BRIEF REVIEW OF CARTIESIAN
SYSTEM OF RECTANGULAR
CO-ORDINATES

21.1 CARTESIAN CO-ORDINATE SYSTEM

RECTANGULAR CO-ORDINATE AXES Let X'OX and Y'OY be two mutually pEI‘pEﬂdiCular
lines through any point O in the plane of the paper. We call the point O, the origin. Now choose a
convenient unit of length and starting from the origin as zero, mark off a number scale on the
horizontal line X'OX, positive to the right of the origin O and negative to the left of origin O.
Also, mark off the same scale on the vertical line Y'OY, positive upwards and negative
downwards of the origin O.

The line X' OX is called the x-axis or axis of x, the line Y'OY is known as the y-axis or axis of y, and
the two lines taken together are called the co-ordinate axes or the axes of coordinates.
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CARTESIAN CO-ORDINATES OF A POINT LetX'OX and Y’ OY be the co-ordinate axes, and let P
be any point in the plane. Draw perpendiculars PM and PN from P on x and y-axis respectively
as shown in Fig. 21.2. The length of the directed line segment OM in the units of scale chosen is
called the x-coordinate or abscissa of point P. Similarly, the length of the directed line segment ON
on the same scale is called the y-coordinate or ordinate of point P. LetOM = xand ON = y. Then the
position of the point P in the plane with respect to the coordinate axes is represented by the
ordered (x, y). The ordered pair (x, y) is called the coordinates of point P.

Thus, for a given point, the abscissa and ordinate are the distances of the given point from y-axis and
x-axis respectively.

The above system of coordinating an ordered pair (x, y) with every point in a plane is called
the Rectangular Cartesian coordinate system.

It follows from the above discussion that corresponding to every point P in the Euclidean plane
there is a unique ordered pair (x, y) of real numbers called its Cartesian coordinates. Conversely,
when we are given an ordered pair (x, y) and a Cartesian coordinate system, we can determine a
point in the Euclidean plane having its coordinates (x, y). For this we mark off a directed line
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segment OM = x on the x-axis and another directed line segment ON = y on y-axis. Now, draw
perpendiculars at M and N to X and Y axes respectively. The point of intersection of these two
perpendiculars determines point P in the Euclidean space having coordinates (x, y).

Thus, there is one-to-one correspondence between the set of all ordered pairs (x, y) of real
numbers and the points in the Euclidean plane. The set of all ordered pairs (x, i) of real numbers
is called the Cartesian plane and is denoted by R*.

QUADRANTS LetX'OX and Y'OY be the coordinate axes. We observe that the two axes divide
the Euclidean plane into four regions, called the quadrants. YA
The regions XOY, X'OY, X'OY' and Y'OX are known as the

first, the second, the third and the fourth quadrants . I

respectively. The ray OX is taken as positive x-axis, OX' as QUADRANT QUADRANT
negative x-axis, OY as positive y-axis and OY" as negative =) (+.+)
y-axis. In view of the above sign convention the four X X
: - 3 < >
quadrants are characterised by the following signs of 0
abscissa and ordinate. 11 A\
QUADRANT QUADRANT
[ Quadrant: x>0,y>0 (=2) (+,-)

II Quadrant: x<0,y>0
[l Quadrant: x<0,y<0 Y
IV Quadrant: x>0,y <0 Fig.21.3

The coordinates of the origin are taken as (0, 0). The coordinates of any point on x-axis are of the form (x, 0)

and the coordinates of any point on y-axis are of the form (0, y). Thus, if the abscissa of a point is zero, it
would lie somewhere on the y-axis and if its ordinate is zero it would lie on x-axis.

[t follows from the above discussion that by simply looking at the coordinates of a point we can
tell in which quadrant it would lie.

21.2 DISTANCE BETWEEN TWO POINTS
The distance between any two points in the plane is the length of the line segment joining them.

The distance between two points P (xq, y1) and Q(x,, y,) is given by

PQ = \/ (x5 — xl)z +(Yp —yp)* = J{Drffar&nce of abscisse)® + (Difference of ordinates)?

SOME USEFUL POINTS
(I) In order to prove that a given figure is a

(i) square, prove that the four sides are equal and the diagonals are also equal.
(ii) rhombus, prove that the four sides are equal.
(iii) rectangle, prove that opposite sides are equal and the diagonals are also equal.
(iv) a parallelogram, prove that the opposite sides are equal.

(v) parallelogram but not a rectangle, prove that its opposite sides are equal but the
diagonals are not equal.

(vi) arhombus butnotasquare, prove that its all sides are equal but the diagonals are not
equal.

(II) For three points to be collinear, prove that the sum of the distances between two pairs of
points is equal to the third pair of points.

ILLUSTRATIVE EXAMPLES
BASED ON BASIC CONCEPTS (BASIC)

EXAMPLE 1 Find the distance between the points
(i) A (aty?, 2 at;) and B (at,?, 2 aty) (1) L (a cos ., a sin o) and M (a cos B, a sin p)
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SOLUTION (i) Clearly,

AB = \/(ut; —at, %)% + (2aty -2 aty)* = Va2 (b —1)2 (& +17)% + 4a° (1 —t7)°

= . AB = a(ty~t)) y(ta +1)° +4

(ii) LM = \f(ﬂ casﬂ-ﬂcusu}2+(ﬂsinﬂ—asin f;:r,)2

A

= HZ(CDE]?:"—CGEI]} +.{I2(Sin[3—5'lntl}2=ﬂ-J(CDEB*CﬂSEI)2+(Sin[3—~5'm u)z

2

Il

a\{cusz[}+ cnszu+sin2[3+sin a—2cosacosfB—2sin asin

ﬂ\/(c052[3+5in2ﬂ}+{c052 o + sin® a) — 2 (cos o cos B + sin a sin fj)

= qu+1—2ms(u—B}=ﬂ\/2{1—¢305{'1‘|3}}

n\/zx 25i112[{1_ﬂ] =2 asin [EE)
2 2

EXAMPLE 2 Show that four points (0,—1), (6, 7), (— 2, 3) and (8, 3) are the vertices of a rectangle.
SOLUTION LetA (0,-1),B(6,7),C(-2,3)and D (8, 3) be the given points. Then,

AD=J(B—D)2 +(3+1)* =.[64 +16 =45, BC=\/(6+2)2+(?—3)2 = [64+16 =45

ACz\f{mzmﬂ)z +(3+1)2=,J4+16=2«f5_ asnru:i,.B.iD"=\;(B—f:i)2 +(3—?}2=1/4+16=2JE_)

Thl.lﬁ, we find that AD = BC and AC = BD. C(-2,3) B(6,7)
So, ADBC is a parallelogram.

