In this unit the students will be able to:

COORDINATE GEOMETRY

»  Use conventions for coordinates in the Cartesian plane for the derivation of

Find distance between two points in the plane.

- & ® =W

Represent and identify collinear and non collinear points.

o

Derive mid-point formula and calculate mid-point of a line segment.
Apply distance and mid-point formulas to solve real life situations.

RS

Coordinate geometry plays a vital role in our daily
life, The adjoining figure shows a lamp  post
which 15 equidistant from two homes, so that both
the homes may get light from it equally. To erect
the lamp post at this point, an idea from coordinate
geometry is taken. Coordinate geometry helps us
in analyzing characteristics and properties of two-
dimensional geometrical shapes and develop
mathematical arguments about geometrical
relationships.




We use the concept of absolute value to define the distance between given points on a coordinate
line.

F3-1|=|1-(-3)|=4 [|6-3|=]3-6|=3
e —A
b
-3 -2 =1 0 1 Z J3ESNONERT "8
Fig. (1)
We note that the distance between the points with coordinates 3 and 6, shown in above fig.(1)
equals 3 units. This distance is the difference obtained by subtracting the smaller (left most)
coordinate from the larger (right most) coordinate (6 — 3 = 3).
If we use absolute values, (since |6 — 3| = |3 — 6| = 3), then order of subtraction does not matter.
Let a and b be the coordinates of two points A and B respectively, on a coordinate line. The
distance between A and B, denoted by d (A, B) is defined by
d(A,B)=AB=|b-a|
The number d (A , B) is the length of the line AB,
and d(A,B)=d(B,A)
|b—a|=|a—b|

So, we have
AB=d(A,B)=d(B,A)=BA
Hence, the formula d (A , B) = |b—a] is true regardless the sign of a and b.
Example 1:
A, B, C, D, E and F have coordinates — 6, ~4,~ 2, 0, 2 and 5 respectively on a coordinate line as
shown below.

A B C D E F
] B - * t + t + $ t t =+ } £ i
H-5 4 3-2-1 0 } 2124 5 6 T %
Find (a) d(A,B) by d(A,C) (¢) d(B.E)
(d) d(D,F) () d(A,F)

Solution: By definition we know that
(a) d (A ,B)=|b-a|,aand b are the co-ordinates of
points A and B respectively.
a=-6,b=-4
d(A,B)=AB=|-4—(-6)|=|-4+6/=2

Similarly,
(b) d(A,C)=AC= |-2-(-6)|=|-2+6|=4
(c) dB,E)=BE=|2- (-4)|=2+4{=6
(d) dD,F)=DF=|5-0|=|5|=5
(e) d(A,F)=AF=|5-(-6)|=|6+5]=11
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) The Disiance Formula 4

Given the o points P s, 1) and P, 3. the distance between these ot s gven by he

d(Py, P2)=PiP2= (x, &) +0op=2Yu . P T

Proof: If x; # x; and y; # y,, then plot two points Py and
P with coordinates (x;, v) and (x3, 1) respectively as
illustrated in figure (ii).

& Jaxis

(S B Py (x2,32)

i
L]

L2 - nl

C(0 5] | T -_,,-.---...Lx.:._.fij..-.upﬂ (x2, 1)
Pi(x, 1) :

- 4 X—-axXis
0 Ax,0) bea — xy B{-’fzf_ﬂf

[ws = w

x -

:fl Fig. (ii)

In the above figure PyA and P,B are perpendiculars drawn from two points Py(x; , »)
and Pa(xz , y2) on x-axis, and PyC and P;D are perpendiculars on y-axis.
The coordinates of the points A, B, C and D are also shown in figure accordingly.
Let the point where P,C meets P;B be P;, with coordinate (x; , v) so that AP,P;P; is a right
triangle with right angle at P;.
From figure, we have
d(A,B) =AB=P\P;= |y — x|
and d{C.D] =CD=dfP:.P3)= P2P3=l}'g—y|i
We next use the Pythagoras Theorem in right
triangle PP,P;
[d(P;, P2)]* = (d(Py, P5)] + [d(P;, Py)]”
or
PPy’ = PP5’ + PPy’
PP’ = e el 2

PPy = 'J{-": _'Il)z +{}'= _J’L]I
So d(PiP)=PiPs = lx, ~x, ) +0a—») =l =x,) +0y, -»,)
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Example 2:

Find the distance between the two points A (-1 ,3)and B (4, 15).

