SOAL

ODM ADVANCED LEARNING

STUDY MATERIAL : MATHEMATICS

10

CIRCLE

DEFINITION
Circle is locus of a point which moves at a constant distance
from a fixed point. This constant distance is called radius
of the circle and fixed point is called centre of the circle.

Basic geometrical concepts related to Circle :

(1) Equal chords subtends equal angles at the centre and vice-
versa.

(i) Equal chords of a circle are equidistant from the centre and
vice-versa.

(i) Angle subtended by an arc at the centre is double the
angle subtended at any point on the remaining part of the
circle.

(iv) Angles in the same segment of a circle are equal.

(v) The sum of the opposite angles of a cyclic quadrilateral is
180° and vice-versa.

(vi) If a line touches a circle and from the point of contact a
chord is drawn, the angles which this chord makes with the
given line are equal respectively to the angles formed in
the corresponding alternate segments.

(vii) If two chords of a circle intersect either inside or outside
the circle, the rectangle contained by the parts one chord is
equal in area to the rectangle contained by the parts of the
other. AP xPB=CP xPD

(viii) The greater of the two chords in a circle is nearer to the
centre than lesser.

(ix) A chord drawn across the circular region divides it into
parts each of which is called a segment of the circle.

(®) The tangents at the extremities of a chord of a circle are

equal.
The angle between the tangents is bisected by the straight
line, which joins their point of intersection to the centre.
This straight line also bisects at right angles the chord,
which joins the points where they touch the circle

B e

fig - (i) fig - (ii) fig - (iii)
fig - (iv) fig - (v) fig - (vi)

fig - (vii) fig - (viii)
/ Minor &
Segment
fig - (ix) fig - (x)

STANDARD FORMS OF EQUATION OFA CIRCLE

(i) General Equation of a Circle : The general equation of a
circle is x2+y>+2gx+2fy + ¢ =0, where g, f, ¢ are constants.
Centre of a general equation of a circle is (-g, —f)

1
ie.( _% coefficient of x, — > coefficient of'y)

Radius of a general equation of a circle is ,gz +f2_¢

The general equation of second degree

ax? + by? + 2hxy + 2gx + 2fy+c =0 represents a circle if
a=b=#0andh=0.

General equation of a circle represents

(@) Arealcircleif g2+f2—¢c>0

(b) A point circle if g2+ f2—c=0

(¢) Animaginary circleif g2 +f2—c<0

In General equation of a circle

(a) Ifc=0= The circle passes through origin
(b) Iff=0= The centre is on x-axis

(¢) Ifg=0= The centre is on y-axis

Example1:

Ify=2x+kis a diameter to the circle

2 (x2+y2) +3x+4y—1=0, then find the value of k.
Sol. Centre of circle=(-3/4,—1)

this lies on, diameter y = 2x + k

=>-1=-3/4x2+k =k=1/2

Example2:

If (4, -2) is the one extremity of diameter to the circle

x% +y2—4x + 8y — 4 = 0 then find its other extremity.
Sol. Centre of circle is (2, —4). Let the other extremity is (h, k)

(e (F] —as0n-00
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(i)

Central Form of Equation of a Circle: The equation of a

circle having centre (h, k) and radius r is
(x—h)2+(y—k)? =12

If the centre is origin, then the equation of the circle is
X2 +y2 =12

If r = 0 than circle is called point circle and its equation is
(x=h)2 +(y—k)? =0

Example3:

Sol.

Find the equation of a circle with centre at the origin and
which passes through the point (a, f3).

Here radius =, /o + B2 ; so the required equation is

(iii) Diameter form: If(x,,y,)and (x,, y,) be the extremities of

@)
@

(b)

©

a diameter, then the equation of the circle is
(x=x)) (x=x) +(y-y)(y-y)=0

y
Parametric Equation of a Circle :

The Parametric equations of a circle
x2+y2=a? arex = acos, y = asin®.
A X

Hence parametric coordinates of any
point lying on the circle
x2 + y2=aZ are (acos, asin®)

The parametric equations of the circle

(x—h)2+ (y—k)?=a?are x=h+acosf, y=k + asinf
Hence parametric coordinates of any point lying on the
circle are (h+acos6, k+ asin0)

Parametric equations of the circle x% + y2 + 2gx + 2fy + ¢=0

is  x=-g+g> +f% —ccosb;
y:—f+\/g2+f2—csin9

(acosb ,asinf)

Example4:

()

(i)
(iii)
(iv)
v)

(Vi)

Sol.

Find the equation of circle if

Centre is at origin & radius 3

Circle passes through origin & centre (1, 2)

Circle touchs x-axis & centre is (3, 2)

Circle touches the both the co-ordinates axes in first

quadrant and radius = 3

Circle passes through the origin centre lies on positive y-

axis at (0, 3)

Circle is concentric with circle x2 + y2 — 8x + 6y — 5=0 and

passing through the point (-2, —7).

(i) Centre (0, 0) radius =3
(x—0)2+(y—0)2=32;x2+y>=9

(ii) Centre (1,2); Radius = /(1-0)2 + (2= 0)2 = /5

Equation of circle (x— 1) +(y—2)?= (+/5)2
x2+y2—2x—4y:O

(ii)) Centre (3,2)
Circle touches x-axis
(x—3)2+(y—2)2=22
xX2+y2—6x—4y+9=0 |

(3,2

(iv) radius=3
centre (3, 3)
Equation of circle
(x—3)2+(y—3)2=32
= x2+y?—6x—6y+9=0
(v) Centre (0, 3)
radius=3
(x—0)2+(y-3)?=32
x2+y2—6y=0

3, 3)

\

(vi) Centre (4, —3) & passes through (-2, -7)

Radius = \/(4+2)% + (4)> = J36+16 =+/52
Equation of circle (x —4)2 + (y + 3)2=52
X2 +y2—8x+6y—27=0

Example5:

Sol.

X
Aline 3 + % =1 cuts the curve y2 = 8x at two distinct point

A & B. Find the equation of circle taking A & B as extremities
of diameter.
Equation of circle in diameteric form

(X=X X=%X) +(y=y;) (y—y,)=0
where (x;,y; ) & (X,,y, ) are the extremities of diameter
Same equation can be as

Xzf(x1+x2)x+x1x2+y27(y1+y2)+y1y220 (D)

X
Now, line §+§ —1=2x+3y=6 (i)
intersect the curve  y2=8x ...(iii)
[6—2yj28 (3—){)22
j—t _3 =X = 3 =2zX
= x2-24x+9=0 ..(iv)

X tx%,=24 ;5 x%,=9

Similarly x= [From equation (ii)]

Now putting this value of x in equation (iii) we get quadratic

iny. y?=8 (6—23y) = y2+12y-24=0  ..(V)
= y ty,= 12 or y;y,=-24
Putting values in equation (i)
Equation of circle is
X2—24x+9+y2—12y—24=0
= x2+y2-24x-12y—-15=0

B
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Example6:
Find the Cartesian equation of the following curves whose
parametric equations are :
(i)x=7+4cosa,y=-3+4sina
(ii))x=cos0+sinB+1,y=sin0—cos O +2
(i) Parametric equations of given curve are
x=T7+4cosa ..
y=-3+4sina ...(ii)
In order to find the Cartesian equation of the curve, we will
have to eliminate parameter o.
From (i) 4cosa=x—7 ...(i)
From (ii) 4sina=y+3  ..(v)
Squaring (iii) and (iv) and adding, we get
(x—7)2+(y+3)2=42
(ii) Parametric equation of given curve are
X=c0os0+sinO+1 ()
y=sinB—-cosO+2 ...(ii)
In order to find the Cartesian equation of the curve, we will
have to eliminate the parameter 0,
From (i),x—1=cos0+sin® ...(iii)
From (ii),y—2=sin0—cos 0 ...(iv)
Squaring (iii) and (iv) and then adding, we get
(x=-1)72+(y-2)*=2

Sol.

Example 7 :
Find the parametric coordinates of any point of the circle
X2 +y2+2x—3y—4=0

Sol. C —[—1 E) dius = l+i+4_Z
ol. Centre = o) radius = 9 =3

.. Parametric coordinates of any point are

(—1+Zcos(5), 3+Zsin9)
3 2 3

EQUATION OFA CIRCLE IN SOME SPECIAL CASES
(i) Ifcentreofcircleis (h, k) and passes through origin then its
equation is
(x—h)?+(y—-k?=h?+k? = x2+y2—2hx—2ky=0
(ii) Ifthe circle touches x— axis then its equation is (Four cases)
(x+h)?+(yxk)?=k?

Y
A

(-h, k)
i
0

(iii) Ifthe circle touches y axis then its equation s (Four cases)
(x+h)2+ (y£k)2=h?

(h, k)

y
A

1
i)
)

o

h
(b, -k)

(@iv) Ifthe circle touches both the axis then its equation is (Four
cases) (xxr)2+(yxr)?=r?

Y

ﬂu

(r,r) Y (1)

(-1, -1) (1, -1)

W) Ifthe circle touches x— axis at origin (Two cases)
x2+(yik)2:k2:x2+y2i2ky20
Y

(0. k)

(vi) Ifthe circle touches y axis at origin (Two cases)
(xth)2+y2=h? = x2+y2£2xh=0

Y

(vii) If the circle passes through origin and cut intercept of a
and b on axes, the equation of circle is (Four cases)
x% +y2 —ax —by = 0 and centre is (a/2, b/2)

Y

POSITION OFAPOINT WITH RESPECTTO A CIRCLE
A point (x;, y,) lies outside, on or inside a circle
S =x%+y2 +2gx + 2fy + ¢ = 0 according as
S;= X12 + yl2 +2gx, +2fy, + cis positive, zero or negative
i.e. ;>0 = Point is outside the circle.
S, =0 = Point is on the circle.
S,<0 = Point is inside the circle.

ey
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The least and greatest distance of a point from a circle :
LetS=0beacircle and A (x;, y;) be a point. If the diameter
of the circle which is passing through the circle at P and Q
then AP = AC — r = least distance Q

AQ =AC +r = greatest distance

where 't' is the radius and C is the

centre of circle
A(Xy,y1)

POSITION OFA LINE WITH RESPECT TOA CIRCLE

Method - I : Let the equation of the circle be

x%2+y2=a? ()
and the equation of the line be
y=mx+c ...(ii)

From (i) and (ii), x? + (mx + ¢)? = a2
x2(1+m?)+2cemx+c2—a2=0 .. .(i)
Case-I : When points of intersection are real and distinct,
then equation (iii) has two distinct roots.
Discriminant >0
or 4m2c2—4(1+m?)(c2-a?)>0

¢? / \y§

or a’> - “x %4
+m
el .
or a> N length of perpendicular from (0, 0) to
(I+m~)

y=mx + ¢ =a > length of perpendicular from (0, 0) to
y=mx-+c

Thus, a line intersects a given circle at two distinct points
ifradius of circle is greater than the length of perpendicular
from centre of the circle to the line.

Case-II : When the points of intersection are coincident,
the equation (iii) has two equal roots

a = length of the perpendicular from the point (0, 0) to
y=mx-+c

Thus, a line touches the circle if radius of circle is equal to
the length of pependicular from centre of the circle to the
line or called 'CONDITION OF TANGENCY".

Case-III : When the points of intersection are imaginary. In
this case (iii) has imaginary roots
D<0

|

\/1+m2

or a<length of perpendicular from (0,0)toy=mx+c¢
Thus a line does not intersect a circle if the radius of circle
is less than the length of perpendicular from centre of the
circle to the line.

or a<

Method - IT : Let S=x2+y2 +2gx + 2fy + ¢ =0be a circle and
L=ax+by+c=0bealine.

()
(i)

(iii)
(iv)

Let r be the radius of the circle and p be the length of the
perpendicular drawn from the centre (— g, — f) on the line L.

-7

Then it can be seen easily from the figure that. If

p <r = the line intersects the circle in two distinct points.
p =1 = the line touches the circle, i.e. the line is a tangent
to the circle.

p >r = the line neither intersects nor touches the circlei.e.,

passes outside the circle.
p =0 = the line passes through the centre of the circle.

Intercepts made on coordinate axes by the circle:

Solving the circle x2 + y2 + 2gx + 2fy + ¢ = 0 with y =0 we
get, x2+2gx+c=0. Ifdiscriminant 4(g2—c) s positive, i.c.,
if g2 > ¢, the circle will meet the x-axis at two distinct points,
say (x;,0) and (x,, 0) where x; +x,=-2gand xx, =c.
The intercept made on x-axis by the circle

0.y,)

1

0.y N\

(x,,0) (x:,0)

2
=[x -x |=\/(X1+X2) —4x;xy

Length of xintercept=2,/g? —¢
In the similar manner if 2> c,

Length of y intercept=5./¢2 _

NOTE

(i) g2—c>0=circle cuts the x-axis at two distinct points.
(i) g%=c= circle touches the x-axis.

(i) g% <c=> circle lies completely above or below the x-axis i.e.

(iv)
™)
(vi)

it does not intersect x-axis.

f2—¢>0= circle cuts the y-axis at two distinct points.
f2 = ¢ = circle touches the y-axis.

f2 < ¢ = circle lies completely on the right side or the left
side of the y- axis i.e. it does not intersect y-axis.

Example8:

Sol.

Find the length of intercept on y-axis, by a circle whose
diameter is the line joining the points (4, 3) and (12, 1).
Here equation of the circle

(x+4)(x—12)+(y—3) (y+1)=0
or x2+y2—8x—2y-51=0
Hence intercept on y -axis

=2Wf2—c=2/1-(=51) =413

ETTe
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Example9:

Sol.

Find the equation of the circle which passes through the
origin and makes intercepts of length a and b on the x and
y axes respectively.
Let the equation of the circle be

X2 +y2+2gx+2fy+¢=0 ...(0)
Since the circle passes through the origin, we getc =0 and
given the intercepts on x and y axes a and b

then 2 gz_c:a or 2 gz—O:a

and 2f>-c=b or
f=+b/2

Hence the equation of circle from (i) becomes
x2+y2tax+by=0

2Wf2-0=b

Example 10 :

Sol.

For what value of "a" the point (a, a + 1) bounded by the

circle x2 + y% = 4 and the line x + y = 2 in the first quadrant.

Equation of circle x2 +y2 —4=0

Equation ofline x+y—-2=0

Point (a, a+ 1) and origin lies opposite sides with w.rt line

x+y—2=0,then 0+ 0—-2<0 therefore,a+a+1-2>0
2a—-1>0

a>1/2 ) &2
Ifpoint (a, a+ 1) lies inside circle
x2+y2—4=0 2,0)
a?+(a+1)>-4=0
2a2+2a-3<0
147 1T
<a< ...(ii)
2 2
(1 J7-1

Using (i) & (ii) we get a € LE’ >

Example 11 :

Sol.

Find the value of A, such that line 2x — A y + 7 = 0 touches
the circle X2+ y2 + 6x + 24 y+ 5+ A2 =0. What if value of A
is equal to 3.

If line touches the circle, then perpendicular length from
the centre of circle to line will be equal to radius.

centre (=3, -A ), radius= (/g y 22 _5_32 =2

2(-3)+ A% +7 A2 +1 5
So [T T/ 7=
Va+22 2244

= (W+1)2=4(2+4)

Put A2+ 1=t=>t2=4(t+3) =>t2—4t—12=0;t=6,-2
M+1=6 = A==*5

A2+ 1=-2 = No real value of A

Value of L will be /5 ,—./5 0

If A = 3 then perpendicular distance will be ——

NiE]
10

- . . . .
\/B 2 so line will neither touch nor cut the circle.

EQUATION OF TANGENTAND NORMAL
Equation of Tangent :

GV

(B)

©

D)

Point form: Let P(x;, y) be the point on the circle
x2+y2=a2 ..
Since C the centre of the circle has co-ordinates (0, 0),

T
yi-0_y POy

therefore, slope of CP = x -0 x

If m is the slope of the tangent at P then
m(y;/x;)=-1 (- tangentis L CP)
or m=-x,/y
The equation of the tangent at P(x;, y;) is
X
Y-y (X*X1)
M
or yy;—y2=-xx; +x2or xx; +yy, =x,2 +y,> =22
[ (Xy,y;) lies on the circle x2+y2=a2 xl2 + yl2 =a?
Hence the equation of the tangent at (x{, y;) is
xx; +yy;=a? or T=0

Slope form : Let the equation of circle is x2 + y% = a slope
of tangent is m then, equation of tangent willbe y=mx + ¢
when c is constant. Again if y = mx + c is tangent for circle
then apply the condition of tangency

or c=J_ra\jl+m2

C

\/l+m2

Equation of tangent y=mx+a /] 4 m2

Parametric Form :

Let the equation of circle is x2 + y2 = a

Then equation of tangent for point (x;, y,) on circle is
XX; tyy, = a2

For parametric equation x; =a cos 0
X (a cos 0) +y (a sin 0) = a2
xcosO+ysinB=a

=a

2

and y, =asin0

Equation of Tangent From External Point :
2

Let the equation of circle is x2 + y> = a

P(x,.y,)

Let P(x,, y;) is any external point for circle then equation of
tangent will be (y—y;) =m (x—x,)

For m apply the condition of tangency get the two values
ofm

Note:

()
(i)

For a unique value of m there will be 2 tangent which are
parallel to each other.

From an external point 2 tangents can be drawn to the circle
which are equal in length and are equally inclined to the
line joining the point and the centre of the circle.

rys
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(iii) Equation of tangents drawn to any second degree circle at
P (x4, y;) on it can be obtained by replacing.

x2—>xx1 ; y2—>yy1 ; 2X>x+x ; 2y>yty;
2xy = Xy +yx,

Point of Tangency :

for P : either solve tangent and normal to get P

(iv)

PxLYD

or compare the equation of tangent at (x,, y;) with the
given tangent to get point of tangency.

Equation of Normal :
The normal to a circle at a point is defined as the straight
line passing through the point and perpendicular to the
tangent at that point.
Clearly every normal passes through the centre of the
circle.
The equation of the normal to the circle

X2 +y?+2gx+ 26y +c=0 Qxy)
at any point (x, y,) lying on the D(P(x..y)
circle is

ntf_y-v
X;t+g X—=Xj

In particular, equation of the Normal to the circle

x2+y?=alat (X1, ¥ is

Length of Tangent :
From any point, say P(x;, y,) two tangents can be drawn to
a circle which are real, coincident or imaginary according
as P lies outside, on or inside the circle.

5
P
(Xl,yl)

R

Let PQ and PR be two tangents drawn from P(x,, y,) to the
circle x2 +y? +2gx + 2fy + ¢ =0. Then PQ = PR is called the
length of tangent drawn from point P and is given by

PQ:PR: \/X]2+yl2 +2gX1 +2fy1 +C :\/g

Pair of Tangents :
From a given point P( xl,y£) two tangents PQ and PR can
be drawn to the circle S =x%+y?+2gx + 2fy +c=0. Their
combined equation is SS; = TZ2. Where S = 0 is the equation
of circle T = 0 is the equation of tangent at (x;, y;) and S is
obtained by replacing x by x; and y by y; in S.

Q
P
(Xla)’])

Some important Deduction :

1
(i) AreaofQuad PAOB :2APOA:2~5RL:RL

(ii) AB i.c length of chord of contact AB =2 L sinf
R 2RL

wheretan 0= — = —
L IRZ +L2

(iii) Area of A PAB (A formed by pair of Tangent &
corresponding C.0.C.)

1 1
APAB=—ABx PD= (2 Lsin0) (L cos0) = L2 5in6 cosd

_ RD
R%+17
(iv) Angle 20 between the pair of Tangents
2tan® 2R1?
tan20= 7= 5 2
I-tan“6 L (L°-R")
» ( 2RL ]
20 =tan L2 _ R2

) Power of a Point : Square of the length of the tangent from
the point P is called power of the point P w.r.t a given circle

ie. PT2=S,
Power of a point remains constant w.r.t a circle
PA-PB=(PT)?
B
A
P
T

T
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Example 13 :
If4/%2 — 5m? + 6/ + 1 = 0; then show that the line
o o fx +my + 1 =0 touches a fixed circle. Find the centre and
Substituting x =x; +rcos@andy =y, +rsin0in radius of the circle
2 2,2 ’
X“ty =a%, Sol. Given, 4/2—5m?+6/+1=0 ..(0)
we get, 12+ 2r (x; cos@ +y, sind) + x? +yZ —a?=0 Givenlineis /x +my+1=0 (i)
If possible, let line (ii) touch the circle whose centre is (a., )

XX _Y"™ N,
cos0 sin O

Analytical proof:

|£oc+rn[3+1|_a
2

and radius is a, then
/2 +m
or (fa+mB+1)2=a(/2+m?)
or lo2+m2B2+1+2/map +20a+2mp =a’(?+a2m?
or (02 —a?) 2+ (B2 —a?)m? + 2/mof + 20l +2pm+1=0

....(ii)
=2, y2_g2= = 2 Comparing (i) and (iii), we get
r 1, = xi +yi —a” = constant = (PT) paring
re AT 2—al=4 . (v), Pi-al==5 ..
Note: Power of a point is + ve / 0 (zero) / — ve according as 20=6 L (i), 2P :O -+ (viD)
oint 'P' lies outside / on / inside the circle and 2ap=0 (Vi)
P ' From (vi), a=3 and from (vii), B=0
Example 12 Puttmg thezvalue of ain (iv), we get
Find the equation of the tangents to the circle x2 + y2 =9, at=3"-4=5 - a=.s
which and the equation of circle is (x — 3)> + (y— 0)2 =5
(1) are parallel to the line 3x +4y—-5=0
(i1) are perpendicular to the line 2x + 3y +7=0 Example 14 :
(iii) make an angle of 60° with the x-axis Two tangents PQ and PR drawn to the circle
Sol. (i) Let tangent parallel to 3x + 4y —5=01s x2+y2—2x—4y—20=0 from point P (16, 7). Ifthe centre of
3x+4y+A=0 ..(D the circle is C then find the area of quadrilateral PQCR.
andcircle x2+y2=9 1
then perpendicular distance from (0, 0) to (1) = radius Sol. Area PQCR =2APQC=2 x 5 Lxr
A
] =3 or |A|=15 SA=£15
(3% +4%)
From (1), equations of tangents are 3x +4y+15=0
(i) Lettangent perpendicularto2x+3y+7=01is
3x-2y+A=0 )
and circle x2+y2=9
then perpendicular distance from (0, 0) to (2) = radius
[\ _3 or[A]=3 U3 or h=+313 where L = length of tangent and r = radius of circle.
32 +(<2)? L=\S; andr=\f11 4420 =5
From (2), equations of tangents are Hence the required area =75 sq. units.
3?"2yi3\/ﬁ =0 , Examplels:
(iii) L?t equatlon'oftangent which makes an angle of 60 A pair of tangents are drawn from the origin to the circle
with the x-axis is x2+y2+20 (x +y)+20=0. Then find equation of the pair of
y=.3x+tc .03 tangent.
_ Sol. Equation of pair of tangents is given by SS = T2,
or \égx;y-i-cfo orS=x%+y?+20(x +y)+20,8,=20,T=10(x+y)+20=0
andcircle  x*+y°=9 . 5SS, =T2=20 (x2+y2+20 (x +y) +20)= 102 (x +y+2)2
then perpendicular distance from (0, 0) to (3) =radius = 4x2 +4y? + 10xy = 0 = 2x2+ 2y2 + 5xy =0
el

ﬁ=3 or [c|=6 orc==%6
(3)7+(=D)

From (3), equations of tangents are /3 x—y+6=0

v
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Q.1

Q2

Q3
Q4

Q5
Q.6

Q.7

QS8

Q.9

Q.10

Q.11

TRYITYOURSELF-1
Equation of a circle which passes through (3, 6) and
touches the axes is
(A)x2+y2+6x+6y+3=0 (B)x?+y*—6x—6y—9=0
(C)x2+y2—6x—6y+9=0 (D) none of these
The equation of a circle with origin as centre and passing
through the vertices of an equilateral triangle whose
median is of length 3a is
(A) x2+y2=9a2 (B) x2+y2=16a2
(C) X%+ y?=4a2 (D) x2+y2=a?
Find the radius of the circle x2 + y% —4x — 8y —45=0
Does the point (2.5, 3.5) lie inside, outside or on the
circle x2 +y2=25?
Find the equation of the circle passing through the points
(2,3);(-1,1) & whose centre is on the line x — 3y — 11 =0.
A circle is concentric with the circle
x% + y2—6x+ 12y + 15 =0 and has area double of its arca.
The equation of the circle is
(A)x2+y2—6x+12y—15=0
(B)x2+y2—6x+12y+15=0
(C)x2+y2—6x+12y+15=0
(D) None of these
The equation of the tangent drawn from the origin to the
circle x2 + y2 —2rx — 2hy + h2 =0 are
(A)x=0,y=0
(B) (h*~12) x—2rhy=0,x=0
(O)y=0,x=4
(D) (h2-1%) x+2rhy=0,x=0
A circle passes through (0, 0) and (1, 0) and touches the
circle x2 + y2 = 9 then the centre of circle is —
(A)(3/2,1/2) (B)(1/2,3/2)

(©)(1/2,1/2) (D) (1/2,£~/2)

The circle passing through the point (-1, 0) and touching
the y-axis at (0, 2) also passes through the point —
(A)(-3/2,0) (B)(-5/2,2)

(O)(-3/2,5/2) (D)(-4,0)

If the tangent at the point P on the circle

x2+y2+ 6x + 6y = 2 meets the straight line 5x —2y +6=0
at a point Q on the y-axis, then length of PQ is :

(A)4 B) 2V5
©5 (D) 35

Circle(s) touching x-axis at a distance 3 from the origin
and having an intercept of length 24/7 on y-axis is (are)

(A)x>+y?—6x+8y+9=0 (B)x>+y>—6x+7y+9=0
(C)x2+y2—6x—8y+9=0 (D)x2+y2—6x—Ty+9=0

ANSWERS
@ © 2)(©) 3) Jes
(4) Inside B)x2+y*—Tx+5y—-14=0
6 A (M (D) ® D)
® O 10) (©) (11 (AC)

DIRECTORCIRCLE
The locus of the point of intersection of two perpendicular
tangents to a circle is called the Director circle.
Let the circle be x2 + y2 = a2, then equation of the pair of
tangents to a circle from a point (x;, y;) is
(2 +y?—a?) (x 2 +y,? —a%) = (xx, +yy, —a?)%
If this represents a pair of perpendicular lines then
coefficient of x2 + coefficient of y2 =0
ie. (XEZ +ty?—a2 —x2 )+ (x 2ty 2-a?-yH)=0
= xotyc = 2a2
Hence the equation of director circle is x2 + y2 = 2a2
Obviously director circle is a concentric circle whose radius

is /2 times the radius of the given circle.