Now, AB = (6-0)2+(7 +1)? =36+ 64 =10

Il

Il

N e \/{BJf 2)? +(3-3)* =10. A(0,-1) D(8, 3)
Clearly, AB2 = AD? + DB? and CD? =CB? + BD. Hence, ADBC is a rectangle. © "

BASED ON HIGHER ORDER THINKING SKILLS (HOTS)

EXAMPLE3 If the two vertices of an equilateral triangle be (0, 0), (3, </3), find the third vertex.
SOLUTION O (0, 0) and A (3, +/3) be the given points and let B (x, y) be the third vertex of

equilateral A OAB. Then, YA
OA =0B = AB = OA? =0OB? = AB? ..(0)
A3, [3)
Clearly, 0A2 ={3—U}2+(ﬁ—0}2 =12, OB? =IE+L’2 {x ::f
ol
and, AB> =(x—3}2+{y—\f§}2=x2+y2—6x-2~f§y+12 g Blx.y)
OA% =0B* = AB* [From (i)] N
W
OA% =OB? and OB? = AB? Fig.21.5

I2+y2 = 12 and :!cf"jl+_1,':'1 = x2+y2-—ﬁx—2ﬁy+12
:Jr:2+3,.f2 =12 and 6x+2+/3 y=12

i U 4 4

x> +y*=12 and 3x+ J3y=6
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2
2 5"31‘J [ 6—31’}
=12 -'- 3 3 = l"i =
s et *( 73 et i

= 3x2+(6-3x)2% = 36= 12x*-36x=0 = x=0, 3

Putting x = 0 and 3 respectively in y = 6 \@3 % e get y=2+/3, and y=—+/3 respectively.

Hence, the coordinates of the third vertex B are (0, 2 /3,) or (3, = v/3).
EXAMPLE 4 If the segments joining the points A (a, b) and B (c, d) subtends an angle 0 at the origin,

ac + bd
prove that: cos 0 = . YA B, d)
J(@® +b?) (2 + d?) ’

SOLUTION Let O be the origin. Then, Ala, b)

OA? = a? +b?%,0B% =c? + d? and, AB? =(c —a)? + (d -b)? < = >
Using cosine formula in A OAB, we obtain

AB?> = 0A% + OB?-2(0A)(OB) cos 0 i,

=5 {c~a)2+(a‘-b}2 =a% +b% + % +d% —2Jn2+b2Jc2+d2 cos 0 Fig.21.6
=% c?+a%-2ac+d* +b% -2bd=a* +b? + > +d2—2'JH2 +b? ch +d* cos 0
=5 2(nc+hd)=2\/n2+b2 \{cz+d2 cos 6= cos 0= A% bt

1,':32 +b* 1/::2 +d* '

EXAMPLE 5  Find the coordinates of the circumcentre of the triangle whose vertices are (8, 6), (8, -2) and
(2, -2). Also, find its circum-radius.

SOLUTION Let A (8, 6), B(8, —2) and C (2, —2) be the vertices of the given triangle and let
P (x, y) be the circumcentre of this triangle. Then, PA? = PB* = PCZ.

Now, PA% = pB?

— (x—8)2+{y—6)2 =(:c—8}2+(y+2)2

=5 x? +y;1 -16x -12y +100 = ¥ +y2 -1l6x+4y+68 = 16y = 32=>y = 2
Again, PB* = PC?

= (x=8)° +(y+2)?* = (x-2)* +(y +2)?

= :r:z+y2—16:c+4y+68=xz+y2—4x+4y+8=:~: 12x = 60= x = 5.
So, the coordinates of the circumcentre P are (5, 2).

Also, Circum-radius = PA=PB=PC = /(5-8)2 +(2-6)% =

EXAMPLE 6 The vertices of a triangle are A (1, 1), B (4, 5) and C (6, 13). Find cos A.

9 il Ly
SOLUTION We know that: cos A = . +;b i ,wherea=BC,b=CAand c = AB are the sides
¢
of the triangle ABC.
Here,

a = BC=y(4-6)% +(5-13)2 =68, b=CA =4/(6-1)2 + (13 -1)? =169 =13,
and, C =AB=J(4—1) +{5—1)
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b2 +c%-a® 169+25-68 63
cos A = = ol AL
2be 2x13x5 65

EXAMPLE 7  Let the opposite angular points of a square be (3, 4) and (1, —1). Find the coordinates of the
remaining angular points.

SOLUTION Let ABCD be a square and let A (3,4) and C (1, -1) be the given angular points. Let B
(x, y) be the unknown vertex. D cq, -1)

Then, AB = BC
= AB%? = BC?

= (x-3)2 +(y-4)? = (x-1)%+(y+1)?

= 4x+10y-23 = 0= x = 23—410}; (1) LAY FEQ.E‘!.?E{LHJ
Applying Pythagoras Theorem in triangle ABC, we obtain
AB? + BC? = AC?
=  (x-32+@-92+(x-D2+@y+1? = (3-1)% +(a+1)°
= x> +y® —4x-3y-1=0 -..(ii)

Substituting the value of x from (i) into (ii), we obtain

[23-10y
4

2
) +y> —(23-10y) -3y -1 = 0

= 42 -12y+5 = 0 = @y—1)(2y=5) = 0°=> =%m,

=1
|

Putting y = % and y = % respectively in (i), we get x = -g- and x =- > respectively.

Hence, the required vertices of the square are (9/2,1/2) and (-1/2,5/2).

21.3 AREA OF A TRIANGLE

THEOREM The area of a triangle, the coordinates of whose vertices are (xq, 1), (X2, yp) and(x3, y3) is
the absolute value of

1 1| % ¥ 1
=X (Y2 —y3) + X (Y3 —y) +x3 (1 —y2) | or, —| X2 Yo 1
2 2(x3 y3 1

NOTE 1 Sign of area: If the points A, B, C are plotted in the two dimensional plane and three points are

taken in the anticlockwise sense then the area calculated of the triangle ABC will be positive while if the
points are taken in clockwise sense then the area calculated will be negative. But, if the points are taken
arbitrarily, then the area calculated may be positive or negative, the numerical value being the same in
both cases. In case the area calculated is negative we will consider it positive.

NOTE2 To find the area of a polygon we divide it into triangles and take numerical value of the area of
each of the triangles.

CONDITION OF COLLINEARITY OF THREE POINTS Three points A(xy, y1), B(x2, ¥3) and

C(x3, y3) are collinear iff
1 ¥ 1 3 1
(i) Area of A ABC =0 i.e. 1 X Y 1|=00o0r, (29 ¥y 1|=0
2 2 2 2 2
x3 y3 1 X3 Y3 1
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OR
(ii) AB+ BC =AC or, AC + BC=AB or, AC + AB=BC

ILLUSTRATIVE EXAMPLES
BASED ON BASIC CONCEPTS (BASIC)

Typel ONFINDING THE AREA OF A TRIANGLE WHEN COORDINATES OF ITS VERTICES ARE GIVEN

EXAMPLE 1 Prouve that the area of the triangle whose verticesare(t,t - 2), (t + 2,t + 2)and (t + 3, t) is
independent of t.

SOLUTION Let A =(xq,yq)=(t,t-2), B=(xy,y7)=(t+2,t+2) and C =(x3,y3)=(t + 3, ) be
the vertices of the given triangle. Then,

Area of AABC = —[[x1(y2 —y3) + x5 (y3 —y1) + x3 (1 —.‘fz)}|

(t+2—1)+(t+2) (t—t+2) +(t + 3) (=2t =2))|

I | =t PO | bt B |

(2t + 2t + 4 — 4t -12)| = | —4| =4 sq. units.

