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Conic Section (Parabola, Ellipse,

Hyperbola)

QUICK LOOK

Conic sections or conics in short, are geometrical figures
obtained by the intersection of a plane with a three-dimensional
double cone. In the following figure, the angle which the
normal to the (variable) plane makes with the axis of the double
cone is represented by while the semi-vertical angle of the cone
is 8:

Hyperbola

a<b

Figure: 21.1

Depending on the orientation of the intersecting plane, different
types of conic sections will be generated from the double cone.
Depending on the orientation of the intersecting plane, different
types of conic sections will be generated from the double cone;
the following four types of conics are obtained:

= Circles: Circles are a special kind of conics with the

. . N 4
intersecting plane at inclination 3

= Parabola: The intersecting plane for parabola is parallel to
the slant of the cone, i.e., at an angleé.
= Ellipse: The

a > 60(a # x/2)since then a circle will be formed).

intersecting plane is at an angle
= Hyperbola: The intersecting plane is at an angle a<#; in

this case, the plane cuts both the top and bottom halves of
the cone.

Recognisation of Conics
The equation of conics is represented by the general equation of
second degree

ax’ +2hxy +by’ +2gx+2 fy+c=0 o)
and discriminant of above equation is represented by A, where

A=abc+2fgh—af* —bg* —ch®

Case (i): When A=0

In this case equation (i) represents the degenerate conic whose
nature is given in the following table.

Table 21.1: Condition and Nature of Conic

S. No. Condition Nature of Conic

1. A=0 and ab—h2 =0 A pair of coincident straight lines
2. A=0 and ab—h2 <0 A pair of intersecting straight lines
3. A=0 and ab—h*>0 A point

Case (ii): When A#0

In this case equation (i) represents the non-degenerate conic
whose nature is given in the following table.

Table 21.2: Condition and Nature of Conic

S. No. Condition Nature of Conic

L A#0,h=0,a=b A circle

2. A#0,ab—h*=0 A parabola

o A#%0, ab—i*>0 An ellipse

4. A#0,ab—h> <0 A hyperbola

- A#0,ab—h> <0 A rectangular
and a+b=0 hyperbola

Method to find centre of a Conic
Let S=ax’+2hxy+by’ +2gx+2fy+c be the given conic.

Find §,§
Ox Oy

Solve s =0, Z—S =0 for x, y we shall get the required centre (x, y)

Ox y

_ (W —bg gh—af
(x’y)_(ab—hz’ab—hz

Intersection of a Right Circular Cone and a Plane

= The curve/lines of intersection of a right circular cone and a
plane is a conic section. Conic sections are of different
varieties for different orientation of the plane.

= The intersection of a right circular cone and a plane passing
through the axis of the cone is a pair of lines.

= The intersection of a right circular cone and a plane
perpendicular to the axis of the cone is a circle.

= The intersection of a right circular cone and a plane parallel
to a generator of the cone is parabola.

= The intersection of a right circular cone and a plane cutting



the axis at an angle a(O <a< %j is an ellipse.

= The intersection of a right circular cone and a plane parallel
to the axis of the cone is hyperbola.

Conic Section as a Locus of a Point
L P

Figure :21.2

If a point moves in a plane such that its distances from a fixed
point and a fixed line always bear a constant ratio / then the
locus of a point is a conic section of the eccentricity e (focus-
directrix property). The fixed point is the focus and the fixed
line is the directrix.

= Ife—l,itis a parabola.

= Ife<l,litis an ellipse.

= Ife>l,itis a hyperbola.

Equation of Conic Section by Focus-Directrix Property

= Ifthe focus is («, f) and the directrix is ax+by +c =0 then
the equation of the conic section whose eccentricity =e, is

2
(x—a) +(y-p) :eZ.w
a +b

= If the focus is (&, £) and the directrix is ax + by +c =0 then
the equation of the parabola is
ax+by+c)’
(-a) +(y—py =1 EEDEE
a +b

Standard Equation of a Parabola and its Parts
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Figure: 21.3

For the parabola y* = 4ax,

Standard Equation of a Parabola and its Parts
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Figure :21.4

The standard equation of a parabola is y* = 4ax for which vertex
V'=(0,0), focus S = (a, 0)
» The equation of the directrix MN is x+a =0 and that of the

axis (or axis of symmetry) Vs of the parabola is y = 0.
= Latus rectum OQSQ’ = 4a (= 4V9).
= }VS=VN=a.

Location of a Point in Relation to a Parabola
S EyZ —4ax=0(

Exterior interior

Figure :21.5

If § =y®—4ax =0be a parabola and P(x,,y,) be a point then

= P is in the interior of the parabola if S, <0, ie,
¥y —4dax, <0.

* Pis on the parabola if S, =0,i.e., y{ —4ax, =0.

= P is in the exterior of the parabola if S >0 ie,

y' —4ax, > 0.

Table 21.3: Important Terms of Parabola
Important terms 32 = 4ax Y =—dax | x*=4ay X =—4ay
Coordinates of vertex | (0, 0) (0, 0) (0, 0) (0, 0)
Coordinates of focus | (a, 0) (—a, 0) 0, a) (0, —a)
Equation of the xX=-a xX=a y=-a y=a
directrix
Equation of the axis y=0 y=0 x=0 x=0
Length of the 4a 4a 4a 4a
latusrectum
Focal distance of a X+a a—x y+a a-y
point P(x,y)

Condition for General Equation of the Second Degree to
Represent a Parabola

The equation ax’ +2hxy +by* +2gx +2fy +c = 0 represents a
parabola if #* = ab, i.e., the second degree terms form a perfect

square provided A = abc + 2 fgh—af* —bg® —ch®> #0



Reduction of Equation of a Parabola into Standard Form:
The equation (y— )’ =4a(x—a) can be reduced to the
standard form by the transformations x—a =X,y—f=7.
The equation becomes * = 4aX, which is the standard form in
X,y coordinates. (y — §)* = 4a(x— ) is the form of equation
of a parabola whose axis of symmetry is parallel to the x-axis.
The equation (ax +by +c)* = bx—ay +c'can be reduced to the
standard form by the transformations

ax+by+c  bx—ay+c

_7/, :X
Nat +b* NI

Note
The lines ax + by + ¢ = 0 and bx —ay + ¢' = 0 are perpendicular to

X which is

each other. The equation becomes y* = —
a +b

the standard form in X,y coordinates.

Parametric Equations of a Parabola

* x=at’,y=2at are the parametric equations of a parabola.

* Any point on the parabola y* =4ax has the coordinates

(at*,2at) or (%,ﬁJ or (iz,z—aj.
m m m m

Table 21.4: Parametric Equations of Parabola

Parabola Parametric Coordinates Parametric Equations
' =4ax (at*,2at) x=at’,y=2at

y* =—dax (—at*,2at) x=—at’,y=2at

x* =4ay (2at,at*) x=2at,y=at’

x* =—4ay (2at,—at*) x=2at,y=—at’

The parametric equation of parabola (y —k)* = 4a(x—h) are

x=h+at’and y=k+2at

Tangents and Normal’s: Let the equation of a parabola be

y2 =4ax.

= The equation of the tangent at (x;, y;) to the parabola is
W =2a(x+x,)

* The equation of the tangent at (at’,2at) is ty = x +at’.

. a 2a). a
= The equation of the tangent at | —-,— |is y =mx+—
m- m m

= The line y = mx + c touches the parabola if ¢ = <2 and so any
m

a
tangent to the parabola can be taken as y = mx +—
m

The equation of the normal at (x,,y,) is A _VTh
- N

= The equation of the normal at (at*,2at) is y+tx =2at +at’,
S =ax’ +2hxy + by’ +2gx+2fy+c=0 be a parabola.

= The equation of the tangent at (x,,),)is y—y, = (@j

(x—x),1.e.,

axx, +h(xy, +x,y) +byy, + g(x +x)+ f(y+ ) +c=0

= The equation of the mnormal at (x,y) is
-1
y‘YFW'(X—XI)
dx Rl

Chord of Contact, Polar Line, Pole: Let the equation of a

parabolaby y* —4ax =0

= The chord of contact of tangents from the exterior point
P(x,,y,) to the parabolais T = yy, —2a(x+x,) =0

= The polar line of the point P(x,,y,) with respect to the
parabolais T = yy, —2a(x+x,)=0

= The pole of a line L =0 with respect to the parabola is the

point (x,,,) whose polar is the line L =0.

Chord with Given Middle Point: The equation of a chord of a

second degree curve S=0 whose middle point is (x,,y,) is S, =T

So, for the parabola y* —4ax = 0it is y{—4ax,=yy,—2a(x +x,)

Diameter of a Parabola: The locus of the middle points of
parallel chords of a parabola is a line which is called a diameter
of the parabola.

Length of Tangent, Subtangent, Normal and Subnormal

Let the parabola y* = 4ax. Let the tangent and normal at
P(x,,y,) meet the axis of parabola at T and G respectively, and
tangent at P(x,, y,) makes angle y with the positive direction of
X-axis.

r (x1.1)

i =2a(x+x;)
X X
N G(x1,2a,0)
T(=x1,0) (x1, !
y yzﬁtax
Figure :21.6

A(0,0) is the vertex of the parabola and PN = y. Then,



=  Length of tangent = PT = PN cosec i = y, cosecy

=  Length of normal = PG = PNcosec(90°—y) = y, secy

= Length of sub-tangent = TN = PN coty =y, coty

= Length of subnormal = NG = PN cot(90°—y) = y, tany

2
where , tany = 24 m, [slope of tangent at P(x, y)]
1

Length of tangent, sub tangent, normal and subnormal to y*
= 4ax at (af’, 2at)
*  Length of tangent at (at’,2at) = 2at cosecy

=2at\|(1+cot’ ) =2at1+1

= Length of normal at (at’,2at) = 2atsecy

=2at\/(1+tan’ y)

= 261\/[2 +tan’y = Za\/(t2 +1)

*  Length of subtangent at (at’,2at) = 2at coty = 2at’

= Length of subnormal at (at’,2at) = 2attany = 2a

Standard equation of the Ellipse
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Figure :21.7
Let S be the focus, ZM be the directrix of the ellipse and

P(x,y)is any point on the ellipse, then by definition If_]t[ =e

= (SP) =¢&*(PM)’ (x—ae)’ +(y-0) 262[1_)6)
e

2 2

Xy

2 2
A " Tt vhere =€)

Since e <1, therefore a*(1-e’)<a’ = b* <a’.

