Explain and define coordinate geometry.

Derive distance formula to calculate distance Wo points given in
Cartesian plane.

Use distance formula to find distance bee given points,

2 collinear and non- collinear points.
Use distance formula to show that three (or more) given points are collinear.

Use distance formula to's the given three non-cellinear points form:

@ A parallelogram.
Recognize the formula to find the midpoint of the line joining two given points.

Apply distance and midpoint formulas to solve/ verify different standard results
related to geometry.
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The Cartesian coordinate invented in the 17th century by Rene
Descartes (Latinized name as Cartesius) revolutionized mathematics
by providing the first systematic link between Euclidean geomet

and algebra. Using the Cartesian co-ordinate system, geometri
shapes (such as lines and curves) can be described by equations.

16.1 Distance Formula ?\
16.1.1 Explain and define Coordinate Geome O
an exciting branch

Co-ordinate geometry is one of the most import
of mathematics. In particular it is central to the \%ﬂ@ﬁcs’ students meet at
o~

school. It provides a connection between al
graphs of lines and curves.
The algebraic study of geometryfvi
called co-ordinate geometry/analytical ge
This enables geometrical problems to be @ {
insights into algebra. It is a part of geometty in which ordered pairs of numbers
are used to describe the position of a point on a plane. Here, the concept of
coordinate geometry (a vas Cartesian geometry) and its formulas
and their derivations _ lained.

and geometry through

16.1.2 Derive&tance formula to calculate the distance
b n two given points in the Cartesian plane

and P,(x,,y,)is denoted as|m|

118 defined as: P, (xy)

BB =l + (52w g

ivation of the Distan | B () ———H ¢
Derivation of the Distance Formula

LetP; (%, ;) and Py(x,,,) be the ¥

any two points in plane.
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From Pjand P,draw perpendiculars P]_A and P,Aon x-axis, Also
draw aP,C parallel to x-axes.
[P,C|=|AB|=|OB|-|OA|=|x, - x,

and |- 1|,
Consider right angled AP,CP,and Appling Pythagoras theoQﬂva

have,
a 2 2
S el OE
= PP, - =(x2 ~ Xy )2 +('y:z ) )2 @

= [PR=y(n-n) +(ra-w) \P
Note:
The distance d from origin to the Jy) is

d= 2 +y

points.

16.1.3 Use Distance Fornﬁ“ﬁn; the distance between two given

The following’ex s will help to understand the use of distance
formula.
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Circle with radius 5 unit is drawn with centre C(3,2) and
L(é,.é),.M(O-,—l) and N(~2, ,__3_) points are given. Find which of
the point is not on the circle. (give reason).

C(B,.Z) is the centre of a circle with radius 5 units. Q
and L (6, 6), M (0, -1) N (-2, -3) are three given points, Q‘
We know that,

We have to, find the length (distance) from and N
respectively using distance formula, then,

Solution:

ﬁ|=\/6—3'2+(6—2)2=M= - its,
CM]=[(0-3)" +(-1- 2) =342 units,
CN|=(-2-3)’ 213 25 = /50 = 52 units,
CL|=5 units i.¢, ra s®cu~de

CM\-BJ— %

ts > 3 units
are not on the circle.

e formula find the distance between the following pairs

 : (—4,5) and (6,6) () (2,2)and (2,3)

\% (i) (0,1) and (2,3) (iv) (0,1) and (2,3)
A(

a,0) and B(0,b) be the points on the axes, find the distance

between A and B, when
@ a=-3, b=—4 (i) a=-9, b=6
(i) a=3, b=4 (iv) a=+2, b=-22

3. Find the perimeter of the triangle formed by the point
A(0,0),B(4,0) and C(2,243).

@
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16.2 Collinear Points

16.2.1 Define collinear points. Distinguish between collinear
and non- collinear points.

Collinear Points Qs

Points lying on the same line are known as collinear poi ?\
In the followm_g figure

< > -
A B
A, Band C are collinear points i.e.[AC| C

Non-Collinear Points
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16.2.2 Use Distance Formula to show that three (or more) given
points are collinear.