Clearly, area of A ABC is independent of f.

Type II ON FINDING THE AREA OF A QUADRILATERAL WHEN COORDINATES OF ITS VERTICES ARE
GIVEN

EXAMPLE 2  Find the area of the quadrilateral ABCD whose vertices are respectively A (1, 1), B(7,-3),
C(12,2)and D (7, 21).

SOLUTION Clearly, Area of quadrilateral ABCD = | Area of A ABC |+ | Area of A ACD |

Now,

Area of A ABC = [lx{-3-—2}+?x(2—1}+12x{1+3}]‘:%‘(—5+?+48}|= 25 sq. units

Area of A ACD =

| =2 B =

[1x(2-21)+12x (21 -1) +7 x (1 -2)}, =%[ (-19 + 240 - 7) |=107 sq. units

. Area of quadrilateral ABCD = 25 + 107 =132 sq. units.

Type III ON COLLINEARITY OF THREE POINTS
EXAMPLE 3  Prove that the points (a, b + ¢), (b, ¢ + a) and (c, a + b) are collinear.
SOLUTION Let A =(xq, y1) =(a,b +c), B=(x5, y5) =(b,c+a) and C =(x3, y3) =(c,a+Db) be
three given points. Then,
X1 (Y2 =¥3) + X3 (y3 —y1) + x3 (y1 - ¥2)
=aflc+a)-(a+b)+blla+b)=(b+)+c{b+c)-(c+a)
= a(c-b)+b(a-¢c)+c(b—-a) =0
Hence, the given points are collinear.
Type IV ON FINDING THE DESIRED RESULT OR UNKNOWN WHEN THREE POINTS ARE COLLINEAR
EXAMPLE4 For what value of k are the points (k, 2 — 2k) (-k +1, 2k) and (—4 -k, 6 —2k) are
collinear?
SOLUTION Let three given points be A =(xy, y1) =(k, 2 -2k), B=(x9, 1») =(-k +1, 2k) and
C =(x3,y3) =(—4-k, 6 - 2k).
If the given points are collinear, then

x1(y2 —y3) +x2 (W3 -y + x3(y1-yp) = 0

= k(2k —6+2k) +(—k +1) (6 =2k =2 + 2k) + (4 —-k) (2 -2k =2k) = 0
= k(4k —6) —4 (k —1) + (4 + k) (4k = 2) =0
= 4k? —6k —4k + 4 + 4k + 14k -8 =0
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- 8k? +4k-4 =0 = 2k*+k-1 =0=>2k-1)(k+1) = 0= k=1/20rk=-1.

Hence, the given points are collinear for k =1/2 or k =-1.

BASED ON HIGHER ORDER THINKING SKILLS (HOTS)
Type V. MIXED PROBLEMS BASED UPON THE CONCEPT OF AREA OF A TRIANGLE

EXAMPLE 5 If the vertices of a triangle have integral coordinates, prove that the triangle cannot be
equilateral. [INCERT EXEMPLAR]

SOLUTION Let A (xq ¥1), B(x3, y) and C (x3, y3) be the vertices of a triangle ABC, where
x;, 4;,1=1, 2, 3 are integers. Then, the area of A ABC is given by

A= % [x1 (¥o —y3) + X (Y3 — V1) + X3 (¥ —»)] =arational number [ x;, y; are integers]

If possible, let the triangle ABC be an equilateral triangle, then its area is given by

3 /3

A= T?’ (Side)? = % (AB)? [ AB=BC =CA]
= A= TS (a positive integer) [ Vertices are integers .. AB%is a positive integer]
=5 A = an irrational number

This is a contradiction to the fact that the area is a rational number. Hence, the triangle cannot
be equilateral.

EXAMPLE 6 If the coordinates of two points A and B are (3, 4) and (5, — 2) respectively. Find the
coordinates of any point P, if PA = PB and Area of A PAB =10.

SOLUTION Let the coordinates of P be (x, y). Then,
PA=PB = PA2=PB®> = (x-3)> +(y-4>=(x-52 +(y+2? = x-3y-1=0  ..(I)

. 9 i
Now, Areaﬂf&PAB=1U:>15 3 41| =X 6x + 29-26=+20
8 =21
=% 6x+2y-46=0 or, 6x+2y-6=0= 3x+y-23=0 or, 3x+y-3=0 ..(i)

Solving x—-3y—-1=0and 3x+y-23=0, weget: x=7,y=2

Solving x-3y-1=0and 3x+y-3=0, we get: x=1, y=-0.

Thus, the coordinates of P are (7, 2) or (1, 0).

EXAMPLE 7 The coordinates of A, B, C are (6, 3), (- 3, 5) and (4, — 2) respectively and P is any point

(x, y). Show that the ratio of the areas of triangles PBC and ABC is x+y -2

SOLUTION We find that

ju—

x(5+2)+(-3)(-2-y)+4(y-5) |

Area of A PBC )
Area of A ABC 1

6(5+2)+(-3)(-2-3)+4(3-5)|

|72+7y-14| 7lz+y-2| _
| 42 +15 - 8| 49

(]

x+y-2|
7

21.4 SECTION FORMULAE
(i) The coordinates of the point P which divides the line segment joining the points A (x1, 11)
and B (x2, y2) internally in the ratio m : n are
MXy + 11Xy MYy + Ny
m+n = m+n
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NOTE 1 If P is the mid-point of AB, then it divides AB in the ratio 1 : 1, so its coordinates

m(i‘fl“'“i‘fzj Y1 +3;'2}
2 2

A-Ex,y} P E{:c.y]
L Fig. 21.8 s

NOTE2 The following diagram will help to remember the section formula.
(ii) The coordinates of the point which divides the line segment joining the points A (xq, y1)
and B(x,, y») externally in the ratio m : nn are
MXy —NXy Ml ~—ny1]
m-n ' m-n

ILLUSTRATIVE EXAMPLES
BASED ON BASIC CONCEPTS (BASIC)

Typel ON FINDING THE SECTION POINT WHEN THE SECTION RATIO IS GIVEN

EXAMPLE 1 Find the coordinates of points on the line joining the point P (3, =4) and Q (— 2, 5) that is
twice as far from P as from Q.

SOLUTION Let R (x, y) be the required point. Then, PR =2-RQ (given) i.e. PR:RQ =2:1.
Thus, R divides PQ internally or externally in the ratio 2 : 1.

If R divides PQ internally in the ratio 2 : 1, then the coordinates of R are given by

2x-24+1x3 2x5+1x-4 1
X = and y = = X=-—and y=2.
2+1 2+1 3

So, the coordinates of R are(-1/3, 2)

If R divides PQ externally in the ratio 2 : 1, then the coordinates of R are given by
2x—-2-1%X% 2x5-1x-4
x= and y = = x=-7 and y=14.
2-1 2-1
Hence, the coordinates of R are (-7, 14).