Solution:

By distance formula distance between two points with coordinates (x1. »1) and(x2, y2) is

d= J(x:_-tl}t“‘()’z‘}'l):
Let (-1, 3) be denoted by (x; , »1) i.e. x;=—1, », =3 and (4 ,15) be denoted by (x2, ¥2)
e =4, ;m=15
Now put them into the distance formula

AB=d =\|(4~(-1)}+(15-3)
d=J(a+1) +(12)
d =5 +12°
d=25+144

d =169
d=13

Collinear and Non-Collinear Point
A set of points that lie on a same straight line are said to be ccollinear. o

If three points A, B and C are collinear then, by distance formula,

we have; /
d(A,C) =d(A,B) +d(B,C) A

or AC = AB+BC

When three or more points do not lie on the same straight line, they are said to be
non—collinear points.

In the figure, points P, Q and R are non-collinear /-\

Example 3:

Prove that A (3, 2), B (4, 4) and C (5, 6) are collinear points.
Solution:

In first step we find the distance between them.
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By Distance Formula, distance between two points (x; , y) and (xz, ) is
d= J(xz*x,}z+[y,—y1)z
d(A,B)=AB=/(4-3) +(4-2)
AB= VI +2° = J1+4
AB =4S ......... (i)
d(B,C)= BC= (5-4) +(6-4)
BC= VI +2° = [1+4

BC= S ........ (ii) > X-axis
d(A,C) =AC= (5-3) +(6-2) B
AC= 27 4+ 4°
=J4+16 =20
=25 ........ (iii)
From (i), (ii) and (iii), we find that
AC =AB+BC
2J5 = J5+445
25 =245
Hence, the given points are collinear,
Example 4:
Prove that the points (3, 4), (3, 1) and (8 , 4) are the vertices of a right triangle.
Solution:

Suppose A (3 ,4), B (3, 1) and C (8 , 4) are the vertices of a triangle.
In first step we find the distance between them.

d(A,B)=AB= (-4 +(3-3)  y-axis
= J(=3)" +0* ‘
AB= 940

AB=3
d(B,C)=BC= (4-1f +(8-3)
= /3 +5° - b —t :H?’“: b p X-AXIS
=m —3—2—11II]4$&7I9
BC= 34
d(A,C)=AC= \/(8-3) +(4-4)

A[1.4) 8.4)
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= J25+0 =5

In right triangle we know that the greatest length is always the hypotenuse. So, BC is the
hypotenuse. By Pythagoras Theorem,

BC = AB* + AC?

(V3a) =52 +3?

34=25+9
34=34

Hence; A, B and C form a right triangle.

Find the distance between each pair of points.

() (2, 1and(1,5) (i) (1,1)and(7,9)
(i) (0,-5)and (-2, 1) (iv) (0,-5)and (10,5)
v) (4,-1)and(2,0) (v)  (-3,1)and(-2,-3)

(vii) (— z]and( 2, 1) (viii) [%.11] and [:3.%]

(ix) [-% —%Jand [“%"‘%] (x) [z%.si) and (5, 1)
Check by distance formula whether these points are collinear or not.
()  (0,1),(2,3)and (3,4)

(i)  (-5,-4),(1,0)and (6, 7)

(iii) (0, -5),(3,7) and (5, 15)

{iv} (‘6: 3)! “4. ?} ﬂlﬂ{—ﬁ,-aj

{"'} (ﬂ, 15}1 (2r 9‘). and (?! o E}

(vi) (1,-2),(7,8)and(-2,-7)

Check whether the following points are the vertices of

(a)  an equilateral triangle, (b) an isosceles triangle,

(¢)  aright triangle, (d) a scalene triangle.