Iefifl Show that the points A(3,-2),B(1,4) and C(-3,16) Q

collinear points.
Solution:
A(3,-2),B(1,4) and C(-3,16) are three given points,

Now we find the distances |AB|,|BC| and [AC| by E distance
formula.

AB|=(1-3)° + (4+2)" = VA+36 = V20 =% _Iut_s
BC|=(-3-1)" +(16-4)" =16+ 60 = 410 units,
o ~«~,/3? GJ_(J units,

AC|={(-3-3)" +(16-2)’ =

ﬁ[+ \ﬁ| = 2410 +44/10 = 64
Therefore the points A, B& collinear points. Showed.
la

Here,

e\ formula show that A(-2,-3),B(4,7) and

Solution:
A(-2,-3),B(4,7), and C(Q,—S) are given three points.

e distances |AC|,

BC| and |E| by using distance formula.

B|=(4+2)" +(7+3)" =36+ 100 =136 = 234 units,

\eﬁ BC|=(9-4)" +(-5-7)" =25+ 181 = /169 = 13 units,
“) = |AC|=(9+2)" +(-5+3)" = 12144 =15 =55 units
Since,|AC| # iABi+|AC‘
Thus, the given three points A, B and C are not collinear.
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16.2.3 Use distance formula to show that the given three non-
collinear points forms.
(i) An equilateral triangle,
(ii) An isosceles triangle,

(iii) A right angled triangle, 2

(iv) A scalene triangle.

1§ Show that the three points A 1 1 -1 —1 %, Jg )

form an equilateral triangle.
Solution:
A(1,1), B(-1,-1) and C(~3,3)
are given points.
Now, find the distance Q
C(-V3,Y3)

and AClof the sides of a AA
using distance formula

[AB|=(-1-1)" +(-1-
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Show that the points A(3,2),B(9,10) and C(1,16) form an

isosceles triangle. B(9,10)
Solution:

Let A(3,2),B(9,10) and C(1,16) are Q

given points.

AG2 16)
By using distance formula

AB|=[(9-3)" +(10-2)" =36+ 64 =100 =10
AC]=(1-3)" +(16-2)" =A+196 = V200 5 10VBwrits,

Solution:

B(5,1)
Let A (2, 1), d C (2, 6) be the
vertices ofi%. ;
sing distance formula,
—2)° +(1-1)° =9+0=9
A@R1) C6)

2-5) +(6-1Y=9+25=34

AB| +[AC] =9+25=34

= [AB[ +[AC] =[6C]
By converse of Pythagoras theorem given vertices form a right
angled triangle.
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if] Show that the point A(3,4),B(1,2) and C(0,4) form a scalene
triang_le.

Solution:
Let A(3,4),B(1,2) and C(0,4) are the
given points. 8

4.9

Now, find the length of each side using

distance formula C(.4 L2

AB|=|(1-3) +(2-4)" =VE+4=+/8 units, OQ

BC=\(0-1)" +(4-2)° =V1+4=V/5 units Q?

and E{:J(a-a)?+(4—4)2 =9 =3 uni
Since, [AB|= [BC| ‘AC‘ and the points &
i ]ength of all the three sides arg - cqual.

Thus ABC is a scalene triangl |
16.24 Use distance fo @()w that four non-collinear

points form: ;

that A(-8,-3),B(-2,6),C(8,5) and C(2,~4) are the

A(-8,-3),B(-2,6),C(8,5) and C(2,-4) ~ D@9 _—

\ e the any four consecutive vertices of a
% quadrilateral ABCD.

Usmg Distance Formula, ) B(-26)
We have,

AB|=(-2+8)" +(6+3)" =\36+81 =117 units,
= (8+2) +(5-6)" =100 + 1= 01 units,
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DC| = y/(2-8)" +(~4-5)" =36+ 81 = V117 units,

and  [AD|=(2+8)" +(~4+3)" = 100+ 1 =10 units

Now, [AB|=|CD| =117 Q
and  [BC|=|AD| =101 Q.