Type Il ON FINDING THE SECTION RATIO OR AN END POINT OF THE SEGMENT WHEN THE SECTION
POINT IS GIVEN

EXAMPLE 2 Determine the ratio in which the line 3x + y — 9 = 0 divides the segment joining the points
(1,3) and (2, 7).

SOLUTION Suppose the line 3x + y — 9 =0 divides the line segment jnininj A (1, 3) and

2k+1 7k+3

: .But, C lies on
k+1 k+1

B(2,7)in theratiok:1 at point C. Then, the coordinates of C an{

the line 3x+y -9 =0.

3{2k+1J+?k+3—9=U:— 6k+3+7k+3-9%-9=0 = e
k+1 k+1 4

So, the required ratio is 3 : 4 internally.

TI'ype 111 ON DETERMINATION OF THE TYPE OF A GIVEN QUADRILATERAL

EXAMPLE3 Prove that: (4, -1),(6, 0),(7, 2) and (5, 1) are the vertices of a rhombus. Is it a square?
SOLUTION Let the given points be A, B, C and D respectively. Then,

Coordinates of the mid-point of AC are [4 ; 2 ,— 1; 2) =(%1~, '15)
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1
Coordinates of the mid-point of BD are( : ; 2 ; 0 ; ) =£%, 15]

Thus, AC and BD have the same mid-point. Hence, ABCD is a parallelogram.

Now, AB=1(6-42+(0+1)?2 =v5,BC =47 -6)*+(2-0)7 =5

AB = BC

So, ABCD is a parallelogram whose adjacent sides are equal. Hence, ABCD is a rhombus.
Now, AC =7 -#% +(2+1)? =3J2, and BD =(6 -5) +(0-1)? =v2.

Clearly, AC # BD. So, ABCD is not a square.

Type IV ON FINDING THE UNKNOWN VERTEX OF A TRIANGLE FROM GIVEN POINTS

EXAMPLE4  If the coordinates of the mid-points of the sides of a triangle are (1, 2) (0, 1) and (2, =1).
Find the coordinates of its vertices.

SOLUTION Let A (xy,v),B(xy,y,) and C(x3,y3;) be the vertices of AABC. Let
D (1, 2), E(0, -1),and F (2, —1) be the mid-points of sides BC, CA and AB respectively.

Since D is the mid-point of BC.

%ﬁ.ﬂizl and %EZZﬂ .1’.'24‘1'3:2 and y2+y3=4 {1)
Similarly, E and F are the mid-points of CA and AB respectively.

I];IS =Uand%i:i:—1=:-xl+x3 = 0andy;+y3 = -2 ..(11)
and, xl;:rz —2and 1222 = 1 xp+xy=4andy;+yp = -2 ...(1ii)

From (i), (ii) and (iii), we get
(X9 +Xx3) + (X1 +X3) +(x7 + %) =2+0+4 and, (yp +y3) +(y1 +y3) +(y1 +yp) =4 -2-2

= X1+2Xx+x3 = 3andy; +yp +y3=0 ..(iv)

From (i) and (iv), we get
x7+2=3andy; +4=0= x; = landy; =-4 Alxy, vy)

So, the coordinates of A are (1, —4).

From (ii) and (iv), we get (2-1)F E(Q,-1)
Xp+0=3 and ¥, -2=0= x, =3 and y; =2 :

So, coordinates of B are (3, 2). B(xy, %) D(1,2) Clx3¥3)

Fig.21.9

From (iii) and (iv), we get
x3+4 = 3 andy; -2=0= x3=-1 andyz =2

So, coordinates of C are (-1, 2).
Hence, the vertices of the triangle ABC are A (1,-4), B (3, 2) and C (-1, 2).

21.5 CENTROID, IN-CENTRE AND EX-CENTRES OF A TRIANGLE
(i) The coordinates of the centroid of the triangle whose vertices are (x1, y1) and (x,, y) are

Ay kg + X3 9’1+Hz+.‘!3}
X3, Y3) are | ——= ,.
(x3,¥3) ( 3 3
(ii) The coordinates of the in-centre of a triangle whose vertices are A (xq,Y1), B(x2, ¥»)

C (x3, ¥3) are(ﬂxl plptcg S ETR S CyBJ,wherer: —BC,b=CAandC = AB

a+b+c ' a+b+c
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(iii) Let A (x1, y1), B(x3, ¥5), C (x3, y3) be the vertices of the triangle ABC, and let a, b, c be the
lengths of the sides BC, CA, AB respectively. The circle which touches the side BC and two
sides AB and AC produced is called the escribed circle opposite to the angle A. The bisectors
of the external angles B and C meet at a point I; which is the centre of the escribed circle
opposite to the angle A. The coordinates of I; are given by

—axy +bxy + cx3 —ayy + by, + cys
—a+b+c ' —a+b+c

The coordinates of I and I5 (centres of escribed circles opposite to the angles B and C

respectively) are given by
o s —bxy +cx3 ay; —by, + cy; | L bxy —cx3 ayy +by, —cy3
2 ’ 3 ’
a-b+c a-b+c a+b-c a+b—c
respectively.

BASED ON BASIC CONCEPTS (BASIC)

EXAMPLE 1 If the coordinates of the mid-points of the sides of a triangle are (1, 1), (2, — 3) and (3, 4).
Find its (i) centroid (ii) in-centre.

SOLUTION Let P(1,1),Q(2,-3),R(3,4) be the mid-points of sides AB, BC and CA
respectively of triangle ABC. Let A (xq, ¥;), B(x3, y») and C (x3, y3) be the vertices of triangle
ABC. Then, P is the mid-point of AB.

MNr%.9 X+
2 !

Q is the mid-point of BC.

=1= x1+x=2 and yy+yy =2 (1)

__:-:2-;1'3 =2,y2+%=-3=:x2+13=4 and 1y +y3=—06 -..(11)
R is the mid-point of AC
ﬂ;izi’a and —t‘h;—ﬁ=4:> X1 +Xx3=6 and y; +y3 =8 ..(1i1)

From (i), (ii) and (iii), we get
¥p+Xp+Xp+X3+X1+X3 = 2+4+6and, y+Yr+yYr+yz+y;+y3 =2-6+8
=> X1+Xy+X3 =6 and, Yy +yp, +y3 = 2 (iv)
From (i) and (iv), we get
x3+2=6 and 2+y3=2= x3=4, y3=0
So, the coordinates of C are (4, 0).
From (ii) and (iv), we get
X1+4=6 and y1-6=2= x;=2, ;=8
So, coordinates of A are (2, 8).
From (iii) and (iv), we get
Xp+6=6 and Yy, +8=2= x, =0 and y, =-6
So, coordinates of B are (0, — 6).