Director circle of circle x2 + y2 + 2gx + 2fy + ¢ =0is
x2+y2+2gx+2fy+2c— g2 —12=0.

CHORD OF CONTACT
The chord joining the two points of contact of tangents to
acircle drawn from any point A is called chord of contact of
A with respect to the given circle.

C

A
(Xpyl)

B

Let the given point is A(x;, y;) and the circle is S = 0 then
equation of the chord of contact is
T=xx; +yy, +gx+x))+fly+y,)+c=0

Parametric Form :
Consider the circle x2 + y2 = a2 with its centre at the origin
O and of radius 'a', then the equation of chord joining the
two points whose parametric angles are o and f is

xcos%(a+ﬁ)+ysin%(a+ﬁ) = acos%(a—ﬁ)

NOTE

(1) Itis clear from the above that the equation to the chord of
contact coincides with the equation of the tangent, if the
point (x,, y;) lies on the circle.

(i) The length of chord of contact = 2,/r2 —p2

3/2

2 2 2
(i) Area of A ABC is given by a(x) +2yl _j )
Xt

Example 16 :
Find the distance between the chord of contact with respect
to point (0, 0) and (g, f) of circle x% + y2 + 2gx + 2fy + ¢ =0.
Sol. Chord of contact with respect to (0, 0)
gx+fy+c=0
chord of contact with respect to (g, f)
gx+fy+g(x+g)+f(y+f)+c=0
=2gx+2fy+ g2+ 2+c=0

(1)

T
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1
:>gx+fy+5 (@2+2+¢c)=0 (2

Distance between (1) and (2) is

%(g2+f2+c)—c

,g2—+f2

_ g2+f2—c

B 2\1g2+f2

Example 17 :
A circle touches the line y = x at a point P such that

OP= 42 , where O is the origin. The circle contains the
point (—10, 2) in its interior and the length of its chord on

the line x +y=0 is 6+/2 . Determine the equation of the

circle.

Sol. Equation of OP is y=x ...(1)
Let P=(h,h)
Given, OP= 42 - h2+h2=32
or h%?=16 - h=+4

Thus P=(4,4) or (-4,-4)
Let C (a, B) be the centre of the circle.
Case-1: WhenP=(4,4):

Slope of CP = b

P and slope of OP =1

Since CP L. OP 1=-1
or a+p=8 ..(11)
Let a be the radius of the circle.
o+p 2
Then CQ? + (342)% =a? (\/E) +18=a’
8 2
or az—(ﬁl +18=50 a=5J2 [+ a>0]
la—P]
Again,CP=a NG =a=5/2
or |a—B|=10 L oa—PB==£10 ...(i)

Solving (ii) and (iii), we get
a=9,=-1 or a=-1,=9
C=(09,-1) or C=(1,9)

If H=(-10,2)

When C =(9,-1), CH2=192+(-3)2=361 +9=370> a2

When C=(-1,9), CH2=92+72=81+49=130>a?
Since H lies inside the circle,
.. Neither (9,—1) nor (-1, 9) is the centre of the circle.

Case-I1: When P=(-4,-4):

B+4
o+4

Slope of CP =
Since CP L OP

[B+4

OLJF4)-1——10r atpf=-8 ...(tv)

Again, CQ%+ (3\/5)2 =a?

_8 2
_(f] +18=a2 a=5J2
Now, CP=a .. |QJ§ﬁ| =52
or a—-pB=%10 ...(v)

Solving (iv) and (v), we get
C=(-9,1) or C=(1,-9)
When C=(-9,1), CHZ=(1)2+(1-2)2=2<a?
When C=(1,-9), CH2=(11)2+(-11)>=242> a2

Thus C=(-9,1) anda=5/2
Hence equation of the required circle is
(x+9)2+(y—1)2=50

or x2+y2+18x—2y+32=0

Example 18 :

Sol.

Chord of contact of the tangents drawn from a point on the
circle x2 + y2 = a2 to the circle x2 + y2 = b? touches the
circle x2 + y2 = ¢2. Prove that a, b, carein GP.

K2 +y2=al

Let the point be (a cos 6, a sin 0)

Equation of chord of contact on x2 + y2 = b2 is

acos 0-x+bsin 0-y="b?
Now if their line is tangent to ﬁ
2

K2 +y2 =2
— =¢ = b2=ac. Hencea, b, carein G.P.
a

b2

.
‘\/az cos? 0+a’ sin’ 9|

Then

Example 19 :

Sol.

Tangents are drawn to x2 + y2 = 1 from any arbitrary point

P on the line 2x + y — 4 = 0. The corresponding chord of

contact passes through a fixed point then find the

coordinates.

Let any point on the line 2x + y—4=0be P = (a, 4 — 2a).

Equation of chord of contact of the circle x2 + y% = 1 with

respect to point P is
x-aty-(4-2a)=1=@y-1)+a(x-2y)=0

This line always passes through a point of intersection of

the lines 4y — 1 = 0 and x — 2y = 0 which is fixed point whose

1
coordinate are y = 1 andx =2y = 5

1 l)
Hence coordinates are [ 22
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EQUATION OFACHORD WHOSE MIDDLE POINT IS GIVEN:
The equation of the chord of the circle x2 + y2 = a2 whose
middle point P(x;, y,) is given is

. Y _ X
Slope of line OP = — ; slope of AB=— —
X] M

Q

|
A P(x{, vy

So equation of chord is

X
y-y1=— y—l(x—xl)orxxl-i-yyl:xlz-l-ylz.
1

Which can be representby T =S,

Example 20 :
Find the equation of chord of the circle x2 + y2 = 8x bisected
at the point (4, 3)

Sol. T=S;=x(4) +y(3)-4(x+4)=16+9-32
=3y-9=0>=>y=3

Example 21 :

Find the equation of chord of the circle x2 + y2 = a2 passing
through the point (2, 3) farthest from the centre.

Let P (2, 3) be given point, M be the middle point of a chord
of the circle x2 + y2 = a2 through P.

Sol.

/

2,3 M_S

Then the distance of the centre O of the circle from the
chord is OM.

and (OM)?2 = (OP)? — (PM)? which is maximum when PM is
minimum.

i.e. P coincides with M, which is the middle point of the
chord. Hence, the equation of the chord is T = §,

e 2x+3y—a?=(2)2+(3)?—a? = 2x+3y=13

DIAMETER OFACIRCLE
The locus of middle points of a system of parallel chords of
acircle is called the diameter of that circle. The diameter of
the circle x2 + y2 =r? corresponding to the system of parallel
chords y=mx +cisx +my=0.

CIRCLE THROUGH THE POINTS OF INTERSECTION

(i) The equation of the circle passing through the points of
intersection of the circle S=0 and lineL=01is S+ AL=0.

(ii) The equation of the circle passing through the points of
intersection of the two circle S=0and S'=0is S+AS'=0
where (A # -1). In the above both cases A can be find out
according to the give problem.

Example 22 :

Find the equation of the circle passing through the origin

and through the points of intersection of two circles

x2+y2—10x+9=0and x% +y?=4

Let the circle be (x2 +y2— 10x+9) + A (x2+y2—4)=0

Since it passes through (0, 0),so we have
9-4r=0=A=9/4

So the required equation is

4(x2+y2—10x+9)+9(x2 + y2—4)=0= 13 (x> + y?)— 40x=0

Sol.

Example 23 :
Find the equation of the circle passing through the origin
and through the points of intersection of the circle
x%2+y2-2x+4y—20=0and thelinex+y—1=0
Let the required equation be
(X2 +y2—2x+4y—20)+ L (x+y—1)=0
Since it passes through (0, 0),so we have
-20-A=0=>A-20
Hence the required equation is
(2 +y2—2x+4y—20)-20 (x+y—1)=0
= x2+y2-22x-16y=0

Sol.

COMMON CHORD OF TWO CIRCLES
The chord joining the points of intersection of two given
circles is called their common chord.
The equation of common chord of two circles
S=x?+y?+2g,x +2fjy+¢; =0
and S'=x%+y?+2g,x+2f,y+c, =0 is

2x(g) —gy) +2y(f; —f5)+¢;—c, =0 or S-8'=0

Proof: -+ S=0and S'=0be two intersecting circles.
Then S—-S'=0

or 2x(g,—gy) +2y(f;—f)+c,—c,=0isafirst degree
equation in x and y.

So, it represent a straight line. Also, this equation satisfied
by the intersecting points of two given circles S = 0 and
S'=0.Hence S — S'= 0 represents the common chord of
circlesS=0and S'=0

Length of common chord :
We have PQ =2(PM)

=2{(CP)? - (MY
where C P =radius of'the circle S =0
and C;M = length of perpendicular from C; on common
chord PQ.

(*+ Mis mid point of PQ)

T
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Note:

(@)

(b)

©

The common chord PQ of two circles becomes of the
maximum length when it is a diameter of the smaller one
between them.

Circle drawn on the common chord as a diameter then centre
of the circle passing through P and Q lie on the common
chord of two circlesi.e., S—S'=0

If the length of common chord is zero, then the two circles
touch each other and the common chord becomes the
common tangent to the two circles at the common of contact.

Example 24 :

The common chord of x2 + y2 —4x —4y=0and x>+ y2=16
subtends at the origin an angle equal to

(A) m/6 (B) /4

© w3 (D) /2

Sol. (D). The equation of the common chord of the circles

x2+y2—4x—4y=0and x>+ y2 =16 is x + y=4 which
meets x2+y2 =16 at A (4, 0) and B (-4, 0).
Obviously OA L OB.

AY
x2+y24x —4y=0
04 B
X o AN X
(4,0
x2Hy*=16
vY'

Hence, the common chord AB makes a right angle at
the centre of the circle x2 + y2 =16

ANGLE OF INTERSECTION OF TWO CIRCLES

The angle of intersection between two circles S = 0 and
S'=0 is defined as the angle between their tangents at their
point of intersection.
If SEX2+y2+2g1x+2f1y+ ¢, =0

S =x?+y? +2g,x +2f,y +c, =0
are two circles with radii r;,r, and d be the distance between
their centres then the angle of intersection 6 between them
. n’ +1’ —d’
isgivenbycos® = ———_
21'11'2
2(g1g2 +fif2) (¢ +¢5)

2 .2 2 .2
2\/%1 +H7—¢ \/gz +H" -

or cosO =

Condition of Orthogonality : If the angle of intersection of
the two circle is a right angle (6 = 90°) then such circle are
called Orthogonal circle and conditions for their
orthogonality is 2g, g, + 2f|f, =c, +c,

S=0

S=0

When the two circles intersect orthogonally then the length
of tangent on one circle from the centre of other circle is
equal to the radius of the other circle.

Example 25 :

Sol.

For what value of k the circles x2 + y2+ 5x + 3y + 7=0 and
x2 +y2 - 8x + 6y + k= 0 cuts orthogonally
Let the two circles be x2 + y2+ 2g; x+2fjy+c;=0
andx2+y2+2g2x+2f2y+02:O
where g, =5/2,f,=3/2,¢,=7,

g,=4,f,=3andc, =k
If the two circles intersects orthogonally, then

2(g1g, tif))=c;+¢,

= 2[—10+%] =7+k

= 11=7+k=k=-18

Example 26 :

Sol.

Find the equation of the circle which cuts the circle
x2 +y2+2gx + 2fy + ¢ = 0 and the lines x =—gand y = —f
orthogonally
x=-g, y=—f cuts the circle orthogonally mean these lines
one normal to required circle.
Centre of required circle will be (—g, —f)
So equation of circle will be
x2+y2+2gx+2fy+c'=0
Now it cut the circle x2 + y2 + 2gx + 2fy + ¢ =0
orthogonally then 2g, g, + 2f,f, =¢| + ¢,
202 +2f2=c+c'=c'=2g2+2f2—¢
Equation of required circle will be
X2 +y2+2gx+2fy +2g2+2f2—c=0

COMMON TANGENTSTOTWO CIRCLES :

@

b)

Direct common tangents : It is a tangent touching two
circles at different points and not intersecting the line of
centres between the centres as shown in figure.
Transverse common tangents : It is a tangent touching
two cirlces at different points and intersecting the line of
centres between the centres as shown in figure.

Direct common tangent

Transverse common tangent

Transverse common tangent

Direct common tangent

v
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Table : Position of two circles

Condition Position No. of common Diagram
tangents
M) C,Cy>r +1, do not intersect or 4 C, d T
one out side the other
(i) C,C,<|r;—r1,| One inside the other 0 C‘<1
(iii) C,C,=r;+r, external touch 3 W 2
(iv) C,C,=[r;—1,| internal touch 1 @
(v) 1, —1,<C,C,<r,+r, Intersection at 2 i ]

two real points

Points of intersection of common tangents :

The points T, and T, ( points of intersection of indirect
and direct common tangents) divide C,C, internally and
externally in the ratio 1| i1,

Equation of the common tangents at point of contact :
S;—S,=0.

Point of contact : The point of contact C;C, in the ratio

1 . 1, internally or externally as the case may be.

NOTE

If two circles with centres C; (x{, y;) and C, (x5, y,) and
radii r; and r, respectively, then direct common tangent
meet at a point which divides the line joining the centre of
circle externally in the ratio of their radii.

(flxz—rle r1Y2—f2Y1
n-n J

P=
n-1n

(i) Transverse Common tangent meets at a point which divides
the line joining the centres of circles internally in the ratio
of their radii.

=(I'1X2 +I'2X1 nys +r2y1\
rl +r2

n+n

(i) C,Q,C,C,, C,P are in harmonic progression or Q and P are
called harmonic conjugate points.

Example 27 :
Find the number of common tangents to circle
x2+y2+2x+8y—23=0and x2+y2—4x—10y+9=0
x2+y2+2x+8y—23=0

C, (-1,-4),r,= 24110
For x2+y2 —4x— 10y +9=0

C,(2,5),1,= 25

Now, C,C, = distance between centres

Sol.

ETYE
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C,Cy =/9+81 =310 = 9.486
and 1 +1, =2 (/10+/5)=10.6

-1 =235 (2 1) =2x22x04=44x04=1.76
= 1-1,<CC<r +r,

= Two circles intersect at two distinct points.
= Two tangents can be drawn.

Example 28 :

Sol.

Find all the common tangents to the circles x2 + y% =1 and
(x—17+(y=372=4

Cy:(0,0) =1

Cy:(1,3)  1,=2

C,C,= 10 Cleartly C,C,=r1,+r,

So circles neither touch nor cut each other,

there will be two direct common tangent & two transverse
common tangent.

Point P divides C,C, externally in the ratio of 1| and r, i.e.
-1:2 (' sign shows external division)

So coordinates of p will be

P_[—lx(1)+2(0) —1x(3)+2(0)
L —1+2 -1+2

>

) =P:(-1,-3)

Equation of pair of tangent from the point P (-1, —3) to the
circle S: x2+y2=1 will be
SS,=T?
(2 +y? =D (12 + (32 - 1) =(x-3y-1)?
9(x2+y2—1)=x2+9y2 + 1 + 6xy +2x + 6y
= 8x’—6xy—2x—6y—10=0
(x+1)(8x—6y—10)=0

Equation of direct common tangent are
x+1=0
8x—6y—10=0

FAMILY OF CIRCLES

*

Type-1 : The equation of the family of circles passing
through the points of intersection of two given circles
S=0and S'=0is givenas S+AS'=0

(where A is a parameter, A = —1)

’ N

/

| )
\

\\\ ’//

S+2S'=0

*  Type-2 : The equation of the family of circles passing

through the points of intersection of circle S = 0 and a line
L=0is givenas S + AL =0 (where A is parameter)

-_: _
L=0 S+AL=0

*  Type-3 : The equation of family of circles which touch
y—y; =m(x—x;)at(x,,y,) for any finite m is

(X_Xl)2 +(Y_Y1)2+ A {(y—yl)—m(x—xl)} =0
and if m is infinite, the family of circles is
(x—xl)2 + (y—yl)2 +Mx—x;) =0 (where A is a parameter)

—_——

-~ TN // \\
// \///‘\ \
\ 1
l\ /(Xls Y1)l ]
No 7 /
\\_// \\ 7/
-

Y-y, =mXx-x,)

*  Type-4: The equation of a family of circles passing through
two given points P(x;, y;) and Q(x,, y,) can be written in

the form
x y 1
X 1
(x—x) (x=x) H -y y-y) +1 |71 T =0
X yp 1
(where A is a parameter)

—_——

-~~~ // \\
,/ )\P(Xlﬂ YI) \
! 1
|
\ ' /' /
Mo ’)\Q(er Y2)//
- N _

_~—

NOTE
(a) Equation of the circle circumscribing the triangle PAB is
(X1 *Xl) (X1 tg)+ (Y*Y1) (y+£)=0
where O (—g, —f) is the centre of the circle
x2+y?+2gx +2fy +c=0
(Here OP is diameter of the required circle)

P~ .’B
(x,y) ==~
Family of circles circumscribing a
triangle whose sides are given by
L;=0,L,=0and L;=0is giveg by
L,L, +AL,L; +ul;L; =0 provided 4
coefficient of x2 = coefficient to y2.

(b)

N
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Equation of circle circumscribing a quadrilateral whose

sides in order are represented by the lines

L,=0,L,=0,L;=0andL,=0is given by
L,L;+AL,L,=0

provided coefficient of x2 = coefficient of y2

and coefficient of xy =0

Example 29 :

Sol.

Find the equation of circle which passes through the point

(~1, 2) and touches the circle x% + y2 — 8x + 6y = 0 at the

origin.

Equation of variable circle willbe S+ AL=0

S is a point circle with centre at (0, 0) andr=0
S:(x—0)2+y—-0)2=0

4
Li(y=0)= 3 (x=0)

= 4x-3y=0

[.. Lisperpendicular to OP]

Equation of family of circle is
x2+y2+ A (4x—3y)=0

Circle which passes through (-1, 2)
1242240 (4-6)=0=5-10A=0= A=1/2

Equation of required circle will be

X' +y -8 +6y=0

1
K2+y2+ 5(4)(,3}/):032x2+2y2+4x—3y:0

Example 30 :

Sol.

Ifthe circle x2 + y2 + 2x + 3y + 1 =0 cuts
x%2+y2+4x+3y+2=0inAand B, then find the equation
of the circle on AB as diameter.
The equation of the common chord AB of the two circles is
2x+1=0. [UsingS,-S,=0]
The equation of the required circle is
(X2 +y2+2x+3y+1)+ A (2x+1)=0

[Using S; +A (S,—-S,)=0]
= xX2+y242x(A+ 1) +3y+Aa+1=0
Since, AB is a diameter of this circle, therefore centre lies
onit. So, 2A-2+1=0=>A=-1/2
Thus, the required circle is x2 + y2 +x + 3y + (1/2) =0
or 2x2+2y?+2x+6y+1=0

POLE & POLAR

Let any straight line through the given point P(x;,y;)
intersect the circle S = 0 at two points Q and R, the locus of
point of intersection of the tangents at Q and R is called the
polar of the point P and the P is called the pole of the polar
with respect to given circle.

T(h, k) Q

Equation of Polar :

Equation of polar of the pole (x;, y,) with respect to circle

X2 +y?=alisxx, +yy, =a’

Equation of polar of the pole (x|, y,) with respect to circle

x2+y2+2gx+2fy+c=0is
xx;tyy;tgx+x)+f(y+y)+c=0

Coordinates of Pole :
Pole of polar Ax + By + C = 0 with respect to circle

A’ Ba?)
2 +y?=alis k_T’_T)

Pole of polar Ax + By + C = 0 with respect to circle
x2 +y2 +2gx + 2fy + ¢ = 0 is given by the equation
Xl "rg _ yl "rf _ gXl +fyl +C

A B  C
Conjugate points : Two points A and B are conjugate points
with respect to given circle, if each lies on the polar of the
other with respect to the circle.
Conjugate lines : If two lines be such that the pole of one
lies on the other, then they are called conjugate lines with
respect to the given circle.

Example 31 :

X
Find the pole of the line — +% =1 with respect to circle
a

K2 +y2=c2

. Let the pole is (h, k)

Hence polar of this pole is xh + yk—¢2=0 ... (D
but polar is —+> =0 2
ut polar is — e 2

comparing the coefficient of x and y

h  k _ﬁ h_c2 k—C2
(/a) (1/b) -1 """

RADICALAXIS & RADICALCENTRE :

Radical Axis - The radical axis of two circle is the locus of
a point, which moves in such a way that the lengths of the
tangents drawn from it to two given circles are equal.

The equation of radical axis of two circle S=0 and S'=0is
writtenas S - S'=0. A

D Q

o
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NOTE

@

(i)
(iii)

(i)
®

(vi)

Radical axis of two circle is perpendicular to the line joining
their centres.

Radical axis bisects every common tangents of two circles.
Iftwo circles intersect a third circle orthogonally, then their
radical axis passes through the centre of third circle.
Radical axis of three circle, taken two at a time meet at a
point provided the centre of the circle are not collinear.

If two circle touch each other, then the equation of the
common tangent at the point of contact is S — S' = 0, which
is also the equation of common chord, thus the common
chord and common tangent at the point of contact are spe-
cial cases of radical axis.

for two circles whose centre are not same, radical axis always
exist, while common chord and common tangent may or
may not exist.

Radical Centre : The point where the radical axis of three
given circles taken in pairs meet,

is called the radical centre of those three circles. Thus the
length of the three tangents drawn from the radical centre
on the three circles are equal.

IfS; =0, S, =0and S; =0 be any three given circles, then
to obtain the radical centre, we solve any two of the
following S; —S,=0, S, -S;=0,8;-S5,=0

$,=0 $,=0

NOTE

@
(i)

(iii)

If the centres of three circles are collinear then their radical
centre will not exist.

The circle with centre at radical centre and radius is equal
to the length of tangents from radical centre to any of the
circles will cut the three circle orthogonally and is called as
radical circle.

Circles are drawn on three sides of a triangle as diameter
than radical centre of these circles is the orthocentre of the
triangle.

COAXIAL SYSTEM OF CIRCLES

A ssystem of circles, every 2 of which have the same radical
axis, is called Coaxial system of circles.

R.A. RA.

Example 32 :

Sol.

The equation of the three circles are given
x2+y?=1,x2+y2-8x+15=0,x2+y2+ 10y +24=0.
Determine the coordinates of the point P such that the
tangents drawn from it to the circles are equal in length.
We know that the point from which lengths of tangents are
equal in length is radical centre of the given three circles.
Now radical axis of the first two circles is
(x2+y2—1)—(x2+y2-8x+15)=0,
ie, x—2=0
and radical axis of the second and third circles is
(x2+y2—8x+15)— (x2+y*+ 10y +24)=0,
ire., 8x+10y+9=0
Solving egs (1) and (2), the coordinates of the radical centre,
i.e. of point P are P (2,-5/2).

Example 33 :

Sol.

Q.1
Q2

Q3

Q4

Find the locus of the centres of circles which bisect the
circumference of circles x2 + y2 =4 and
x2+y2-2x+6y+1=0.
Let the equation of circle is
S, :x2+y*+2gx +2fy +c=0
Sy: x2+y2=4
Sy:x?+y?—2x+6y+1=0
Radical axis of S| & S, is 2gx +2fy +¢c+4=0
Radical axis passes through centre of x% + y2 = 4
i.e.(0,0)
= c=-+4
Radical axis of S| & Sy is (2g+2)x+(2f-6)y+c—1=0
it passes through centre of S5 i.e. (1,-3)
so 2g+2-6f+18+c—1=0, alsoc=—4
= 2g-6f+15=0
Now centre of circle is (-g,—f), h=-g, k=—f
= —2h+6k+15=0, locusis2x—6y—15=0

TRYITYOURSELF-2
Find the equation of the smallest circle passing through
the intersection of the line x +y= 1 & the circle x>+y2=9.
The locus of the centre of circle which cuts the circle
X2+y2+4x—6y+9=0and x> +y2—4x+6y+4=0
orthogonally is —
(A)12x+8y+5=0 B)8&x+12y+5=0
(C)8x—12y+5=0 (D) None of these
If one of the diameters of the circle x2 + y2 — 2x — 6y + 6=0
is a chord to the circle with centre (2, 1), then the radius
of the circle is

A3 B2

©3 (D)2

The locus of the mid-point of the chord of contact of
tangents drawn from points lying on the straight line
4x — 5y =20 to the circle x2 + y2 =9 is-

(A) 20 (x2+y?)—36x+45y=0

(B) 20 (x2 +y?) + 36x —45y=0

(C)36 (x2+y%)—20x +45y=0

(D) 36 (x2+y%) +20x — 45y=0

£
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For Q.5-Q.7

Q5

Q.6

Q.7

10.

11.

Consider the equation 4/2-5m?+6/ + 1 =0, where
£,m R, and the line /x + my + 1 =0 touches a fixed circle.
Centre and radius of fixed circle respectively, are —

(A)(2,0),3 (B)(-3,0), 3
(©)(3,0), +/5 (D) None of these

Tangent PA and PB are drawn to the above fixed circle
from the point P on the line x + y— 1 = 0. Then chord of
contact AB passes through the fixed point —
(A)(1/2,-5/2) (B)(1/3,4/3)

(©)(-1/2,3/2) (D) None of these
Number of tangent which can be drawn from the point
(2,-3)are—

(A)O B)1
(©)2 (D) 1or2
ANSWERS
1 x2+y2-9—-(x+y—1)=0. 2)(C)
3 © 4 (A) 3 ©
6) (A) M ©

SOME IMPORTANT POINTS l

Locus of mid point of a chord of a circle x2 + y% = a2 which
subtends an angle o at the centre is x2 + y2 = (acosa/2)>
A variable point moves in such a way that sum of square of
distances from the vertices of a triangle remains constant
then its locus is a circle whose centre is the centroid of the
triangle.

If the points where the line a;x + b,y + ¢, =0 and
a,xtb,y + ¢, = 0 meets the coordinate axes are concyclic
then a;a, =b, b,.

Ifthe line Ix + my +n =0 is a tangent to the circle x* +y?=a2,
then a2 (12 + m?) = n2.

Ifthe radius of the given circle x% + y2 + 2gx +2fy +c =0 be
r and it touches both the axes then g=f \/E =r.

Ifthe circle x2 + y2 +2gx + 2fy + ¢ = 0 touches x-axis and y-
axis, then g2 = ¢ and f2 = ¢ respectively.