2
X

2
Some terms related to the ellipse —+ Z—z =l,a>b:
a

2 2
The standard equation of an ellipse is — +? =1 for which
a

= centre 0=(0,0)

= focus §,5'=(xa,0)

= the equation of the major axis A4'is y =0 the length of the
major axis = AA4'=2a

= the equation of the minor axis BB'is x = 0 the length of the
minor axis = BB'=2b

= the relation between semimajor axis a, semiminor axis b and
eccentricity e isb? = a*(1-¢€*),e < 1

= the equation of directrices are x i% =0

\ W2
= Jatus rectum LL'(or KK') = =——.
a

Focal Distances of a Point: The distance of a point from the
focus is its focal distance. The sum of the focal distances of any
point on an ellipse is constant and equal to the length of the
major axis of the ellipse.

~

M/ _%N_ M
e z
X > X

Figure: 21.8
2 2

Let P(x,,y,)be any point on the ellipse x_Z +% =1
a

SP =ePM :e(z—xljza—ex1
e

and S’P:ePM':e(£+xlj:a+ex1
e

SP+S'P=(a—ex))+(a+ex)=2a=AA"=major axis.

Table 21.5: Basic Fundamentals of Ellipse

2 2
Basic fundamentals Ellipse {% +% = 1}

Fora>b Forb>a
Centre (0,0) (0,0)
Vertices (*a,0) (0,+b)
Length of major axis 2a 2b
Length of minor axis 2b 2a
Foci (tae,0) (0,+be)
Equation of directrices x=tale y=tble
Relation in a, b and e b =d*(1-¢%) @ =b*(1-¢%)




Length of latus rectum 2h? 24>

2
+2 1pe
b

(acos¢@,bsin @)

>

a

b2
tae,+—
a

(acos@,bsin ¢)

Ends of latus-rectum

Parametric equations

(0<¢<27)
Focal radii SP=a-ex, and | SP=b-ey, and
S'P=a+ex S'P=b+ey,
Sum of focal radii 2a 2b
SP+S'P=
Distance between foci 2ae 2be
Distance between directrices | 2ale 2ble
Tangents at the vertices X=—a,x=a y=b,y=-b

Standard equation of the Hyperbola
Let S be the focus, ZM be the directrix and e be the eccentricity
of the hyperbola, then by definition,

Y
L Q/
M P
S \
- A) " Nis
X
Z| A\ S (ae,0)
% .;
5 & N
0
x=-a/e Y x=ale
Figure :21.9

ﬁ—; =e= (SP) =&’ (PM)’

= (x—ae)+(y-0)Y=¢ [x—ﬁj
e

2 2 2 2

= X 7 :X——Z—zzl,bzzaz(ez—l)

a’ _az(ez—l) - a’

The standard equation of a hyperbola is for which

= centre O = (0,0)

= focus, S,S"'=(tae,0)

= vertices 4,4"'= (£ a,0)

= the equation of the transverse axis 4'4 is y = 0 the length of
the transverse axis = 4’4 = 2a

= the equation of the conjugate axis B'Bis x =0

= the length of the conjugate axis = B'B = 2b

= the relation between semitransverse axis, a semiconjugate
axis b and eccentricity e isb* = a* (e’ —1),e > 1

. . . a
= the equation of directrices are x+—=0
e

2’
= latus rectum LL' (or KK') —.
a

Note

Comparing the results for ellipses and hyperbolas we find that
for coordinates, lengths or equations results are the same, only
difference being in the relation between g, b, e( — b* takes place
of b*)

Equation of Ellipse/Hyperbola when one Directrix and the
Corresponding Focus are given: If a directrix has the
equation ax+by+c =0 and the corresponding focus is (a.,f3)

then the equation of the ellipse/hyperbola is

(=) +(y-p) =¢ .[—“x%ff;cj

being given eccentricity of the ellipse/hyperbola.

Transformation into Standard form
(x-a)  (v-B)
a b
by taking the equations of transformation x =a+X,y=4+Y
x> v

the equation changes in the standard form —+— =1
a b

=1 then

= If the equation of the curve is

2 2
= In case of the ellipsex—2+2}—2 =1,a > b.1f the equation of the
a

(x-a)  =p)

ellipse is e =1 then we substitute
a
y=p+X,x=a+Y
2
= If the equation of the curve is wi
a
(mx+1ly+ p)’ —
T:l where Ix+my+n=0and mx—ly+p=0

Ix+my+n
NP +m?

=Y to put the equation in the standard form.

are perpendicular lines then we substitute

mx—Ily+p
NP +m?

Location of a Point

=X,

interior

exterior exterior

Figure :21.10
2 2

If the ellipse is S Ex—-i-z—z—l =0and P=(x,,) then
a

= P is in the interior of the ellipse if S(x;, y;) i.e.,

2 2
XN
_2+__

e 1<0
a



= Pisontheellipseif S(x,y,)=0
= Pisin the exterior of the ellipse if S(x,,y,)>0.

If the hyperbola is S Ex—z—Z—z—l =0and P =(x,, ) then

= Pisin the interior of the hyperbola if S(x,,y,) <0
= Pis on the hyperbola if S(x,,»,)=0
= Pisin the exterior of the hyperbola if S(x,,y,) >0

Condition for the General Equation of the Second Degree in
X, y to Represent an Ellipse/Hyperbola
The equation ax’ +2hxy + by® +2gx+ 2 fy + ¢ = 0 represents

= anellipse if 4> —ab < 0,A =0 and it is not a circle.
» ahyperbolaif h>—ab>0,A#0
= a rectangular (or equilateral) hyperbola {in a rectangular

hyperbola, transverse axis = conjugate axis} if W —ab>0
and a+b=0, A#0.

Standard Equation of a Rectangular Hyperbola: The
standard equation of a rectangular hyperbola is

= x>— ) =4 whose eccentricity e = /2, the transverse axis

and conjugate axis being the x and y axes respectively.
= xy=c® when the bisectors of the angles between the

transverse and conjugate axes are taken as x and y axes.

Coordinates of any Point on an Ellipse/Hyperbola
2 2

= Any point on the ellipse x—2+Z—2:1 has the coordinates
a

(acos¢,bsin ¢) where fis a parameter (called the eccentric

angle of the point).
2 2
= Any point on the hyperbolax—z—;;—2 =1has the coordinates
a

(asecp,btan @).
* Any point on the rectangular hyperbola x* —3* =a* has
the coordinates (asecg,btan @).

* Any point on the rectangular hyperbola xy =¢” has the
. c
coordinates (ct,—j.
t
Equation of the Chord Joining two Points of an Ellipse: The

2 2
equation of the chord of the ellipse x_2+Z_2:1 joining the
a

points '¢, "and '¢z'iS£COS¢1 th Yindth B
a 2 b 2 2

Equation of Tangent and Condition of Tangency
= The equation of the tangent at (x,),) to the curve
2 2
T4l gy B
a b a b

= The equation of the tangent at (a cos¢,bsin@)to the ellipse

=1

o )ccos1/5+ys1n(/§:1
a b a b
= The equation of the tangent at (asecg,btan¢g) to the

2 2

Xy . xsecg ytang
hyperbola ——-=1is ————-—-"-=1
P a b a b
xZ yZ
= The line y=mx+c touches the ellipse _2+b_2:1 if
a

¢ =a’m’ +b’. So, the line y=mx+~a’m*+b> touches

the ellipse for all real m.
2 2

Y

= The line y=mx+c touches the hyperbola x—z—? =1if
a

¢t =a’m’ —=b’. So, the line y=mx+~a’m’—b> touches
the hyperbola for all real m.

Equation of Normal: The equation of the normal at (x,,y,) to

. -1
acurveis y—y =————(x—x)).

(i)
dx X150

2 2

= For the ellipse —2+z—2=1, the equation of the normal at
a

PO U A 4
X, is =
(5 20) xl/a2 yl/b2

and that at (acos¢,bsing) is

axsecp—bycosecp =a’ —b’.
2 2
* For the hyperbola — T =1, the equation of the normal at
a

. X=X Y=y
X,y is — L =—oL
(x>, 1) —yl/bz

> and that at (asecg,btang) is
x/a

axcos¢+bycotg =a’ +b.

Chord of Contact, Polar line, Pole

= The chord of contact of tangents from (x,,y,) to the

[S]
[S]

AP W
a b at b



The pole of the line L = 0 with respect to the ellipse or hyper-
bola S = 01is the point (x,, y,) whose polar is the line L =0.

Equation of Chords and the Pair of Tangents from a point

2 2

The equation of the chord of § Ex—2+;;—2—1=0 whose
a

middle pointis (x,,y,)is T =S, where

XX, A%
T="F+—=t
a b

The equation of the pair of tangents from (x,,y,) to the

XX,
2
a

Yy
-15, = i—zl—l

2 2 2 2
curve x—ziy—zzlis&s1 = T'*where SEx—ziy——l,
a b a b
X on W
— 1 1 1
(O SRA I e TSR A 1B
a b a b

Figure: 21.11

If S, S’ are foci, major ax is = 2a then for any point P on the
ellipse, SP+S'P=2a. A chord PP'passing through the
centre O is a diameter of the ellipse. Two diameters PP'
and QQ' are conjugate diameters if chords parallel to

PP' are bisected by QQ'and chord parallel to QQ' are

bisected by PP'.
If the eccentric angle of P is ¢ then the other end P'of the

diameter PP'will have the eccentric angle 7 +¢ and the

ends of the conjugate diameter have the eccentric angles
V4

pt—.
2

Two diameters y =m, x,y = m,x are conjugate diameters of

x2 2 b2

y .
?-F?:llf mm, Z—?.

Some Properties of Hyperbola

If §,S"are foci, transverse axis = 2a then for any point P on
the hyperbola, | SP—-S'P |=2a.

2 2
The hyperbola % —Z—z =—1is the conjugate hyperbola of the
x2 y2
hyperbola pEaEY =1.

2 2
= The asymptotes of the hyperbola x—z—i—zzl are the lines
a

N

2 2
a b

Table 21.6: Fundamentals of Hyperbola

Fundamentals 2 2 2 2 2 2
L
a b a b a b

Centre (0, 0) (0, 0)

Length of transverse | 2a 2b

axis

Length of conjugate | 2b 2a

axis

Foci (+ae,0) (0, be)

Equation of | x=zale y=zxble

directrices

Eccentricity JET P
. ( ? ] . ( g ]

a b

Length of latus 2h? 242

rectum p b

Parametric (asecg,btang), | (bsecg,atang), 0<¢p <27

co-ordinates 0<p<27

Focal radii SP=ex,—a & | SP=ey,—b& S'P=ey, +b
S'P=ex +a

Difference of focal | 2a 2b

radii (S'P-SP)

Tangents at the | x=-a,x=a y=-b,y=>b

vertices

Equation of the y=0 x=0

transverse axis

Equation of the | x=0 y=0

conjugate axis

Rectangular or Equilateral Hyperbola
A hyperbola whose asymptotes are at right angles to each other

is called a rectangular hyperbola. The eccentricity of

rectangular hyperbola is always V2.