Now,a=BC =+/(4-0)% + (0 + 6)% =52 =213, b= AC =+(4-2)2 + (0 - 8)% =8 =2 17

and, ¢=AB=4(2-0)2 + (8 +6)2 =+/200 =102
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The coordinates of the in-centre of the triangle ABC are

"a:t:1+b:c2+r:x3 ay,+by, +cyj
B u+b_+c i a+b+c 1]
z ((2413) 2 +(217) 0+ (10 /2) 4 (ZJE)SL(ZJI_?}(—&H(@JE)GJ
: ; 213 +2J17 +10+2 ; 2013 + 217 +10+/2

[ 4415 +40/2 16 V13 -12 17 ]
(2413 +2417 +102° 213 +2417 +102

[ 213 +2042 813 - 617
(V13 +417 +5+2" V13 +417 +542

EXAMPLE 2 Two vertices of a triangle are (3, - 5) and (- 7, 4). If its centroid is (2, — 1), find the third
vertex.
SOLUTION Let the coordinates of the third vertex be (x, y). Then,

:r:+3—.7’=2 o] y-5+4

or,

or,

=-1= x-4=6 and y-1=-3 = x=10 and y=-2
Thus, the coordinates of the third vertex are (10, — 2).

EXERCISE 21.1

BASIC
1. Find the distance between P (xq, y;) and Q (x5, 1) when (i) PQ is parallel to the y-axis
(ii) PQis parallel to the x-axis. [NCERT]
2. Find a point on the x-axis, which is equidistant from the point (7, 6) and (3,4). [NCERT]
BASED ON LOTS

3. Four points A (6, 3), B(- 3,5),C (4,-2) and D (x, 3x) are given in such a way that
ADBC _1
AABE 2!

4. The points A (2, 0), B(9,1),C (11, 6) and D (4, 4) ar the vertices of a quadrilateral ABCD.
Determine whether ABCD is a rhombus or not.

BASED ON HOTS

5. If the line segment joining the points P (x;, y;) and Q (x5, y,) subtends an angle o at the
origin O, prove that: OP -OQ cos a¢ = X1 X5 + Y1 Y3.
6. The vertices of a triangle ABC are A (0, 0), B(2, —1) and C (9, 2). Find cos B.

7. Find the coordinates of the centre of the circle inscribed in a triangle whose vertices are
(-36,7),(20,7) and (0, —8).

8. The base of an equilateral triangle with side 2a lies along the y-axis such that the mid-point

of the base is at the origin. Find the vertices of the triangle. [NCERT]
ANSWERS
: i 11
1. (i) |yo —yq| (i) | 29 —2q] 2. (15/2,0) 3. T
-11
4. No 6. — 7. (-1,0
V290 Siee)

8. (0, a), (0, —a) and (- +/3a, 0) or, (0, a), (0, — a) and (~/3a, 0).
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HINTS TO SELECTED PROBLEMS

1. (i) If PQ is parallel to y-axis, then xy =x,
and, PQ = Absolute value of the difference of y-coordinates of P and Q =|y, — v
(ii) If PQ is parallel to x-axis, then y; =y,
and, PQ = Absolute value of the difference of x-coordinates of P and = | x, — x;|.

2. Let P(x, 0) be a point on x-axis which is equidistant from the points A (7, 6) and B (3, 4).
Then,
PA =PB = PA? = Pp?
= (x-7)2+(0-6%=(x-3)>+(0-4)2= —14x+85 = —6x+25 = 8x=60 = x=§

Hence, P(EZ‘E : DJ is the required point.

8. Let BC be the base of equilateral triangle ABC. It is given that BC =2aand mid-point of BC
is at the origin. Therefore, coordinates of Band C are (0, a) and (0, — a) respectively. As the
triangle ABC is equilateral. So, vertex A lies on x-axis. Let its coordinates be (x, 0).

Also, AB = BC = AC = AB = AC = 2a.Using Pythagoras theorem AY
in A AOB, we get

2 2 2 B(0, a)

AB” =0A" +0OB :
>

= (20)* =0A* + a* ?{ 4 al O i
= 0A=+3a (0, - a)
So, coordinates of A are(—+/3a,0). Similarly, coordinates of A’ are At i
(=+/3a, 0). Hence, the coordinates of the vertices of triangle are
A(J3a,0),B(0,a) and C(0,-a) or,A’(~+/34,0),B(0,a) Fig.21.10
and C (0, —a).

21.6 LOCUS AND EQUATION TO A LOCUS
LOCUS  The curve described by a point which moves under given condition or conditions is called its
locus.

For example, suppose C is a point in the plane of the paper and P is a variable point in the plane
of the paper such that its distance from C is always equal to a (say). It is clear that all the positions
of the moving point P lie on the circumference of a circle whose centre is C and whose radius is a.
The circumference of this circle is therefore the “Locus” of point P when it moves under the
condition that its distance from the point C is always equal to constant a.

Let A and B be two fixed points in the plane of the paper and P be a variable point in the plane of
the paper which moves in such a way that its distances from A and B are always equal.
Obviously all the positions of the moving point P lie on the perpendicular bisector of AB. Thus,
the “locus” of P is the perpendicular bisector of AB when it moves under the condition that its
distances from A and B are always equal.

EQUATION TO THE LOCUS OF A POINT  The equation to the locus of a point is the relation which is
satisfied by the coordinates of every point on the locus of the point.

In order to find the locus of a point, we may use the following algorithm.

ALGORITHM
Step I Assume the coordinates of the point say, (h, k) whose locus is to be found.
StepIl ~ Write the given condition in mathematical form involving h, k.
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Step Il Eliminate the variable (s), if any.
Step IV Replace h by x and k by y in the result obtained in step II1.

The equation so obtained is the locus of the point which moves under some stated condition (s).

ILLUSTRATIVE EXAMPLES
BASED ON BASIC CONCEPTS (BASIC)

Type I ON FINDING THE LOCUS OF A POINT WHEN GIVEN GEOMETRICAL CONDITIONS DO NOT
INVOLVE A VARIABLE

EXAMPLE1 The sum of the squares ﬂf the distances of a moving point from two fixed points (a, 0) and
(—a, 0) is equal to a constant quantity 2¢2. Find the equation to its locus.

SOLUTION Let P (h, k) be any position of the moving point and let A (g, 0), B (-4, 0) be the given
points. Then,

PA% + PB% =2 ¢2 [Given]
- (h—-a)% +(k-0)2 + (h+a)? + (k-0)% = 2¢?
- W —2ah + &> + kK + B* + 2ah 4+ o~ + A= 2¢°
= o2n% + 2k% + 242 =22 = W + k* = % - @°

Hence, locus of (h, k) is %4 yz =c® ~a*,

EXAMPLE2 Find the equation to the locus of a point equidistant from the points A (1, 3) and B (-2, 1).
SOLUTION Let P (h, k) be any point on the locus. Then,

PA = PB [Given]
= PA?2 = PB®> = (h-1)*+(k-3)% = (h+2*+(k-1)> = 6h+4k =5
Hence, locusof (h, k)is6 x + 4y =5.

EXAMPLE3 Find the locus of a point such that the sum of its distances from the points (0, 2) and (0,—2)
is 6.