The length of the common chord of the circles

2ab
v a’ +b?

If two tangents drawn from the origin to the circle
x2+y2+2gx + 2fy + ¢ = 0 are perpendicular to each other
then g2 + f2=2¢c

If the line y = mx + ¢ is a normal to the circle with radius r
and centre at (a, b), thenb=ma +c¢

If the tangent to the circle x2 + y2 = r2 at the point (a, b)
meets the coordinates axes at the points A and B and O is

(x—a)+y?=a2and x2+ (y—b)2=b? is

4

the origin. Then the area of the triangle OAB is 2r_b .
a

If O is the origin and OP, OQ are tangents to the circle
x2 +y2 + 2gx + 2fy + ¢ = 0 then the circumcentre of the
triangle OPQ is (—g/2, —1/2).

ADDITIONAL EXAMPLES

Example1:

Find the equation of the circle concentric with the circle

x2 +y2 - 3x + 4y — ¢ = 0 and passing through the point

-1,-2).

The equation of two concentric circles differ only in

constant term. So let the equation of the required circle be

x2+y2-3x+4y+1=0

It passes through (-1, — 2) so we have
1+4+3-8+A=0=A =0,

Hence required equation is x% + y2 — 3x + 4y =0

Sol.

Example2:
Ifthe line x + y =1 is a tangent to a circle with centre
(2, 3), then find its equation.
Sol. Radius of the circle = perpendicular distance of (2, 3) from

.4
Xx+y=1is ——=22
V2
.. The required equation will be
(x-2)?+(y-3)?=8=x>+y?—4x -6y +5=0

Example3:
Ifthe lines 3x —4y +4 =0 and 6x — 8y — 7 = 0 are tangents to
a circle, then find the radius of the circle.

Sol. The diameter of the circle is perpendicular distance between
the parallel lines (tangents) 3x —4y +4 =0 and

7
3x—4y— 5 =0and so it is equal to -

4 7/2

+
Vv9+16 +/9+16

3 .3
> . Hence radius is Z

Example4:
The straight line (x —2) + (y + 3) = 0 cuts the circle
(x=2)2+(y-3)2=11at
(1) No points (2) One point
(3) Two points (4) None of these

Sol. (1). Equation of line is x +y +1 = 0. Since the perpendicular
distance from centre to line is greater than radius, hence it
does not cut the circle.

Example5:
Find the equation of the circle through the point of
intersection of x2+y2—1=0,x2+y2—2x —4y+1=0and
touching the line x + 2y =0
Sol. Family of circles is
X2 +y2-2x—4y+1+A(x2+y2-1)=0
(1+0)x2+(1+0) y2—2x—4y+(1-1)=0

2 4 1-A
X— y+ =
1+A 1+A 1+

X2 +y?- 0

2
Centre is [P RSEE)

T
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i = ( ! ]2+( 2 ]2_(1—k)_\/4+k2
and radus = 1+A 1+A 1+0) 14+

Since it touches the line x + 2y = 0, hence
Radius = Perpendicular from centre to the line.

1 2
—+2— [4.92
1+ 1+ — N4+A = 54112 Dh==1
Vi2 422 ‘ I+

A =—1 cannot be possible in case of circle. So A =1
Thus, we get the equation of circle.

Example6:

If the straight line ax + by =2 ; a, b # 0 touches the circle
x% +y2—2x =3 and is normal to the circle x% + y2— 4y =6,
then find the values of a and b.

GivenxZ+y?—2x=3

~.centre is (1, 0) and radius is 2 and x2 +y> -4y =6
~.centre is (0, 2) and radius is /10 -

Since line ax + by = 2 touches the first circle.

Sol.

)+b(0)-2
OO T

Also the given line is normal to the second circle. Hence it

will pass through the centre of the second circle.
a(0)+b(2)=2o0r2b=2=b=1

Putting this value in equation (i) we get

a-2=2Va’+1 or(a—2)2=4@2+1)
or a’+4-4a=4a2+4or3a2+4a=0
or a(Ba+4)=0o0ra=0,-4/3
. Values ofaand b are (—4/3, 1) respectively.

Example7:

Find the AM of the slopes of two tangents which can be
drawn from the point (3, 1) to the circle x2 + y> =4.

Any tangents to the given circle, with slope m is

y=mx+2+/1+m?

since it passes through (3, 1) ; so

Sol.

1=3m+2+1+m? =4m?+4=03m-1)?
= 5m?-6m-3=0
If m=m,, m, then AM of slopes

1 1

3 (m; +m,)= 5 (6/5)=3/5

Example 8 :
If the squares of the lengths of the tangents from a point P
to the circles x2 + y2 = a2, x2 + y2=b2 and x% + y2 = c2 are
in A.P., then —
(1)a,b,carein GP. (2)a,b,carein AP
(3)a2, b2, c? are in AP “4) a2, b2, c2 are in GP

Sol. (3). Let P (x, y;) be the given point and PT,, PT, ,PT; be

the lengths of the tangents from P to the circles
x2+y?=a’, x> +y?=b? and x> + y? = ¢? respectively.

Then PT; = yx} +yi —a” , PTy= x} +y{ ~b?
andPT3: 1[x12+y12—c2

Now, PT,?, PT,2 PT,? are in A.P.
=2PT,>=PT? ++PT,?

2.,.2 12 2,.2 .2 2,2 .2
S2 (X +y] b)) = +y; —a%) + (x{+y] —¢)
=2b2=a2+¢?> az,bz, c2are in A.P.

Example9:

If the centre of a circle which passing through the points of

intersection of the circle x2 + y>— 6x + 2y + 4 =0 and

x%+y2+2x — 4y — 6 =0 is on the line y = x, then find the

equation of the circle.

Family of circles through points of intersection of two circles

is S} FAS,(A=-1).
X2+y2—6x+2y+4+ A (x2+y2+2x—4y—6)=0

Centreis (3—A,—1+2L).Itliesony=x.

Therefore, -1 +2A=3-A=>A=4/3

Hence equation of circle can be found by substituting A in

the family of circles above.

Sol.

Example 10 :
The line 3x—2y =k meets the circle x2 + y2 =412 at only one
point then find k2.

Equation of line is 3x—2y=k
Circle is X2+ y2 =412

Sol. ()

(i)

3
Equation of line can be writtenas y = EX )

oo K 3
ere,c=— > ,m= >

Now the line will meet the circle, if

2
o= avl+m? :%k:(zr) 1+(%) [from (i), a=2r]

2
= k—:4r2 XE o k2=5212
4 4
Example 11 :
Find the equation of the circle which passes through the
intersection of x2 + y2 + 13x — 3y = 0 and
2x2 + 2y2+ 4x — Ty — 25 = 0 and whose centre lies on
13x+30y=0

Sol. The equation of required circles is s; + s, =0

=x2(1+0)+y2 (1 +1)+x2+130) -y G+3x] —2—25 =0

—(2+13)) 7/2+3xj

Centre = ( > > >

Centre line on 13x+30y=0

v
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= _13[2+213;\]+30[7/22+3x] —0= =1

13 52
2x% +2y? +15x -y -=2=0

Example 12 :

Sol.

Locus of a point which moves such that sum of the square
of its distances from the sides of a square of side unity is 9
is

(1) Straight line (2) Circle

(3) Parabola (4) None of these

(). x>+ (x—1)2+y2+(y—1)2=9. Hence circle.

Example 13 :

Sol.

Find the equation of the circle whose radius is 3 and which
touches the circle x2 + y2 — 4x — 6y — 12 = 0 internally at the
point (—1,-1).

Let C be the centre of the

given circle and C, be the

centre of the required circle.
C=(2,3), CP=radius=5

-+ C,P=3=CC,=2

The point C, divided

internally, the line joining C

and P in the ratio 2 : 3

. coordinates of C are (4/5, 7/5)

P(-1,-1)

Example 14 :

Sol.

Find the equation of the circle which is touched by y = x,
has its centre on the positive direction of the x-axis and

cuts off a chord of length 2 units along the line /3 y—x=0.

Since the required circle has its centre on X-axis, So, let the
coordinates of the centre be (a, 0). The circle touches y =x.
Therefore, radius = length of the perpendicular from (a, 0)

onx—y:O:a/x/E
Circle cuts off a chord of length 2 units along x — /3 y =0
2
L )
(%] =1+ 1340 = 2’ =1+ 2’
2 S o1+ &
2 12+(«6) 2 4

Thus, centre of the circle is at (2, 0) and radius =

So, its equation is X2+ y2 — 4x+2=0

Example 15:

Sol.

Find the area of an equilateral triangle inscribed in the circle.
x2+y2+2gx+2fy+c=0
Given cirle is x2+y2 +2gx+2fy +¢=0 ...
Let O be the centre and ABC be an equilateral triangle
inscribed in the circle (i).

0= (_g7 _f)

and OA=OB=0C= /o2 1 £2 _¢ ...
g c A
In AOBM, sin60°= o n
n , sin = OB
3
= BM:OBsin60°:(OB)£
2 60°

B\yc

V3

BC=2BM= ./3 (OB)...(iii)

B

Areaof AABC= —~ (BC)? = T3 (OB)? from (iii)
33
= Tf (g2 + 2 —c¢) sq. units
Example 16 :

Sol.

Find the value of 'c' for which the power of a point P(2, 5) is
negative w.rta circle x% + y2 — 8x — 12y + ¢ = 0 and the circle
neither touches nor intersects the coordinate axis.
S=x2+y2-8x—12y+c=0
Power=22+52-8x2-12x5+c<0
29-16-60+c<0; c<47
Again gz —c<0 & f2_c<0
16-c<0 & 36-c<0
Hence 36 <c <47

Example 17 :

Sol.

Find the locus of point "P" which moves such that the
angle made by pair of tangents drawn to the circle
x2+y%=aZis 60°.
Length of tangent from P to circle

x2+y2=a2 ...

PA =Vh? + k% —a?
radius (r)=a

A2
= 3 Jh?e?oa?
= h’+k’-a’=3a2 = h?+k>=4a’
= x2+y2=4a2

Example 18 :

Sol.

Find the locus of middle points of chords of the circle
x2 + y2 =2, which subtend right angle at the point (1, 0).
Let N (h, k) be the middle point of any chord AB, which
subtend a right angle at P(, 0)
Since ZAPB=90°

NA =NB =NP (since distances of the vertices from
middle point of the hypotenuse are equal)
or (NA)2=(NB)2=(h—A)2+(k—0)2 ()

ETTE
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Butalso £ BNO =90°
(OB)?=(ON)?+(NB)?
= —(NB)?>=(ON)?>-(OB)?

= —[(h—A)?+(k-0)?]=(h?+k?)—r?

or 2(h2+kH)-2Lh+A2-12=0

. Locus of N (h, k) is
2(x2+y)-2hax+A%2-r2=0

Example 19:

Sol.

Find the equations to the circles which pass through the
point (2, 3) and cut off equal chords of length 6 units along
thelinesy—x—1=0andy+x—-5=0.

The given two lines pas through the point (2, 3) and are
inclined at45° and 135° to the x-axis. The other ends of the
chords can easily be calculated as

(2+3+/2,3+32)and(2-3+2,3+3/2).

(2+3v2.3+3V2)

(2.3

There is symmetry about the line x = 2 and therefore the
centres of the circles lie on x = 2. As the chords subtend

right angles at the centre 2r2 = 62 gives the radiusr =3 V2.

The centreis (2,3 +3 2 ).
The equations of the two circles are therefore

(x=22+(y-3-32)*=18 and
(x-2)% +(y-3+32)2=18.

2
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EXERCISE -1 [LEVEL-1]

PART 1 : EQUATI

Q.1

Q2

Q3

Q4

Q5

Q.6

Q.7

QS8

Q.9

Q.10

Q.11

Q.12

FCIRCLE, CENTRE

AND RADI F CIRCLE
Centre of the circle x2 +y2 —2x +4y+ 1 =01is—
(A)(-12) B)(1,-2)
© (1,2 D) (-1,-2)

Radius of the circle 2 (x2+ y2) + 4x — 3y + 1 =01is—

(A) V17 /2 B) 17
2
© 77 D) V17 /4

If (6, -3) is the one extremity of diameter to the circle

x% + y2 — 3x + 8y — 4 = 0 then its other extremity is —
(A)(3/2,-4) B)(-3,-5)

©G,-5) D 3.5)

Find the equation of a circle whose centre is (2, —1) and
radius is 3.

(A)x2+y2—4x+2y—4=0 (B)x2+y*—3x—2y—4=0
(CO)x2—y?—5x+y-4=0 (D)x>+y*+2x+y-2=0
Find the equation of a circle with centre at the origin and
which passes through (7, -2).

(A)x2+y? =13 (B)x2—y? =53
(C)x%2+y? =63 (D)x2+y2 =53

If (1, 2) and (3, 4) are end points of a diameter of circle,
then its equation is -

(A)x2+y2+4x—6y—11=0(B) x> +y2—4x+6y—11=0
(C)x%+y%—4x—6y+11=0 (D) None of these

A circle has its equation in the form

x%+y2+2x+4y+ 1 =0. Choose the correct coordinates
ofits centre & the right value of its radius from the following
(A) Centre (—1,-2), radius =2 (B) Centre (2, 1), radius = 1
(C)Centre (1,2),radius=3 (D) Centre (-1, 2), radius=2
Cartesian equations of a circle whose parametric equation
are x =—7 +4cos0 ,y=3 +4sinf is -
(A)x+7)2+(y-3)%=16 B)(x-7>*+(y-3)*=16
(CO)x=72+(y+3)2=16 ([D)(x+7)*+(y+3)2*=16
The equation of the circle touches y axis and having
centre is (-2, -3) —

(A)x2+y2—4x—9y—4=0 (B)xZ+y?+4x+9y+4=0
(CO)x2+y2+4x+6y+9=0 (D)xZ+y?—4x—6y—9=0
A circle touches x— axis at +3 distance and cuts an
intercept of 8 in +ve direction of y—axis. Its equation is —
(A)x2+y2+6x+10y—9=0(B)x>+y>—6x—10y—9=0
(C)x2+y2—6x—10y+9=0 (D)x2+y2+6x+ 10y+9=0
The lines 2x — 3y = 5 and 3x — 4y = 7 are diameters of a
circle of area 154 sq. units. The equation of this circle is —
(A)x2+y?—2x-2y=47 (B)x2+y2-2x—-2y=62
(C)x2+y2—2x+2y=47 (D) x2+y2—2x+2y=62
The equation of a circle which passes through the point
(1,-2) and (4,-3) and whose centre lies on the line
3x+4y="Tis—

(A)15(x2+y2)—94x+18y—55=0
(B)15(x2+y%)—94x+18y+55=0

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

(C)15(x2+y2)+94x—18y+55=0

(D) None of these

The equation of a circle passing through (-4, 3) and
touching the lines x+y =2, x—-y=21is—
(A)x2+y2-20x-55=0 (B)x2+y2+20x+55=0
(C)x2+y2-20x-55=0 (D) None of these

The equation of the circle which touches the axis of y at
the origin and passes through (3,4) is —
(A)4(x2+y2)-25x=0  (B)3(x2+y2)-25x=0
(C)2 (x2+y?)-3x=0 (D)4 (x2+yH)-25x+10=0
The equation of a circle which touches x—axis and the
line 4x — 3y + 4 =0, its centre lying in the third quadrant
and lies on the linex—y—1=0, is—

(A)9 (x2+y?)+6x+24y+1=0

(B)9 (x2+y2)—6x—24y+1=0

(C)9 (x2+y?)—6x+2y+1=0

(D) None of these

The equation to a circle passing through the origin and
cutting of intercepts each equal to + 5 of the axes is —
(A)x2+y2+5x—5y=0  (B)x2+y2—5x+5y=0
(C)x2+y2-5x-5y=0  (D)x2+y?+5x+5y=0
The equation of the circle whose radius is 3 and which
touches the circle x2 + y2 —4x — 6y — 12 = 0 internally at
the point (—1,-1) is —

(Y rol A Y

(C) (x—8)2+(y—1)2=3%2 (D) None of these

The equation of a circle which passes through the three
points (3,0) (1,-6), (4,—1)is—
(A)2x2+2y2+5x—11y+3=0
(B)x2+y2—5x+11y—3=0
(C)x2+y2+5x—11y+3=0

(D) 2x2+2y?—5x+11y-3=0

If (4,-2) is a point on the circle x2+ y2 + 2gx + 2fy + ¢ =0,
which is concentric to x2 + y2 —2x + 4y + 20 = 0, then
value of c is -

(A)—4 B)0

©4 D)1

The abscissa of two points A and B are the roots of the
equation x2 + 2ax —b% = 0 and their ordinates are the roots
of the equation y2 + 2py — g2 =0. The radius of the circle
with AB as a diameter will be -

(A) \Ja? +b? +p* +¢° (B) \b% +q°

(©) ya?+b2—p? —¢° (D) \Ja? +p?

Two rods of length a and b slide on the axes in such a
way that their ends are always concylic. The locus of
centre of the circle passing through the ends is -
(A)4(x2—y2):az—b2 (B)xz—yzzaz—b2

(O x2-y?=4(a>-b?) (D) x2+y2=a2+b?
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Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

Circle x2 + y2 + 6y = 0 touches

(A) y-axis at the origin (B) x-axis at the origin

(C) x-axis atthe point (3,0) (D) Theliney+3=0

The equation of the circle which passes through the
points (2, 3) and (4, 5) and the centre lies on the straight
liney—4x+3=0,is

(A) x2 +y2 +4x-10y+25=0

(B) x% + y2 —4x-10y+25=0

(©) x% +y? —4x—10y +16=0

(D) x2 +y2 -14y+8=0

The equation of the circle with centre on the x-axis, radius
4 and passing through the origin, is

(A) x> +y? +4x=0 (B) x? +y>-8y=0

O x> +y?+8x=0 (D) x> +y*>+8y=0

The centre and radius of the circle 2x2 + 2y2 —_x=0 are

1 1
(A) [1,0) and i (B) (—5,0] and%

(©) [%, 0] and % (D) [0, —%] and %

The radius of a circle which touches y-axis at (0,3) and
cuts intercept of 8 units with x-axis, is —

(A)3 (B)2
©)5 (D)8

Radius of the circle x% +y? +2x cos0+ 2ysin6—8 = 0 is
(A1 B)3
© 243 (D) V10

A circle has radius 3 units and its centre lies on the line
y = x — 1. Then the equation of this circle if it passes
through point (7, 3), is

(A) x2 +y2 -8x—-6y+16=0

(B) x? +y> +8x+6y+16=0

©) x?+y?—8x—6y—16=0

(D) None of these

If the coordinates of one end of the diameter of the circle
x% + y2 —8x—4y+c=0 are (-3, 2), then the coordinates
of other end are

(A)(5,3) (B)(6,2)

©)(1,-8) D)(11,2)

The equation of the circle whose diameter lies on

2x + 3y =3 and 16x —y =4 which passes through (4, 6) is
(A) 5 (x% +y?)—3x—8y =200

(B) x? +y? —4x -8y =200

(©) 5 (x> +y?)—4x =200

(D) x% +y? =40

The circle x2 + y2 —3x—4y+2=0 cutsx-axis at

(A)(2,0),(-3,0) (B)(3,0),(4,0)
(©(1,0),(-1,0) (D)(1,0).(2,0)

If one end of the diameter is (1, 1) and other end lies on
the line x + y = 3, then locus of centre of circle is

Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

Q.42

(A)xt+y=1 B)2(x-y)=5
(C)2x+2y=5 (D) None of these
The points of intersection of the line 4x —3y— 10 =0 and

the circle x? +y?> —2x +4y—20=0 are
(A)(-2,-6),(4,2) (B)(2,6),(-4,-2)
(©)(-2,6)(-4,2) (D) None of these

The diameter of a circle is AB and C is another point on
circle, then the area of triangle ABC will be

(A) Maximum, if the triangle is isosceles

(B) Minimum, if the triangle is isosceles

(C) Maximum, if the triangle is equilateral

(D) None of these

The locus of the centre of the circle which touches
externally the circle x2 + y2 — 6x — 6y + 14 = 0 and also
touches the y-axis, is -

(A)x2—10x—6y+14=0  (B)x2—6x—10y+14=0
(C)y?2—6x—10y+14=0 (D)y?>—10x—6y+14=0
The two circles x% + y2 = ax and x2 + y2 = ¢Z (with ¢ > 0)
touch each other if -

(A)c=|a| (B)2c=a

(C)2a=|c]| (D) None of these

The equation of the image of the circle

x% +y? +16x—24y+183 =0 by the line mirror
4x+T7y+13=0is—

(A) x2 + y2 +32x-4y+235=0

(B) x2 +y2 +32x+4y—235=0

(©) x? +y* +32x—4y-235=0

(D) x2 +y2 +32x+4y+235=0

Iflines y =x + 3 cuts the circle x2 + y2 = a2 in two points
A and B, then equation of circle with AB as diameter is -
(A) x2+y2+3x—3y—a2+9=0
(B)x2+y2+3x—3y+a2+9=0
(C)x2+y2-3x+3y—a2+9=0

(D) None of these

If the circles x2 + y2 =9 and x* + y2 + 2ax + 2y + 1 =0
touches each other than o —

(A)0 ®)1

(C)—4/3 (D)-3/4

The centre of the circle r2 =2 — 4r cos 0 + 6r sin 0 is —
(A)(2,3) B)(-2,3)

©)(2,-3) D)(2,-3)

The equation of the circle whose radius is 5 and which
touches the circle x2 + y2 —2x-4y-20=0 externally
at the point (5, 5), is

(A) x> +y? —18x—16y—120=0

(B) x2 +y? —18x—16y+120=0

(©) x2+y? +18x+16y—120=0

(D) x% +y?> +18x—16y+120=0

The straight line 2x + 3y —k =0, k> 0 cuts the X- and Y-
axes at Aand B. The area of A OAB, where O is the origin,
is 12 sq. units. The equation of the circle having AB as
diameter is —
(A)x2+y2—6x—4y=0
(C)x2+y2—6x+4y=0

(B)x%+y2+4x—6y=0
(D)x2+y2—4x—6y=0
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Q.43 Equation of the circle centered at (4, 3) touching the circle (A)3x-y=0 B)x+3y=0
x% +y2 =1 externally, is — (O)x-3y=0 (D)x+2y=0
(A)x2+y?—8x—6y+9=0 (B)x>+y2>+8x+6y+9=0 Q.54 The equation of the tangent at the point
(O)x2+y?+8x—6y+9=0 (D)x>+y>—8x+6y+9=0 (2 2 -
Q.44 Thepoints(1,0),(0, 1),(0,0)and (2k, 3k), k= 0 are concyclic ab a’b £ . 2 2 a’b” .
o 2 2> 3 .5 | ofthecircle x° +y” = 1s
ifk= ka +b° a“+b J a2 1 b?
(A)1/5 B)-1/5
(C)-5/13 (D)5/13 (A)§+1:1 (B)§+X+1:0
Q.45 The number of circles that touch the co-ordinate axes a b a b
and the line whose slope is —1 and y-intercept is 1, is Xy Xy
(A3 B)1 © 557! D) =, *1=0
(©4 (D)2 _ _
Q.46 Ifx=2+3cos0andy=1-3sin0represent acircle then Q.55 1f2x—4y=9and 6x — 12y +7 =0 are the tangents of same
the centre and radius is circle, then its radius will be
ISTERVE B)(-2,-1).3 w3 i
©@. 1.9 (D)(1,2).13 5 6
2.5 17
©5 35
PART 2 : POINT WITH RESPECTT IRCLE
TA ENT AND RMAL Q.56 The two circles x2 + y2 -2x+6y+6=0 and

Q47

Q.48

Q.49

Q.50

Q.51

Q.52

Q.53

For what value of m the line 3x + 4y = m touches the circle
x2+y2-2x-8=0

(A)-18,12 B)18,12

(©)18,-12 (D)-18,-12

The circle S; with centre C; (a;, b;) and radius ry touches
externally the circle S, with centre C, (a,, b,) and radius
r,. If the tangent at their common point passes through
the origin, then

(A) (a2 + 3,2 ) + (b2 + b)) =12 + 1,2

(B) (2,2 —a;2 ) + (b2 — b2 =1, — 1,2

(©) (a2 —by2 ) + (a2 +by2) =12 + 1,2

(D) (2;2-b;2) + (3,2 +by2) =12 +1,°

The point from which the tangents to the circles
x2+y2—8x+40=0;5x2+5y>—25x+80=0
x2+y2—8x+16y+ 160 =0 are equal in length is-
(A)(8,15/2) (B)(-8,15/2)

(C)(8,-15/2) (D) None of these

The total number of common tangents to the two circles
x2+y2-2x—6y+9=0andx%+y?+6x—2y+1=0, is -
(A1 B)2

©3 D)4

The point P (10, 7) lies outside the circle

x% +y? —4x—2y—20=0. The greatest distance of P
from the circle is

(A)S (B) 3
©) 5 D) 15

The equations of the tangents to the circle
x2 +y2 =36 which are inclined at an angle of 45° to the x-
axis are

(A)x+y=i\/g (B)x:yi3\/§
© y=x+ 672 (D) None of these

If the equation of one tangent to the circle with centre at
(2,-1) from the origin is 3x + y = 0, then the equation of
the other tangent through the origin is

Q.57

Q.58

Q.59

Q.60

Q.61

Q.62

Q.63

x% +y? —5x+6y+15=0 touch each other. The equation

of their common tangent is

(A)x=3 B)y=6
(O)7x-12y-21=0 (D) 7x+12y+21=0

The area of the triangle formed by the tangent at (3, 4) to
the circle x% + y2 = 25 and the co-ordinate axes is
(A)24/25 B)0

(C)625/24 (D)—(24/25)

Tangents AB and AC are drawn from the point A (0, 1) to

the circle x2 + y2 —2x + 4y +1= 0. Equation of the circle

through A, B and C is

(A) x*+y? +x+y-2=0 B)x>+y’—x+y-2=0
©) x% + y2 +x—-y-2=0 (D) None of these

The equation of pair of tangents drawn from the point
(0,1) to the circle x2 + y> —2x + 4y =0 is —

(A) 4x% —4y? + 6xy+ 6x+ 8y —4=0

(B) 4x2 —4y2 + 6xy—6x+8y—4=0
(C)x2—y2+3xy—3x+2y—1=0
(D)x2—y?+6xy—6x+8y—4=0

If the length of the tangents drawn from the point (1,2) to
the circles x2 + y2 +x+y—-4=0 and

3x2 +3y2 —-x—y+k=0 beintheratio4:3, thenk=
(A)7/2 (B)21/2 (©)-21/4 (D)7/4
Two tangents PQ and PR drawn to the circle

x2 + y2 -2x-4y-20=0 from point P (16, 7). If the
centre of the circle is C, then the area of quadrilateral
PQCR

(A) 75 sq. units (B) 150 sq. units

(C) 15 sq. units (D) None of these

Ifthe tangent to a circle x2 + y2 = 5 at point (1,—2) touches
the circle x2 +y2 — 8x +6y+ 20 =0, then its point of contact
A2 B)G,-)  (©C1,-3) (D)E5,0)
Length of the tangent drawn from point (1, 5) to the circle
2x2+2y2=3is -

(A)7 (B) 742 (C) 742 /2 (D) None
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Q.64 The line 2x —y + 1 =0 is tangent to the circle at the point
(2, 5) and the centre of the circle lies on x — 2y = 4. The
radius of the circle is —

(A) 35 B) 5\3

(€) 25 D) 5v2

Q.65 Ifthelines 3x —4y+4 =0 and 6x—8y—7=0 are tangents
to a circle, then the radius of the circle is
(A)372 (B)3/4
(©1/10 (D)1/20

Q.66 Ifacircle S (x,y)=0touches at the point (2, 3) of the line
x+y=5andS (1, 2)=0, then radius of such circle.
(A) 2 units (B) 4 units

(C) 1/2 units (D) 1/~+/2 units

Q.67 The total number of common tangents of
x2+y2—6x—8y+9=0andx?>+y2=1is—
(A)1 )3
©2 (D)4

Q.68 The least and the greatest distances of the point (10, 7)
from the circle x2 + y% — 4x — 2y —20 =0 are —
(A)5,15 B)10,5
(C) 15,20 (D)12,16

Q.69 Ifthe straight line 3x + 4y = k touches the circle
x2 + y2 = 16x, then the value of k is —
(A)16,-64 (B) 16,64
(©)-16,-64 (D)-16,064

Q.70 The equations of the two tangents from (-5, — 4) to the
circle x2 +y2 +4x + 6y + 8 =0 are —
(A)x—Ty=23,6x+13y=4
B)x+2y+13=0,2x-y+6=0
(O)2x+y+13=0,x-2y=6
(D)3x+2y+23=0,2x-3y+4=0

Q.71 A tangent is drawn to the circle 2x% + 2y2 —3x + 4y =0 at
point ‘A’and it meets the linex + y=3 at B (2, 1), then AB=

(A) V10 (B)2
© 22 (D)0

Q.72 The area of the circle having its centre at (3, 4) and
touching the line 5x + 12y —11=01is—
(A) 16 sq. units (B) 4 1 sq. units
(C) 12 1t sq. units (D) 25 m sq. units

PART 3 : DIRECTOR CIRCLE, CHORD OF
CONTACT, POLE AND POLAR, CHORD

ANGLE OF INTERSECTION
Q.73 The equation of the circle whose centre is (3, —1) and
which cuts off a chord of length 6 on the line
2x—5y+18=0is

(A) (x-3)2+(y+1)> =38 (B) (x+3)> +(y—1)* =38

(C) (x-3)? +(y+1)?> =+/38 (D) None of these
Q.74 Iftheline x—y+ 1 =01isachord of the circle
x2+y2 —2x + 4y —4 = 0 then find the length of this chord
(A)2 B)3
©)5 D)7

Q.75

Q.76

Q.77

Q.78

Q.79

Q.80

Q.81

Q.82

Q.83

Q.84

Q.85

Q.86

The pole of the straight line 9x +y—28 =0 with respect to
the circle 2x2 + 2y2 —3x + 5y —7=0, is

(A2, 1) B)(2,-1

©@G.D D) G-

If the polar of a point (p, q) with respect to the circle
x2+ y2 = a2 touches the circle (x—)? + (y—d)2 = b2, then
(A) b% (p? + ¢%) = (a® — cp — qd)?