The general equation of second degree represents a rectangular
hyperbola if A =0, i* >ab and coefficient of x* + coefficient

of y> =0. The equation of the asymptotes of the hyperbola
¥y b
?_b_ZZI are given by y :i;x. The angle between these

two asymptotes is given by

LA
_a a)  2bla _ 2ab

b(—bj 1= ld> @ -b
+

a



MULTIPLE CHOICE QUESTIONS

Conic Section

1.  The equation x* —2xy + »* +3x +2 = Orepresents:
a. A parabola b. An ellipse

c. A hyperbola d. A circle

2. The centre of 14x* —4xy +11y° —44x—58y+71=0is:

a. (2,3) b. (2,-3)
c.(-2,3) d. (-2,-3)
Parabola

3. The equation of parabola whose focus is (5, 3) and
directrix is 3x—4y+1=0, is:

a. (4x+3y)* —256x—142y+849=0
b. (4x—-3y)* —256x—142y+849=0
c. Bx+4y)’ —142x—256y+849 =0
d. Bx—4y)’ —256x—142y+849=0

4. If the parabola y* =4ax passes through (-3, 2), then
length of its latus rectum is:
a.2/3
c.4/3

b. 1/3
d. 4

Parametric Equations of a Parabola, Position of a Point and
a Line with respect to a Parabola

5. x—-2=t>,y=2¢t are the parametric equations of the

parabola:
a. y* =4x b. 3> = —4x
c. x’ =—4y d. y’ =4(x-2)

6. The equation of a parabola is y*> =4x. P(1,3)and O(1,1)

are two points in the xy-plane. Then, for the parabola:
a. P and Q are exterior points

b. P is an interior point while Q is an exterior point
¢. P and Q are interior points

d. P is an exterior point while Q is an interior point

Point of intersection of Tangents at any two points on the
Parabola and Equation of Pair of Tangents from a point to
a Parabola

7. The straight line y =2x+ A4 does not meet the parabola
¥y =2x,if:

1

a.)p<l b. 1>— C.
4 4

8.  If the tangent to the parabola y* = ax makes an angle of

45° with x-axis, then the point of contact is:

o (ﬁ,ﬁj b. (ﬁ,ﬁj
2°2 4 4
. (ﬁ,zj a (z,ﬁj
24 42

9.  The line x—y+2 =0 touches the parabola y* =8x at the
point:
a. (2,4)

b.(1,242) e (4,-442) d.(2,4)

Equations of Normal in Different forms
10. Ifx+y =k is a normal to the parabola y* =12x, then k is:
a.3 b. 9 c.—9 d. -3

11. The normals at three points P, Q, R of the parabola y* = 4ax
meet in (4, k), the centroid of triangle POR lies on:
a. x=0 b.y=0 C. x=-a

d. y=a

Equations of Chord and Tangent in Different forms

12. If the points (au’,2au) and (av’,2av)are the extremities

of a focal chord of the parabola y* = 4ax, then:

b. uv+1=0
d.u-v=0

a. uv—1=0
c.u+v=0

Diameter of a Parabola, Length of Tangent, Sub-tangent,

Normal and Subnormal

13. Equation of diameter of parabola y* = x corresponding to
the chord x—y+1=0 is:
a. 2y=3 b. 2y =1

c.2y=5 d. y=1

14. The length of the sub-tangent to the parabola y* =16x at

the point, whose abscissa is 4, is:

a.2 b.4
c.8 d. None of these
Pole and Polar

15. The pole of the line 2x = y with respect to the parabola

(1o

d. None of these

' =2x is:

(o
o}



16. A ray of light moving parallel to the x-axis gets reflected

from a parabolic mirror whose equation is

(y=2)* =4(x+1). after reflection, the ray must pass

through the point:

a.(0,2) b. (2, 0)

c. (0,-2) d.(-1,2)
Ellipse

17. The equation of an ellipse whose focus is (-1, 1), whose
directrix is x—y+3 =0 and whose eccentricity is %, is
given by:

a. 7x" +2xy+7y" +10x-10y+7=0
b. 7x* =2xy+7y° —10x+10y+7=0
c. 7x* =2xy+7y*—10x-10y-7=0
d. 7x* —2xp+7y° +10x+10y -7 =0
18. If P(x,y),F,=(3,0), F,=(-3,0) and 16x* +25y° =400,

then PF, + PF, equals:

a. 8 b. 6
c. 10 d. 12

Equation of Ellipse in other form and Parametric Equation
2 2

19. The equation of a directrix of the ellipse f—6 +;—5 =1is:
25
a. y=— b. x=3
d 3
c. x=-3 d. x= 3
25
20. The distance of the point '€#' on the ellipse
2 2
x_2 +2- = 1from a focus is:
a b

a. a(e+cosb) b. a(e—cos9)

c. a(l+ecos0) d. a(l+2ecosf)
Position of a point with respect to an Ellipse and

Intersection of a line
2 2

21. Let E be the ellipse %+y7 =1 and C be the circle
x> +y>=9. Let P and Q be the points (1, 2) and (2, 1)
respectively. Then:

a. Q lies inside C but outside £
b. Q lies outside both C and £
c. P lies inside both C and E

d. P lies inside C but outside £

Equations of Tangent in Different forms and Pair of
Tangents

22. The number of values of ‘c’ such that the straight line

2
X .
v =4x + c touches the curve Y +y* =1lis:

a.0 b.1
c.2 d. Infinite

23. The area of the quadrilateral formed by the tangents at the

2 2

end points of latus- rectum to the ellipse % +y? =1, is:

a.27/4 sq. units b. 9 s5q. units

¢. 27/2 sq. units d. 27sq. units

Equations of Normal in Different forms Eccentric angles of

the Co-normal points

24. The equation of normal at the point (0, 3) of the ellipse
9x* +5)° = 45is:
a. y-3=0 b. y+3=0

¢. x-axis d. y-axis

25. If the normal at any point P on the ellipse cuts the major
and minor axes in G and g respectively and C be the
centre of the ellipse, then:

a. a’(CG)’ +b°(Cg)’ =(a’ -b*)
b. a’(CG)* -b*(Cg)’ = (a* - b*)
c. a’(CG)* -b*(Cg)’ =(a’* +b*)
d. None of these

Chord of Contact, Equation with Mid Points and Chord

Joining Points

26. What will be the equation of the chord of contact of
tangents drawn from (3, 2) to the ellipse x* +4)* =9?

b. 3x+8y =25

d. 3x+8y+9=0

a. 3x+8y=9
c. 3x+4y=9

Pole and Polar
27. The pole of the straight line x+4y =4 with respect to
ellipse x* +4y” =4is:

a.(1,4)
c.(4,1)

b. (1, 1)
d. (4, 4)



Diameter of the Ellipse

28. If one end of a diameter of the ellipse 4x* +3* =16 is
(\/5 ,2), then the other end is:
a. (—/3,2)  b. (/3,-2) ¢ (—/3,-2) d. (0,0)

29. If @ and ¢ are eccentric angles of the ends of a pair of

2 2
conjugate diameters of the ellipse x_2+;)/_2: 1, then 6—¢
a

is equal to:
a. +2 b. +7
2
c.0 d. None of these

Sub-tangent and Subnormal; Con-cyclic points and
Reflection property of an Ellipse

30. Length of sub-tangent and subnormal at the point

2 2
ﬂ, 2 | of the ellipse T v qare:
2 25 16

o33 _10) 83 53 10) 83
2 B3 s '2+J§’10

o [3V3 12163
. 2+\/§,5

d. None of thee

Hyperbola
31. The equation of the conic with focus at (1, — 1), directrix

along x— y+1=0 and with eccentricity V2 is:

a. x -y =1 b. xy =1

¢ 2xy+4x—-4y-1=0 d. 2xy+4x-4y-1=0
Position of a point with respect to a Hyperbola and

Intersection of a Line
2 2

32. The number of tangents to the hyperbola %—y?:l

through (4, 1) is:
a. 1
c.0

b. 2
d.3

Equations of Tangent in Different forms and Equation of Pair
of Tangents

33. The points of contact of the line i y=x-1 with
3x* -4y’ =12is:
a.(4,3)

c. (4,-3)

b. (3, 4)
d. None of these

34. The locus of the point of intersection of tangents to the
hyperbola 4x*> —9y* =36 which meet at a constant angle
/4, 1is:

a. (x> +)° =5)> =4(9)" —4x* +36)
b. (x* +1° —5)=4(9y* —4x* +36)
c. 4(x* +1y* =57 =(9y” —4x* +36)
d. None of these

Equations of Normal in Different forms

2 2

35. The equation of the normal to the hyperbola C A

9
at the point (8, 3\/3) is:

a. x/§x+2y=25 b. x+y=25
c. y+2x=25 d. 2x+4/3y =25
x2 2
36. If the normal at '¢'on the hyperbola —2—%:1 meets
a

transverse axis at G, then AG.A'G =? (Where A and A’

are the vertices of the hyperbola)
a. a’(e*sec’ p—1) b. (a’e*sec’ p—1)
c. a*(1-¢*sec’ ¢) d. None of these

Equation of Chord of Contact of Tangents drawn from a
Point to a Hyperbola, Mid Points joining Two points on the
Hyperbola
37. The equation of the chord of contact of tangents drawn
from a point (2, —1) to the hyperbola 16x* —9)* =144 is:
a. 32x+9y =144
b. 32x+9y =55
c. 32x+9y+144=0
d. 32x+9y+55=0

38. The point of intersection of tangents drawn to the

2 2

X . o
hyperbola _2_y_2 =1 at the points where it is intersected
a b

by the line Ix+my+n=0 is:

—a’l b*m
a|—,—
n n

a*n b'n

¢ | ——,—
I m




Pole and Polar and Diameter of the Hyperbola

2

2
39. If the polar of a point w.r.t —2+Z—2:1 touches the
a

2 2

hyperbola x_z + Z_Z =1, then the locus of the point is:
a

a. Given hyperbola b. Ellipse

c. Circle d. None of these
40. If a pair of conjugate diameters meet the hyperbola and its

conjugate in P and D respectively, then CP> —CD* =?