A, B, C and D are the vertices of parallelogram. ?\

Show that the four points A(0,-1), B(4,-3 and D(4,7)

are the consecutive vertices of a rectangle:

Solution:

| _ c.5)
,.,?D Let, A(0,-1), 3(4, -3), r;(s,s) aflg D(4,
\“' be any four consecutive points
quadrilateral ABCD.
Using distance formula, a8 BY,-3)

ie,d=|PP,| =
We have,




: ____Unmas
INTRODUCTION TO COORDINATE

GEOMETRY/ANALYTICAL GEOMETRY

Show that the four consecutive points A(1,6), B(3,4), C(1,2)

and D(-1,4) form a square.

Solution: D(-14)
Given  that  A(16),B(3,4), C(1.2)

and D(-1,4) be the four consecutive points
of a quadrilateral ABCD. ?\

By using the distance formula

A
AB|= |(3-1)° +(4-6)" =VE+4 =B =242 Ej@,

BC|=(1-3)" +(2-4)° =4+4 = VBE 243 units,

DC|=|(1+1)° +(2-4)’ = Jﬂezf 2 units,
and  [AD|=(-1-1) +(4- 6)4& Vgd = V8 =242 units,
’S

Since, |AB| = |BC| = |DC| ¥ |AD| = 2v2 unit, i.e. four sides are equal in
length

the diagonals AC and BC respectively
=+/0+16 =4 units,
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[ Exercise 162 ®

j Show that the points P (-3, -4), Q (2, 6) and R (0, 2) are collinear.

2. Show that the points A (-1, 0), B (1, 0) and N (0, v3) are not collmeQ

3. Show that L (0, V3), M (-1, 0) and N (1, [}) form an equilateral

4. Whether or not the points A (2, 3), B (8, 11) and C (0, an
isosceles triangle. ?\

5. Do the points A (-1, 2), B (7, 5) and C (2, -6) fors t angled

triangle.

6. If the points A (3, 1), B (9, 1) and (6, k) d@e an equilateral
triangle, find the values of k.

7. Show that the points P (1, 2), Q (3, 4) and%d) are the vertices of a

scalene triangle.
8. Show that the points A (2, 3), B
vertices of a square.
9.  Explain why the points A 2
determine a square?
10.  Show that the points
vertices of a rectan;
11.  Use distance formula to show that the points O (0, 0), A (3, 0), B (5, 2)
and C (2 2) f rmivhe yertices of a parallelogram.

(0, 17) and D (-6, 9) are

B0, -3), C (2, 0) and D (0, 3) do

B (4, 1), C (5 4) and D (6, 3) are the

izé the formula to find the mid-point of the line
two given points.

Y
A

et A (¥1,y1) and B (x,, yg) be any two point of the
1B i the plane and C (x, y) be the midpoint of AB,

enC(x,y)= (x1;x2 ,yl;-yz] is called mid point

of A and B.
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A (2,1) and B (3, 4) are the points of the line segment.
Mid point = ?
Using mid-point formula

243 1+ 5
Mld-pomt AB = = " 5 ) = %
If A2, 1), B(5, 2) and C(3, 4) are the vertzces of a ind

the mid-points P, Q and R of the sides Géand BC

respectively of a AABC.

Solution:
Using mid-point formula,
' - B ¢
Clx, y) = (x1 oL r | }fz) we have,
2 2

Mid-point of AC =P = (

Mid-point of AB=Q = (

16.4 Apply Distance And Midpoint Formulas To Solve/Verify
Different Standards Results Related To Geometry

hypotenuse.

3 Let ABC be the triangle right-angled at B. Take B as a origin and BC )
BA as the axes of x x and y respectively as shown in the figure

Let |ﬁ| = a,[B_AI: bso that Bis (0,0),C s (a,0)and Ais (0,).

Therefore M, the midpoint of AC is (a;ﬂ b+0), ie. [a g .