(B) b? (p? + ¢°) = (a> — cq — dp)?

(C) a% (p + g% = (b> — cp — dg)?

(D) None of these

From the origin, chords are drawn to the circle
(x—1)2+y% =1, then equation of locus of middle points
of these chords, is -

(A)x2+y2=1 (B)x2+y2=x
C)x2+y2=y (D) None of these

If y = 2x is a chord of the circle x2 + y2 = 10 x, then the
equation of the circle whose diameter is this chord is -
(A)x2+y2+2x+4y=0 (B)x2+y2+2x—4y=0
(C)x%2+y?—2x—4y=0 (D) None of these

The length of the common chord of the circles
(x—a)y+y?=c?and x2 + (y—b)2=c?is -

(A) \/02 +a’+b? (B) \/402 +a’+b?
(©) Vac? —a? -v? (D) {c? -a? -v?

The angle of intersection of the two circles
x2+y2-2x—2y=0and x2+y2=4,is-

(A)30° (B)60°

(C)90° (D)45°

If a circle passes through the point (1,2) and cuts the
circle x2 + y2 = 4 orthogonally, then the locus of its centre
is -

(A)x2+y2-2x—6y—7=0 (B)x2+y?>—3x—8y+1=0
(C)2x+4y-9=0 (D)2x+4y—-1=0

Circles x2+y2=4and x2+y2—2x—4y+3=0

(A) touch each other externally

(B) touch each other internally

(C) intersect each other

(D) do not intersect

The circles x2 + y2 +2x —2y+ 1 =0and

x2 +y2 —2x — 2y + 1 = 0 touch each other -

(A) externally at (0,1) (B) internally at (0,1)

(C) externally at (1,0) (D) internally at (1,0)

The angle between the two tangents from the origin to

the circle (x —7)% + (y+1)> =25 is

(A0 (B)w/3

©)6 (D) /2

Middle point of the chord of the circle x2 + y2 = 25
intercepted on the line x — 2y =2 is

(A) (3/5,4/5) B)(-2,-2)

(©) (2/5,-4/5) (D) (8/3,1/3)

A line through (0,0) cuts the circle x? + y2 —2ax =0 at
A and B, then locus of the centre of the circle drawn on
AB as a diameter is

(A) x> +y? —2ay =0 B) x> +y?+ay=0

©) x>+y?+ax=0 (D) x> +y*—ax=0
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Q.87 Chord of contact with respect to point (2, 2) of circle Q.98 The length of the chord of the circle
x2+y2=11is- x2 +y2 + 3x + 2y — 8=0 intercepted by the y-axis is
A)x+y+1 B)x-y=1/2 (A)3 B)8
O)x+y=1/2 D)x+y=2 ©9 (D)6
Q.88 If the circle x2 + y2 + 4x + 22y + ¢ = 0 bisects the

circumference of the circle x2 + y2 — 2x + 8y —d =0, then

ct+d=
(A)40 (B)50
(©)60 (D) 56

Q.89 Equation of polar of point (4, 4) with respect to circle
(x-1)2+(y-2)*=1is
(A)2x+3y—-8=0 (B)3x+2y+8=0
(C)3x-2y+8=0 (D)3x+2y-8=0

Q.90 The locus of the point, the chord of contact of tangents
from which to the circle x2 + y2 = a2 subtends a right
angle at the centre is a circle of radius -
(A)2a (B)a2
©) V22 (D)2

Q.91 Ifachord of the circle x2 + y2 = 8 makes equal intercepts
of length a on the coordinate axes, then-
(A)la[<8 (B)la|<4,2
(C)]al<4 (D) |a|>4

Q.92 The area of the triangle formed by the tangents from an
external point (h, k) to the circle x2 + y2 = a% and the
chord of contact, is -

1 [h*+k*-a? a(h? +k? —a?)*?
WD e B amr i)
a(h? +k2 —a2)3?

©) (h2 +k 2) (D) None of these

Q.93 The chord of the circle x2 + y2 — 4x = 0 which is bisected
at (1, 0) is perpendicular to the line —
(A)y=x B)x+y=0
©O)x=1 D)y=1

Q.94 Two circles centered at (2, 3) and (5, 6) intersect each
other. If the radii are equal, the equation of the common
chord is—
(A)x+y+1=0 B)x—-y+1=0
(C)x+y-8=0 D)x-y-8=0

Q.95 If2x%+2y2+4x+5y+1=0and 3x%+3y2 + 6x— 7y + 3k=0
are orthogonal, then value of k is —
(A)-17/12 B)-12/17
©) 1217 (D)17/12

Q.96 The center of a circle which cuts
x2+y2+6x—1=0,x2+y>-3y+2=0and
x2 +y2+x+y—3 =0 orthogonally is
(A) (-1/7,9/7) B)(1/7,-9/7)
©) 1/7,-9/7) (D) (1/7,9/7)

Q.97 The number of real circles cutting orthogonally the circle
x2+y2+2x—2y+7=0is—
(A)0 B)1
©)2 (D) infinitely many

PART 4 : RADICAL AXIS, RADICAL CENTRE

FAMILY OF CIRCLES

Q.99 Ifthe point (2, 0), (0, 1), (4, 5) and (0, c) are con-cyclic,
then c is equal to
(A)-1,-3/14 (B)-1,-14/3
(©)14/3,1 (D) None of these

Q.100 Ifthe line y =x + 3 meets the circle x2 + y? =a2 at A and B,
then the equation of the circle having AB as a diameter
will
(A)x2+y2+3x—3y—a2+9=0
(B)x2+y?+3x+3y—a2+9=0
(C)x2+y?-3x+3y—a2+9=0
(D) None of these

Q.101 The equation of the circle passing through the point of
intersection of the circles x2 + y% = 6 and
x2 + y2 — 6x + 8= 0, and also through the point (1, 1) is -
(A)x2+y2—4y+2=0 B)x2+y2-3x+1=0
(C)x2+y2—6x+4=0 (D) None of these

Q.102 The equation of the circle which passes through points
of intersection of circle x2 + y% + 4x — 5y + 3 =0 and
x2+y2+2x+ 3y—3 =0 and point (-3, 2) is -
(A)x2+y2+8x+13y—3=0(B)x2+y>+13x—8y+3=0
(C)x2+y%2—13x—8y+3=0 (D)x2+y2—13x+8y+3=0

Q.103 The radical centre of the of the three circles
x2+y2=a(x—c)?+y?=aand x2+ (y—b)2=a2is-
(A) (a/2,b/2) (B) (b/2,¢/2)
(C) (c/2,b/2) (D) None of these

Q.104 The equation of the radical axis of two circles
x2+y2—x+1=0and3(x2+y?)+y—1=0is-
(A)3x+y—-4=0 (B)3x—-y-4=0
(C)3x-y+4=0 (D) None of these

Q.105 Find the coordinate of the point from which the tangents
to the circles x2 +y%— 8x +40=0; 5x% + 5y2 —25x + 80=0
x2+y2—8x+ 16y + 160 = 0 are equal in length.

N

15 15
©[s-5) o (2]

Q.106 The equation of circle which passes through the point of
intersection of circles x2 + y2 — 6x = 0 and x>+ y2 — 6y =0

(3 3) .
and has centre 7°5) 18—
(A)x2+y2—3x—3y=0
(B)x2+y?—3x—3y+9=0
(C)x2+y?—3x—3y-9=0
(D)x2+y2—3x—-3y+5=0
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PART S : MISCELLANE

Q.107 Equation of acircle S(x, y)=0, (S(2, 3) = 16) which touches
the line 3x +4y—7=0at (1, 1) is given by
(A) x> +y?+x+2y-5=0 (B)x*>+y>+2x+2y—6=0
(C)x2+y2+4x—6y=0 (D) none of these

Q.108 A variable chord is drawn through the origin to the circle
x2 + y% — 2ax = 0. The locus of the centre of the circle
drawn on this chord as diameter is —

(A)x2+y2+ax=0 (B)x2+y2+ay=0
(C)x2+y2—ax=0 (D) x2+y2—ay=0

X
Q.109 The pole of the line " +% =1 with respect to circle

X2 +y2=c?is—

(2 ¢2)
(A) L?? J (B) (c/a, blc)
(©) G%} (D) (a%/c, a2/c)

Q.110 IfP(2, 8) is an interior point of a circle
x% + y2 — 2x + 4y — p = 0 which neither touches nor
intersects the axes, then set for p is -
(A)p=<-1 (B)P<-4
(©)p>96 D)o

Q.111 The number of common tangents that can be drawn to
the circle x2 +y2 —4x — 6y—3 =0 and
xX2+y2+2x+2y+1=0is
(A)1 (B)2
©)3 (D)4

Q.112 The locus of the centres of the circles which cut the
circles X2+ y2 +4x— 6y +9=0and x2 + y2 - 5x + 4y —2 =0
orthogonally is —
(A)9x+10y—-7=0 B)x—y+2=0
(©)9x—-10y+11=0 (D)9x+10y+7=0

Q.113 The chords of contact of the pair of tangents drawn from
each point on the line 2x +y = 4 to the circle x2 + y2 =
pass through a fixed point -
(A)(2,4)
(©)(1/2,1/4)

(B) (~1/2,-1/4)
(D) (-2,-4)

Q.114 Ifachord of the circle x2 + y? = 8 makes equal to intercepts
of length a on the coordinate axes, then

(A)|al<8 (B)|a] <442
©)lal<4 (D) |a[>4

Q.115 The slope of the tangent at the point (h, h) of the circle
x2+yr=ais-
(A)0 B)1
O -1 (D) depend on h

Q.116 Two concentric circles are such that the smaller divides
the larger into two regions of equal area. If the radius of
the smaller circle is 2, then the length of the tangent from
any point P on the larger circle to the smaller circle is —

(A)1 (B) 2
©)2 (D) None of these

Q.117 The pair of a straight lines joining the origin to the points
of inersection of the circles x%+ y% = a? and

x2+y2+2 (gx+y) = 0is
(A)a* (x> +y?) ~2(gx +fy)* =0
(B) a?(x?+y?) —4(gx + fy)* =0
(C) a%(x*+y?) +4(gx + fy)* =4
(D) x> +y* —(gx+fy)* =2
Q.118 A circle is drawn touching the x-axis and centre at the

point which is the reflection of (a, b) in the line y —x = 0.
The equation of the circle is-

(A)x2+y2—2bx—2ay+a?=0
(B) x2 +y2—2bx—2ay+b2=0
(C)x2+y2—2ax—2by+b2=0
(D) x2+y?—2ax—2by+a2=0

2x
Q.119 If the straight line P % =2./2 touches the circle

X%+ y2 =2ab, a, b>0, then-

(A)a=b
(C)a=2b

(B)2a=b
(D) None of these
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ONLY ONE OPTION IS CORRECT

Q.1

Q.2

Q3

Q4

Q5

Q.6

Q.7

Q8

Q.9

The common tangents of two circles intersecting
orthogonally are perpendicular. If the ratio of their radii

1
is pthen p+—=
p

(A)3 (B)4

©)s D)6

Equation of chord AB of circle x2 + y2 =2 passing through
P(2, 2) such that PB/PA =3, is given by-

(A)x=3y B)x=y

O)y-2=3 (x-2) (D) none of these

The equation of the circle through the point of
intersection of x2 +y2—1=0, x2+y2—2x—4y+1=0and
touching the line x + 2y =0, is

(A) x2+y2+x+2y=0 (B)x2+y2—x+20=0
(C)x2+y2— x—2y=0 (D)2 (x2+y2)—x—2y=0
Two circles withradii ‘r;”and ‘r,’, r; >1, > 2, touch each
other externally. If ‘0’ be the angle between the direct
common tangents, then

. (r1+r2\ . (1‘1—1‘2\
(A) 0 =sin"! Lrl_er (B)6:2s1n‘1trl+r2)
(1‘1 —1‘2\
(C)0=sin"! k . J (D) none of these

If the curves ax? +4xy + 2y2 + x +y+5=0 and

ax2 +6xy+ 5y2 +2x + 3y + 8 = 0 intersect at four concyclic
points then the value of a is

(A4 (B)-4

©)6 (D)-6

Area of triangle formed by common tangents to the circle
x2+y2—6x=0and x> +y2+2x=0is—

(A) 343 (B) 23
(©) 93 (D) 63

Ifthe radius of the circumcircle of the triangle TPQ, where
PQ is chord of contact corresponding to point T with
respect to circle x2 +y2 —2x + 4y — 11 =0, is 6 units, then
minimum distance of T from the director circle of the given
circle is —

(A)6 B)12

©) 6v2 (D) 12-4y2

A chord AB drawn from the point A (0, 3) at circle
x2+4x + (y—-3)>=0and it meets to M in such a way that
AM = 2AB, then the locus of point M will be

(A) Straight line (B) Circle

(C) Parabola (D) None of these

A square is inscribed in the circle x + y2 —2x + 4y +3 =0,
whose sides are parallel to coordinate axes. One vertex of
the square is —

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

(A)(1++2,-2) (B) (1-+2,-2)

© 2,1 D)(2,-3)

Set of values of m for which two points P and Q lie on the
line y=mx + 8 so that £ APB = £ AQB = n/2 where
A=(—4,0),B=(4,0)is—

(A) (=0, = V3) U (+/3,00)— {-2,2}

(B) [V3,—/3]-{-2,2}
(C) (=o0,~1) U (1,0) - {~2,2}

(D) {—/3,4/3}

P is a point (a, b) in the first quadrant. If the two circles
which pass through P and touch both the co-ordinate
axes cut at right angles, then —

(A)aZz—6ab+b2=0 (B)a2+2ab—b2=0
(C)aZ—4ab+b2=0 (D)a2—8ab+bZ=0

The radical centre of three circles described on the three
sides of a triangle as diameter is

(A) the centroid (B) the circumcenter

(C) the incentre of the triangle (D) the orthocenter
Minimum radius of circle which is orthogonal with both
the circles x2 +y2—12x +35=0and x>+ y2 +4x +3 =0 is—

(A)4 B)3
© 15 D)1

If the squares of the lengths of the tangents from a point
P to the circles x2 + y2 = a2, x2+ y2=b2and x2 + y2 = c?
are in A.P., then

(A)a,b,carein GP. (B)a,b,carein AP

(C)aZ, b2, c2 are in AP (D) a2, b2, ¢ are in GP

If r; and r, are the radii of smallest and largest circles
which passes through (5, 6) and touches the circle
(x—2)? +y2 =4, then I ryis—

(A)4/41 (B)41/4

(©)5/41 (D)41/6

From a point R (5, 8) two tangents RP and RQ are drawn
to a given circle S =0 whose radius is 5. If circumference
of the triangle PQR is (2, 3), then the equation of circle
S=0is—

(A)x2+y2+2x+4y—20=0
(B)x2+y2+x+2y—10=0

(C)x2+y2—x—2y—20=0
(D)x%2+y2—4x—6y—12=0

IfC,: xX2+y2= B+ 2\/5)2 be acircle and PA and PB are

pair of tangents on C;, where P is any point on the
director circle of C, then the radius of smallest circle
which touch C, externally and also the two tangents PA
and PB is —

(A) 242 -3
©) 242 +1

(B) 242 -1
D)1

T
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Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

A (1,0)and B (0, 1) and two fixed points on the circle

x% + y2 = 1. C is a variable point on this circle. As C
moves, the locus of the orthocentre of the triangle ABC
is —

(A)x2+y2-2x—2y+1=0 (B)x2+y?—x-y=0
(C)x2+y2=4 (D)x2+y2+2x—2y+1=0
The locus of the middle points of the chords of the circle
x2 + y? = 4a?, which subtends a right angle at the centre of
the circle is

(A)x+y=2a (B)x2 +y?=2a?

(C)x2+y2=a2 (D) x2+y2=a22
Circum circle of the quadilateral ABCD ,where
AB=x+y-10, BC=x-7y+50=0,
CD=22x—-4y+125=0,DA=2x-4y—-5=0, is

(A) x* +y* =125 (B) 2x* +2y* =125

©) x> +y? =225
Suppose f(x)=x2—3x+ 1. If ¢, and ¢, are the two values
of ‘c’ for which the tangent line to the graph of f (x) at the
point [¢, f(x)] intersects at the point (-3, 0) then (¢ + ¢,)
equals —

(A)6 B)-6

© 2419 (D) 2410

The equation of a tangent from the origin to the circle
x2+y2—2ax—2by+b2=0is

(D) none of these

(2 —a2)
(A)y=0 (B)y—Lszban
(22 _1,2) (12 _.2)
(@y—(%)x (D)y—(b .k

If the line 3x — 4y — k = 0 touches the circle
x2+y2—4x—8y—5=0at(a,b), thenk +a+bis equal to
(A)200r-28 (B)22or-26
(C)-300r24 (D)280r-20
Two circles of equal radii are inscribed within a regular
hexagon, as shown in figure. The sides of the hexagon
are of length /, and the circles are tangent at T. The
common radius of these circles can be expressed as

a</3 + b, where aand b are integers. The value of (a +b)

is equal to —
(A)-2 B)-1
O1 (D)2

If (o, B) is a point on the circle whose centre is on the y-
axis and which touches x + y=0 at (-2, 2), then the greatest
value of B is
(A) 42

(C) 4+242

®)6
(D) 4+2

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Radius (R <4) of a circle which touches the circle

x2 + y2 = 16 externally and angle between the direct
common tangents is tan~! (24/7) is —

(A)3 B)2

©12 D)1

Consider a family of circles passing through the

intersection point of the lines /3 (y—1)=x-1&

y—1=./3 (x—1) and having its centre on the acute angle

bisector of the given lines. The common chords of each
member of the family and the circle x% +y2 + 4x — 6y +5=0
are concurrent. Find the point of concurrency.
(A)(1/2,3/2) B)(1,2)

©2,3) D) (1,1

The centre of the circle passing through the point (0, 1)
and touching the curve y = x%at (2, 4) is:

(A) (-16/5,27/10) (B) (-16/7,53/10)
(C)(-16/5,53/10) (D) none of these
Equation of a straight line meeting the circle x2 + y2 =100
in two points, each point at a distance of 4 from the point
(8, 6) on the circle, is —

(A)4x+3y-50=0 (B)4x+3y—100=0
(C)4x+3y-46=0 (D) None of these

In a circle with centre ‘O’ PA and PB are two chords. PC is
the chord that bisects the angle APB. The tangent to the
circle at C is drawn meeting PA and PB extended at Q and
R respectively. IfQC =3, QA =2 and RC =4, then length

of RB equals —
(A)2 (B)8/3
(©)10/3 (D)11/73

LetC ] and C, are circles defined by x2+y2—20x+64=0
and x* +y2 +30x + 144 = 0. The length of the shortest line
segment PQ that is tangent to C, at P and to C, at Q is —
(A)15 B)18
(©)20 (D)24

The minimum value of (x, — x2)2 + (41— xl2 -(3-x, ))2
for all possible real values of x| and x, is —

3 11

® 5! B -2
3 11

© 5 (D) 5 +32

In the diagram, DC is a diameter of the large circle centred
at A, and AC is a diameter of the smaller circle centred at
B. If DE is tangent to the smaller circle at F and DC =12
then the length DE is —

&

(A) 82
(C) 92

B)16
(D) 1082

Eyvs
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Q.34

Q.35

Q.36

Q.37

Q.38

If 0 is the angle between the two radius (one to each
circle) drawn from one of the point of intersection of two
circles x2 +y2=a? and (x — ¢)? + y2 = b2, then the length
of common chord of two circles is

absin0
(A) \/a2 +b% —2abcos0

2absin 6
®) \/a2 +b? —2abcos

2ab
© \/a2 +b% —2abcosO

A circle is tangent to the y-axis at (0, 2) and cuts the
positive x-axis at two distinct points A and B (OB > OA),
the coordinate of the point B being (8, 0). The radius of
the circle is —

(A)9/2 (B)15/4

© 17/4 D) V17/2

Triangle ABC is right angled at A. The circle with centre
A and radius AB cuts BC and AC internally at D and E
respectively. If BD =20 and DC = 16 then the length AC
equals —

(A) 6421 (B) 6426

(©30 (D)32

The point A(2, 1) is outside the circle
x2+y2+2gx+2fy+c=0and AP,AQ are tangents to the
circle. The equation of the circle circumscribing the
triangle APQ is

(A) xtg)x=2)+(y+H(y-1)=0

(B) (x+g) (x-2)— (y+£) (y-1)=0

(©) (x-g) (x+2)+(y— ) (y+1)=0

(D) none of these

A rhombus is inscribed in the region common to the
two circles x2+y2—4x—12=0 and x2+y>+4x—12=0
with two of its vertices on the line joining the centres of
the circles . The area of the rhombus is

(A) 83 . units (B) YNE) $q. units
© 1633 sq. units (D) none of these

(D) none of these

ASSERTIONAND REASON QUESTIONS

Q.39

Q.40

(A) Statement-1 is True, Statement-2 is True; Statement-
2 is a correct explanation for Statement-1.

(B) Statement-1 is True, Statement-2 is True; Statement-
2 is NOT a correct explanation for Statement-1.

(C) Statement -1 is True, Statement-2 is False.

(D) Statement -1 is False, Statement-2 is True.

(E) Statement -1 is False, Statement-2 is False.

Tangents are drawn from the origin to the circle

x2+y2—2hx—2hy +h2 =0.

Statement 1: Angle between the tangents is /2.

Statement 2: The given circle is touching the co-ordinate

axes.

Number of common tangents of x2 + y2 — 2x — 4y —95 =0

and x2 + y% — 6x — 8y + 16 =0 is zero.

Statement 2 : If C,C, <|r| —r, |, then there will be no

common tangent. (where C,, C, are the centre and r, 1,

Q.41

are radii of circles).

Statement-1: Number of circles passing through (1, 2),
(4,7)and (3, 0) is one.

Statement-2 : One and only circle can be made to pass
through three non-collinear points.

MATCH THE COLUMNTYPE QUESTIONS

Q.42

Q.43

Q.44

Consider two circles C; of radius a and C, of radius b
(b>a) both lying in the first quadrant and touching the
coordinate axes. In each of the conditions listed in column
I, the ratio of b/a is given in column II.