a. a’ +b° b. a* - b*
aZ
c. b_2 d. None of these

Sub-tangent and Subnormal of the Hyperbola, Reflection
property of the Hyperbola and Asymptotes

2 2

41. From any point on the hyperbola, x—z—%:l tangents
a

2 2

are drawn to the hyperbola —Z—Z—z =2. The area cut-off
a

by the chord of contact on the asymptotes is equal to:

a. a_b b. ab
2
¢. 2ab d. 4ab

42. The combined equation of the asymptotes of the

hyperbola 2x* +5xy +2y° +4x+5y =07
a. 2x° +5xy+2y° =0

b. 2x* +5xy+2y° —4x+5y+2=0=0
c. 2x2+5xy+2y2+4x+5y—2:0

d. 2x° +5xp+2)> +4x+5y+2=0

Rectangular or Equilateral Hyperbola
43. 1If 5x* + Ay = 20 represents a rectangular hyperbola, then

A equals:
a.5 b. 4
c.—5 d. None of these

44. If the normal at (ct, Ej on the curve xy=c’ meets the
t

curve again in ¢, then:

St'=——

d " =——

Intersection of a Circle and a Rectangular Hyperbola

45. 1If a circle cuts a rectangular hyperbola xy =c* in 4, B, C,
D and the parameters of these four points be ¢,,¢,,¢, and
t, respectively. Then:
a. 1, =1, b. 1,01, =1

.t =t d. t, =t,

46. If the circle x* +y’ = a’ intersects the hyperbola xy = ¢’
in four points P(x,, y,), 0(x,, y,), R(x;,¥;), s(x,,y,) then:

a x +x,+x,+x,=0 b. y+y,+y,+y,=0

_ 4 =ct
C. X X,X;X, =C d. yyy3y, =c

NCERT EXEMPLAR PROBLEMS
More than One Answer

47. Equation of common tangent of y = x, y = — x* + 4x — 4 is:
ay=4(x-1) b.y=0
c.y=—4x-1) d.y=-30x —50

48. Let P(xy,y1) and Q(x2,)»), y1 <0, y, <0, be the end points
of the latus rectum of the ellipse x* + 4y* = 4.The
equations of parabolas with latus rectum PQ are:

a. X+ 233y =3+3 b. x> 23y =3+3
c. ¥ +233y=3-3 d. > —23y=3-3

49. The tangent PT and the normal PN to the parabola y* = 4ax
at a point P on it meet its axis at points 7 and N,
respectively. The locus of the centroid of the triangle PTN
is a parabola whose:

a. vertex is (%,Oj b. directrix isx =0

¢. latus rectum is Z?a d. focus is (a, 0)
Let 4 and B be two distinct points on the parabola y* = 4x.
If the axis of the parabola touches a circle of radius r
having AB as its diameter, then the slope of the line
joining 4 and B can be:

1

a, —— b. l
r r

2 2
c. —
B
51. Let L be a normal to the parabola y* = 4x. If L passes
through the point (9, 6), then L is given by?
a. y—x+3=0 b. y+3x-33=0

c. y+x—-15=0 d. y-2x+12=0



52.

53.

54.

SS.

56.

57.

58.

If the circle x* + y* = a” intersects the hyperbola xy = ¢*in

four points P(x,,,),0(x,, y,), R(x3, ,),8(x,, » ), then?

a x +x,+x,+x,=0 b. y+y,+y,+y,=0

o4 o4
C. X\ X)X3X, =C d. yy,yy,=c

An ellipse intersects the hyperbola 2x* — 2)*=1 orthogonally.
The eccentricity of the ellipse is along the coordinate axes,
then:

a. Equation of ellipse is x* + 2" =2

b. The foci of ellipse are (£ 1,0)

¢. Equation of ellipse is x* + 2)°=4

d. The foci of ellipse are (i\/E,O)

2 2

Y
b_2:1 be

Let the eccentricity of the hyperbola —
a

reciprocal to that of the ellipse x* = 4y° = 4. If the

hyperbola passes through a focus of the ellipse, then:
2 2

a. the equation of the hyperbola is x? _y7 =

b. a focus of the hyperbola is (2, 0)

c. the eccentricity of the hyperbola is \/g

d. the equation of the hyperbola is x* — 3y* = 3

2 2
Tangents are drawn to the hyperbola %—y? =1, parallel

to the straight line 2x — y = 1. The points of contacts of the
tangents on the hyperbola are:

gl
c. 3\3,-22) d. (-3v3,242)

In the ellipse 25x% + 9% + 150x — 190y + 225 =0 ?
a. foci are at (3,1), (3, 9) b. e =4/5
c. centre is (5,3) d. major axis is

The points, where the normals to the ellipse x* + 3y* = 37
be parallel to the line 6x — 5y + 7 =0 is:

a.(5,2) b.(2,5)

c.(1,3) d. (-5,-2)

If the tangent at the point (4 cosd, 16 sin 9) to the ellipse

Jin

16x° + 11y* = 256 is also a tangent to the circle x, + y* —

256 is also a tangent to the circle x* + y* —2x =15, then &

equals:
a. z b. 2—” c. -z d. 5—”
3 3 3 3

59.

60.

61.

The product of eccentricities of two conics is unity, one of
them can be a/an?

a. parabola b. ellipse
¢. hyperbola d. circle
If m; and m;, are the slopes of the tangents to the hyperbola
2 2
% —i}—6 =1which pass through the point (6,2), then:
a. m +m, = 24 b. mm _20
¢ 1 2 = 11 ¢ 12 = 11
c. m+m,= ﬁ d. mm —H
* 1 2 11 * 17772 20

If the tangent at the point (aseca,btana) to the

2 2
X .
hyperbola—z—% =1 meets the transverse axis at T, then
a

the distance of T form a focus of the hyperbola is:

a. a(e—cosa) b. b(e+cosa)

c. a(e+cosa) d. \/(aze2 +b° +cot’ o)

Assertion and Reason

Note: Read the Assertion (A) and Reason (R) carefully to mark
the correct option out of the options given below:

a.

63.

64.

If both assertion and reason are true and the reason is the
correct explanation of the assertion.

If both assertion and reason are true but reason is not the
correct explanation of the assertion.

If assertion is true but reason is false.

If the assertion and reason both are false.

If assertion is false but reason is true.

Consider the two curves G, : ) =4x, C, : x* +)° —6x+1=0
Assertion: C; and C, touch each other exactly at two
points.

Reason: Equation of the tangent at (1,2) to C, and C, both
isx—y+l=0andat(l,2)isx+y+1=0

2
X . . .
Assertion: The curve y = —?+x+1 is symmetrical with

respect to the linex = 1.
Reason: A parabola is symmetric about its axis

Assertion: If the length of the latus rectum of an ellipse is
1/3 of the major axis, then the eccentricity of the ellipse is

N2/3

Reason: If a focus of an ellipse is at the origin directrix is
the line x=4and the eccentricity is +/2/3, then the length

of the semi major axis is 446



65.

66.

67.

68.

69.

70.

71.

Assertion: A parabola has the origin as its focus and the
line y = 2 as the directrix, then the vertex of the parabola
is at the point (0,1)

Reason: Vertex of a parabola is equidistance form the
focus and the directrix and lies on the line through the
foucs perpendicular to the directrix.

Assertion: A equation of a common tangent to the parabola
3> =16+/3x and the ellipse 2x> + * =4 is y = 2x + 24/3.

. 4 .
Reason: If the line y :mx+—3,(m #0) is a common
m

tangent to the parabola y* = 16+/3x and the ellipse 2> + 17 =4,

then m satisfies m* + 2m* = 24

Assertion: Two tangents drawn from any point on the
2 2
hyperbola x* — y* = a> —b* to the ellipsex—z—% =1 make
a

complementary angles with the axis of the ellipse
Reason: If two lines make complementary angles with the
axis of x then the product of their slopes is 1.

Assertion: The tangent to the parabola y* = 4x at any
point P and perpendicular on it form the focus S meet on
the directrix of the parabola.

Reason: Tangents and normals at the extremities of the
latus rectum of a parabola y* = 4ax constitute a square
whose area is 84°sq. units

Assertion: If the vertex of a parabola lies at the point (a, 0)
and the directrix is y-axis then the focus of the parabola is
at the point (2a, 0).

Reason: Length of the common chord of the parabola
y* = 12x and the circle x* + y* = 9 is equal to the length of
the latus rectum of the parabola.

Assertion: If the foci an hyperbola are at the points (4, 1)
and (-6,1), eccentricity is 5/4 then the length of the
transverse axis is 4.

Reason: Distance between the foci of a hyperbola is equal
to the product of its eccentricity and the length of the
transverse axis.

Assertion: If the normal at an end of a latusrectum of the
2 2

ellipse x—2+%:1 meets the major axis at G,O is the
a

centre of the ellipse, then OG=ae’,e being the eccentricity

of the ellipse
Reason: Equation of the normal at a point (acosé, bsin8)
2 2
on the ellipsex—2+y—2:1 is 24 .by =a’ +b
a b cosd sind

Comprehension Based

Paragraph-I

Let PQ be a focal chord of the parabola y* = 4ax. The tangents
to the parabola at P and Q meet at a point lying on the line
y=2x+a,a>0.

72. Length of chord PQ is:
a.7a b. 5a

d. 3a

73. If chord PQ subtends an angle 6 at the vertex of y* = 4ax,

then tan 6 is equal to:

a. gﬁ b. %Zﬁ c. %ﬁ

c. 2a

d. %2\/3

Paragraph-11
Tangents are drawn from the point P(3,4) to the ellipse
2 2

% +y7 =1 touching the ellipse at points 4 and B.

74. The coordinates of 4 and B are:

a. (3, 0) and (0, 2)

5 15

. [_§,2—Mj and (0,2) d. (3, 0) and (—%%)

75. The orthocentre of the triangle PAB is:

b (23]
58

(11 8) (8 7)
c.|—,— d.|—.—
55 25°5

76. The equation of the locus of the point whose distance
from the point P and the line 4B are equal, is:

2. 9x" + 17 —6xy—54x—-62y+241=0
b. x* +9y° +6xy—54x+62y—241=0
c. 9x’ +9y* —6xy —54x—-62y—-241=0
d. X’ +y" —2xy+27x+31y—120=0

Paragraph-I11

2 2

The circle x* + y* — 8x = 0 and hyperbola% _yT =l intersect at

the points 4 and B.