() @3,5,3)and@,1) (i) (0,0),(1,V3)and(2,0)
(iii) (0,1),(8,4)and (0, 8) (iv) (-3, -5),(3, -3)and (0, 6)

V) 1, -1),¢1, 5)and (4, 2) (vi) (1,2),(7, i}mi(? 8)
Mmﬁndﬂupe:‘mtn‘nfﬁ‘hﬂninmhm__-- :
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4. Showthat A(-4,2),B(1,4),C(3.-1)and D (-2, - 3)are the vertices of a square.

5. Showthat A(—4,-1),B(0,-2),C(6,1)and D(2,2)are the vertices of a
parallelogram.

6. ShowthatA(1,2),B(7,2),C(7,8)and D (1, 8) are the vertices of a rectangle. Prove

! that its diagonals are also equal in length.

7. Showthat A (4,2),B(7,2),C(7,5)and D (4, 5) are the vertices of a square. Also
show that the length of its diagonals is same.

8 AreA(-6,2),B(1,2),C(1,5) and D (-6, 5) the vertices of a rectangle? Also plot
them.

9. Prove that the points A (-3, 0), B (3, 0), C (6, 4) and D (0, 4) are the vertices of a
parallelogram.

10. Show that A (2, -1), B (8, 1), C (8, 3)and D (2, 3) are the vertices of a rectangle and

prove that A ABC and A ABD form right triangles.

Mid-Point of Two given Points in a Coordinate Plane

Suppose, we have two points (2 , 4) and (6 , 10) and we want to find the distance between them.
First, we plot the points on the graph and join them. Then we can draw the lines that form a night
triangle by using these points as two of the corners.

y-axis
&
110 B(6,10)
19 10-
5 ¥
7 E (6,
Ie (6, v
| 5 y—4
¥ : ‘
3 Al2,4) Dix,4) Ci(6,4)
b2
L
- T t ﬂ‘ -T i i é é ....I-I.KI.S
Fig. (iii)
v

In the diagram, A ABC is drawn by drawing AC parallel to the x-axis and BC parallel to the
yp—axis. The coordinates of C are (6 , 4), where two lines AC and BC intersect.

Let P (x, y) be the mid point of AB. Draw PD parallel to the y—axis and PE parallel to the x—axis.
Then the coordinate of D and E are (x , 4) and (6 , y) and, AAPD and APBE are
congruent by (ASA).
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We have AD=PE , PD =BE
x-2=6-x, y—4=10-y
2x=8 2y=14
x=4 y=7
) The mid point of ABis P (4, 7).
i We can also find the mid point of A (2, 4) and B (6, 10) in this way
{ : P[2+ﬁ 4+Iﬂ]

'

2 2
=P4,7)

' Mid-Point Formula

In the above figure (iii) if we take A (x; , ;) instead of A (2, 4) and B (xz , y2) instead of
B (6, 10), then we have:
x—2=x—x; and 6—-x=x—=x
Similarly, y-4=y-y and 10-y=m-y

! We have already proved that
AD=PE - PD = BE
] X=X =Xa—X y  FP=RE-Y
2x=x;+x2 : y=w+n
1 i IH+x : y= »Wty:

2 2

To apply the mid point formula remember that: |
the x—coordinate of the midpoint = the average of the x—coordinates |

| and the y-coordinate of the midpoint = the average of the y-coordinates.

The mid-point P of the line segment from Py (x, y;) to P3 (x2, v2) is

F[-“:"‘-"t J*’:“‘.V:] |
o T S

Example 5:
By using mid point formula, prove that the diagonals of a parallelogram with vertices (1 , 1),
(2.,4),(6, 1)and (7, 4) bisect each other.

Solution:
. First we plot these vertices on a Cartesian plane as shown in the fig.(iv). In parallelogram ABCD,
> AC and BD are its diagonals. y-axis

i

Let both the diagonals intersect each other at point E(x , y). D(2,4) o7, 4)

By mid point formula, mid point of AC has the coordinates |
as

AL, 1) b ;
< > r-axis ,

€1 Fig. (iv)
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r

[ﬂ 4+1J

» 2
=(4,2.5)........ (i)
and the coordinates of the mid point of diagonal BD is [ﬂ.ﬂ]
— {4 - 25]‘ ....... (“]

From (i) and (ii) both the diagonals have the same mid point, so they bisect each other at point
E(4,2.5).