Column I Column IT
(@) C, and C, touch each other () 2+2
(b) C, and C, are orthogonal (@3
() C, and C, intersect so that the (r) 2+ V3
common chord is longest
(d) C, passes through the centre (s) 3+242
of C, (1) 3-22
Code:

(A) a-s, b-r, c-q, d-p
(C) a-r,b-q, c-s,d-p
Match the column —
Column I
(a) The greatest distance between
X2 +y?—2x -2y +1=0,
x2+y2—10x+4y+20=01s 32, then A is

(B) a-p,b-q, c-1,d-s
(D) a-r, b-S, c-p, d'q

Column IT
()3

(b) Numerical value of radius of the circle (@7
circumscribed about a square of area
200 sq. units is
(c) Minimum value of cos*x — 6cos?x +5is  (r)0
(d) Ifachord of'the circle (s)10

x% +y2 —4x — 2y + k=0 is trisected at
the points (1/3, 1/3) and (8/3, 8/3) and / is

the length of the chord then ¢/+/2 =
Code:
(A) a-r,b-p, c-q, d-r
(C) a-r,b-q, c-s,d-p
Match the column —
Column I
(a) Length of direct common tangent
between circles x2 +y2 + 14x — 4y +28 =0
and x2+y2— 14x +4y—28=01s

(B) a-p,b-q, c-1,d-s
(D) a-p, b-s, c-r, d-q

Column IT
(P4

(b) Number of values of m for which line (q14
(y—2)=m(x— 1) cuts the circle x> + y2 =5
at two real points are

(¢) The maximum number of points with ()2

rational coordinates on a circle whose

centre is (0,+/2) are
(d) Number of circles touching both the
axes and the line x + y =4 are
Code:
(A) a-1, b-p, c-q, d-r
(C)a-q,b-s, c-r,d-p

(s) infinite

(B) a-p, b-q, c-r, d-s
(D) a-T, b-S, C'pa d_q

==
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UESTIONS

Passage 1- (Q.45-Q.47)

Q.45

Q.46

Q.47

Let x2 + y2 = 1 be the equation of the circumcircle of a

AABC.IfP (o, B) be a point on the circle but not a vertex

of A ABC, perpendiculars PD, PE and PF are drawn to the

three sides BC, CA and AB of triangle ABC. X, Y and Z

are feet of perpendiculars from A, B and C to the sides

BC, CA and AB respectively and H is the orthocentre of

AABCand[, I}, I, and I; are incentre and ex-centres of

A ABC. LetR, R, R,, Ry are radii of circumcircle of

AL LI, ATLL;, ATL L, ATL,.

Points D, E and F —

(A) form a right angled A

(C) form an isosceles A

I, is the orthocentre of —

(A) AL LI,

(O ATLIL,

Ex-centred of AXYZ -

(A) lie inside the A ABC.

(B) are the corresponding vertices of the A ABC.

(©) may lie inside or outside depending on A ABC is
acute or obtuse angled.

(D) None of these

(B) form an equilateral A
(D) are collinear

(B)AI1,L,
(D) A1L,,

Passage 2 : (Q.48-Q.50)

Q.48

Q.49

Q.50

Three circles are given by S, = x2 4 y2 =4,

S, =(x—4)2 +(y—4)’ =4,

S;=x?+y? —6x+8y+24=0

Centre of that circle which cuts the circles S|, S,, S,
orthogonally is

w7

(-3

Radius of the circle obtained above is

177 177
A

Point of intersection of direct tangents between S and
S; always lies on the line
(A)3y—8x=0
(C)3y+4x=0

(B)4y+3x=0
(D)3y+4x+2=0

Passage 3 : (Q.51-Q.53)

Q.51

P is a variable point on the line L= 0. Tangents are drawn
to the circle x2 + y2 =4 from P to touch it at Q and R. The
parallelogram PQRS is completed.

IfL=2x+y—-6=0, then the locus of circumcentre of

APQRis—
(A)2x—y=4 (B)2x+y=3
(C)x—2y=4 (D)x+2y=3

Q.52

Q.53

IfP = (6, 8), then the area of A QRS is —

3/2 3/2
(A) (6;5 $q. units B) @H7" sq. units
4 1
© i\S/E sq. units (D) 9;;/8 sq. units

IfP=(3, 4), then coordinate of S is —
(_ﬁ _ﬁj (_5_1 _ﬁj
A "25 725 B35 725

8  e(s
©17%25 725 D725 725

Passage 4 : (Q.54-Q.56)

Q.54

Q.55

Q.56

Consider the circles : S| : x> +y>— 6y +5=0,
S, :x? +y?—12x+35=0and a variable circle
S:x2+y2+2gx+2fy+c=0.

Number of common tangents to S; and S, is —

(A1 (B)2

©3 (D)4

Length of a transverse common tangent to S and S, is —
(A)6 (B) 2411

©) 35 D) 1142

If the variable circle S = 0 with centre C moves in such a
way that it is always touching externally the circles

S; =0 and S, = 0 then the locus of the centre C of the
variable circle is —
(A)acircle

(C) anellipse

(B) aparabola
(D) a hyperbola

Passage 5 : (Q.57-Q.59)

Q.57

Q.58

Q.59

Let f(x, y) = 0 be the equation of a circle such that (0, y)
= 0 has equal real roots has f(x, 0) = 0 has two distinct real
roots. Let g (x, y) = 0 be the locus of point P from where
tangents to circle f(x, y) = 0 make angle /3 between them
andg(x,y)=x2+y2—5x—4y+c, ceR.

Let Q be a point from where tangents drawn to circle

g (X, y) = 0 are mutually perpendicular. If A, B are the
points of contact of tangents drawn from Q to circle

g (x,y) =0, then area of triangle QAB is —

(A)25/12 (B)25/8

(C)25/4 (D)25/2

The area of region bounded by circle f (x, y) = 0 with axis
in the first quadrant is —

25 ( 1 1) 25 [24)
A)3+— | m—tan  — B)3+—t —
(A) 3+ o) B3y

25 43 25 124
C 3+—[2 —tan —) D)3 —(2 —t 1—)
©) 2 T 2 (D) 3+ 3 7T — tan .

The number of points with positive integral coordinates
satisfying f (x,y) >0, g(x,y)<0;y>3and x<61is—
(A)7 (B)8

©)10 D)11

ey
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Passage 6 -(Q.60-Q.62) Q.60 The equation of tangent to the circle at P is

A ball is moving around the circle

14x% + 14y? +216x — 69y + 432 = 0 in clockwise direction
leaves it tangentially at the point P(-3, 6). After getting
reflected from a straight line L = 0 it passes through the
center of the circle. The perpendicular distance of this

11
straight line L = 0 from the point P is E\/BO . You can

assume that the angle of incidence is equal to the angle
of reflection.

Q.61

Q.62

(A)2x—-y+12=0
(C)3x—2y+21=0
Radius of the circle is
(A)165/14 (B) 165/46

(C)165/28 (D) none of these

If angle between the tangent at P and the line through ‘P’
perpendicular to the line L =0 is 0, then tan O is
(A)2/11 B)3/11

(©)4/11 (D) None of these

(B)4x+3y—-6=0
(D)2x+5y—24=0

EXERCISE -3 (NUMERICAL VALUE BASED QUESTIONS)

NOTE : The answer to each question isa NUMERICAL VALUE.

Q.1

Q.2

Q3

Q4

Q5

Q.6

Q.7

QS8

Two circles each of radius 5 units, touch each other at
(1, 2). If the equation of their indirect common tangent is
4x + 3y = 10 and the equations of two circles are
x2+y2+oax+Py—15=0,x2+y2+yx + 8y +25=0, then
find the value of (o + ) — (y + d).

If the tangents are drawn from any point on the line
x+y =3 to the circle x2 + y2 =9, then the chord of contact
passes through the point (3, a) then find the value of a.
As shown in the figure, three circles which have the same
radius r, have centres at (0, 0) ; (1, 1) and (2, 1). If they
have a common tangent line, as shown then, their radius

X
ris W then find the value of X.

A

\ NS

-

r \ » X
e ‘ 2

The circle passing through the distinct points (1, t), (t, 1)
& (t,t) for all values of 't', passes through the point
(a, b). Find the value of (a + b).

If p; and p, are the two values of p for which two
perpendicular tangents can be drawn from the origin to
the circle x2 — 6x + y2 — 2py + 17 =0, then find the value
of (p12 + p22)~

Let A(—4,0)and B (4, 0). Number of points C =(x, y) on
the circle x2 + y2 = 16 such that the area of the triangle
whose vertices are A, B and C is a positive integer, is.
A point moving around a circle x2 +y2 + 8x + 4y —5=0
with centre C broke away from it either at the point A or at
the point B on the circle and moved along a tangent to
the circle passing through the point D (3, —3). Find the
area of the quadrilateral ABCD.

Consider a circle S with centre at the origin and radius 4.
Four circles A, B, C and D each with radius unity and

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

centres (-3, 0), (1, 0), (1, 0) and (3, 0) respectively are
drawn. A chord PQ of the circle S touches the circle B and
passes through the centre of the circle C. If the length of

this chord can be expressed as \/; , find x.

Circles A and B are externally tangent to each other and
to line #. The sum of the radii of the two circles is 12 and
the radius of circle A is 3 times that of circle B. The area in
between the two circles and its external tangent is

brn
a+/3 Y then find the value of a + b.

A circle lying in 15t quadrant touches x and y axis at point
P and Q respectively. BC and AD are parallel tangents to
the circle with slope —1. If the points A and B are on the y
axis while C and D are on the x-axis and the area of the

figure ABCD is 900~/2 square units then the radius of
circleis —

Let W, and W, denote the circles
x2+y2+10x—24y—87=0and

x2 +y2 - 10x — 24y + 153 = 0 respectively. Let m be the
smallest positive value of 'a' for which the line y = ax
contains the centre of a circle that is externally tangent to
W, and internally tangent to W . Given that m? = p/q
where p and q are relatively prime integers, find (p + q).
If the tangent at the point P on the circle

x2+y2+ 6x + 6y = 2 meets the straight line 5x — 2y +6=0
at a point Q on the y-axis, then length of PQ is :

If one of the diameters of the circle x2 + y% — 2x—6y+6 =0
is a chord to the circle with centre (2, 1), then the radius
of the circle is

Let ABCD be a quadrilateral with area 18, with side AB
parallel to the side CD and AB = 2CD. Let AD be
perpendicular to AB and CD. If a circle is drawn inside
the quadrilateral ABCD touching all the sides, then its
radius is

Two parallel chords of a circle of radius 2 are at a distance

\/3 +1 apart. If the chords subtend at the centre, angles

of w/k and 27/k, where k > 0, then the value of [k] is : [Note
: [k] denotes the largest integer less than or equal to k].
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EXERCISE -4 [PREVIOUS YEARS AIEEE / JEE MAIN QUESTIONS]

Q.1

Q.2

Q3

Q4

Q5

Q.6

Q.7

Q8

Q.9

Q.10

The square of the length of tangent from (3, — 4) on the
circle x2 +y2 —4x— 6y +3 =0- [AIEEE-2002]
(A)20 B)30

(©)40 (D)50

Radical axis of the circle x2 + y% + 6x — 2y — 9 =0 and
x2+y2-2x+9y—11=0is— [AIEEE-2002]
(A)8x—11y+2=0 (B)8x+11y+2=0
(©)8x—11y-2=0 (D) 8x+11y-2=0

If the two circles (x—1)% + (y—3)? =12 and

x2 +y2 — 8x + 2y + 8 = 0 intersect in two distinct points,

then [AIEEE-2003]
(A)r>2 (B)2<r<8
(C)r<2 (D)r=2

The lines 2x — 3y = 5 and 3x — 4y = 7 are diameters of a
circle having area as 154 sq. units. Then the equation of
the circle is [AIEEE-2003]
(A)x2+y2—2x+2y=62  (B)x2+y2+2x—2y=62
(C)x2+y2+2x—-2y=47  (D)x>+y2—2x+2y=47
If a circle passes through the point (a, b) and cuts the
circle x2 + y2 =4 orthogonally, then the locus of its centre
is- [AIEEE-2004]
(A)2ax +2by+ (a2 +b2+4)=0
(B) 2ax +2by— (a2 + b2 +4) =0
(C)2ax—2by + (a2 +b2+4)=0
(D) 2ax —2by— (a2 + b2 +4)=0
A variable circle passes through the fixed point A(p, q)
and touches x- axis. The locus of the other end of the
diameter through A is- [AIEEE-2004]
(A) (x—p)*=4qy (B) (x—q)*=4py
() (y—p)* =4qx (D) (y—q)*=4px
If the lines 2x + 3y + 1 =0 and 3x —y — 4 = 0 lie along
diameters of a circle of circumference 107w, then the
equation of the circle is- [AIEEE-2004]
(A)x2+y2—2x+2y-23=0
(B)x2+y2—2x—-2y-23=0
(O)x2+y2+2x+2y-23=0
(D) x2+y2+2x—2y-23=0
The intercept on the line y = x by the circle x2 + y2 — 2x=0
is AB. Equation of the circle on AB as a diameter is:
[AIEEE-2004]
(A)x2+y2—x—y=0 (B)x2+y2—x+y=0
(C)x2+y2+x+y=0 D)x2+y2+x-y=0
Ifthe circles x2 +y2 + 2ax +cy +a=0 and
x2+y2—3ax +dy— 1 =0 intersect in two distinct point P
and Q then the line 5x + by —a = 0 passes through P and
Q for - [AIEEE-2005]
(A) exactly one value ofa  (B) no value of a
(C) infinitely many values of a (D) exactly two values of a
A circle touches the x-axis and also touches the circle
with centre at (0, 3) and radius 2. The locus of the centre
of the circle is- [AIEEE-2005]
(A) an ellipse
(C) ahyperbola

(B)acircle
(D) a parabola

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

If a circle passes through the point (a, b) and cuts the
circle x2 + y2 = p2 orthogonally, then the equation of the
locus of its centre is - [AIEEE-2005]
(A) X2+ y2 —3ax —4by + (a2 + b2 —p?) =0

(B) 2ax + 2by — (a2 —b% + p2)=0

(C) x2+y2—2ax—3by+(a2—b2—p?)=0

(D) 2ax + 2by — (a2 + b2 + p2) =0

If the pair of lines ax2 + 2 (a + b)xy + by? = 0 lie along
diameters of a circle and divide the circle into four sectors
such that the area of one of the sectors is thrice the area
of another sector then — [AIEEE-2005]
(A)3a2—10ab+3b2=0  (B)3a?—2ab+3b%=0
(C)3a%+10ab+3b%=0 (D) 3a%+2ab+3b%=0

If the lines 3x — 4y — 7 = 0 and 2x— 3y — 5 = 0 are two
diameters of a circle of area 497 square units, the equation
of the circle is— [AIEEE-2006]
(A)x2+y2+2x—2y—62=0
(B)x2+y2—2x+2y—62=0
(C)x2+y2—2x+2y—47=0
(D)x2+y2+2x—2y—47=0
Let C be the circle with centre (0, 0) and radius 3 units.
The equation of the locus of the mid points of the chords
of the circle C that subtend an angle of 27/3 at its centre
is — [AIEEE-2006]

27
(A) x> +y?=1 (B)x*+y -

9 3
©)x24y?= (D)x*+y>= 2

Consider a family of circles which are passing through

the point (—1, 1) and are tangent to x-axis. If (h, k) are the

coordinates of the centre of the circles, then the set of

values of k is given by the interval- [AIEEE-2007]

(A)0<k<1/2 B)k=1/2

(O)-12<k<12 (D)k<1/2

The point diametrically opposite to the point P(1, 0) on

the circle x>+ y2 +2x+4y-3=0is-  [AIEEE-2008]

(A)(=3.4) B)(3,-4)

©G.4) D) (G,—4)

If P and Q are the points of intersection of the circles

X2 +y2+3x+7y+2p—5=0and x2 + y>+2x + 2y —p*=0,

then there is a circle passing through P, Q and (1, 1) for —
[AIEEE-2009]

(A) exactly one value of p (B) all values of p

(C) all except one value of p (D) all except two values of p

The circle x2 + y2 = 4x + 8y + 5 intersects the line

3x — 4y =m at two distinct points if —  [AIEEE 2010]

(A)-35<m<15 (B)15<m<65

(C)35<m<85 (D)-85<m<-35
The two circles x% + y2 =ax and x2 + y2 = ¢ (¢ > 0) touch
each other if : [AIEEE 2011]
(A)2]al=c (B)|al=c

(C)a=2c (D) |a|=2c

rre
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Q.20 The length of the diameter of the circle which touches

Q21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

the x-axis at the point (1, 0) and passes through the point

(2,3)is— [AIEEE 2012]
(A)10/3 (B)3/5
©6/5 (D)5/3

The circle passing through (1, —2) and touching the axis
of x at (3, 0) also passes through the point —

[JEE MAIN 2013]
(A)(-5,2) B)(2,-5)
©G,-2) D) (=2,5)

Let Cbe the circle with centre at (1, 1) and radius=1.If T
is the circle centred at (0, y), passing through origin and
touching the circle C externally, then the radius of T is

equal to — [JEE MAIN 2014]
(A) Z/2 B)3/2
© 122 (D) 1/4

Locus of the image of the point (2, 3) in the line

2x-3y+4)+k(x-2y+3)=0,keR,isa

(A) Straight line parallel to y-axis ~ [JEE MAIN 2015]

(B) Circle of radius /2

(C) Circle of radius NE)

(D) Straight line parallel to x-axis

The number of common tangents to the circles
x2+y2—4x—6y—12=0and

x2+y2+6x+18y+26=0, is [JEEMAIN2015]
(A)2 B)3
©)4 D)1

If one of the diameters of the circle, given by the equation,
x2+y2 —4x+6y—12=0is a chord of a circle S, whose
centre is at (-3, 2), then the radius of S is :

(A) 543 (B)S  [JEEMAIN2016]
©10 (D) 542

The radius of a circle, having minimum area , which
touches the curve y = 4 — x2 and the lines y = | x | is

[JEE MAIN 2017]
(A) 4(N2-1) (B) 4 (W2 +1)
© 2(2+1) D) 2(2-1)

Three circles of radii a, b, ¢ (a <b < ¢) touch each other
externally. If they have x-axis as a common tangent, then
[JEE MAIN 2019 (JAN)]

1
—+

1
SN

(B)a,b,careinA.P.

1

Je
1 1 1

© \/;, \/B,\/E areinA.P. (D) E:EJFE

The sum of the squares of the lengths of the chords
intercepted on the circle, x% + y2 = 16, by the lines,
x+y=n,n € N, where N is the set of all natural numbers,

is: [JEE MAIN 2019 (APRIL)]
(A)320 (B) 160
(©)105 (D)210

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

The tangent and the normal lines at the point (\/E ,1) to

the circle x2 + y2 = 4 and the x-axis form a triangle. The
area of this triangle (in square units) is :

[JEE MAIN 2019 (APRIL)]
(A)1/3 B) 4/\3
O 1/3 (D) 2/3

If a tangent to the circle x2 + y2 = 1 intersects the
coordinate axes at distinct points P and Q, then the locus
of the mid-point of PQ is [JEE MAIN2019 (APRIL)]
(A)x2+y2—2xy=0 (B)x%+y2—16x2y2=0
(C)x%+y2—4x2y?=0 (D) x2+y2—2x2y2=0
The common tangent to the circles x2 + y2 = 4 and

x2 +y2 + 6x + 8y — 24 = 0 also passes through the point :

[JEE MAIN 2019 (APRIL)]
(A)(-4,6) (B)(6,-2)
O 6,4 (D) “4,-2)

Ifthe circles x2 + y2 + 5Kx + 2y + K=0 and

2 (x2+y%)+2Kx + 3y -1 =0, (K € R), intersect at the
points P and Q, then the line 4x + 5y — K = 0 passes
through P and Q for : [JEE MAIN2019 (APRIL)]
(A) exactly two values of K

(B) exactly one value of K

(C) no value of K.

(D) infinitely many values of K

The line x =y touches a circle at the point (1, 1). If the
circle also passes through the point (1, -3), then its radius

is: [JEE MAIN 2019 (APRIL)]
(A) 332 B)3
(©) 2v2 D)2

The locus of the centres of the circles, which touch the
circle, x2 + y% = 1 externally, also touch the y-axis and lie
in the first quadrant,is:  [JEE MAIN 2019 (APRIL)]

(A)y=\/1+4X,X20 (B)Xz\/1+4Y>y20
(C) x=4/1+2y,y=0 D) y=+1+2x,x20

Ifthe angle of intersection at a point where the two circles
with radii 5 cm and 12 cm intersect is 90°, then the length
(in cm) of their common chord is

[JEE MAIN 2019 (APRIL)|
(A)60/13 (B) 120/13
©) 132 (D) 13/5

A circle touching the x-axis at (3, 0) and making an
intercept of length 8 on the y-axis passes through the

point : [JEEMAIN 2019 (APRIL)]
(A)(3,10) B)(2,3)
©(1,5) D)3,5)

Let the tangents drawn from the origin to the circle,
x2 +y2 — 8x — 4y + 16 =0 touch it at the points A and B.

The (AB)2 isequal to: [JEE MAIN 2020 (JAN)]
(A)64/5 (B)24/5
(©)8/5 (D)8/13

e
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Q.38 Ify=mx +cisatangent to the circle Q.39 A circle touches the y-axis at the point (0, 4) and passes

(x—3)? +y% =1 and also the perpendicular to the tangent

1 1
to the circle x>+ y2 =1 at (ﬁ’ﬁj , then

[JEE MAIN 2020 (JAN)]
(B)c2—6¢c+7=0
(D)c2—6¢c—7=0

(A)c2+6c+7=0
(C)c2+6c-7=0

Q.40

through the point (2, 0). Which of the following lines is

not a tangent to this circle ? [JEE MAIN 2020 (JAN)]

(A)3x—4y—-24=0 (B)3x+4y-6=0

(C)4x+3y-8=0 (D)4x-3y+17=0

If the curves, x2 — 6x + y2 + 8 =0 and

x2 -8y +y2+ 16 —k =0, (k > 0) touch each other at a

point, then the largest value of k is
[JEE MAIN 2020 (JAN)]
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CHAPTER- 10 :
CIRCLE

SOLUTIONS TO TRY IT YOURSELF

M
()

€)

Q)

®)

TRYITYOURSELF-1
©
(C). Centroid of the triangle coincides with the centre of
the circle and the radius of the circle is 2/3 of the length of
the median]
The given equation is x2 + y2 —4x — 8y —45 =0
= (X-4x)+(y>-8y)=45
Adding 4 and 16 to make perfect squares, we get
= (XC-dx+4)+(y>-8y+16)=45+4+16
= (x=22+(y-4)2=65

Radius = /65 .

Inside.

Here the given circle is x2 + y2 = 25.

Its centre O is (0, 0) and radius r is 5.

Let P be apoint (-2.5, 3.5).
OP2=(-2.5-0)2+(3.5-0)?
OP2=6.25+1225=18.5

Here,r=5and OP= /18.5 =4.3

OP<r
Hence, the point (—2.5, 3.5) lies inside the circle, since the
distance of the point to the centre of the circle is less than
the radius of the circle.

Let the equation of the circle be
(x—h)y?+(y-k)? =1
Since the circle (1) passes through (2, 3) and (-1, 1)

We have, (2 —h)? + (3 —k)? =12

= h2-4h+4+K2-6k+9=r> ... 2)
(-1-h)2+(1-k)?2=r?
= h2+2h+1+K2-2k+1=r> ... 3)

Centre of the circle as on
x—3y—-11=0, soh—-3k—-11=0........... @)
On subtracting (3) from (2), we get
—6h—-4k+3+8=0
= 6h+4k=11
On solving, (4) and (5), we have
h=l k=22
2 2
On putting the value of h and k in (2), we get

2 2
(2—1] +(3+§) =r’= r2=@
2 2 2

Therefore, the equation of the circle is

CHRCHE
x——| +ly+=| =—
2 2 2

)(2—7)(-i-£+y2+5y+£:6—5
4 4 2

X2 +y2—Tx+5y—14=0

©)

™

@®

&)

(10)

1

(A). If area of circle is double then R' = /2R
(R'=radius of new circle)
then R = 2R?
or (9+36-k)* =2(\9+36-15)°
or 45-k=2(30)
ork=-15
(D). Let the equation of tangent is y = mx then

mroh 2 h? g2
1+m?
mr—h
= >~ = m?r? +h? - 2mrh=r2 (1 + m?)
V1+m

= h?—r2—2mrh=0
h2 —r2 .
or one root 1s oo

= m=
T

(h2-1r%)x—2rhy=0,x=0
(D). Let the circle is x2 + y2 + 2gx + 2fy + ¢ =0
If it is passes through (0, 0) and (1, 0).
1+2g=0
or g=-1/2
If circle touches x2 + y2 = 9 then distance between
centre = sum of radii or difference of radii.

\/g2+f2 :\/g2+f2 +3and f = /2

1
Centre is (5, + \/Ej

(D). Let equation of circle is x2+y2+2gx + 2fy + c=0as
it passes through (-1,0) & (0,2)
1-2g+c=0and4+4f+c=0
Also 2=

= f=-2,c=4;g=5/2

. Equation of circle is x2 + y2 + 5x — 4y + 4 =0
which passes through (— 4, 0)

(O). Line 5x — 2y + 6 = 0 is intersected by tangent at P to
circle x2 +y2 + 6x + 6y — 2 =0 on y-axis at Q (0, 3).
In other words tangent passes through (0, 3).

PQ = length of tangent to circle from (0, 3).

=J0+9+0+18-2=+25=5
(AC). Equation of circle can be written as
(x=3)2+y2+ L (y)=0
= x2+y?-6x+Ay+9=0.
Now, (radius)>2=7+9=16

2
= 9+7‘T—9=16 =A2=64 = L==8.

Equation is X% + y% — 6x + 8y + 9 =0.
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TRYITYOURSELF-2

(1)  Any circle passing through the point of intersection of
the given line and circle has the equation
x2+y2 -9+ (x+y—1)=0. Its centre = (-1/2,—A/2)
The circle is the smallest if (—A/2, —A/2) is on the chord
x+y=1.

Ao
L R
= T2

Putting this value for A, the equation of the smallest circle
isx2+y2-9—(x+y—1)=0.
(2) (C).Let the circle is x2 + y2 + 2gx + 2fy + ¢ = 0 then for

circles )
X2 +y? +4x—6y+9=0and x> +y? —4x + 6y +4=0
2¢(2)+2f(-3)=c+t9 ... )
2g(-2)+2f(3)=c+4 ... ©)

or eliminating ¢, we get, 8x—12y—-5=0
3) (C). The given circle is x2 + y2 - 2x— 6y + 6 =0
with centre C (1, 3) and radius = /1+9—-6 = 2.

Let AB be one of its diameter which is the chord of
other circle with centre at C, (2, 1).