77. Equation of a common tangent with positive slope to the
circle as well as to the hyperbola is:

a.2x—/5y-20=0 b.2x—~/5y+4=0
c.3x—4y+8=0 d.4x-3y+4=0



78. Equation of the circle with 4B as its diameter is: Match the Column
ax +)y —12x+24=0 b.x’ )y’ + 12x+24=0

84. Match the statement of Column with those in Column II:
X'+ +24x-12=0 d.x*+)"—24x-12=0

Column I Column II

(A) The minimum and maximum 1.L+ G =10
Paragraph-1V distance of a point (2, 6)
The difference between the second degree curve and pair of from the ellipse 9%* + 8)7 —

asymptotes is constant. If second degree curve represented by a 36x — 16y — 28 = 0 are L
hyperbola S = 0, then the equation of its asymptotes is S + A = and G, then
0, and if equation of conjugate which will be a pair of straight (B) The minimum and maximum 2.L+G =6
lines, then we get A. Then equation of asymptotes is 4 =S+ A = distance of a point (1, 2)
0 and if equation of conjugate hyperbola of S represented by from the ellipse 4x* + 9)* +
Si, then A is the arithmetic means of S and S 8x — 36y +4 =0 are L and
G, then

79. Pair of asymptotes of the hyperbola xy — 3y —2x =0 is:
(C) The minimum and maximum 3.G-L=6

axy—-3y—-2x+2=0 b.xy—3y-2x+4=0 . :
Cxy—3y—2x+16=0  doxy—3y—2x+12=0 d‘;talnzce of a point

80. The asymptotes of a hyperbola having centre at the point (??J from the ellipse
(1, 2) are parallel to the lines 2x + 3y = 0 and 3x + 2y = 0. AG3xtay)2 + 9 (4x — 3y) =
If the hyperbola passes through the point (5,3) then its 9000 are Z and G, then
equation is: fCo -4
a.(2x+3y-3)(B3x+2y—-5)=256 R

b. (2x +3y—7) (3x + 2y — 8) = 156 8 A> 2,34 B> 1,2; Cms 4.5

c.(2x+3y—-5)(Bx+2y-3)=256 b. A— 1,3: B> 2,4,5: C— 2.3
d. 2x+3y-8)(Bx+2y-7)=154 c.A— 345 B—13;C—>23
2 2 d.A—1,5,B— 24,5, C—>34
81. If angle between the asymptotes of hypelrbolax—z—y—2 =1 S
a b 85. Normals at P, O, R are drawn to y* = 4x which intersect

is %thant he centricity of conjugate hyperbola is: at (3, 0). Then:

Column I Column IT
a. V2 b. 2 (A) Areaof APQR 1.2
o 2 a x (B) Radius of circumcircle 2.5/2
3 NG) of APOR
82. A hyperbola passing through origin has 3x — 4y — 1 =0 (C) Centroid of APQR 3.(5/2,0)
and 4x — 3y — 6 = 0 as its asymptotes. Then the equation of (D) Circumcentre of APOR  4.(2/3,0)
its tansverse and conjugate axes as: a.A—> 1;B—>2;C—>4:D—>3
a.x—y—-5=0andx+y+1=0 b.A—>2;B—4;C—-3;D—>1
b.x—y=0andx+y+5=0 c.A—3;B—4,C—>2;D—>1
c.x+y-5=0andx-y-1=0 d.A—>4;,B—>1;C—>3;D—>2
d.xt+y-1=0andx-y-5=0 86. Match the statement of Column with those in Column II:
83. The tangent at any point of a hyperbola 16x* — 25y* = 400 Colum.n I - Colzumn2 I
cuts off a triangle form the asymptotes and that the portion GV Dzlrectlg)n circles of Lx+y =1
of it intercepted between the asymptotes, then the area of ); - 2}’2 =2and
this triangle is: X'+ 2y =2are
a. 10 aq. unit b. 20 sq. unit (B) Direction circles of 2.x°+)*=2

¢. 30 sq. unit d. 40 sq unit 3x* +2y* =6 and



3x* —2y* =6 are

(C) Direction circles of 3.x7%+)5=3
5x* —9)y* =45 and
X+ y2 =lare0
4.x° + y2 =4
5.x+)*=5

a.A—>13;B—>5C—>24 b.A—23;B—>4,5C—>3
¢c.A—1,2;B—»3;C—->24 d.A—4,5,B—1,3;C—>3

Integer

87.

88.

89.

90.

91.

92.

93.

The normal to the parabola y*> =8x at the point (2, 4)
meets it again at (18, —12). If length of normal chord is

2, then the value of 4> must be:

From a point A common tangents are drawn to the circle

2
X'+’ :%and the parabola y* = 4ax. If the area of the

quadrilateral formed by the common tangents, the chords

of contact of the point 4, w.r.t. the circle and the parabola
256

is A square unit, then the value of ——~1 must be:
a

Three normals with slopes m,, m,and m;, are drawn form

a point P not on the axis of parabola y* = 4x. If mm, = a,
results in the locus of P being a part of parabola, then the

value of (36)” must be:

TP and TQ are any two tangents to a parabola and the
tangent at a third point R cuts then in P"and Q', then the
value of T—P, = T—Q must be:
P TQ

A water jet from a fountain reaches its maximum height of
4 m at a distance 0.5 m from the vertical passing through
the point O of water outlet. If Am be the height of the jet
above the horizontal OX at a distance of 0.75 m from the

point O, then the value of A° must be:

If the normal at an end of a latus rectum of an ellipse

2 2
Xy . .
— ++=5 =1 passes through one extremity of the minor

bZ
axis. If e be the eccentricity of the ellipse then the value of

625(2¢” +1)> must be:

If e be the eccentricity of the ellipse 4(x—2y+1)*+9
(2x+ y+2)* =25, then the value of 2187¢” must be:

94.

9s.

96.

97.

98.

99.

100.

If the normals at the four points (x;, y1),(x2, 2),(x3, ¥3) and

2 2

(x4,y4) on the ellipse%+% =1 are concurrent, then the

1 1 1 1
value of (x, + x, + x, + x,) X| —+—+—+— | must be:
’ XX, X3 X,

2 2
Tangents are drawn to the ellipse E+y?:l at ends of
latusrectum. If the area of an quadrilateral by A sq unit,

then the value of A must be:

Let A, be the are of APQOR inscribed in an ellipse and A,
be the area of the AP'Q'R' whose vertices are the points
lying on the auxiliary circle corresponding to the points P,

O R, respectively. If the eccentricity of the ellipse is

43

73 then the ratio 3432—? must be:

If four Points be taken on a rectangular hyperbola such
that the chord joining any two is perpendicular to the
chord joining the other two and if o, B, y, & be the
inclinations to either asymptote of the straight line joining
these points to the centre, then the value of tan o tan f x

tan y tan & must be:

A triangle is inscribed in xy = ¢* and two to its sides are
parallel to y = myx and y = mypx. If m;, m, are two values of

x*~6x+1=0 and if third side envelopes the hyperbola

xy = c*A, then the value of 164> must be:

If a circle cuts a rectangular hyperbola xy =c’in 4, B, C
and D are the parameters of these four points be
t,t,t, then the value of

and ¢, respectively,

16¢,t,t,t, must be:
The equation of the hyperbola whose asymptotes are
x+2y+3=0and 3x+4y+5=0 which passes through the
point (1,-1) is 3x” +10xy +8y° +14x+22y + 1 =0, then
the equation of the conjugate hyperbola is 3x” +10xy +8)°

+ux+22y+v=0,then the value of x+v, must be:
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ab,d All ab b,d ab a,b a,d a,c,d | ab,.c a,b

61. 62. 63. 64. 65. 66. 67. 68. 69. 70.

a,c a a b a a a d c d

71. 72. 73. 74. 75. 76. 717. 78. 79. 80.

c b d d c a b a c d

81. 82. 83. 84. 85. 86. 87. 88. 89. 90.

b c b b a a c 960 | 1296 1

91. 92. 93. 94. 9s. 96. 97. 98. 99. | 100.

729 | 3125 | 1215 4 27 2401 1 1296 16 37

SOLUTION
Multiple Choice Questions
1. (a) Comparing the given equation with

ax’> +2hxy +by* +2gx+2fy+c =0
Here,a=1,b=1,h=-1, g:%,f:O,CZZ
Now, A=abc+2fgh—af’ —bg’ —ch’
= A=DDHE)+ 2(%) (0) (=D~ (1)(0)° - 1(%j2 ~2(-1)°
= A:_Tg ie, A#20 and h’ —ab=1-1=0 i.e., h> =ab

So, given equation represents a parabola.

hf —bg gh—afJ

2. (a) Centre of conic is ( >, a
ab—h" ab—h
Here, a =14, h=-2
b=11
g=-22
f=-29
c=171
Centre = ( (2)29)-(1D(22) (22)2) (14)(229)]
HAH-(=2) (14)(11)-(-2)
Centre =(2,3).

3.

=

=

7.

8.

=

Y
P
I (xy)
o \Q X

(a) x

M
2
3x—4y+1
PM*=PS’= (x-5) +(y-3) :(—J
\V9+16

25(x* +25-10x+y* +9-6Y)

=9x" +16y” +1-12xy +6x -8y —12xy

16x* +9y° —256x—142y +24xy +849 = 0
(4x+3y)° —256x—-142y+849=0

(¢) The point (—3,2) will satisfy the equation y* = 4ax
4

4=—-12a = Latus rectum =4|a|=4x| —% \:g

(d) Here %:tandx—Z:t2

o (Y
(x=2) (2)

y2 =4(x-2)

(d) Here, S=1"—4x=0; 5(1,3)=3"-4.1>0
P(1,3) is an exterior point.

S(1,1)=1*—4.1< 0= ¢(1,1) is an interior point.

(b) y=2x+ A does not meet the parabola y* =2x, If

A>—=—=—=1A>—
m 22 4 4
(d) Parabolais y* =ax ie. y* = 4(%))5 . ()
Let point of contact is (x;, y;).
Equation of tangentis y—y, = Aald) (x—x)
N

Y=o ()t y,
2y 2y, 1

a
Here, m =—— =tan45°

2y

L—l: —ﬂ
2y, NTy

a ... (a a
From (i), x, =—, So pointis | —,— |.
@, x, 4 p (4 2]



9. (d) The line x—y+2=0

ie. x=y—2meets parabola y* =8x
= »'=8(y-2)=8y-16

¥ -8y+16=0

U

= (-4'=0= y=44
Roots are equal,
Given line touches the given parabola.
x=4-2=2, Thus the required point is (b, d).

10. (b) Any normal to the parabola y®=12x is
y+ux=6t+3. It is identical with x+y=k if
t 1 _6r+30
11 k
6+3

t=land I=—-=k=9
k
11. (b) Since the centroid of the triangle formed by the co-
normal points lies on the axis of the parabola.