Example 6:

If (1, 4) is the midpoint of the line segment joining (6 , b) and (a, 2). Find a and &.

Solution:

By mid point formula, mid point of the line segment with end points (x; , ¥, ) and (x3, y7) is

[.x]+x, .}'|+J':]_

2 2
So, mid point of the line segment joining the end points (6 , &) and (a , 2) is

(ﬁﬂ; b+2)

2 2

By using the given condition, we have

["*“.M]ﬂl. 4

2 2

By the definition of equal ordered pairs,

DRt waa A2 Ly

2 2

b6t+ta=12 and b+2=8

a=2-6 and b=§-2

a=-—4 and b=6
Hence, a=-—4 and h=6
Example 7:
Use AXYZ in the adjoining figure to find the following,
(i) Midpoint L and M of XY and YZ respectively (5.12)
(i) d(L,M)andd(X,Z2)
(i)  The relationship between LM and XZ . .
Solution:
(1) By mid point formula the coordinates of L

(3"‘5 ‘2"’3) . [E_E) YZ3) M Z(74)
R 22
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B e T —

() ) v

Now, d(X,Z) = J02-4) +(5-7)

= /8 +(-2F
= J64+4 =68 =217

(iii) From part (ii), we observe that
d(X,Z)=2timesd (L, M)

Or XZ=21LM
_ X
0: g
Hence,

Length of the line which is obtained by joining the mid points of any two sides of a triangle is
half of the length of third side.

EXERCISE 7.2

1. Find the mid point of the line segment joining the given points,
(i) 2,5).(6,9) (i)(-1,0),(2,2)
(iif) (1.4,-1.5),(2.6, 3.5)

2. Look at the quadrilateral ABCD in the adjoining figure
IfE, F, G and H are the mid points of its sides
as shown in the figure, then
(i) Find the coordinates of E, F, G and H
(ii) Draw line segments EF, FG, GH and HE

by joining the mid points of its sides. D

(iii) Find the distance of EF, FG, GH and HE (-3, 2)
(iv) Guess the type of quadrilateral EFGH.
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. Check by using the mid point formula whether the diagonals of trapezium PQRS with
verticesat P(1,0) ,Q(6,0),R(7,4), S( -1, 4) bisect each other or not.

. If vertices of a rhombus are A (-3,-1),B(0,0),C(1,3)and D (-2, 2)

Show that its diagonals bisect each other.

Also find the length of each diagonal. A3, 7)

. Look attheA ABC in the adjoining figure.

(i) Find the coordinates of the mid points D
and E of AB and AC respectively. B (-4, 0) C(4, 0)

(1) Findd(D,E)andd(B, C).

(i)  Find halfof d (B , C).

(iv)  Compare the length of DE and BC and draw conclusion.

. Hassan and Ali participated in a race
competition. They both have to start running

from different points on coordinate axes at a Ali
distance of 6 units from origin but they must
r . Ce—target
reach at the same target point C, after covering point
an equal distance. If Hassan starting point is on < >
x-axis and Ali's starting point is on y-axis as l Hassan
shown in the figure, then find the coordinates
of the:
(i) starting points of Hassan and Ali (i) target point C
. Label the missing coordinates of the vertices of the following figures.
(i) Square OLMN (ii) Rectangle ABCD \
) V-AXI18
_1--“.“5 "
N M C B (0, 2)
o ul “] - r-axiy = D {_ 4* ﬂ:l A » Y-AXIE
v
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I. Encircle the correct option in the following.