TheninAC,CB, C,B2=CC,?+CB?
= 2=[2-1)2+(1-3)+Q)?

= ?=1+4+4 =>12=9=r=3 (6)

(4)  (A). Let mid point be (h, k), then chord of contact :
hx+ky=h+k* .. @)
Let any point on the line 4x — 5y =20 be

4%, -20
X1, T

Chord of contact : 5x  x +(4x, —20)y=45 ... (i)

(1) and (ii) are same @)

5X1 _ 4X1 —20 _ 45
h k h? + k>

9h 45k +20 (h% +k?)

PR X1 =
n2ek2 T T )

X1 =

Oh  45k+20 (h? +k?)
h? +k? 4 (h? +k?)

= 20(h®+k?)—36h+45k=0
= Locusis 20 (x2+y?)—36x+45y=0
(©). 42 -5m?+6/+1=0

X+my+1=0
Let the equation of circle be x + y2 + 2gx + 2fy +¢c =0

Centre (—g, ), r = g” +f> —c¢

—gl—mf +1

2, g2
= +f< -
2 & ¢

> +m
@22+m2 241+ 2fgim—2g/ — 2mf = (g2 + 2 —¢) ((2+m?)
@202+ m?f2+1+ 2fg/m — 2g/ — 2mf

= g2 + g2m? + 22 + 2m? + ¢/2 — cm?
2 (f2—c)+m? (g2 —c)+2gl+2mf—2g/m—1=0
402 -5m>+60+1=0
On comparing we get f=0

2 2 _
Also,f °_§ c:2_g:_1
-5 6 1
f2-c=—4,g2-c=5,g=-3
c=4,f=0

Centre (3, 0), radius = /9— 4 = /5

(A). Equation of circle becomes

x2+y2—6x+4=0
Letapointonx+y—1=0be(h,1-h)
Chord of contact from (h, 1 —h)

hx+(1-h)y-3(x+h)+4=0

h(x—-y-3)+y-3x+4=0
Onsolving, x—y—-3=0andy—-3x+4=0
We get,x=1/2,y=5/2

(©).S=x*+y*—6x+4

$;=(22+(-3)>-6(2) +4=4+9-12+4>0
Hence, two tangents can be drawn from (2, -3).

B
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HAPTER- 10 : CIRCLE be 1, then as given nur? = 154
EXERCISE-1 2o BT g
1) (B).2g="2=g=-1 22
2f=4= f=2 = Centreis(l,-2) . reqd. equation is (x—1)? + (y + 1)2=49
(2) (D). First making the coefficient of x2 and y2, 1 by dividing =x2+y?—2x+2y=47
the equation with 2 (B). Let the circle be
31 X2+ y2 +2gx +2fy +c=0 (1)
=x2+y2+2x— Ey + 5= 0 Substituting the points, (1,-2) and (4,-3) in equation (1)
3 3 1 25+89-6f+c=0 ...(3)
2f= 7 f= 475 centre (—g,—f) lies on line 3x +4y =7
solving for g,f,c
5 N2 7 7 Hence —3g—4f=7 (4
==,/ +(_Z] 5 V16 4 —47 9 55
Here g= —— ,f= —,c=—
157 15° 15
3 ) Hence the equation i
e | =, —4 quation is
3)  (B). Centre ofcircle is [2 15 (2 +y2)— 94 x + 18y +55=0
Let the other extremity is (h, k) (D). Let the circle be x2 + y2+2gx + 2fy + ¢ =0.
Passes through (-4, 3)
. (ﬂjzi;[—3+k):_4j(,3,,5) 25-8g+6f+c=0 (1)
2 2 2 Touches both lines
@ (A).x-2P(y+1P=32 - g2
g g+
=Sx2—4x+4+y2+2y+1=9 T:«/ngrfz—c :T
=x2+y2—4x+2y-4=0 0 o de 4260
S f=0..g"—4g—4-2c=
®)  (D).Radiusr= /72 +(-2)> =/53 Also ¢ =8g—25
Equation of circle is x2+ y2 =53 cg=10%3 J6 f=0.c=55+ 24+/6
© (©. ()é - 1)2(X =3+ 2)_(y -49=0 It is easy to see that the answers given are not near to the
=xity —4x—6y+11=0 values of g,f,c. Hence none of these is the correct option.
(7)  (A).Centre (-1, - 2), radius (,/1 2422 1)=2. (B). The centre of the circle lies on x— axis. Let a be the
8 A). -+ x=—7+4cos0, y =3 + 4sind radius of the circle. Then, coordinates of the centre are
® f)r )x N 7X — 4cos Cyoj 3 Z 4sind S (a, 0). The circle passes through (3,4). Therefore,
Squaring and adding 2 ) 25
(x +7)2+(y—3)2=16 (cos20 + sin?0) (a=3)"+(0-4)" =a=-6a+25 :Osa:?
2 2_
©) (:C)(Xliezg r:d(iills_ o3f)ci;c166| =2 So, equation of the circle is (x —a)2 + (y — 0)2 = a2
: E uation is (x +2)% + (y +3)> =22 or, x2-+ y? —~2ax =0 or3(x +y?) ~25x =0
B 2q 5 Y (A). Let centre be (—h,—k) equation
orx“+y“+4x+6y+9=0 (x+h)2 + (y+k)2 = K2 (1
(10)  (C). From figure. Also—h+k=1 )
AY .. h=Xk-1radius = k (touches x— axis)
Touches the line 4x-3y+4 =0
M3 . —4h-3(-k)+4
4 5 - 5 |7 k -(3)
A = y
0 T X 520
Sy
Radius of Circle /3% + 42 = 5 and centre s (3,5) > $/\;’j\,4%
Hence equation is e X
(x~3)>+(y-5)>=5
=x2+y2—6x—10y+9=0 =
(11)  (C). The point of intersection of the given lines is (1,-1)

which is the centre of the required circle. Also if its radius

Y
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(16)

a7

(18)

19

20

.. coordinates ofCl are[

@1

4
k=

Solving (2) and (3), h= 3

1
3 b

v (3] (53 -3
ence the circle is 3 y 3) |3

=9(x2+y3)+6x+24y+1=0

(C). Let the circle cuts the x — axis and y— axis at
A and B respectively. If O is the origin, then ZAOB =90°,
and A (5,0); B (0,5) is the diameter of the circle.

Then using diameter from the equation to the circle, we
get(x=5) (x=0)+(y-0)(y-5)=0
=x2+y2—5x—5y=0

(B). Let C be the centre of the given circle and C, be the
centre of the required circle. Now C=(2,3), C=radius=5
w CP=3=CC,;=2

.. The point C, divides internally, the line joining C and P
intheratio 2: 3

22

P(-1,-1)

2x(-1)+3x2 2x(-1)+3x3
243 243

Hence (B) is the required circle.
(D). Let the circle be
x2+y2+2gx +2fy+c=0 (1)
9+0+6g+0+c=0 -(2)
1+36+2g—12f+c=0 -(3)
16+1+8g—2f+c=0 (4
from(2)—(3),28+4g+12f=0
=g+3f-7=0 NE))
from (3)—(4),20—6g—10f=0
=3g+5f-10=0 ..(6)
Solving

g £ 1 5 11
-30+35 -21+10 5-9 °
Hence the circle is
2x2+2y2—5x+11y-3=0
(A). Since the first circle is concentric to
x2 +y2 — 2x + 4y + 20 = 0, therefore its equation can be
written as x2+y2 —2x +4y+¢=0
If it passes through (4,-2),then 16 +4 -8 -8 +c=0
=c=-4
(A).LetA= (o, B); B=(y, 5).
Then a.+y=—2a,ay=—b%and B+35=-2p, Bd=—q?
Now equation of the required circle is
x-—)x-y)+(y—-P)(y-9)=0
=>x2+y2—(aty) x—(B+8)+oy+pd=0
=x2+y2+2ax+2py—b2—q2=0

Its radius =,/a” + b? + p® + ¢°

] 23

(26)

@

(A). Letarod AB of length ‘a’ slides on x-axis and rod CD
of length ‘b’ slide on y - axis so that ends A, B, C and D
are always concyclic.

Y
N

D,
( (h, k)
(o]

A B

Let equation of circle passing through these ends is
X2 +y2+2gx+2fy+¢=0
Obviously 2/g? —¢ =aand2./f2 _¢ =b

LA =t =49 - (D] =a- b’
therefore locus of centre (~g, —f) is 4 (x* — y?) = a® — b2

(B). Centreis (0,-3)and p — /0219410 =3 -

[

Y

(B). First find the centre. Let centre be (h, k), then

Ji=2)? +( =3 = -2 + (k-5 )
and k—4p+3=0 ..(i)
From (i), we get —4, — 6k + 84 +10k =16 +25 -4 -9

OF 4/ +4k-28 =0 OF h+k—-7=0 ...(ii)

From (iii) and (ii), we get (h, k) as (2, 5). Hence centre is
(2, 5) and radius is 2. Now find the equation of circle.
Obviously, circle x?+y*—-4x-10y+25 =0 passes
through (2, 3) and (4, 5).

(C). As the centre may be (+4, 0) and radius = 4.

1
(A). The circle is x?+y? —rs 0.

1 1 1
(—g,—f)=(—,0] R=‘/—+0—0=—
Centre n and 16 1

(C). Obviously from figure,

Y
(0,3) V)I3
ol = > X

Radius is =442 +3%2 =5

(B). R:\/cos29+sin29+8 =3

4
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2%

29

30

@31

(32)

33

(34

(A). Let its centre be (h, k), then  —f = | (1)
Also radius 4 =3

Equationis (x —h)? +(y —k)* =9

Also it passes through (7, 3)

ie, (7-h?+GB-k)? =9 ..(ii)
We get h and k from (i) and (ii) solving simultaneously as
(4, 3). Equationis x? + y? —8x -6y +16 =0.

Since the circle x? + 2 —8x -6y +16 = 0 satisfies the

given conditions.

(D). Obviously the centre of the circle is (4, 2) which should
be the middle point of the ends of diameter.

Hence the other end is (11, 2).

(A). Let point (x,, y,) on the diameter.

= 2x, +3y, =3 D)
16x, -y, =4 ...(1i)
On solving (i) and (ii), we get centre,
R R 4

"0 > V1 5
. Equation of circle,

2 2
2 2 2 3 4 2

xX—x,) +@ - =r-=(x—-——| +|ly—-——=| =r
( D+ -y ( 10 y 5

- Circle passes through (4, 6).

. (37 (26, 4073
So. 1 =|—| +|—=| =>r’=——=—
’ 10 5 100

- Required equation of circle is

3) 4\ 4073
xX—-——| +|ly-——| =—
10 5 100

=5x*+y?)-3x -8y =200 .
(D). Given, equation of circleis x2 +y? —3x -4y +2=0
and it cuts the x-axis. . x240—3x+2=0 OF
x2-3x+2=00r (x-1)(x-2)=0 or x =1,2.
Therefore the points are (1,0) and (2, 0).
(C). The other end 1is (7,3 — 1)
So the equation of the variable circle is
x-Dx-0+@-D(r-3+H=0
or x? +y* —(l+0)x—(@4—£y+3=0

.. The centre (a, p) is given by

1+1¢ 4—t
= B=——= 2a+2p8=5

a=—,
2 2

Hence, the locus is 2x +2y =5.

3y+10
4

get a quadratic in y. Solving, we get two values of y as 2

and — 6 from which we get value of x.

(A). As base is constant and height varies and is maximum

for isosceles A.

(A). Substituting * = in equation of circle, we

35

(36)

€]

(33%)

(D). Let the centre of the required circle C; = (h, k).
Since it touches y-axis, so its radius r; = h.
For the given circle centre C, = (3, 3), radius

1,=4/9+9-14 =2. Since the circle touch externally, so
CCy=r1,+1,

= (h-3)2+(k=3)2 = (h+2)?

=k?—10h—6k+14=0.

Hence the locus of the centre (h, k) will be
y2—10x—6y+14=0

(A). The centres of the two circles are C,(-a/2, 0) and

C,(0, 0), and their redii are % and c.

So, the two circles will touch each other if

C,C, =sum or difference of radii

o (-a/2-02 +(0-0) = ci—|3|
|a] |a] la] |a]
—_— Ci— —_— —

= 2 B e o > 5

a a a a

S ke =y
=c=Jalorc=0
=c=la] [ c>0]
(D). The centre of the required circle is the image of the
centre (-8,12) with respect to the line mirror
4x +7y +13 =0 and radius is equal to the radius of the
given circle.
Let (h, k) be the image of the point (-8, 12) with respect
to the line mirror. Then the mid-point of the line joining
C(-8,12) and P(h, k) lies on the line mirror.

R ek U 0 2 P E
2 2

or 4h+7k+78 =0 ()
Also CP is perpendicularto 4x +7y +13 =0

k=12 4 _ .
h+8 7 or 7Th—4k+104 =0 ....(1)

Solving (i) and (ii), h = -16, k = -2

Thus the centre of the image circle is (=16, —2). The ra-
dius of the image circle is same as the radius of
x2 4y +16x—24y+183 =0 ie,5.

Hence the equation of the required circle is

(x+16) +(y+2)* =52 i.e. x? +y? +32x +4y +235=0.
(A). The equation of circle passing through the point of

intersection of circle and line can be written as
x2+y2—aZ+Mx—-y+3)=0

AoA

The centre of this circle is (‘E: E) , which lies on the

line y =x + 3 because this line is a diameter of the circle.

YR
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39

(40)

(1)

(42)

(43)
(44

45

(46)

7

CL))

Lkt 3 0oa=3
. 2*2 =

Thus equation of required circle is

(x> +y?-a?)+3(x—y+3)=0
=x2+y2+3x-3y—-a2+9=0
(©).c;(0,0),r;=3and ¢, (-a,—1),1,=| o]
Circles touches each other if cjc, =1 £ 1,

Vol +1=3+%|a] ; o0?+1=9+a’+6|a

6|la|=%£8; a=+4/3

(B). Putx=rcos 0 & y=rsin 0 = x* +y> =2 —4x + 6y
= x2+y2+4x—6y-2=0

= Centre =(-2, 3)

(B). Let the centre of the required circle be (x,, y,) and
the centre of given circle is (1, 2). Since radii of both
circles are same, therefore, point of contact (5, 5) is the
mid point of the line joining the centres of both circles.

Hence x;, =9 and y, =8 . Hence the required equation
is (x -9 +(y-8)* =25

=x+y?-18x-16y+120 =0.
The point (5, 5) must satisfy the required circle. Hence
the required equation is given by (B).

(A). x- and y- intercepts of 2x + 3y . k=0 are k/2 and k/3.

: i =—|=||=|=12=>k=12
.. Area of the triangle 2 2)\3

and 2x + 3y — 12 = 0 is diameter to the circle

x2+y2—6x—4y=0

Because it passes through the center (3, 2)
(A). By inspection (0,1)
D).x(x-1)+y(y-1)=0

X2 +y2—x—-y=0

4Kk2 +9k? -2k -3k =0

13k? -5k =0

1Bk=5= k=513 @0 T—"00
(D). Equation of line whose slope is —1

and y-intercept 1 is

y=—=xt+¢=>x+y-1=0

From the diagram, it is clear

two circles can be drawn .
(A). (x—2)2=9 cos? 0 and (y— 1) =9 sin? 0
= (x-22+(y-1)2%=9

Centre (2, 1)andr=3

(C). Here centre is (1, 0) and radius is /12 1 g — 3
given line will touch the circle if p=r

|

3—-m
= =3= 3-m=+£15
\V9+16
=>m=18,-12
(B). The two circles are

S;=(x-a)?+(y-b2)=r2 (i)
S, =(x-2ay)?+(y-by2)=r,2 ..(ii)

49

(50)

(1)

(52)

(53)

(4

(55

The equation of the common tangent of these two circles

is given by S; —S,=0

i.e., 2x (a; —a, ) +2y (b, —by) + (a,% +b,?)
—(a)2+b2)+r2-1,2=0

If this passes through the origin, then

(a%Z +by2)- (a2 +b2)+12-1,2=0

(@%,—a;2)+ (b2 -b2)=r2 12

(C). The required point is the radical centre of the three

given circles. The radical axes of these three circles taken

inpairsare:3x—24=0; 16y+120=0

and —3x+16y+80=0

Solving any two of these three equations, we get

15 ) o 15
x=8,y= 3 Hence, the required point s | &, 5

(D). Herec; (1,3), 1= {/1+9-9 =1
¢ (31, n=494+1-1=3

Now ¢y = \[(1+3)* +(3-2)° = J16+1 =17

cicy>rtr,

Hence the circles are non- intersecting externally.
Hence 4 tangents, two direct and two transverse tangents
may be drawn.

D). , . c=@2 1)

4+1+20 =5

S CP =10 -2 +(7-1) =10

. Maximum distance = 10+ 5= 15.

(C). y =mx +c is a tangent, if ¢ =tavl +m” | where
m=tan45° =1

<. The equation is y = x + 6+/2 .

(C). Centreis (2, - 1).

302)-1

Jio

Therefore ' =

Now draw a perpendicular on x —3y =0, we get

|2-3¢1| s
e

Vo |

=

(A). From formula of tangent at a point,
. ab? . a’h _ a’b? NN
a® +b? 7 a* +b? a’ +b? a b ’

(B). Since the tangents are parallel, therefore the distance
between these two tangents will be its diameter i.e.,

34 17 17

diameter = 80 3 g . Hence, radius = 675

B
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56) (A).LetS;=x>+y?-2x+6y+6=0
(56)  (A) s Y Y L=\S, and - 134420 =5

(57

(58

(9

(60)

(61)

and S, =x%+y? - 5x +6y+15=0,

then common tangentis S; —S, =0
=3x=9=>x=3.

(C). The equation of the tangent at P(3,4) to the

circle x +y? =25 is 3x +4y =25, which meets the

25 25
co-ordinate axes at A(T’OJ and B (037] .If O be the

origin, then the Ap4pB is a right angled triangle with
04 =25/3 and OB =25/4 .

1
Area of the AOA4B = 3 x OA x OB

25 25 625
X

1, 2,2 65

2 3 4 24 -

(B). Equation of BC (chord of contact) is
Ox+1ly—-(x+0)+2(0+D)+1=0o0r —x+3y+3=0
Equation of circle through B and Ci.e., intersection of the
given circle and chord of contact is

(7 +y? —2x+4y+ 1)+ A-x+3y +3)=0.

It passes through 4(0, 1), so the equation of the required
circleis x> +y2 —x+y-2=0.

Aliter : Centre of the required circle is mid-point of A4(0, 1)

and centre of the given circle i.e., (1, —2).

1 1 5
Therefore, centre (5 ) _Ej and radius \/; .

Hence the circleis x? +y? —x+y-2=0.

(B).Let S=x%+y2—2x+4ythen
$,=02+12-2.0+4.1=5
T=x0+yl-(x+0)+2(y+1)=(—=x+3y+2)

~. The equation of the pair of tangent SS, = T2
(xz-i-y2—2x+4x-|r4y)5:(—x+3y+2)i

= 4x2—4y2 + 6xy—6x+ 8y —4=0

T, 4
(O). Given T_; 3, where T, and T, are the length of

tangents drawn to the given circle.

Vi+4+1+2-4 4 21

=—=k=—-"—

1 2 k 3 4

)+ —— -+ :
\/() @ -3-37+3

(A). Area POCR =2.APQC =2 X%Lx,

Q

R

Where L = length of tangent and r = radius of circle.

(62)

(63)

(64)

(65)

(66)

(67)

(68)

Hence the required area = 75 sq. units

(B). Tangentat (1,-2)to x2+y2=51isx—2y=5

To find the point of contact with second circle, we solve
this equation with the equation of the second circle, so
we have (2y+5)2+y2—8Qy+5)+6y+20=0
=5y2+10y+5=0=>(y+1)2=0 = y=-1

Also then x = 3. So the required point is (3, —1)

(C). Dividing the equation of the circle by 2, we get

3 [2 2 3]
242= 2 X“+y ——| =
X"ty 5 = y > 0

3
-. length of the tangent = , f(l)2 +(5)° ~3
S /ﬁ_\ﬁ_ﬂ
2 2 2 2

(A). Letcentreis (4 +2B, B).

8+4B—B+1|*

NG

Centre (8, 2), Radius = 3/5
(B). The diameter of the circle is perpendicular distance

=(2B+2)?+(5-B)?;B=1

between the parallel lines (tangents) 3x —4y +4 =0 and
7 .
3x -4y 5 0 and so it is equal to

4 7/2 3 3

+ == e 2
Poi16 Joile 2 . Hence radius is 1

(D). Desired equation of the circle is
(x=2)2+(y=3)?+Mx+y—5)=0
I+1+A(1+2-5)=0=A=1
X2—4x+4+y2—6y+9+x+y—5=0

=x2+y?-3x-5y+8=0

2 2
3) ( 5) 25 9 2 1 1
X—— + - =— _— —:—:—'r:_

[ 5 y 5 8+ 2 + 1-2" 3 NG
(B).c;=(3,4);¢,=(0,0)

r =4, r,=1

€16y =5; 1 +1,=5

Circles touch externally

.. No. of common tangents 3
(A). Radius,

r=+4+1+20=5
AP =+/8% + 6% =/64+36 =10

Greatest distance=10+r=10+5=15
Leastdistance=10-r=10-5=5

EYre
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69) (D).3x+4y—k=0touches e

iy =0 lg (o AD=3,p= 233V g

condition is D) V2745

i Therefore, €42 =32 +(/29)* =38
1 r distance from = radius of the circle . o
centre to 3x +4y—k=0 Hence required equation is (x — 3)* +(y +1)> = 38.
3®+40 -k k‘ =3 ™ ;izii(lise ritr\e/itic:c—lessz -
Jo+16 ; Centre = (8, 0) =

- 24-Kk=400r24—k=—40= k=—16; k=64 Here p= 20
(70)  (B). Let the equation of tangent be V2

y+t4=mx+5)=>mx-y+(m-4)=0

Length of chord = = 2y/a® —p? = 2/9-8=2.

Clearly C=(-2,-3), r=v/4+9-8 =+/5

] ) (75) (D). Let(x;,y;) be the pole
Since (1) is a tangent, 3
|nw—ﬂ+3+5m—4L_J§ < Polar  2xx, +2yy, - (X+XD+ y+y)-7=0
| miel | ~3x, +5y, ~14

or (4x, - 3)x +(4y, +5)y+—1 =

(. perpendicular distance from center = radius)
Comparing with given line

3m-1 \/*
—|=A/5 2 - 2 4x1-3 4y;+5 3x+5y;-14
= =9m“+1-6m=5(m"+1 1 _ _ 1701 _
Vm? +1 D T
=4m? -6m-4=0=2m?>-3m-2=0 9k
2 - _ +3 k-
=2m -4m+m-2=0=2m(m-2)+(m-2)=0 LXy = Y =
=m=2,-172 4 4
.. Equations of tangents are 9k+3 k-5
y+4=2x+5)=>2x-y+6=0 Hence -3 2 ]+5[ 4 j714:f28k
1 =
y+4:*_(X+5):>X+2y+13:0 = -27k-9+5k-25-56=-112k
2 = (27+5+112)k=90=k=1
. ) 943 1-5
(71)  (B). AB = length of Tangent to the circle from B. Polelsx:T:3,y:T:—l S (3,-1)
A B(,1) (76)  (A). The polar of point (p, q) with respect to the circle

xX2+y*=a’is  px+qy=a’
This line touches (x — ¢)? + (y — d)2 = b2

x+y-3=0
cp+dq- a’
> 5 |=b
AB:\/X +y ——x+2y V4+1-3+2 =2 units P+
2 = (a2 —cp—dq)> =2 (p? + ¢2).
(72) (A).C=(3.4) (77)  (B). Here equation of the given circle is x2 + y2 —2x =0
This clearly passes through origin
|5 P+2@-1 1| ‘ Hence if (x,y) be midpoint of the chord then its equation
V25+144 | Vie9 is given by T =S,
A =mr? =16 munits? XX Tyy; —(x+x))=x; +y1 -2x4
(73) (A). Let AB (= 6) be the chord intercepted by the line orxx; +yy; —x= xl2 +y12 X
2x -5y +18 =0 from the circle and let CD be the This passes through the origin (0, 0)
perpendicular drawn from centre (3, 1) to the chord AB. SIS 2+ y1 X7 0
. Locus reqd. is x2 +y2 =
(78) (C) Here equation of the mrcle
(2 +y2-10x)+My—2x)=0
‘ Now centre C (5 + A, — A/2) lies on the
oo % Chord again

¢
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)

(80)

@1

(82)

(83)

—A —5A (84)
I 2(5+\) = > 10
SoA=-4
Hence x2+y2=10x—4y+8x=0
or x2+y?-2x-4y=0
(C). The equation of the common chord is
[(x-a)? +y?—c?] - [x* + (y-b)*—c?] =0
= 2ax—2by—a2+bZ=0 (1)
Now p = length of perpendicular from (a, 0) on (1)

2a”—-a”+b” 1 [5 " 5
S e 20

.. length of common chord

2, 1.2
b
=2.Jc?—p? =2 22 Z

(D). Here circles are
X2 +y2-2x-2y=0
X2+ y2 =4

Nowe, (1, 1),r; =412 412 =2
¢,(0,0),r,=2
If 6 is the angle of intersection then

2a% —a? +b? (85)

= ,402—a2—b2

()
-2)

(86)

i1y —(ccy)®  2+4-(2)7 1

cos 6= 251, 2.2.2. NG
= 0=45°

(C). Let the equation of the circle be
X2 +y2+2gx +2fy +c =0,
Since it passes through (1, 2), so
1+4+2g+4f+c=0
=2g+4f+c+5=0 (D)
Also this circle cuts x2 + y2 =4
orthogonally, so 2g(0) +2f(0)=c—4
=c=4 (2)
From (1) and (2) eliminating c, we have
2g+4f+9=0
Hence locus of the centre (—g, —f) is
2x+4y-9=0
(O). Here C; (0,0)and C,(1,2)

LG Cy= 144 =4/5=223.
Alsor;=2,1,=+1+4-3=2=141

=1, <CCy <t t1,

= circles intersect each other.

(A). The centres of the two circles are C; (-1, 1) and
C, (1, 1) and both have radii equal to 1.

We have: C,C, =2 and sum of the radii = 2

So, the two circles touch each other externally.

The equation of the common tangent is obtained by
subtracting the two equations.

The equation of the common tangentis 4x =0 = x=0.
Putting x = 0 in the equation of the either circle, we get
y2-2y+1=0 =(y-12=0 = y=1.