12. (b) Equation of focal chord for the parabola y* =4ax

passes through the point (au’,2au) and (av’,2av)

2av-2

= y—2au=%(x—au2)
av’ —au
Daly—

= y—2au=Lu)(x—au2)
a(v—u)(v+u)
2 2

= y-2au= (x—au~)
v+u

It this is focal chord, so it would passes through focus (a, 0)

= 0-2au= (a—au®)
Vv+u
= —w-u'=1-u’
uv+1=0

Given points (au’,2au) and (av’,2av), then ¢, =u and
t, =v, we know that #¢, =—1.

Hence uv+1=0.

13. (b) Equation of diameter of parabola is y = 2_a’
m

1 !
Here a=—,m =1 :y:—4
4 1

= 2y=1

14. (c) Since the length of the sub-tangent at a point to the
parabola is twice the abscissa of the point. Therefore, the
required length is 8.

15. (a) Let (x,,y,) be the pole of line 2x =y w.r.t. parabola
y* =2xits polaris yy, =x+x,
Also polaris y =2x,

»_l_x

1 2 0

x =0,y =%. So Pole is (0,%)

16. (a) The equation of the axis of the parabola is
y—2 =0, which is parallel to the x-axis. So, a ray parallel

to x-axis is parallel to the axis of the parabola. We know
that any ray parallel to the axis of a parabola passes
through the focus after reflection. Here (0, 2) is the focus.

17. (a) Let any point on it be (x,y)then by definition,
x—y+3

1
JE+D) +(y=1)7° ==
(x+D)"+(y-1) ANEsE

Squaring and simplifying, we get

7x* +2xy+7y° +10x—10y +7 = 0, which is the required

ellipse.
2 2
18. (c) We have 16x? +25y> =400 = >+ 2 =1
25 16
x’ y2 2 2
or ?+b—2:l,where a”=25and b” =16

This equation represents an ellipse with eccentricity given
2
by ez zl—b—2:1—£=i3 e=3/5
a 25 25
So, the coordinates of the foci are (tae,0) ie. (3,0) and
(-3,0), Thus, £ and F, are the foci of the ellipse.

Since, the sum of the focal distance of a point on an ellipse is
equal to its major axis,
PF +PF, =2a=10

19. (a) From the given equation of ellipse a’ =16, b*> =25
(since b>a)
So, a’=b*(1-¢%),

16=25(1-¢%)
= l—ezzﬁjezzi
25 25
3
= e=—
5
One directrix is y:ézizé
e 3/5 3



20. (c) Focal distance of any point P(x,y)on the ellipse is
equal to SP =a+ex. Here x =cos6.
Hence, SP =a+aecos8 = a(l+ecosB)

2 2

21. (d) The given ellipse is %-kyT:l. The value of the

2 2
expression ?+T—1 is positive for x=1, y=2 and

negative for x =2, y =1. Therefore P lies outside £ and O

lies inside E. The value of the expression x° +)° -9 is

negative for both the points P and Q. Therefore P and Q
both lie inside C. Hence P lies inside C but outside E.

22. (c¢) We know that the line y = mx+ctouches the curve
2 2

x—2+y—2: iff ¢ =a’m’ +b°
a b

Here, a’ =4,b> =l,m=4
¢’ =64+1= c =165

23. (d) By symmetry the quadrilateral is a rhombus. So area is
our times the area of the right angled triangle formed by
the tangents and axes in the 1** quadrant.

Now ae=+/a’ —b’ = ae =2 = Tangent (in the first quadrant)

at one end of latus rectum 2,2 is 2x +é .
3 9 35
. x y 19 .
i.e. ——+==1. Therefore area =4.—.—.3 =27sq. units.
9/2 3 22
2 2

24. (d) For x—2+Z—2 =1, equation of normal at point (x,,y,),
a

is (x—xl)az _ (y_yl)b2
X N
Here, (x,,»,)=(0,3)and a’ =5, b’ =9.

=0 5 _ (-3
0 3

Therefore .9 or x=0 i.e, y-axis.

25. (a) Let at point (x,,y,) normal will be

(x_xl)a2 _ (y_yl)bz

x[ yl
2 2
At G, y:O:x:CG:xl(a—,zb) andatg, x=0
a
n(b*-a*)
= },:nglb—2
x2 2

AN _1 = @2(CGY +b(Cg) = (@ - b
a

26.

or

217.

28.

29.

U

30.

31.

(a) The required equationis 77 =0
3x+4(2y)-9=0
3x+8y=09.

(b) Equation of polar of (x,,y,) w.r.t the ellipse is

xx, +4yy, =4 ... (D)
Comparing with x+4y =4 (1))
Ny

1 4

x=Ly=L

Coordinates of pole (x,,y,)=(L1)

(¢) Since every diameter of an ellipse passes through the
centre and is bisected by it, therefore the coordinates of

the other end are (—\/g ,—2).
(a) Let y = m,x and y = m,x be a pair of conjugate diameter
2 2
of an ellipse x_2 -|~y—2 =1 and let P(acos@,bsinf) and
a- b
QO(acosg, bsing) be ends of these two diameters. Then
_b?

m1m2 - 2

a

bsin@—0 bsing—0 _ b

2

acos@—-0 acosgp—0 Ca
sin@sin g = —cos@cos @
cos(@—¢)=0
O—-¢p==7/2.

(a) Here a’=25,b"=16, x, :#. Length of sub-

@ || 25 s |sv3_10
-

tangent =|——x,|=
x CsB2 2|
2 —
Length of subnormal = b—le = E 5—\/5 = ﬂ
a 25 2 5

(¢) Here, focus (S) = (1, —1), eccentricity (e) =2
From definition, SP =e PM

\/ﬁzﬁ.(x—y+l)
(x=D"+(y+ N
(x=1) +(y+1)°

=(x=y+1y’
2xy—4x+4y+1=0, which is the required equation of

conic (Rectangular hyperbola)



32. (¢) Since the point (4, 1) lies inside the hyperbola

.'.E—l—l>0 ;
4 3

Number of tangents through (4, 1) is 0.
33. (a) The equation of line and hyperbola are y =x—1 ... (i)
and 3x*-4y* =12 ... (i)
From (i) and (if), we get 3x° —4(x—1)> =12
= 3x"—4(x"-2x+1) =12 or X’ -8x+16=0

= x=4
From (i), y =3 so points of contact is (4, 3)

Points of contact are(i a’m ,x b’ ]
\/azm2 -b \/azm2 -b’
Here a* =4, b> =3and m=1. So the required points of
contact is (4, 3).

34. (a) Let the point of intersection of tangents be P(x,,,).
Then the equation of pair of tangents from P(x,,y,) to the
given hyperbola is (4x”> —9y* —36)(4x] =9y —36)
=[4x,x-9y,y - 36] RN ()]
From SS, =T?

or X +H+2xy0+ Y (xF =9 +...=0 . (@)

Since angle between the tangents is 7 /4.

22yt — (2 +4)(x2 -9
tan(e 4y = Y =07+ 4G 9]
Y +4+x -9

Hence locus of P(x,,y,)is (x* +y* =5)

= 4(9y% —4x> +36).

2 2
35. (d)From S5 2V _ 2y p

X i
Here a® =16, b> =9 and (x,,y,) = (8,3/3)
o 16 i

8 33
ie, 2x+-3y=25.
36. (a) The equation of normal at (asecg,btan@)to the given
hyperbola is axcos¢@+bycoté = (a* +b%)

This meets the transverse axis i.e., x-axis at G. So the co-

2 2

ordinates of G are [[ a+b

Jsec 0, OJ and the co-ordinates
a

of the vertices 4 and A4’ are A(a,0) and A4'(—a,0)

respectively.

AG.A'G = [—a +(az b’ Jsecd[a +[az b Jsec¢]
a a

2
2 2
a’ +b
=( J sec’¢p—a’ =(ae’)’ sec’ p—a’

a
=a’(e*sec’ p—1)

X 0

37. (a) From T=0 ie., ? 721
x2 y2
Here, 16x° —9y° =144 je, ——=—=1
9 16
So, the equation of chord of contact of tangents drawn from a
point (2, —1) to the hyperbola is 2—;—& =1

16
ie, 32x+9y=144

38. (a) Let (x,,y,) be the required point. Then the equation of

the chord of contact of tangents drawn from (x,, y,) to the
given hyperbola is x—)? —y—J;' =1 ()]

a b
The given line is Ix+my+n =0 ... (i)

Equation (i) and (if) represent the same line

Koo »n b
a’l b’m  —h
—a*l b*m
= 1 = > yl = a
n n

2 2
Hence the required point is [_a_l, b mJ
n n

39. (a)Let (x,,y,) be the given point.

2 2

It’s polar w.r.t. —2+y—2:1 is %Jrjl})—);l:l
. b* (., xx b’x, b
Le, y=— - =~ X+ —
N a aly, Y
2 2
This touches u x—z—y—zzl
b
2 2 2 4 274 2
If [b_J :az.(bleJ—bz = b_2=“i’_’2‘1—b2
N a N a y
2 bZ 2
= b_2= lez -1
oooa
2 2
X )
> 7!
2 2
Xy
Locus of (x,,y,)1s ?—b—zzl.

Which is the same hyperbola.



40.

(b) Coordinates of P and D are (asecg, btang) and
(atang, bsec @) respectively.

Then (CP)*~(CD)*=a’sec’ ¢ +b*tan’¢—a’ tan’ g—b’sec’¢
=a’(sec’ ¢ —tan” ) —b*(sec’ ¢ — tan’ @)

=a’()-b’(l) =a’ -b".

41. (d) Let P(x,,y,) be a point on the hyperbola
x2 y2 x2 y2
a—z—b—zzl, then a—lz—b—lzzl
The chord of contact of tangent from P to the hyperbola
Xy S Y .
?_?:215721_1)_21:2 (l)

. x y iy
The equation of asymptotes are P =0 R (7))
a

And 2+2=0 . (iii)

a b

42,

or

The point of intersection of the asymptotes and chord are

2a 2b ] 2a —2b
x/a=y /b x/la=y /b)) \x/a+y /b x/a+y /b))
(0,0)

. 1
Area of triangle = 3 | (X3, —%,0,) |

—8ab
xi/a’ =yl /b

(d) Given, equation of hyperbola 2x" +5y+2)" +4x+5y=0

!