SOLUTION Let P (h, k) be any point on the locus and let A (0, 2) and B (0, — 2) be the given
points. By the given condition

PA + PB =6
= \;(h“ﬂ)z + (k—‘?)z o \/(h—[])2+{k+2)2 =

= B2+ (k=22 = 6= k2 + (k +2)2

. h2+{k—2}2 = 36—12\/hz+{k+2}2 +.11r2+{k+2)2

= —8k-36 = —12/k? + (k +2)

= (2k+9) = 3h? +(k +2)
= 2k+9)2 =92 +(k+2)2)=>4k?>+36k+81=9h* +9Kk® + 36k + 36 = 9 h® +5k*=45

Hence, locus of (h, k)is9 x% +5 yz = 45,
BASED ON LOWER ORDER THINKING SKILLS (LOTS)

EXAMPLE 4  Find the locus of a point, so that the join of (- 5, 1) and (3, 2) subtends a right angle at the
moving point.
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SOLUTION Let P (i, k) be a moving point and let A (-5, 1) and B (3, 2) be given points. By the
given condition

ZAPB =90°
5 A APB is a right angle triangle
- AB? = AP? + PB?
- (3+5)%+2-1)%2=(h+5)*+(k -1)2 + (h-3)% + (k - 2)?
= 65=2(h* +k*+2h-3k)+39 = h®* +k*+2h-3k-13=0

Hence, locus of (I, k)is x* + y> +2x -3y -13=0.

EXAMPLES A point moves so that the sum of its distances from (ae, 0) and (- ae, 0) is 2a, prove that the
2 2

equation to its locus is 3:2 - }fz = 1, where b* = a* (1 ~£2).
a~ b
SOLUTION Let P(h, k) be the moving point such that the sum of its distances from A (ae, 0) and
B (—ae, 0) is 2a. Then,
PA + PB = 2aq

Jh —ﬂE’)z + (k —0}2 - J{h 4 ne)z + (k -0)2 = 21

—_—
= J(h —ne}z +k* = 2a ——\/(h + ::.'f)2 + k?
=5 (h —HE)Z +k% = 44%+ (h + ms*)2 + k% —4a J{h - HE}Z Tof 2 [Squaring both sides]
= —4aeh—4a® = —4a J{h +ae)® +k? = (eh +a) = J{h +£irf:')2 +k*
— (eh + ﬂ]z = (h+ ﬂf}z +k* = e® h% + 2aeh +a* = h* +a® % + 2aeh + k2
2 2
— hz{l—ez}+k2=a2(1—ez} ::-h2+ zk 5 =1
a~ a°{l=e")

x2 yi J:2 _1;"2

Hence, locus of (h, k) is — + =1 or, =1, where b* =a* (1 —ez}

+
% a0 (1- Ez} a5 b*
BASED ON HIGHER ORDER THINKING SKILLS (HOTS)

TI'ype I ON FINDING THE LOCUS OF A POINT WHEN GIVEN GEOMETRICAL CONDITIONS DO NOT
INVOLVE A VARIABLE

EXAMPLE6  Find the equation to the locus of a point which moves so that the sum of its distances from
(3, 0) and (=3, 0) is less than 9.

SOLUTION Let P(h, k) be the moving point such that the sum of its distances from A (3, 0)
and B (=3, 0) is less than 9. Then,

PA + PB <9
J(h=3)2 4 (k=02 + yJ(h + 32 + (k -0)2 <9

Jh=3)2 + k2 <9 - \[(h + 3)? + k2
(h - 3)2 + k% <(9 —( + 3) + K2)? [+ x<y= 22 <y? forx, y> O]

(h—3)2 + k2 <81+ (h+ 3)2 + k2 18 y/(h + 3)% + K>

~12h - 81 <—18 {J(h + 3)2 + k>

y 4 4 4 4 J

4h+27> 6 J(h +3)2+k% = (4h+27)2>36[(h+ 3)* + k%] = 20 h% + 36 k% <405
Hence, the locus of (k, k) is 20 x% + 363;2 < 405.
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EXAMPLE 7  If the sum of the distances of a moving point in a plane from the axes is 1, then find the locus of
the point. [INCERT EXEMPLAR]

SOLUTION Let P (h, k) be a variable point in a plane and let PL and PM be perpendiculars
drawn from P on the coordinate axes. Then, PL =|k| and PM =|h|.

It is given that
PL+PM =1 = |k|+|h|=1= |h| +|k|=1

YA
I
M|-------¢ P, K)
' :
;. i
< ;
X o L .
o
Fig. 21.11 (i) Fig. 21.11 (i)

Hence, the locus of (I, k) is | x| +|y|=1, which represents a square ABCD shown in Fig. 21.11

(i).

Type II ON FINDING THE LOCUS OF A POINT WHEN GIVEN GEOMETRICAL CONDITIONS INVOLVE
SOME VARIABLE(S)

EXAMPLES Find the locus of the point of intersection of the lines x cos a +ysin a =a and
X sin o —y cos a =b, where o is a variable.

SOLUTION Let P (h, k) be the point of intersection of the given lines. Then,

hcosa + ksina = a i1}
and, hsinoa — kcosa =b ..(i1)
Here « is a variable. So, we have to eliminate «. Squaring and adding (i) and (ii), we get

(h cos o + k sin a)® + (hsin a —k cos @)® = a® +b*> = h* +k? = a* +b?

Hence, the locus of (h, k) is x> + yz = B2+ b2,

EXAMPLE 9 A rod of length | slides with its ends on two perpendicular lines. Find the locus of its
mid-point.

SOLUTION Let the two perpendicular lines be the coordinate axes. Let AB be a rod of length 1.
Let the coordinates of A and B be (a, 0) and (0, b) respectively. As the rod slides the values of a

and b change. Soa and b are two variables. Let P (h, k) be the mid-point of the rod AB in one of the
infinite positions it attains. Then,

a+ 0 0+b
h= and k = ——
2 -
p— h = E and k = E ."(i} B(0, b)
2
From A OAB, we have P(h, k)
AB* = 0A?% +OB? .
i . 2 @] Ala, 0) X
i b st Fig.21.12

= 2h)?% +(2k? = 2 [Using (i)]



21.16 MATHEMATICS-XI

- 4h* +4Kk% = |2
Hence, the locus of (h, k) is 4x% + 4y2 =1

EXAMPLE10 AB is a variable line sliding between the coordinate axes in such a way that A lies on x-axis
and B lies on y-axis. If P is a variable point on AB such that PA =b, PB =a and AB =a + b, find the
equation of the locus of P.

SOLUTION Let P (h, k) be a variable point on AB such that ZOAB =60, where 0 is a variable.

From triangles ALP and PMB, we have YA
sin 0 = * k1) cos 0 =E (1)
b a
Here, 0 is a variable. So, we have to eliminate 0.
Squaring (i) and (ii) and addin S
quaring (1) and (i1) and a g, we get: 3 + 5 o
X
5% oy Fig.21.13
Hence, the locus of (h, k) is — % =i ],
a- b

EXAMPLE 11 If O is the origin and Q is a variable point on x? = 4y. Find the locus of the mid-point of

0Q.
SOLUTION Let the coordinates of Q be (a, b) and let P(h, k) be the mid-point of OQ. Then,
h=ﬂ+0=f—andk=0+b =E:}ﬂ=2handb=2k sili)
2 2 2 2

Here, a and b are two variables which are to be eliminated. Since, (a, b) lies on x? = 4y.

a* = 4b
- (2h)% = 4(2k) = h? = 2k [Using (i)]
Hence, the locus of (h, k) is x% = 2y.