Hence, the points where the two circles touch is (0,1).

@®7)

(88)

@89

90

(D). Any line through (0, 0) be y —mx =0 and it is a
tangent to circle (x —7)? +(y +1)? =25, if

—1-7m 3 4
=5S=>m=—,——

V1+m? 47 3

Therefore, the product of both the slopes is —1.
34

ie, ;X7 1

Hence the angle between the two tangents is /2.

(O). Here the intersection point of chord and circle can be
found by solving the equation of circle with the equation

of given line, therefore, the points of intersection are

53]
(-4,-3)and | 57 75 |.

24 7
-4 +? -3+ s 2 4
Hence the midpoint is 2 7 2 "5 5
(D). Letchord ABis y =mx ... @@
Equation of CM, x + my =1
It is passing through (a, 0)
X+my=a L. (i1)
Y
B
X erz —2ax =0
(0.0

From (i) and (i), ¥ +3--=a=> 1242 _ g

= x?*+y? —ax =0 isthelocus ofthe centre of the circle.
(0. T=0 =2x+2y=1
=>xt+ty=1/2
(B). The common chord of the given circles is
6x2+14y+c+d=0
Since x2 + y2 + 4x + 22y + ¢ = 0 bisects the circumference
of the circle x2+y2—2x+8y—d=0.
So, (i) passes through the centre of the second circle
ie.(1,-4). .. 6-56+tc+d=0 = c¢+d=50
D). (x—1)2+(y=2)?=1; x2+y>-2x—4y+4=0
equation of polar of point (4, 4) is
4x+4y—(x+4)-2(y+4)+4=0
=3x+2y—-8=0
(C). Let P (h, k) be the point. Then, the chord of contact of
tangents drawn from P to the circle
x2+y?=a?ishx +ky=a2
The combined equation of the lines joining the (centre)
origin to the points of intersection of the circle
x2 + y2 = a2 and the chord of contact of tangents drawn
from P (h, k) is a homogeneous equation of second degree
given by

Evrm
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hx + ky

2
x2+y2—a2[ ] ora? (x2 +y?) = (hx + ky)?

(96)

The lines given by the above equation will be

perpendicular if coeff. of x2 + coeff. of y2 =0
= h?-a? +k>~a?=0h? + k> =2a’
So, locus of (h,k) is x* + y2 = 2a2.
Clearly, it is a circle of radius /2 a.

o1
on the coordinate axes.
So, its equation can be written as x + y = +a.

L))

(O). Since the chord makes equal intercepts of length a

9%

This line meets the given circle at two distinct points.
So, length of the perpendicular from the centre (0, 0) of

the given circle must be less than the radius.

ta

2

(C). Here area of A PQR is required
Now chord of contact w.r. to circle x2 + y = a2,
and point (h, k) hx+ky—a2=0

1.e.

<8 =>a?<16=|a|<4.
92)

h? +k% —a?

h? + k2

Perp. from (h, k), PN=
Also length QR

2
2
2_(3) _ 2avh? +k? —a?
Vh? +k?

h? —k?

;APQR:%(QRMHQ

W2 +k%—a2 (W2 +k*-a?)

h21k> Yh24i2

l 2a
2
a (hz K2 _a2)3/2
(h? +k?)
D). x2+y? 4x=0 .. centre=(2,0)
.. Slope of the line joining (1, 0) and (2,0) =0

93)

= slope of the radius

99

(100)

(101)

(102)

.. y=1is perpendicular to the chord, because it is

parallel to radius.
(O). Given circles are (x —2)2 + (y—3)> =12
(x=5)2+(y—6)* =1
Radical axis is, Eq. (1)—Eq. (2)
—4x+10x—6y+ 12y +4+9-25-36=0
6x+6y—48=0; x+y—8=0
(A). 2g,g, + 21T, = ¢ ¢,

! :l+k:>k:—1—7
12

:’2G)+§[_EJ 2

%4

95

(103)

(A). Req. point =radical center
S1-5,=0=6x+3y-3=0

S, =83=0=-x-4y+5=0 [ .. x=5-4(9/7)=1/7
=-6x—-24y+30=0 = (x,y)=(-1/7,9/7)
=-21y+27=0

y=27/21=9/7

A). x2+y2+2x—2y+7=0

r = JT+1=7 = /5 . Imaginary
Number of real circles cutting orthogonally given
imaginary circle is zero.

D). x2+y2+3x+2y—-8=0

Intercept made by y-axis = 24/f2 —C =2 )+8=6
(O). Circle with (2, 0), (0, 1) as end points of diameter is
(x —2)x +(y —1)y =0 and line through these two points

. -1
is y—0=(7j(x—2) or2y+x-2=0

Family of circles through these two points are
x(x=2)+y(-D+ A2y +x-2)=0.
It passes through (4, 5).

i€, 42)+5@)+ 410 +4-2)=0 =41 =3
Hence equation of circle is

x(x —1)+y(y—1)—%(2y+x -2)=0

It passes through (0, c), therefore

c@—D—%Qc—D:O

=3¢?—17¢c+14 =0 Or C=% and 1.
(A). Let the equation of the required circle be
(x2+y%2-a?)+ A (y=x-3)=0
since its centre (A/2, — A/2) lies on the given line, so we
have —A22=\2+3=-3
Putting this value of in (A) we get the reqd. eqn. as
x>+ y?2 +3x3y—a2+9=0
(B). Let the equation of the required circle be
(2 +y2—6x+8)+(x2+y2—6)=0
Since it passes through (1, 1), so we have
1+1-6+8+A(1+1-6)=0=1
. the required equation is x2 + y2—3x+1=0
(B). The equation of circle through the points of intersec-
tion of given circle is -
X2 +y2+4x—5y+3+AMx2+y2+2x+3y—3)=0
Since it passes through point ( -3, 2) therefore
—6+10A=0=1A =3/5
Hence equation of required circle is
5x2 4 5y2 +20x — 25y + 15+ 3x%2 + 3y2 + 6x + 9y —9=0
=2x2+2y2+26x—16y+6=0
=x2+y?+13x—-8y+3=0
(C). Radical axis of first and second circle is given by
2+y2)—(x2+y?—2cx+c2)=0
orx=c/2
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(104)

(105)

(106)

(107)

(108)

(109)

(110)

(111)

(112)

Also the radical axis of first and third circle is given by
(2 +y?) - (x2+y2—2by+b2)=00ry="b/.2

... their radical centre = (c/2, b/2)

(A). The given equations may be written as
3x2+3y2—3x+3=0
3x2+3y2+y—1=0

Now required equation is givenby S— S’ =0

=-3x+3-y+1=0=>3x+y—-4=0

(C). The required point is the radical centre of the three

given circles.

The radical axes of these three circles taken in pairs are
3x-24=0
16y+120=0

and—3x+ 16y+80=0

Solving any two of these three equations, we get
x=8,y=—15/8

Hence, the required point is (8, —15/8)

(A). x2+y2—6x+ A (x2+y2—6y)=0

(1+0)x2+(1+1) y>—6x—6Ly=0

a6 6
y 1+A 1+ky

com (2B 2 B

M e 140 T a0 20 1en 2 27

(A). Any circle which touches 3x + 4y—7=0at (1, 1) will
be of the form
S(x,y)=(x—1)2+(y—1)2+A(3x+4y—7)=0
Since S(2,3)=16 = A =1, so required circle will be
X2 +y2+x+2y-5=0.
(C). Let (h, k) be the centre of the required circle. Then
(h,k) being the mid-point of the chord of the given circle,
its equation is hx + ky —a (x +h) = h% + k2 — 2ah
Since it passes through the origin, we have
—ah=h>+k>-2ah= h?+k?>-ah=0
Hence locus of (h, k) is X2 + y2 —ax =0
(A). Let the pole is (h, k)

Hence polar of this pole is xh + yk —c¢2=0 ... )
but polar is —+= =0 2
ut polar is 2Ty 2)

comparing the coefficient of x and y
h kK =c? o2 2
W) by o =h=key
(D). For internal pointp (2,8)4+64—-4+32-p<0

=p>96andxintercept=2 ,/1+p therefore 1 +p<0

= p<-landyintercept=2,/4+p =>p<-4
(C). The two circles are x2 + y2 — 4x -6y — 3 =0 and
x2+y242x+2y+1=0
Centre: C,=(2,3),C,=(-1,-Dradii:r; =4,1,=1
We have C; C, =5 =1, +1,, therefore there are 3 common
tangents to the given circles.
(C).x2+y2+4x—6y+9=0

xX2+y2—5x+4y-2=0

9x—10y+11=0

(113)

(114)

(115)

(116)

(117)

(118)

(119)

)

@

(C). The chord of contact of tangents from (a., ) is
ox+Py=1

11
Hence, (1) passes through (E’Z) .

(C). Since the chord makes equal intercepts of length a
on the coordinates axes. So, its equation can be written
as x = y = £ a. This line meets the given circle at two
distinct points.

So, length of the perpendicular from the centre (0, 0) of
the given circle must be less than the radius. i.e.

ta

V2
(C). The equation of the tangent at (h, h) to x2 + y2 = a2 is
hx + hy = a2. Therefore slope of the tangent = —h/h =— 1

<8 =al<l6=|a|<4.

©). ni? =me —ni? = 2t =1} =1, = \/Erl

Note P lies on the director circle of radius r,

=>L=r=2cm

(B). x2+y2+2gx+2fy=0

x2+y2-aZ=0
Equation of common chord is 2gx + 2fy +a2=0
2

2gx + 2f

Homogenization X2+ y2 —a’ [#} =0

a

=a? (x> +y?) -4 (gx+1y)?=0

(B). The reflection of (a, b) iny —x =0 is (b, a) so that the

equation of the circle is (x — b) + (y — a)2 = a2 as it

touches the x-axis.

(C). Condition for tangency is

4b>
c2=a2 (1 +m?) = 8b2=2ab 1+:;-
=4b2—4ab+a2=0 = a=2b

EXERCISE-2

(B). Angle between direct common tangents

= zgn‘l(ﬂilﬁJ==90°
d

n~n 1
= 4 = E =2 (rl—rz)2 =dz L. )
circles are orthogonal = d2 = rl2 +I’12 ...... ()]

From (1) and (2), we get 2(r17r2)2 = r12 +r22
1
= 124 =4, = .0 _4 o pr—=4
L p
(B). Any line passing through (2, 2) will be of the form
y-2 x-2

=r
sin® cos0

e
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When this line cuts the circle

X2+ y2 =2, (rcosf + 2)2 +(2+ rsin6)2 =)
=12+ 4 (sin® + cosO) r+ 6 =0

PB n,

ﬂz?,nowifr1 =a,T,=3a,

then 4a=—4 (sin® + cosP), 302 =6 = sin20 =1
= 0=n/4.
So required chord willbey—-2=1 (x—2) = y=x.
3 (C). Family of circles is
x2+y2-2x—4y+1+A(x2+y2-1)=0
1+ x2+(1+A) y2—2x—4y+(1-1)=0

242 2 . 4 +1—?\, ~0
Y IO T e
1 2
Centre is m»m and radius

) () () e

Since it touches the line x + 2y = 0, hence
Radius = Perpendicular from centre to the line.
1 2

-+ 27
144 144 4+2?

ie., =
\/lz+22 1+

= J5=Va+12 s h=x1

A =—1 cannot be possible in case of circle. So A =1

Thus, we get the equation of circle.

' LT (1-1,)
4 (B).sino= n+ fz)

. +r§ =0-2sin"! |
AY‘M;
=

Q) (B). Any second degree curve passing through the

intersection of the given curves is
ax? +4xy +2y? +x+y+5

+ A (ax2 + 6xy+ 5y2+2x + 3y +8)=0
Ifit is a circle, then coefficient of x% = coefficient of y2 and

coefficient of xy =0
a(l+A)=2+5kand4+61=0

andA=- - =>a
1+ 3 1-(2/3)

(6)  (A).Adivides C,C, externaly in theratio 1 : 3.

—a=

2+ 50 2 _2-(10/3) _ 4

™

®

(C)

(10

11)

A(-3,0)

C,(-LLOOAB  Cx3,0)

". coordinate of A are (-3, 0)
Wehavesin0=1/2 .. 6=30°

Area=3 x3tan30°= 3\/5
D). (x— 1>+ (y+2)*=16
(X172 +(y=2%=32 577

director circle

=0S= 4\/5 . of given circle
Required distance T%

TS=0T-SO

TS=12-42

02 (h) (k+3
(B). [5) *‘(5)*(7‘

h? 8h (k-3)°
4 4 4
or xX2+y2+8x—6y+9=0 "
This is a circle.
(D). Centre (1,-2), radius /2
", vertices are

[li«/zcos45°,—2i\/§sin%] 2.-1)

= (1+1,-2+1) =(0,-1)and (0,-3) ( (1-2)
(2,-1)and (2,-3) -3

0

i
(A). Since L APB=Z AQB= By so y =mx + 8 intersect
the circle whose diameter is AB.

Equation of circle is x> + y*> = 16 0
CD<4 [
S
= <4=1+m" >4
1+ m? B

= m e(—0, —3)U(/3,%)
If the line passing throw the point A (—4, 0), B (4, 0), then
£ APB= 2/ AQB =n/2 does not formed.

m# £2
(C). Equation of the two circles be (x — )2+ (y—r1 )% =r2
i.e.,x?+y?—2rx—2ry +r2=0, wherer=r, andr,.
Condition of orthogonality gives

2nn, + 251, = rl2 +r22 =45, = rlz + r22
Circle passes through (a, b)
= a?+b?-2ra-2rb+r’ =0

ie, r?—2r(a+b)+a’+b*=0

n+1,=2(a+b) and yr, =a’ +b>

¢
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(12)

(13)

(14

15

(16)

L 4@i+b%)=4(a+b) 2% +b?)
ie.,aZ—4ab+b%2=0

D)
©). x2+y2-12x+35=0 . (1)
and X2+y2+4x+3=0 . )

Equation of radical axis of (1) and (2) is
—16x+32=0 ie., x=2

It intersect the line joining the centersi.e., y=0

at the point (2, 0)

-, required radius = V4 —-24 435 = J15
Let P (x,,y,) be the given pointand PT,, PT, ,PT; be
the lengths of the tangents from P to the circles
x2+y2=a2 x2+y%2=b2 and x2 + y2 = c2 respectively.

Then, PT; = \/x{ +yf —a® ,PT,=

= [2, 2 2
PT;= \xi +yj —c

Now, PT,2, PT,2, PT,? are in A.P.
=2 PT,>=PT%++PT;?

xi +yi —b? and

=2 (3 +y] =b%) = (x] +y7 —a®) + (x] +y] =)
= 2b%=a%+c? = a?, b%, clare in A.P.

(B). (x—2)>+b’=4

centre is (2, 0) and radius 2.

Distance between (2, 0) and (5, 6) is

J9+36 =/45=35

£

3W5-23J542 45-4 41
LTI, = . = =—
2 2 4 4

(A). Let C be the centre of the given circle.

Then circumcircle of the A RPQ passes through C.
. (2, 3)is the mid point of RC

N
NGV

.. Coordinates of C are (—1 ,-2)
. Equation of the circle is x> + y2 + 2x + 4y —20 =0

17)

(18)

)

20

@1

D). AQ=3+22
PQ=3V2+4

ODM ADVANCED LEARNING
Let r be required radius
3W2+4=3+22+r+12

A
. ’/
XD
()
x/§+1=r(l+«/§):r=1

(A). Let C (cos 0, sin 0), H (h, k) is the orthocentre of the
AABC

[ 2 I 1
| |
(h, k) G (0,0)
cosO+ 1 , sin@ + 1
3 3
h=1+cosH, k=1+sin0

I Circumcentre

B, 1)
N
S

A(1,0)

(x— 12+ (y-12=1

X2 +y?-2x-2y+1=0
(B). Since £ AOB =90°
PA=PB=PO=AO0cos45°

2a
AN~_P “B
Since OP=a \/E , locus of P is the circle with O as origin

and radius a~/2 and its equation is x2 + y2 = 2a2.
(B). Equation of circum circlebe L . Ly +A L,L,=0
For circle a=b, h=0. Put A and find circle 2x2 + 2y? =125

A L B
c
D T

ﬂ} _ f(c)

B 4x | " c+3
(2c-3)(c+3)=c? —3c+]1
2¢2+3¢c—-9=c?2 -3c+1

y
A

(-3,0) ©0)

2+6c-10=0 = ¢, +c,=—6

[3




SOAL

ODM ADVANCED LEARNING

Q.B.- SOLUTIONS

STUDY MATERIAL : MATHEMATICS

22

23

249

25

(B). y =mx is a tangent to the circle
x2+y2—2ax—2by+b%=0

= a2 +b? —b?

b% —a?
2ab

b—-ma
if “p=r7,(i.e.) m (26)

s b2—2abm=2a% or m=

b2 -a’
Equation of the tangent is y = 2ab | X

Also x = 0 is a tangent, since y2 — 2by + b? is a perfect
square.

(A). Perpendicular distance from centre upon line equal
to radius

= (x-2)2+(y—4)?=25

=4y-16=3x-6+25 =>K=-35 K=+15

@n

=-1

3 b-43
Slope of tangent= — = ”

4 " a-

3x-4y-k=0

[\S]

(a, b

X+y -4x-8y-5=0

3 4
x=2i5(——] =4J_rs[—)
= 5)> y 5

=at+tb+K=-1+8-35=-28and5+15=20

. 3
(B). sin60° :in
I-r 2

2r=\/§—\/§r 5

B g, v ’
-t Be-B a'
=2J3-3

=a=2,b=-3 = (a+tb)=-1
(©0).A=(-2,2)

Equationof ACis y—-2=1(x+2)
ie. x—y+4=0.Hence C=(0,4)

Radius = CA = 242
For any point (a., B) on this circle 8 is maximum when
(0, B) corresponds to point B and then

2%
1

B

(-2, 2)A

B=0B=0C+CB=4+22

(D).

24 .
tan20c—7 ; o tano=— sinoL =—
4-R 3 R_53 2 1 o
4+4R 5 T4 543 8 4

(A). The givenlines /3 (y—1)=x-1 ... )
y-1=f3xx-H L. [#))

intersect at the point (1, 1).
Rewriting the equation of the given lines such that their
constant terms are both positive, we have

x-By+SH-1=0 L 3)

and - 3x+y+.3-1=0 .. 4)
Here, we have
(product of coeff.’s of x) + (product of coeff.’s of y)

=-/3 — /3 = ve quantity

which implies that the acute angle between the given
lines contains the origin.

Therefore, equation of the acute angle bisector of the
given lines is

x—\/§y+\/§—1 . —\/§X+y+\/§—1 .

> 2 iLe.y=x

Any point on the above bisector can be chosen as (o, o)

and equation of any circle passing through (1, 1) and

having centre at (a, @) is
(x=o)?+(y-o)?=(1-)?+(1-a)?

ie.x2+y2—2ax—2ay+40-2=0 . (6)
The common chord of the given circle
x2+y2+4x—6y+5=0 L. ©)
and the circle represented by equation (6) is
4+20)x+2a—-06)y+(7-40)=0
ie.(4x—6y+7)+2a(x+y-2)=0 .. ®)

which represents a family of straight lines passing through

the intersection point of the lines
4x—6y+7=0

and x+y—-2=0

Solving equation (9), (10) gives the coordinates of the

fixed pointas (1/2, 3/2).

(C). Let centre of circle be P (h, k). So, that PA2 = PB2

where A=(2,4)and B=(0, 1)

and (slope of OA) (slope of tangent at A) =—1

= h2+k-1%=(h-2)* +(k-4)°
or 4h+6k—19=0

[4
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k-4 _ | 2 =3_
also slope of OA = = and slope of tangent at (2, 4) to G2) (A).y =yl-xj andy,=3-%, 0
y=x%is4 x12+y12:1andy2+x2:3 v
. . .. o/ N\
k—4 So P (x;,y;) is a point on semicircle 1" xy=3
gl x2+y2=1(y20)and Q (x,,y,) 4yl

or 4k-16=-h+2 = h+4k=18 ...
solving (1) and (2), we get
k=53/10and h=-16/5
.. Centre co-ordinates are (—16/5, 53/10)
(29) (C). S;:x>+y?>=100

equation of S, centred at (8, 6) is (x — 8)? + (y— 6)>= 16

x2+y2—16x—12y+84=0

- required line AB, (i.e. common chord) S, -S,=0

x2+y?—16x— 12y +84 x> +y?~100=0
—16x—12y+184=0 or 4x+3y—-46=0
(30) (B).(PQ)(AQ)=(QC)?

9
PQ==
Q=3
RC RP

QC PQ
(- PCisangle bisector of RPQ)

Centres are (10, 0) and (—15, 0)
1 =6,1,=9,d=25; r+r,<d
= circles are separated

PQ=/=1d>— (5 +1,)> = /625-225 =20

(33)

G4

(35)

(36)

isapoint on line x + y=3.
So the minimum value of (PQ)? mininmum of
(x; —X)? + (y; —y,)>=0Q - OP [as shown in figure]
_ 2
2

O | W

. 1
A). silna = —
(A) 3

. X
also sino = I (where EC=x) 8

1
=X x=4
3 12

(DEy=144-16=128 = DE=8/2

—c%+a’+b°

B). 0=
(B). cos b

= c= \/a2 +b% —2abcos0

1 1
InAPAB ., —absin® =—ch
n ) 2

2absin6
Length of common chord =2h= ————

(C). Let the equation of the circle be (x —r)% + (y—2)2 =12
X2 +y2-2xr—4y+4=0

atAorB y=0
X2 -2xr+4=0
XXy =4;8x;, =4 (0,2)—|r (r.2)
1
:X':E and x,=8 OlA B (8.0)

ssum=2r=172=r=17/4

(B).b2+12=(36)2 ... 1)
Also,CD.CB=CE.CX c
(using power of the point C) g| \1¢
16.36=(b-r)(b+r) b

L b2=r2=16.36 ... 2) of 2

from (1) and (2)
2b2 =36 (36 +16)=36.52

b2=36.26 = b=6+26

[4
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(37) (A).Equation of required circle is

x=2)(x+g+(y-DH(y+H=0

1
38) (A)Area= 4[5 x2x 2\/5) = 8./3 square units

v
(39) (A). The centre of circle is (h, h) and radius=h
=> The circle is touching the co-ordinate axes.
40) (A).C,(1,2),r,=10
C,(3,4),r,=3

C1C2 =2\/§<|r1—r2 |:7
*. the statement is true

7-2
(41) (D). Slope ofline joining its (1,2) & (-4,7)= ﬁ: -1

Slope of line joining points (1,2) & (3,0) = % =-1
.". points are collinear
.. no circle can be drawn

42) A).
Equation of circle touching the coordinates axes and
centre (1, 1) in the first quadrant is
x2+y2—2xr—2yr+r2=0

y
A

r (r,r)

(0)

Forr=aorb

Hence C, : x> +y?—2ax—2ay+a? ..(1)

Centre (a, a), radius=a,a>0

C,:x% +y?—2bx—2by +b? 2)

Centre (b, b), radius b, b> 0

(a) C, and C, touch each other radical axis between (1)

and (2)is(1)-(2)=0
2(b—a)x+2(b—a)y—(b*—2a%)=0
2x+2y—(b+a)=0 ..(3)

If it touches both C, and C, then perpendicular from

(a,a) =radius ‘a’

2a+2a—(b+a)

V8
Ba-b|=22a 5

now origin and (a, a) must lie on the same side of (3)
but (0, 0) gives — ve sign with (3).

hence (a, a) should also give the same sign
ie.4a—b-a<0=3a-b<0

Hence (5) becomes

=a (4

b—3a=22a :9=3+2\E
a

Alternativly: (A) As C, and C, touch each other externally
so, distance between their centre = sum of their radius

= Ja-b) +(@-b)> =(a+b)
=2(a-b)2=(a+b)? =a2+b2-6ab=0

+ - +
b_6++/36 4:6_4\/§:3i2ﬁ

a 2 2

b b
but ;=3—2«/§ (rejected as ;>1.

b
Hence —=3+22
a

(b) If (1) and (2) are orthogonal then

2g,g, +2ff,=C, +C,
ie.2(—a)(-b)+2(-a)(~b)=a2+b?
4ab=a’+b?

3

If E=t, t2 —4t+1=0
a

= (t-2P2=3 =>t-2=+3 or -3
t=2+3

as t>1 = 2-+/3 isnot possible

E=2+\/§ =T
a

(c) If common chord is longest then (3) must pass through
the centre (a, a) of C,.
ie. 4a—b—-a=0

b
3a=b=> ;=3 =q

(d) If C, passes through the centre of C, then (a, a) must
satisfy (2)

i.e. a2+a?—2b(2a)+b%=0

= 2a%—4ab+b2=0

5 (e

v
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43)

(44

b 2
Put — =t; 2-4t+2=0

= (t-2)2=4-2=2= t-2=20r-2

t:2+\/§,t¢2—\/§ (ast>1)=p
D).

(a) Greatest distance is
AD=C,C,+AC,+DC,=5+1+3=9

Cl CZ

9=3) =A=3
(b)x2=200 ;2x2=4r2; 2r2=200 = r=10

2r

X

(c) y=cos*x — 6cos®x + 5 cos? x =t
y=t2—6t+5 0<t<1

1 5

Fort € [0, 1] min. occursatt=1

=0
. 1 1] [8 8] 7
(d) Distance between ( 33 and 3°3) 1 5\/5

Ymin

l
NG 7
©).
(a) Centre and radius of the circle
x2+y2+ 14x—4y+28=0are (-7, 2), 5 respectively
Centre and radius of the circle.
x2+y2—14x+4y—28=0are(7,-2),9
". length of direct common tangent

= JA+72 +(2-2)7 - (9-5) =14
(b) thelineismx—y+2-m=0

2-m

m? +1

<5 which is true for all real values of m

(¢ X+ (y-v2)2 =1t ie, x>+ y2-2\2y+2=r?

. fory=0, we have x2+2 =12

. if r is rational and r2 > 2, then there are 2 points on the
circle which have rational co-ordinates.

CS))
(6)
@n

C))

“9

(50)

further if there are three point, then circumcentre of the
triangle fromed by these three point has rational
coordinates, which is not so.

", maximum number of points is 2.

(d) Let (h, k) be the centre, then

|h|=|k|and|h+k—4|= 2 |h|

Case-1:Ifh=k, then|2h—4|= V2 |h|ie.2h—4== \/2h
It gives two different values of (h, k)

Case 2 : Ifh=—Kk, then |—4|=\/§|h\ ie. h=+22
it a gain gives two different points (h, k) thus there are 4
different circles.