)] Ifﬂmcmnrdinatﬁnfﬁ:urpu‘mtsmh(%p—%]_ B[s, %), C(3,-2)and D[l. %]'thg

relationship between the distance AB and CD is:

(a) AB>CD () AB<CD (c) AB=CD (d}AB=%CD
(if) Ifaandb are any two points on a coordinate line (number line), then its mid
point will be:

a+b a b a b
o G20 o (35 a5t («3)
(i) (5,2).(7,0),(1, - 2) and (-1, 0) are the vertices of a
(2) parallelogram  (b) square (c) trapezium (d) kite
(iv)  The triangle with vertices (1,-3), (3, 2) and (-2, 4) is:
(1) aright triangle (b)  an isosceles triangle
(¢c) aright isosceles triangle (d)  anequilateral triangle




(v)

(v)

(vii)

(viii)

(ix)

(x)

(xi)

(xii)

(xiii)

(xiv)

(xv)

(xvi)

Unit-07

Mid-point of (¢, — d) and (- d, c) is:
c d —c—-d -d-c
(a) [2, -2—) (b) [ 3k we ]
() (‘“’“’. ':“’] @ (c-d-d+0c)
2 2
If P(2, 3) is the mid point of A (x, 4) and B (- 3, y), then the ”
coordinates of (x, y) are:
-1 3+b x—3.  y+4
—, ——= 5,-1 ¢) | —, —— d)(7,2

® [2 z)rb:l{ ) t}(z 2)(){)

If two ordered pairs (4, 5) and [“T” b- 3], are equal then, the value of a is;

(a) 4 () 8 (c) 7 &y -5

In which quadrant, the point (- 4, — (— 6)) lies?

(a) first (b)  second (¢) third (d) fourth

In the adjoining figure of a line: : '

d (A ¥ C} =4 {B ' C) e A B C

(a) d(B,A) (b) d(C,B) f¢) d(A,B) (d) botha&e

The abscissa on y-axis is:

() 1 (b) «x () zero d »y

Minimum number of sides in a polygon is:

(a) 2 o) 3 (c) 4 (d) 5

If x <0 and y > 0, then (— x, ) will lie in quadrant:

(a) 1 (k) 1 (c) M (d v

The point (3, 5) is at minimum distance from:

(a) x-axis (b)  y-axis (c) origin (d) botha&b

If M is the mid point of the line segment LN, then LN : MN is:

(a) 241 (b) 122 (c) kil (d 1:3 )

All the bisectors of a line segment always pass through:

(a) x—axis (b)  origin (¢) mid-point (d) y-axis

The below figure is a kite, what will be the coordinates of the point of intersection of

both diagonals? A@3)

|
s - — e
D(0,0)

€) (0,00 (d) (2,0 B(5,0)

C(2,-3)
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xvii) In the given figure, if S is the mid point of PQ,
i then SR is P-2,4) s Q@9
@ 2 () +5
(c) 6 (d >
R(1,-1)
(xviif) If distance between two points A(c, 10) and B (0, —1) is 20 units, then the value of ¢ is:
(@ 2719 ) 331 € 3 (@ 40

(xix) The length of the hypotenuse of A XYZ whose vertices are (7, 4), (7, 1) and (-3, 1) 1s:
(8 3 (b) 10 (© V109 @ 91
(xx) The mid point of the hypotenuse of a right triangle with vertices (4, 0), (2, 1) and (-1, - 5)is:

o(3) o () ©[-He 3

(xxi) If end points of a diameter of the circle are (4, 5) and (6, 9), then coordinates of its center
will be;
@ (753 b (1,2) () (7 (d (0,0

(xxii) If two points (2, 3) and (4, 5) are at equal distance from (3, t) then, the value of t is:
(a) 5 b)) 4 (c) 3 @ 7

(xxiii) A point P(x, y) is at equal distance from both the axes and lies in the third quadrant. If it
is at a distance of 4 units from y-axis, then its coordinates are:
@ 44 b (4,-4) ) ‘49 @ 4.-9

(xxiv) A line AB intersects x—axis at C with a distance of 3 units from origin and y-axis at D
with a distance of 6 units from origin, then d (C, D) is:

@ 35 ® 33 € 3 @) 45

2. The consecutive vertices of a quadrilateral are A (0, 0), B (0, 5), C(4, 7) and D(4, 2).
Show that quadrilateral is a parallelogram.

3. Show that the four points (5, 8), (7, 5), (3, 5) and (5, 2) are the vertices of a rhombus.

4.  A(3,4),B(-1,7) and C (x, y) are three collinear points such that B is midpoint of AC .
Find values of x and y.
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