vii) The coordinates of the
point L. =

(viit) The coordinates of the
point M.

*|

A
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Q.1.

Sol.

Q.2.

Sol.

EXERCISE 3.3

which axis do each of the|

points (-2, 4), (3, — 1), (-1, ())’ 1 unit = 1 square AY
(1, 2) and (-3, -5) lie? Verify | oAt
your answer by locating them |
on the Cartesian plane. ' 11 ch {EFEHOE) R
(=2, 4) : 2nd quadrant 21
(3, —1) : 4th quadrant | 1.0
(-1, 0) : x-axis e T3 _7—*@; iz e e
(1, 2) : 1st quadrant iggd] faEt, /esasenn.
(-3, =5) : 3rd quadrant =24 (351
111 -3 A%
(-3,-8) 7]
® =5
\fy;
Plot the points (x, y) given in /o
the following table on the | g
plane, choosing suitable units | o g
; : 1.7
of distance on the axes. r1; ‘]'?_
x|-2|-1| 0 |1]3 61
y| 8 |7 (-125|3|-1 57
1 as
3| e
2..
14
(-1,0)
xX'€ T : e
-4 -3 -2 -1 ERRRE L N M
-14(0,-1.25)@ (3.~1)
-2