EXERCISE 21.2

BASIC
1. Find the locus of a point equidistant from the point (2, 4) and the y-axis.

2. Find the equation of the locus of a point which moves such that the ratio of its distances
from (2,0) and (1,3) is 5: 4.

BASED ON LOTS

3. A point moves as so that the difference of its distances from (ae, 0) and (—ae, 0) is 2 a,
2 2

2y =1, where b% = a® (Ez -1).

2 b2

4. Find the locus of a point such that the sum of its distances from (0, 2) and (0, -2) is 6.

prove that the equation to its locus is

5. Find the locus of a point which is equidistant from (1, 3) and x-axis.

6. Find the locus of a point which moves such that its distance from the origin is three times its
distance from x-axis.
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7. A(5,3), B (3, - 2) are two fixed points; find the equation to the locus of a point P which

moves so that the area of the triangle PAB is 9 units.

8. Find the locus of a point such that the line segments having end points (2, 0) and (-2, 0)

subtend a right angle at that point.

BASED ON HOTS

9. IfA(-1,1) aﬁd B (2, 3) are two fixed points, find the locus of a point P so that the area of

A PAB = 8 sq. units.

10. A rod of length I slides between the two perpendicular lines. Find the locus of the point on

the rod which divides it in the ratio 1 : 2.

11. Find the locus of the mid-point of the portion of the line x cos o + y sin & = p which is

intercepted between the axes.

12. If Ois the origin and Q is a variable point on yz = x. Find the locus of the mid-point of OQ.

= ANSWERS
1. ¥*-8y-4x+20=0 2.9x* +9y* +14x-150 y + 186 =0
4. 912+5y2=45 5. xz—zx‘6y+ll]=0 6. :1»:'2:3];2
7. 5x-2y-1=0 or 5x-2y-37=0 8. x2+y2=4
x> ) 14
9. 2x-3y-11=0, 2x-3y+21=0 lﬂ.—a—+y S
11. pz {x2+y2)=4 x° yz 12. 2y2=x

21.7 SHIFTING OF ORIGIN

Let O be the origin and let x' Ox and y' Oy be the axis of x and y respectively. LetO' and P be two
points in the plane having coordinates (/, k) and (x, y) respectively referred to X’OX and Y'OY as
the coordinate axes. Let the origin be transferred to O’ and let X'O'X and Y'O'Y be new
rectangular axes. Let the coordinates of P referred to new axes as the coordinate axes be (X, Y).

Then, U2

O'N=X, PN=Y,OM=x,PM=y,0L=h and, O'L =k. Y Pl b

Now, x=OM=0L+ILM=0OL+0O'N=h+X R

and, y=PM=PN+NM=PN+O'L=Y +k X f—;xi—i}rl X

- O O C}.:{h.kj.:.w ........... b

x=X+hand y = Y +k. lj "y

Thus, if (x, y) are coordinates of a point referred to old axes K

and (X, Y) are the coordinates of the same point referred to > I < T-L :

new axes, then O|l——>x< M £
x=X+handy=Y + k v

i.e., (Old x-coordinate) = (New x-coordinate) + h Fig-21.14

and, (Old y-coordinate) = (New y-coordinate) + k.

If therefore the origin is shifted at a point (h, k) we must substitute X + hand Y + k for x and y

respectively.

The transformation formula from new axes to old axesis: X=x-h,Y =y -k

The coordinates of the old origin referred to the new axes are (- 1, — k).
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ILLUSTRATIVE EXAMPLES

BASED ON BASIC CONCEPTS (BASIC)

EXAMPLE 1 If the axes are shifted to the point (1, - 2) without rotation, what do the following equations
become?

(i) 2x* +y* -4x+4y=0 (i) y* -4x+4y+8=0

SOLUTION (i) Substituting x=X+1,y=Y +(-2) =Y -2 in the equation 2x> +y2 —4x+4y =0,
we get

2(X+1)2 +(Y-2)2 -4 (X+1)+4(Y-2)=0 = 2X>+Y?=6.
(ii) Substitutingx=X+1,y=}’-2intheequatiﬂny2 -4x+4y+8=0,weget

(Y-2)2 -4(X+1)+4(Y-2) +8=0 = Y?=4X
EXAMPLE2 At what point the origin be shifted, if the coordinates of a point (4, 5) become (-3, 9)?
SOLUTION Let (I, k) be the point to which the origin is shifted. Then,

x=4, y=5, X=-3, Y=9

x=X+h and y=Y+k = 4=-3+h and 5=9+k = h=7 and k=-4
Hence, the origin must be shifted to (7, - 4)

BASED ON LOWER ORDER THINKING SKILLS (LOTS)
EXAMPLE 3  Shift the origin to a suitable point so that the equation y2 + 4y + 8x —2 =0 will not

contain term in y and the constant term.
SOLUTION Let the origin be shifted to (h, k). Then, x =X+ hand y =Y + k.

Substituting x =X + h, 3,,*=Y+Fs:intlﬂeE.wq1.1sa’cia::v1'1y2 + 4y + 8x -2 =0, we get
(Y+K)2+4(Y+k)+8X+h-2=0
= Y2 4 (442k)Y +8X+(k* +4k +8h-2) = 0

For this equation to be free from the term containing Y and the constant term, we must have

4405 D add P L ARASH 2= 0=sk = =2 and K = E.

Hence, the origin is shifted at the point (3/4, - 2).
EXAMPLE 4 Find the point to which the origin should be shifted so that the equation yz -6y —4x
+13 =0 is transformed to the form yz + Ax =0.

SOLUTION Let the origin be shifted to the point (h, k). Then, x=X+h and y=Y +k.
Substituting x =X + hand y =Y + k in the equation y2 -6y —4x +13 =0, we get

(Y +k)2-6(Y +k)-4(X+h)+13 =0
— Y2 +(2k-6)Y -4 X +(k®> -6k +13-4h) = 0

This equation should be of the form Y? + AX =0. This means that it should not contain term
containing Y and constant term.

2k—-6=0 and k2 -4h+13—-6k=0 = k=3 and h=1

Hence, the coordinates of the required point are (1, 3).
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BASED ON HIGHER ORDER THINKING SKILLS (HOTS)

EXAMPLES  Prove that the area of a triangle ts invariant under the translation of the axes.
SOLUTION Let ABC be a triangle having the coordinates of its vertices as A (xy, ¥1), B (x5, 17)
and C (x5, y3). Then, area of triangle ABC is given by
1 :
A= S ¥y (0 =¥g) + % (Y —¥1) + %5 (41 = Jo)] (1)
Let the origin be shifted at (%, k). Then, the new coordinates of the vertices are
A(xy+h,y1+k),B(xp+h,yp +k)and C (x3 + h, y3 + k).
Therefore, the area of the triangle in the new-coordinate system is given by

A = % {(rﬁ h) ((yz + k) =(y3 + k) + (x9 + h) ((y3 + k) =(yg + K+ (x5 + h) [(yy +K)=(yp + k)}]

1
= 4 = E{(-‘H +h) (Y2 —y3) +(x + b)) (y3 — 1) +(x3 +h) (3 -Hz)}
1
= A = —'{1’1 (Y2 —y3) +x (Y3 —y1) +x3 ()1 —y2) +h (Yo —y3 +y3 -y + 11 -Hz)}

2

1

= 41 = E{—‘ﬁ (Y2 —y3) + %3 (y3 —y1) + 23 (1 “Ir‘z}]f ---(1)

From (i) and (ii), we get A = A;.
Hence, the area of a triangle is invariant under the translation of the axes.