2

=4ab.

and equation of asymptotes

2% +5xy+2y" +4x+5y+1=0 . ()
which is the equation of a pair of straight lines. We know
that the standard equation of a pair of straight lines is
ax® +2hxy +by* +2gx+2fy+c=0

Comparing equation (i) with standard equation, we get

a=2,b=2,h:%,g:2,f:% and c=A.

We also know that the condition for a pair of straight lines

is abc+2feh—af* —bg” —ch® = 0.
Therefore, 41+25—£—8—§/1=0
2 4
ﬂ+2=0 or A=2
4 2

Substituting value of A in equation (i),

we get, 2x° +5xy+2y° +4x+5y+2=0.

43. (c) Since the general equation of second degree represents
a rectagular hyperbola if A =0, h* > aband coefficient of
x> + coefficient of y* =0.

Therefore the given equation represents a rectangular
hyperbola if A +5=0

ie, A=-5.

44. (a) The equation of the tangent at [CZ’EJ is

t
ty =Px—ct*+c
If it passes through (ct ',ij then
t '

= %: Pet'-ct' +c

= t=rt"-1't'+t

= t—t'=1'(t'-1)

. 1
= t'= _[_3
45. (b) Let the equation of circle be x* + * = a’ )

Parametric equation of rectangular hyperbola is

x=ct,y= ¢
ot
Put the wvalues of x and y in equation (i) we
2
c
get it +—== a’
t
= At =df+c7 =0
C2
Hence product of roots #t,t,t, = P 1
46. (a,b,c,d) Given, circleis x* + y* = o’ )
and hyperbola be xy =c’ (7))

2

from (if) y = <.
X

L ,,
Putting in (i), we get x +7—a

=

4
2
¥ —a’x +ct =0
X +x,+x,+x,=0,
_ 4
XX, X%, =C
Since both the curves are symmetric in x and y,

WA+ Y+, =05 v,y =



NCERT Exemplar Problems 49.
More than One Answer

(a, d) Equation of tangent and normal at point P(at’,2at)

is ty =x =at’ and y = —tx + 2at + at’
2

47. (a, b) The equation of tangent to y = x*, bey =mx—m7. Let centroid of APTN is R(h, k)
2 2 2
Putting in y = —x” +4x—4, we should only get one value -  j= at”+(zat’)+2a+at and k :@
3
of x ie, Discriminant must be zero. ,
2 _ 3k
mx—mT:—xz+4x—4 = 3h_2a+a~(zj
2 9k?
2 mo_ = 3h=2a+—
= X +)C(m—4)+4—7—0 4a
= D=0 = 9k =4a(h-2a)

Now, (m-4) —(16-m*)=0

(at*,2at),
= 2m(m-4)=0 2
= m=0,4 (-at®,0) N(2a+at>,0)

i =—tx+2at +at’
y=0andy=4 (x— 1) are the required tangents. r ! x+zat+a

ty=x+ at’
Hence, (a) and (b) are correct answers.

48. (b, ¢) The equation x* +4y* = 4 represents an ellipse with A 5
o a a
2 and 1 as semi-major and semi-minor axes and .. Locus of centroidis y’ :—(x—?j

. 3
eccentricity —-. Vertex (%,OJ; directrix x_Z?a = —%

_ a
©.1) = =3

4a
¥ Latusrectum =—
2.0) 3

(3.-1/2) Focus (%+2?a,0j ie, (a, 0).

2 2

! 1 50. (c, d) Here, coordinate M :{t‘ th 1 +t2] ie, mid-point
Thus, the ends of latusrectum are (\/5,—) and (\/_ ,——j, 2
2 2 of chord AB. MP =t +t,=r ()
1 1
3= 3 _= 2t, -2t .
( ﬁ’zj’and [ 3, 2)' Also, m,, =———*+= 2 (when 4B is chord)
L, —f t, +1,
Now, PO =23 5
Thus, the coordinates of the vertex of the parabolas are = Mg :: [from equation. (7)]
-1 -1- .
and A[O,%ﬁ] and A'[O, 2\/§J and corresponding  Also, m,., = 2 (when A’B’ is chord)
r
Hence, (c, d) is the correct option.
equations are (x—0)" =—4.-—| y+
2 2 51. (a, b, d) Normal to y* =4x, is y = mx—2m—m’ which
and (x—0) =4~£(y—_1_\/§] passes through (9, 6) = 6=9m-2m-m’
2 2 = m3—7m+6=0 = m:1525_3
ie, x2+2«/§y:3—x/§ .. Equation of normals are, y—x+3=0,y+3x-33=0

and x2—2\/§y:3+\/§ And y-2x+12=0



52. (a,b,c,d)Itis giventhat x* +y° =4’ ()]

And xy=c’ ()]
We obtain x* +c¢*/x* = a*

= x'-ax+c'=0 RN (77))]

and

53.

So,

Let

=

=

Now, x,,x,,x,,x, will be roots of equation. (iif)

Therefore, £x, = x, +x, +x, +x, =0 and product of the

roots x,x,x;x, = !
Similarly, y,+y, +y,+y, =0

4
NI V3 Vs =¢
Hence, all options are correct.

(a, b) Given, 2x*> -2y* =1

2 2

x y .
B A | o
2 G ’
2 2
Eccentricity of hyperbola = V2
eccentricity of ellipse =1/ V2

2 2
equation of ellipse be x—2+Z—2 =1(a>b)
a
LI
V2 a’
LA
a2
a’ =20
Xt +2y° =2b° .. .(i0)
Let ellipse and hyperbola intersect at A[ secl,— J
7%

. - . ) dy dy x

On differentiating equation (i) 4x—4y—=0—=> —=—
dx dx y
dy secd . . . ..
= = =cosecO and differentiating equation (if),
dx|,, tan@
dy
2x+4yE -0
ey dx

Ll . . —lcosecé
dx|, , 2y 2

Since, ellipse and hyperbola are orthogonal.
L osecto =1

2
cosec’d =2

o=+~
4

)]

2
1
Form equation (i), 1+ 2[—] =2b°
V2
b =1
Equation of ellipse is x> +2y* =2

Coordinate of foci (+ae,0) = [ +2.— j =(x1,0)
\/_

Hence, option (i) and (ii) are correct.

If major axis is along y-axis, then

1. l—i = b’ =24

V2 b’

2x*+y* =2d° :>y’:—7

. 2
y(J_qec0J_tan0J sin &

As ellipse and hyperbola are orthogonal

-cosect = —1

sin
cosec’f=1 = Hzi%
2x* +y* =24’
2

2+l:2a2 =a zg
2 4

2x° 4yt = %’ corresponding foci are (0,%1).

2 2
(b, d) Here, equation of ellipse XT + yT =1

2
62 :l—b—zzl_lzé
a 4 4
e=— and focus (+ae,0) = (£/3,0)
x2 y2 b2

For hyperbola peiaey = 1,e12 = 1+?

1 4 b 4
where, ¢l =—=— = l+—=—

e a 3
b 1 .
T3 (i
a 3 (@)
and hyperbola passes through (£+/3,0)

3



=

5sS.

And

or

56.

=

=

at=3

From Egs. (i) and (if), we get b* =1

@)

.. (iii)
x2 y2

Equation of hyperbola is 3 1 =1 Focus is (£ ae,,0)

3
(a, b) Equation of tangent, parallel to y =2x—1

y=2x%,9(4)-4 ()
y:2xi-x/§

The equation of tangent at (x,,y,) is % —% =1... (i)

Y2x—y=1 Tangent

’/ P(x,. )
(-3,0) /0‘[1‘/2/ (3,0)

(J_r\/g ~i,0j = (£2,0) (ii) and (iv) are correct answers.

L
9 4
2 -1 £432
From Egs. (i) and (ii), we get — =——= V32
oomho
9 4
o2
1 2\/5
1

9 1
X, :—’y = —
1 2\/5 1 \/5
(a, b) 25x* +9y* =150x—-90y +225=0
25(x% +6x)+9(»* —=10y) +225=0
25{(x=3)" =9} +9{(y—5)> =25} +225=0
25(x—3)* +9(y -5)* =225

(x-3" (-5
3’ i 5?
Letx-3=X,y-5=Y

.G

2 2

. X
Then, equation (i) becomes e +5—2 =1
X v
Now, comparing equation (ii) with —-+ el =1
a

. (i)

a=3,b=5
a’=b’(1-¢%)
9=25(1-¢)

57.

58.

or

or

or

59.

e =—

5
Centre: X =0,Y=0
x-3=0,y-5=0
Centre =(3,5)
Foci: X =0,Y =% be
x—3=0,y-5+4
y=5+4
Foci (3,1) and (3,9) ; Major axis 2b=10

(a, d) Let (x,, ;) be a point then x; +3y] =37 ...(i)
Equation of tangent at (x,, y,)is xx, +3yy, =37

Slope of tangent = _N

3y

Then, slope of normal = n :g (given)

X

x =20 . (i)

y=%5
From equation and (ii), x, =5

Required points (5, 2) and (-5, -2)
(a, ¢, d) Equation of tangent to 16x”>+11y* =256 at
(4cosﬁ,isin0j is 4cost9x+x/ﬁsin¢9y =16
Vit
The perpendicular form centre (1, 0) is equal to radius
1+15)=4

|4c0s9—16| 3
J(16cos® O +11sin* 6)

I . 1
on simplification, we get cos@ = 3

—% (not possible)

b2

9=+% 27
3

Wy

s

(a, b, ¢) Since, the product of the two eccentricities e and
¢’ is 1. Either e=¢€' =1, in which case both the conics are

parabolas of if e>1, ¢’ <1 and vice-versa

So, one of them is an ellipse and the other is a hyperbola.



60.

or

61.

.X2 y2
a,b) ———=1
( )25 16

Equation of tangent in terms of slope

y=mx*t \/m
(y—mx)* =25m*> -16
It is passing through (6, 2), then (2 - 6m)* =25m* —16
4+36m*> —24m=25m"> 16
11m* -24m+20=0
24 20

mo+m, =—, mm, =—
11

P44

1

(a,c) Equation of the tangent at (aseca,btan) to the

2 2

hyperbola x_2 +% =1is Tseca —%tana =1 which meets
a

a

the transverse axis y =0 at the point 7'(acos«, 0) whose
distance from the focus (ae,0) is ae —acosa and from the

focus Note that ae > acosa Since, e>1.

Assertion and Reason

62.