2




BN - 1/aq

Hence the length of median |BM] is

| Prove that the fi
of the sides o

Solution:

Letz—’%BCDbeau:u&I and EF,G Y
and H respecti ely bethe midpoints of |

Qﬂgth of the hypotenuse *AC‘

wobtained by joining in order the midpoints
uadrilateral is parallelogram.
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D (a-b,d+e)
c(h-_'*,ﬂ)
C(..__.,__._..

2"‘"",...;..)

K

the sides / =.___.='.._ "D and DA . (%t"_;"
. .

Then A is (0,0) again let B be (a,0),C be

Ha+tc,e)and Dbe (a—b,d +e) AQ0

Now the midpoints E,F,G and H are

: 2ate e
ectively | =0 || 25,2
respectively [2_ J( 2 2

E(2.0) B@O

Y(2a-b+c d+2e a-b d+e
i — and | —,
2 2 X 2

+ X

]
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Therefore, by the distance formula

=)o)
(5)4)

&

=-‘%{(a+c);+é2} )
|@22(2a—b+'c-_a—b]ﬂ+(d+.2'e_d+e]2 ?\
2 2 )7\ 2 2 O

{44 s
- (@) +e) (i)

From (i) and (ii) , we have
|-

- QDO

fal, ERGH is a parallelogram.

Similarly,

Since the opposite sides are eq

- i
/ =

[ Exercise163 ®
e e B A o y

& .
1. Find the miéqts between the following pair of points using mid-

point fo a.
(i) , 6¥and B (-4, 8) (i) P(3,-1)andQ (5,2)

;6) and M (-8,0) (iv) C(0,0)and D (2V3,4V3).

: * centre of a circle whose end points of a diameter are A (-5, 6)
3 (3, -4).

: \ he centre of a circle is (3, 4) and one of its end point of a diameter is
(4,6), find the point of other end.

A circle has a diameter between the points A (-3, 4) and B (11, 6). Find
the centre and radius of the circle.
5 Prove that a triangle is an isosceles triangle if and only if it has two equal
medians. =
_ .
Prove that the diagonals of a parallelogram bisect each other. @
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Review Exercise 16

1. Read the following sentences carefully and encircle “T” in case of True

and “F” in case of False statement.
(i) R is the mid-poin of PQ,if Ris lying between P and Q T/F Q

(i)  Inscalene triangle all sides are equal
(iii)  Perpendicular lines meet at an angle of 135°.
(iv)  Collinear points may form a triangle. %

(v)  Non-collinear points form a triangle.

(vi)  Inanisosceles triangle, two sides angles ar T/ B

(vii)  All the points that lie on the y-axis are t:oll T/F

(viii) Intersection of x-axis and y-axis is (0, T/F

(ix)  The distance from origin to (6,0) is 3% T/F
2 Fill in the blanks.

ABl=
(i)  Collinear points lies o
(iii) In4t quadrant x>0
3. Tick (V) the correct ansyver.
(i)  Two perpendi lmes meet at an 'a-ngle of:
(a) 45° (b) 60°

() 90° (d) 180°
(i (’W/&%) is called:

) Mid-point formula (b) Distance formula
) Division formula (d) Ratio formula
A(3, 0) and B(0, 3) are any two points in the plane then [AB|=

(i)  If A(xy, ¥1) and B(xy, y;) be Q o points on the line, then

(a) 6 unit (b) 62 unit
(c) 3v2 unit (d) 3v2 unit
(iv) The point of intersection of all the three internal bisectors of the
angles is called:
(a) Centroid (b) In-Centre

(¢) Ortho- Centre (d) Circum-Centre
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#  The distance between two points A(,, ;) and is given by
= |ﬁ’2‘ = J(-xz ~x0) (1 -0 )2 unit.

»  The mid-point of line segment AB is given by [%M

Collinear points form a straight line. ) O

&

For collinearity of three points A, B and C,

Adj- a5} %
»  Three non-collinear points A, B and C form a triangle, if sum of the

length of any two side is greater than thelefy third side.

o 1JAB|-[FC]<[AT], then o triange s et by the pois 4,5 [ L

and C.
y ¥
TR,

e

@