(D). Feet of perpendicular are collinear.

(D). I, is the orthocentre of A 11,15 by property of triangle.
(B). As A XYZ is pedal triangle of A ABC, ex-centers of A
XYZlie on vertices of A ABC.

(D). S; -8, =0=x+y=4(Radical axis )

S;—8;=0= 3x-4y=14 (Radical axis )

Radical centre = intersection point of radical axis

33
=\7°7

(B). Radius of circle is nothing but length of tangent from
radical centre to any of the given circle.

SR CECRE

7
(C). Point of intersection of direct tangent always lie on
the line joining there centre
=(0,0)and (3,-4)
= lineis 3y +4x=0

(31) (B), (52) (D), (33) (B).

» PQ=PRi.e. parallelogram PQRS is a rhombus

. Mid point of QR = Midpoint of PS and QR L PS
.. S is the mirror image of P w.r.t. QR
 L=2x+y=06, LetP=(k, 6 —2k)

LPQOZLPRO:g

". OP is diameter of circumcircle PQR,

k
then centre is (573 - kj

v
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. x=£:>k=2x
2
y=3-k .. 2x+y=3.
P(6,8)
.. Equation of QRis 6x+8y=4 = 3x+4y—-2=0

., PM:%andPQ=\/%

_ | _M_\E. RZZ\E
QM =[96-"—— =2 = Q >

1 196:/6

. Areaof APQR = E.PM.QR =

25
* PQRS is a rhombus
196+/6
". Area of A QRS =Area of APQR = o sq. units
P=(3,4)
. equationofQRis3x+4y=4 ... @)

LetS=(x;,y))

-+ Sismirror image of Pw.r.t. eq. (i)

X;—3 y;—-4 -2(3x3+4x4-4) 42
3 4 32 4 42 25

then

NI

68 . [_2 _ﬁj
C T T s T U s 2s
(349 (D), (35)(A),(56) (D).
r=2,1,=1,€,=(0,3),C,=(6,0), C,C, =35
Clearly the circle with centre C; and C, are separated
CCi=r+r1; CCy=r1+T1,
CC, - CC, =r| —1, = constant

(57) (D), (38) (D), (39) (D).
Given f(x,y) =01is circle. As f (0, y) has equal roots hence
f (x, y) = 0 touches the y-axis and as f (x, 0) = 0 has two
distinct real roots hence f (X, y) = 0 cuts the x-axis in two
distinct points. Hence f (x, y) = 0 will be as shown
now, given g (x,y) =x>+y2—5x—4y+c

5 ) 25
_12.2), radius= (| B+ 4-
centre (2 , radius 2 +4-c

Note that radius of g (x, y) = twice the radius of f (X, y) =0
but as it is clear from the adjacent figure r =5/2
. radiusof g (x,y)=5

25 59
h —+4-c=25=>c=——
ence, — 2

. . 59
Equation of g (x, y) is x> +y? — 5x — 4y — 70

equation of f (x,y)=0

<

2
5] , 25 5
x— 2| 1(y_2)2=2=2 f(x.y)=0
[ 2 =2 4

<

0
- [X_§j2=£—4=2 ToO~__"40 > X
’ 4

2 4
x—éz—or —§:>x:40rx:1
2 2
1 25
Arcaof AQAB= — x5x5=—
2 2
23
3 0| (2)
0 = tan 7 1_2 4
16

Area of region inside f (X, y) = 0 above the x-axis is

2
1(5 1 27 1
x-axis = 3 [5] [275 —tan”! (TD +E x3x2
= 3+£[2n—tan_1 [ZD
8 4

e
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B EXERCISE-3
1 v (1)  28. Equation of common tangent is 4x + 3y =10
.. equation of a circle is
=3 (x—1)2+(y—=2)2+A (4x+4y—10)=0
O\ lea) ie. x2+y2+(@4r—2)x+(Br—4)y+5-10A=0

\ 0.2\ (512,2) / sl } Comparing it with
155.2) x2+y2+ax+Py—15=0, we get

\\_/ a=41-2,=3A—-4and 15=10A-5 .. =6, =2

(11) Points satisfying the conditions are
(1,5)(1,6),(2,5),(2,6)(3,5),(3,6),(4,5),(4,6),(5,4),(5,5),

5,6).

(-6 6 Comparing with x% +y2 +yx + 8y + 25 =0, we get
(60) (B). 14.x.(-3)+14.y.6+108(x—3)—— (y+6)+432=0 y=41-2,0=3L—4and25=5-10A

2 L y=-10,6=-10
69 Thusa+[37(y+8):28
= X(108—42)+Y(84—7)+(432—531)=0 (2)  3.Let(a,3—a)beanypointonx+y=3
equation of chord of contactisax+(3—a)y=9
= 4x+3y-6=0 ie,o(x—y)+3y-9=0
216 69 432 .". the chord passes through the point (3, 3) for all values

(61) (C)-gzi,fz—g,czﬁ of a.

(3) 5. Equation of line joining origin and centre of circle

X
Cy=(2, 1)is, y=5:>x—2y=0

Let equation of common tangent is
x—-2y+c=0 (D)
.. Perpendicular distance from (0, 0) on this line
= perpendicular distance from (1, 1)
c—1

NN

Equation of common tangent is

C

1
=>c=l-c=>c=—
2

1
X—2y+5=0 = 2x—4y+1=0 ... 2
perpendicular from (2, 1) on the line (2)
radius:\/g2+f2—c:% 4-441 1 J5
= —| = —= l_
(49) (B). ZDPT =0 ,Slopeof PT=—4/3 V20 | 250
165 y
LetPT=¢, an20=202 . @) 4 0
S S
113130 \Jj /)
0s=—— . (ii)
13¢
e ... tan20 15.13
Dividing (i) by (ii) = N\ S
0s0  284/134/10 KX, i 2 >
SIme= 6013 (only positive value is possible) Alternative sol 1 : P is the mid point of C,C,
L P@3/2,1)
3
= tan0Q=—
11

Evem
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)

©)

(©)

™)

hence eq. of the common tangentis ¥ —1= E[X - Ej

2x — 4y +1=0now proceed
Alternative sol 2 : sin 6 =2ras (PC, =1/2)

€

ﬁas«:cfﬁ).

sin@ =

1 1
Hence, 2r=— .. r=——
2r \/g 2\/§

2. Equation of circle is xZ+y% +2gx +2fy+¢=0

=1+t2+2g +2ft+c=0
(t,t) =>t2+t2+2gt +2ft+¢c=0
(t, )= 1+t2+2gt +2f+c=0
subtract 1+2g—t2—2gt=0
=1-t2+2g(1-t)=0
=S (-t)(1+t+2g)=0=>t=1
.. one point (t,t) .. passes through (1, 1)
50. The equation of given circle is

S(x,y)=x2+y2—6x—2py+17=0

= (x=3)2+(y-p)*=(p*-98)
S(0,0)=17>0 .. (0, 0) lies outside the circle.
Equation of director circle of S = 0 will be
(x=3)?+(y—p)*=2(p*-8).
.. Tangents drawn from (0, 0) to S =0 are perpendicular to
each other
.. (0, 0) must lie on director circle.
= (0-3)2+(0-py*=2(p>-8)
= p?=25=p=+5
Hence p,2+p,2=(5)> +(-5)>=25+25=50

C (4cos0, 4sinb)

A
62. 40

A:%x8x4sin9=\l6sin9|

1 2 15

Now sin 6 can be E,R, E

i.e. 15 points in each quadrant
= 60+ 2 more with sin 6 = 1 = total = 62

Area of quadrilateral ABCD

1
=2 Area of AACD = 2 Ex5x5 =25 sq. units

(8)  63. Triangles BCM and OCN are similar
now let ON =p. N will be mid point of chord PQ

X

Now R = 2\lr2 —p2
for large circle= 2,/16—(1/4) = J63

Alternatively: Equation of large circle as x2 +y2 =16
1

NG

now C=(1, 0) with slope PQ=- (think !)

equation of PQ: [3y+x=1

1
P (from origin) = 5 = result

(9)  69.Let r be the radius of circle A
and R be the radius of circle B
S rtR=12 and r=3R
S 4R=12; -.R=3 and r=9

1
Area of trapezium ABCD = 3 (3+9)4/(12)> - 6>

= 64108 =363
Area ofarc ADC — —x81x %= 21T
rea or arc = 2 3 2

1 2
Areaofarc BCE = E><9><?=3n

27n 33x
.. required area = 36v3 - [T+ 37:] =363 5

..a=36, b=33 ..at+b=69

[¢
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| 300822207 = 225> o h (smallest) 13
a“ > a2 ——; hence m (smallest) = —
B 100° 10
m=—1
2_ 22 C pdg=
F So, m 100 L ptq=169
(10) 15. (12) 5. Line 5x—2y+ 6 =0 is intersected by tangent at P to
N & circle x2 +y2 + 6x + 6y — 2 =0 on y-axis at Q (0, 3).
. . In other words tangent passes through (0, 3).
D C

(11

E

A=Area of ABCD

1
=5 (a+b)h {as ABCD is a trapezium}

b
=EF (median) and h=2r

where

Hence A=2r (EF)
Equation of EF is y =—x + ¢ passes through (r, 1) = ¢ =2r
Hence EFisy=—x+2r

= E=(2r,0)and F= (0, 2r) = EF = 24/2r

A =(2r) (24/2r) = 4212 =90042 =1=15
169. W C,=(-5,12)  W,: C,=(5,12)

= 16 r274
Now, CC,=r+4
CCi=16~-r
y
W, T
5, 12)
2
(-5,12) C, y=ax
G
(h, ah)
X

let C(h, k) =c(h, ah)
CC,2=(16-1)?
= (h+5)?+(12—ah)?=(16—1)?
CC,2=(4+1)?
= (h—5)2+(12—ah)2=(4+1)?
By subtraction, 20h =240 — 40r
=h=12-2r = 12r=72-6h (1)
By addition
2[h2+25 +a?h? — 24ah + 144] =272 — 24r + 212
h2(1+a2)—24ah+169=136—12r+r2 =136+ (6h—72)

+ [%}2 [using (1)]

= 4[h3(1 +a%)—24ah + 169] =4[64 + 6h] + (12 —h)?
=256+ 144 +h?

=h?(3+4a%)—96ah+105-4-36-4=0

= h?(3+4a?)—96ah+69 - 4=0; for 'h' to be real D > 0

= (96a)>—4-4-69 (3+4a%)>0

= 576a%—69.3-276a%>0

PQ =length of tangent to circle from (0, 3).
=J0+9+0+18-2=+/25=5
(13) 3. Thegivencircleis x2+y*—2x—6y+6=0

with centre C (1, 3) and radius = \/1+9-6 = 2.

Let AB be one of its diameter which is the chord of
other circle with centre at C; (2, 1).

TheninAC,CB, C,B>=CC,?+CB?
= 2=[2-1)2+(1-3)+Q)?
= rP=1+4+4 =>1r2=9=r=3

a a

(14) 2.

A h a-hB

Let AB=aand AD =2h
In triangle BCL, a2 + 4h2 = (3a—2h)?; a=3h/2

1
E><3a1><2h=18:>h=2; Radius = 2 unit.

i b
. 2cos—+2cos—=+3+1
as) 2 o 3 NG

b \/§+1

T
COS——+COos— =
k 2

\/§+1

2

0
Let £=0, cos0+cos— =
k 2

0 3+1

0
= 2¢c0s% ——1+cos—=
2 2 2

\/§+3_
2

0 2
cosE:t;Zt +t— 0

Evew
I 233




SOAL

ODM ADVANCED LEARNING

Q.B.- SOLUTIONS

STUDY MATERIAL : MATHEMATICS

M

()

(€)

Q)

®)

t_—li«/1+4(3+\/§)

4

_ —11(2\/§+1):—2—2J§ A3
T2

4 4

te[—l,]],cosg=£ ; 9:£:>k:3
2 2 2 6
EXERCISE+4

(C). Length of tangent from any point (x;, y;) to the circle

is\/g.

= Length of tangent from (3, — 4) on the circle
X2 +y?—4x—6y+3=0

is 32 +(-4)2 —4 (3)- 6 (~4)+3

= J9+16—12+24+3 =+/40 and is square is 40
(A). Given equation of circle are
X2 +y2+6x-2y-9=0
and x2+y2—-2x+9y—11=0
. equation of radical axisis S| - S, =0
= 8x—11y+2=0
(B). Given equation of two circle are
x-1)2+(@y-32%=r2 .. (1)
Coordinate of centre is (1, 3)
and radius is r
andx2+y2—8x+2y+8=0 .. )
.. Coordinate of centre is (4, —1)

. radius= \/16+1-8=3

Now, C/C, =/(1-4)2 +[3— (- =5
If circle intersect in two distinct points then
CCy<ry+ry, and C;Cy>1; -1,
5<r+3 and 5>r-3
2<r and 8>r1
= 2<r<8
(D). Iflines 2x — 3y =5 and 3x — 4y = 7 are diameter of a
circle then their intersection point will be centre of circle.
. Intersection point of these two lines is (1, —1)
.. Coordinate of centre of circle is (1, —1)
Now let radius of circle is
Area is nr? = 154 (given Area = 154 sq2 unit)
2 B I e 7x7 5 =7 unit
i 22
.. equation of circle will be
x=1?+[y-(-DP*=72
=x2-2x +1+y2+1+2y=49
= x2+y2-2x+2y=47
(B). Let the equation of circle whose centre is (— g, —f) is

=T

xX2+y2+2gx+2fy+c=0 .. 1)
= this circle passes through (a, b)
= a?+b2+2ag+2bf+c=0 ... Q)

Now circle (1) cut circle x2+y2—4=0

(6

™)

®

Orthogonally .. 2g(0)+2f(0)=c—4
{if two circle cuts orthogonally then condition is
2g1g, 21, =citey =>c-4=0=c=4
Put this value in (2) we get a2+ b2+ 2ga+2bf+4=0
= for locus of centre replace (—g, —f) with (x, y)
= g=—xandf=-y
. Locusis a2 +b%—2ax—2by+4=0
= 2ax+2by—(a2+b2+4)=0
(A). Equation of circle which touches x axis is
(x —h)2 + (y —k)? = k2 where let h, k a re coordinate of
centre = (x—h)2 +y2—2ky=0 ... 1)

(p,q)
» @)

* (p, q) lies on circle

(0,0)

S (p-h?+q>-2kq=0 ... )
Let coordinate of other end of diameter a., 3
o+ +
- h= p and k= B_q
2
Put this in (2) we get

2
{5

2
-
= {pT} +0%> ~pa—q’ =0

2

= =0 _5q_0 = (p-ap=4pq

. Locus of (o, B) is (p—x)2 = 4yq = (x —p)? = 4qy
(A). Iflines 2x + 3y — 1 =0 and 3x —y — 4 =0 are diameter
of circle then their intersection point will be centre of
circle.

.. their interpoint is (1, —1)

", coordinate of circleis (1,—1)
Now circumcircle of circle is 2nr = 107 (given)
= r=>5unit

. equation of circle is (x — 1)2 + [y — (=1)?] =25

X2+1-2x+y2+1+2y=25
=x2+y?-2x+2y=23
x2+y2—2x+2y-23=0

B

x2+y2-2x=0
(A).
A
Givencircleisx2+y2—2x=0 ... 1)
Given lineisy=x ... 2)

Putting y=x in (1) we get
2x2-2x=0=x=0,1

eve
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(C)

10

(11

From(1),y=0,1

.. Intersection points are (0, 0)and (1, 1)

LetA (0,0)and B (1, 1)

equation of required circle is
(x—0)(x~1)+(y-0)(y-1)=0

=>x2+y?—x-y=0

(B). Given equation of circles are

x2+y2+2ax+cy+a=0

and x2+y?—-3ax+dy—1=0

and their intersection point are P and Q

.. equation of line passing through P and Q is
Si-S,=0=5ax+(c-d)y+a+1=0

c—d a+l
=5x+ y+—=0 . 1)
a a
Givenlineis 5x +by—-a=0 ... )]
Comine eq. (1) and (2) we get
a+1 )
— = =a+l=—a’?=a’+a+1=0{.. disc>0}

which is not possible.

(D).

PR=kand QR=2
= PR+QR=k+2
Let centre of circle which touches x axis (h, k)
. equation of this circle is
(x—h)*+(y-k)* =k
Now, PQ=PR+RQ .. PQ?=(PR+RQ)?
= (h-0)*+ (k—3)* = (k+2)?
=>h?+k>-6k+9=k>+4+4k=h>— 10k +5=0
- Locus of (h,k)is x2—10y+5=0
x2=10y—5 equation of parabola
(D). Let the equation of circle whose centre is (—g — f) is

x2+y2+2gx+2fy+c=0 ... )
-+ this circle passes through (a, b)
. a+b2+2ag+2bf+c=0 .. )

Now circle (1) cut circle
2+y2_p2=0
Orthogonally, 2g.(0)+2f.(0)=c—p?= c—p?=0
= c¢=p? {iftwo circle cuts orthogonally then condition
is2g1g, T2fif, =cy+cy} = ¢c-4=0= c=4
Put this value in (2) we get
aZ+b2+2ga+2bf+p2=0
= for locus of centre replace (—g, —f) with (X, y)
= g=—-xandf=-y
~. Locus is a2 + b2 — 2ax — 2by + p2 =0
= 2ax+2by— (a2 +b2+p2)=0

(D). Equation of pair of lines is
ax2+2(a+b)xy+by?=0

o

WV

a

.- Area of one sector is thrice of the area of other section
L 40=n=0=n/4
Angle between lines is given by

2
tanezu {'.'tanﬁztanﬁzlandh:a+b}
la+b] 4
2\/(a+b)% —ab
1:% = (a+b)2=4[(a+b)?— ab]

= 3a2+3b%+2ab=0
(O). Iflines 3x—4y—7=0 and 2x — 3y — 5 =0 are diameter
of a circle then their intersection point will be centre of
circle. .. Intersection point of these two lines is (1, 1)
.. Coordinate of centre of circles (1,—1)
Now let radius of circle r
Area is r? = 154 = given area = 154 sq2 unit

154 154

2:T=Ex7:>r2:7><7:>r:7unit

. equation of circle willbe  (x— 1)2 + [(y—(-1)]>=7>
=Sx2-2x+ 1 +y2+1+42y=49 = x2 +y2 —2x +2y=47
(C). Let M (p, q) be the mid point of chord AB of circle
subtending an angle of 27t/3 at centre as A AOB is an
isoscleles triangle OM L AB

TN

N

=T

o AM2=0A?-OM?=9 - (p? +q?)
=AM= \9—(p* +q?)

= AB=2AM= 29— (p? +q°)

By law of cosine

cos 2 _ OA% +OB? - AB?
3 2(0A) (OB)

1 9+49-409-(p*+q%)
2 2x3x3

= 9=18-36+4p>+4q’>= p>+¢*=

g NC)

thus required locus is x% + y% =

FNGINo}
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x2+y2=¢2 L 2

= centre ¢, (0, 0) and radius r, = ¢

10
B both touch each other if
2 2 2 2
(15) (B). a =[iiic) a _a
2

| (h,0) —_— :—:Ti|a|c+02:>|a|:c

4 4

-+ Circle touches the x-axis and coordinate of centre is
(hk) . radius will be k (1, 2h)
Now equation of circle will be
(x-h?+@y-k?=k* .. 1) (1, h)

-+ Circle passes through (-1, 1), ... it will satisfy (1) 2,3)
o (-1-h?2+(1-k)?2=k2 (20) (A).
= 1+h2+2h+1+k2-2k=k2
= 1+h*+2h=2k-1 .. )
From the figure we see that k > 0 and

h2=(1-2)2+(h-3)?

AB<2k= \/(h+1)* +(0-1)* <2k 0=1-6h+9

(1,0)

= h2+1+2h+1<4k2= h2+1+2h<4k?-1 6h=10;h=5/3

From (2), 2k—1<4k?—1 Now, diameter is 2h=10/3

= 4k2-2k>0= 2k(k—1)=0 (21) (C). Let the equation of circle be
= citherk <0 ork>1/2butk>0 (x=3)+(y-07+1y=0
s k=172

(16)  (B). Given equation of circle is x2+y2+2x+4y—3=0
.. Coordinate of centre of circle is (-1, -2)
AG,0)

A
(1,0) (hk) (1-2)

As it passes through (1, -2)

L (1=32 4 (2240 (2)=0=>A=4

~. Equation of circle is (x —3)2 +y2—8=0
So, (5,-2) satisfies equation of circle.

Let coordinate of point diameterically opposite to point P
(1,0)is (h, k)

h+1
B T=—1:> h+1=-2= h=-3
k+0 an
and =2 = k=-4 Ly
22 X I\ l-y
s (LK) =(=3,-4) 22 M OB
(17)  (B). Let the circle be Sl+kSZZO >

X2+ y2+3x+7y+2p -5+ A (x2+y2 +2x+2y—p?) =0 .
passes through (1, 1) According to the figure

2_(1_v)2
7+2p+7»(67p2):0,whenp:i\/grequiredcircle (+yy=-y"+1 (>0

b S. =0 = y=1/4
ccome S5, = (23) (B). After solving equation (i) & (ii)
(18)  (A).Circlex? +y>—4x—8y—-5=0 2x-3y+4=0 () 2x-4y+6=0 .(ii
Centre =(2,4),Radius= /4 +16+5 =5 x=landy=2
If circle is intersecting line 3x — 4y = m at two distinct Slope of AB x Slope of MN =1
points. b+3
= length of perpendicular from centre < radius b-3 5 2 N
x—==_]
|6—-16—m| a—2 a+2 | 2.3)
<3 =[10+m][<25 - M [(a+b)/2, (b+3)/2]
N
=-25<m+10<25=-35<m<15. (y-3)y-D=—(x-2)x @*2
19) B).x*+y?=ax 1) y2—dy+3=-x2+2x wh)
( a O] . a X2+y2—2X—4y+3:O B (Image of A)
= centrecy 75> and radius r| = 5 Circle of radius =+/2.

=
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(24) (B).x2+y?—4x—6y—12=0

C, (center)=(2,3), r=+/22 +3>+12 =5
x2+y2+6x+18y+26=0

C, (center) (-3,-9), r =9+ 81-26 =+/64 =8 29 ).
C,C,=13,C,Cy =1, +1,

Number of common tangent is 3.

P(\3,1)
(6] T

Given x2+y2=4
Equation of tangent \3x +y=4 ..(1)

25 (A). ﬂi Equation ofnormal x -3y =0 ...(2)
2

4
Coordinate of T [ﬁ 0] .. Area of triangle = E
(26) (A).x2+x-4=0

L TlEVIH16 14417

(30)  (C). Let the mid point be S (h, k), P(2h, 0) and Q (0, 2k)
Yy

X
Equation of PQ: ——+

A
2 2 2h 2k
(4-1)-0 PQ is tangent to circle at R(say)
T =T 4-r=12
4 4R2-1) 1
= - ~ OR=1 =1 .
\/5+1 1 N = : 5 | 5 Q S
EIRCS RN
2h 2k
(7 2V @6; I axis %4_% _
4h= 4k
AB=AC+CB = xX+y’-4xly? =0
> 5 Aliter : Tangent to circle x cos®+ysin6=1
\J(b+c)*—(b—c) P:(secH,0); Q:(0, cosec0)
1 . 1
= J(b+a)> —(b—a)* +:/(a+)* —(a—c)? 2h=sec 8= cosO = &sind=—-
\/@ = \/Eﬁ-\/; 1 1
5+ 5 =1
RN @9 @2)
NERNN Y (31) (B).Circle touches internally
n n C,(0,0);r;=2
(28) (D). p=$,but$<4 = n=1,2,3,4,5. Cy:(-3,-4)1,=7
CiCy=[r -1,
2 S| - S, =0 = eqn. of common tangent
Length of chord AB = 24/16 —— 6x+8y—20=0
2y 3x+4y=10
a2 (6, —2) satisfy it
I;Of;: ilﬁ—:f 6(szay) (0’; m 32) (O). Equaticl)n of common chord
n=2,02=56 ’ x 1
32 Qj\ dhx+ Syt 5 =0 e
n=4,(>=32 and given lineis 4x + 5y —k=0 ...(2)
n=>5,(2=14 On comparing (1) & (2), we get
Required sum=62+56+46+32+14=210 |
k+—
k=L _ 2 = Noreal value of k exist
10 -k
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(33) (O). Equation of circle can be written as
x-1)2+(y— 12 +r(x-y)=0
It passes through (1, -3)
16+A(4)=0=>A1=-4
2+ (y-1)? -4 (x-y)=0
= x> +y?-6x+2y+2=0

= r:2\/§

37

(1, 1)

(3%

G4 M) W X
x2+y2=1

Vh2 +k% =|h|+1 5

y2=1+2x 5 y=+1+2x; x>0

X2+y?=x2+1+2x

(35 @®).

39

Let length of common chord = 2x

V25— x2 ++144—x2 =13
12x5
13
(A). Equaiton of circles are
(x—3)2+(y—5)*=25
(x=3)2+(y+5)2=25
x2+y2—6x—10y+9=0
x2+y?—6x+10y+9=0

120
X=—

13

>

After solving, X =

(36)

(40)

(A). L=fS; =16 =4; R=/16+4-16=2
Length of Chord of contact
_ 2LR  2x4x2 16
CJI24r2 Vie+4 V20

Square of length of chord of contact =64 / 5.

11 )
2 2 —_
(A). Slope of tangent to x“ +y~ =1 at [ 2

x2+y2:1
2x+2yy'=0

X

S |
y

y=mx +c is tangent of x2 + y2 = 1

so,m=1

y=x+c

Now distance of (3, 0) fromy=x+cis

’

y

c+3

V2
cz+6c+9=2
2 +6c+7=0
(O). Equation of family of circle touching y-axis at
(0, 4) is given by (x — 0)2 + (y—4)2 + Ax=0.
It passes through (2, 0)
= A=-10.
= Required circle is (x — 0)2 + (y —4)? — 10x=0
= x2+y2-10x—8y+16=0
Center of circle = (5,4) and radius =5

=1

Distance of 4x + 3y — 8 =0 from (5, 4) = ‘% # radius

(36) Common tangentis S;—S,=0
= —6x+8y-8+k=0
Use p =r for ISt circle
|-18—8+k|
10 B
= k=36orl6=k_ , =36

1

B
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