EXERCISE 21.3

e —

BASIC

1. What does the equation (x —ﬂ}z + (y —.b)2 =% become when the axes are transferred to
parallel axes through the point (a — ¢, b)?

2. What does the equation (a —b) {.Jl:2 + yz) — 2 abx = 0 become if the origin is shifted to the

pui:nt{ ﬂbb ; U} without rotation?

H e

3. Find what the following equations become when the origin is shifted to the point (1, 1)?
(1) xz+xy—31—y+2=ﬂ (ii) xz—y2—23:+2y=[]
(i) xy —x-y+1=0 (iv) xy —y°> —x+y =0

4. Find, what the following equations become when the origin is shifted to the point (1, 1).
@) x> +xy-3y>-y+2 =0 (ii) xy —y> —x+y = 0
(iii) xy —x—y+1 =0 (iv) x2 —y? —2x+2y = 0

BASED ON LOTS

5. At what point the origin be shifted so that the equation x*

+ xy — 3x —y + 2 =0 does not
contain any first degree term and constant term?

6. Verify that the area of the triangle with vertices (2, 3), (5, 7) and (- 3 — 1) remains invariant
under the translation of axes when the origin is shifted to the point (-1, 3).

7. Find the point to which the origin should be shifted after a translation of axes so that the
following equations will have no first degree terms:

@) y> +x*-4x-8y+3 = 0 (i) 2 +y? -5x+2y~5 = 0 (iii) x> -12x+4 = 0
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8. Verify that the area of the triangle with vertices (4, 6), (7, 10) and (1, - 2) remains invariant

under the translation of axes when the origin is shifted to the point(- 2, 1). [NCERT]
ANSWERS
L X% 4 X% = 20K = v* = 2 (R=0)"(X* + Y5 = b
3. (i) xz+xy=[] (i1) x‘?-y:!:{] (iii) xy =0 (iv) xy—y2=0
4. (i) x2—3y2+xy+3x—6y={) (ii) xy—yz = (
(iii) xy = 0 (iv) x* —y* =0 7. (i) (2,4) (i) (5/2,-1) (iii) (6, k), k €R
5 (1,.1)

FILL IN THE BLANKS TYPE QUESTIONS (FBQs)
—B

1. If the points (a cosa., asin o) and (acosp, asin B) are at a distance k sin [U'TJ apart, then

2. If two vertices of a triangle are (6, 4), (2, 6) and its centroid is (4, 6), then the coordinates of
its third vertex are .......ccccnenivsseriones

3. The coordinates of the orthocentre of the triangle with vertices (2,. J—S—Z_E], [l, —l] and

25 2
(2, -l) BER . d it et o
2

4. The coordinates of the incentre of the triangle whose vertices are (0, 0), (4, 0) and (0, 3) are

5. A(-3,0), B(4,-1) and C (5, 2) are vertices of AABC. The length of attitude through A

6. A(a,1), B(b, 3) and C (4, ¢) are the vertices of AABC. If its centroid lies on x -axis, then

7. The distance between the circumcentre and centroid of a triangle whose vertices are
(6,0).(0, 6)and (G OIS ..coee B rsnemsacrssansess »

8. The distance between the orthocentre and circumcentre of the triangle whose vertices are at

(_l E},[i —ﬁJand 0,38 kol

o % 2" &
ANSWERS
1 22
1. 2 2. (4,8 N2 = (L1 b
a (4, 8) ( 2) (1, 1) J10
§ o=~ %3 8.0

VERY SHORT ANSWER QUESTIONS (VSAQs)

Answer each of the following questions in one word or one sentence or as per exact requirement of the
question:

1. The vertices of a triangle are O (0, 0), A (a, 0) and B (0, b). Write the coordinates of its
circumcentre.

2. In Q.No. 1, write the distance between the circumcentre and orthocentre of AOAB.
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3. Write the coordinates of the orthocentre of the triangle formed by points (8, 0), (4, 6) and
(0, 0).

4. Three vertices of a parallelogram, taken in order, are (-1, — 6),(2, —5) and (7, 2). Write the
coordinates of its fourth vertex.

5. If the points (a, 0), (.-:;rif1 2, 2aty) and (at 2, 2at,) are collinear, write the value of t; t5.

6. If the coordinates of t (ides ABand AC of a A ABC are (3, 5) and (- 3, — 3) respectively, then
write the length of side BC.

7. Write the coordinates of the circumcentre of a triangle whose centroid and orthocentre are
at (3, 3) and (- 3, 5) respectively.

8. Write the coordinates of the incentre of the triangle having its vertices at (0, 0), (5, 0) and
(0, 12).

9. If the points (1, — 1), (2, — 1) and (4, — 3) are the mid-points of the sides of a triangle, then
write the coordinates of its centroid.

10. Write the area of the triangle having vertices at (a, b + ¢), (b, ¢ + a), (¢, a + b).

ANSWERS
i (E,EJ 2.1 2 412 3.[5,4) 4. (4,1) 5. -1
2.2 2 3
6. 20 units 7. (6,2) 8. 0,2) 9, (%I_;) 10.0
SUMMARY

1. The distance between two points P (x1, 1) and Q (x3, 1) is given by
PQ = \/(Iz - x7)% + (¥ - 1)

ie. PO = J (Difference of abEEiSEEIE)E + (Difference of ::'nra:iiru:'thes)2

2. The distance of a point P (x, y) from the origin O (0, 0) is given by OP = \/ i yz.

3. The area of the triangle, the coordinates of whose vertices are (xq, y1), (x5, ¥») and (x3, ¥3)
is the absolute value of

oyl
1 1
== [Il (Y2 —y3) + 2 (¥3 —y1) + x3 (1 -H:z}} or, ~ |xp Yy 1
2 2 |x53 y3 1
, _ X1 W 1‘
4. If the points (xq, 1), (¥2, ¥») and (x5, y3) are collinear, then |x, ¥, 1|= 0
X3 Y3 1

5. The coordinates of the point dividing the line segment joining (xy, 11) and (x5, ¥,) in the
ratiom :n are

mxs +nx m +=n1l mxs—mix n =T
( 2 1 By Jl} intemaﬂy;( 2 1 T 3‘1} externally

m+n m+n IR —T m-—n

6. The coordinates of the mid-point of the line segment joining (xy, y;) and (x,, y,) are
[1'1 X Y +H2}
gy 2
7. The coordinates of the centroid of the triangle whose vertices are (xq, 1), (x5, y3) and

ey are (P22 052, 0010
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