=

or

=

(a) Solving for the points of intersection we have

X +4x-6x+1=0

Y
1.2 V =4x
Q X
X +y*—6x+1=0
1,-2)
(x-1)*=0
x=1
y=x2

Thus the two curves meet at (1, 2)and (1, —2)
Tangent at (1,2)to y* =4x is p(2)=2(x+1)
x—=y+1=0

Tangent at (1, 2) to the circle C,is
2x+1y-3(x+1)+1=0

x—y+1=0 same as the tangent to the curve
C,, Similarly the tangent at the point (I, -2) to the two
curvesis x+y+1=0

Reason is true and hence Assertion is also true.

63.

64.

So

U

So,
65.

66.

or

and

U

Reason is Assertion 1S

(@)
(x—1)> ==2(y-3/2) which is a parabola with axis

true, equation in

x—1=0, using Reason, Assertion is also True.

(b) In Assertion, if the equation of the ellipse is

2 2 2

Y
— +=5 =1,then —:§x2a

a

The Assertion is true. In Reason, equation of the ellipse is
x?+y*(2/3)(4 - x)’ (by definition of ellipse)

3(x? +y2) =2(16—-8x+x?)

x*+16x+3y* =32

(x+8)2 +3y2 =96

(x+8)° +£=
96 32

Length of the semi-major axis =+/96 = 46
The Reason is also true but does not lead to Assertion.

(a) Reason is true and using it in Assertion, the vertex is
on the line x =0 at a distance 1 from the focus (0, 0), So
the vertex is at the point (0,1) and the Assertion is also

true.

(a) Equation of a tangent to y2:16x/§x is

2 2

y:mxﬂandto x?+y—:1 is x=my+4m’ +2
m

1 / 2
y=—x— [4+—,m=
ml ml ml

| — BN

— | =~ [4t—
m m,

4—82:4+2m2

m

m* +2m* —24=0

m? =4

m==2

Showing that both the are true and Reason is a correct
explanation for Assertion.



67.

So,
68.

69.

70.

71.

So,

(a) If the angles in reason are @ and fs.t. a+fB=x/2 Comprehension Based
then the product of the slopes is tanartan =1, and the

. 1 .
72. (b) Since, R[—a,a[r ——D lieson y=2x+a
reason is true. In assertion, any tangent to the ellipse is t

y =mx+~a’m’ +b* which passes through

P(at®,2at)
R
(\/a2 —b*secH,NVa’-b* tan@)
(a> =b*)(tan @ —msecO)’ =a’m’ + b’ [w a(z—l)]
Product of the slopes !
a —2a V' = dax

(@ —b*)tan’ 6—b>  a*sin® OB’ tpgfj
=0 2 2T 2 2 7 =1 ot

(@ =b")sec"@—a~ a“sin"@-b
by Reason, Assertion is also true, -~ a .[[ _lj = Da+a

t
(d) Assertion is false, Equation of any tangent to the
1
parabola is y = mx+iand equation of the perpendicular = t_; =-1
m

Thus, length of focal chord
from the focus S(1,0) on it is y =—Lx+L and these 1S, ength of focat chor

m m % 1
intersect at x=0, directrix is x=—1 = a[t +;J = a{[t —;) + 4} =5a

Reason is true, tangents and normals at (a,+2a) are
2at-0 2

at’ -0 ¢
P —2alt
(¢) In assertion, focus is on the x-axis at a distance a from I

respectively x £ y+a =0 andx £ y —3a =0 which enclose  73. (d) m,, =

a square, length of a side = 22a.
-2t

the vertex so assertion is true. y
Reason is false as the length of the latusrectum of the Fear’.2a0)

at”,2at
parabola is 12 which is greater than the diameter of the

circle and the common chord is of length less than the 0 ¥

diameter.

(d) Reason is true as the distance between the foci of 0 [ a ﬂ)
2 2

X . . ..
XY _1is 2es where e is the eccentricity and 2a the

a v 2 2 t+1
length of the transverse axis. St

Using it in Assertion, length of transverse axis is 2 - 1-4

J@+6)*  10x4 !
5

=8, so the Assertion is false.

5/4
where 7 +-=4/5 :ﬁ
(c) Reason is false. Equation of the normal is -3
ax__ by =a’ - b 74. (d) Figure is self explanatory
cosf sind

P
In Assertion, L(ae,b’/a)=(acosb, bsind) 64

cos@=e Bf

normal at L, & — by _ a‘e’ £ 4
e J1-¢ \;::::::;ﬂop)

Which meets the major axis y=0 at x=ae’ and the

assertion is true.




75.

76.

71.

78.

Uyl

U

(c) Equation of ABis y—0=

8 -
(x=3)=—(x-3)

(3.0

y=-3(-3)

x+3y=3 )
Equation of the straight line perpendicular to AB through
Pis 3x—y =5. Equation of PAis x -3 =0.

The equation of straight line perpendicular to P4 through

-9 8). 8

Bl —,—|is y=2=

( 5 5] Y75
Hence, the orthocentre is (1—51 ,%j

(a) Equation of ABis y—0 = —i(x—3)

x+3y-3=0[x+3y-3 =10[(x-3)* +(y—4)°]
(Look at coefficient of X* and )* in the answers)

(b) Equation of tangent to hyperbola having slope m is

y=mx+9m’ -4 .

Equation of tangent to circle is
. (@)

y=m(x—4)+~16m*> +16
2

Equation (7) and (i7) will be identical for m =E satisfy.

Equation of common tangent is 2x —~/5y + 4 = 0.

2 2

(a) The equation of the hyperbola is % —yT =1 and that

of circleis x> +)* —8x =0
2 2

For their points of intersection % +% =1
4x* +9x* - 72x =36
13x* = 72x-36=0
13x* ~78x+6x-36=0
13x(x—6)+6(x—6)=0

13

x=6,x=—-—

6

= y= LER acceptable
6

Now, for x =6,

y =123

Required equation is (x —6)> + (y + 24/3)(y —=2+/3) = 0
= x*-12x+y*+24=0

= x*+p"—12x+24=0

79. (c) Pair of asymptotes is given by xy—3y—2x+A4=0...(7)

Where Ais any constant such that it represent two straight

lines.

abe+2 fgh—af” —bg* —ch’> =0
2
= 0+2x—§x—lxl—0—0—lx(lj =0
2 2 2

A=6

From equation (i), asymptotes of given hyperbola are

given by xy—-3y—-2x+6=0

80. (d) Let the asymptotes be 2x+3y+ 4 =0and
3x+2y+u=0

Since, asymptotes passes through (1,2) then 4 =-8, u=-7
Let the equation of hyperbola be
(2x+3y-8)2x+3y-7)+y=0 ..

It passes through (5,3), then (10+9-8)(15+6—-7)+y =0

= 1Ix14+y=0
y—154
Putting the value of yin equation (7), then

(2x+3y-8)2x+3y-7)=154

81. (b)2tan”' (éj =%

a
= tan’' (Ej =z
a) 6
- b_1
a 3
or a= b
V3
Let e be an eccentricity of conjugate hyperbola, then
a* =b*(* 1)
= 3b=b(e’-1)
= =4
e=2



82.

and

83.

and

or

(¢) The transverse axis is the bisector of the angle between
asymptotes containing the origin and the conjugate axis is
the other bisector. The bisectors of the angle between
(Bx—-4y-1) . (4x-3y-6)

5

asymptotes are 5

Bx—4y-1)=x(4x-3y-6)

x+y-5=0

x—y—-1=0

Hence, transverse axis and conjugate axis are

x+y-5=0and x—y-1=0

(b)16x*> —25y° =400

x* X

Let P(5sec@, 4tang) be any point on the hyperbola (7)

Equation of tangent at P is %secqﬁ —%tan(é =1 ...(i)

N

asymptotes of equation (7 ) are y =+ —x

()

W

Solving equation (i7) and (iii), then gsec¢ ¥ %tangzﬁ =1
5
Y= >
(secg £ tang)
_ 5(secg +tang) + (secd + tan @)
- (sec¢ F tan @)
Then we get 4=[5(secg+ tang), 4(sec¢ + tang)]and
B =[5(secg— tan@),— 4(secg — tan @)]
S(secgp+tang) 4(secp+tang) 1
Area of A4BC = 5 S(secg—tang) —4(secy—tang) 1
0 0 1

~ 1 20-201=20
2

Match the Column

84.

(b) (A) Let S =9x" +8y” —36x—16y 28
Value of S at is (2, 6)

S, =9(2)* +8(6)> —36(2) —16(6) — 28
=36+288-72-96-28=128>0

(B)

©

P(2,6)
A4(2,4)

qen

B(2,-2)
Point (2, 6) are outside the ellipse.
The equation of the given ellipse be rewritten as
9(x=2)+8(y—1>=72

Centre of ellipse is (2, 1) and axis parallel to y-axis
Vertices are x—2=0and y—1=+3

(2,-2)and (2, 4)

Minimum distance L =PA =2 and maximum distance
G=PB=8

Then, L+G=10,G-L=6

Let S=4x"+9y> +8x-36y+4

Value of Sat (1,2)is S, = 4(1)> +9(2)* +8(1) —36(2) + 4
=4+36+8-72+4=-20<0

Point (1, 2) are outside the ellipse.

The equation of the given ellipse be rewritten as
4(x+1) +9(y-2)* =36

Centre of ellipse is (-1, 2) and axis parallel to x-axis
Vertices are x+1=x3and y—2=0o0r (4, 2) and (2, 2)
Minimum distance L = P4 = land maximum distance
G=PA'=AA'-PA=6-1=5
L+G=6,G-L=4,L°+G" =6
Here 3x+4y=0 and 4x-3y=0

are  mutually

. . . 3x+4
perpendicular lines, then substituting T _ Xand

N3+ 4
4x-3y

NOETE

Then, the given equation can be written as
4X*+9Y* =36




Or

2 2
X_+Y_:4
9 4

Vertices, X =%3,Y=0

3x+4yi3’ 4x-3y ~0
5 5

3x+4yi15,y:%

Vertices are 2,1—2 and _2,_2
5°5 5 5

Given point is a vertex.
Minimum distance L =0 and maximum distance

G = Length of major axis =2x3=6

Then L+G=6,G-L=6

85.

Ul

86.

1e.,

(B)

i.e.,

(a) Since, equation of normal to the parabola y* = 4ax is
y+xt =2at+at’ passes through (3, 0).

3t=2t+1 (ra=1)

t=0,1-1

Coordinates of the normals are P(1, 2), Q(0, 0), R(1, =2).

Thus, (1) Area of APQOR = %x1x4 =2

(3) Centroid of APQR = [%,Oj

Equation of circle passing through P, O, R is
x-Dx-D+(-2)(y+2)+A(x-1)=0
1-4-1=0 => A=-3

Required equation of circle is x> +)* —5x=0

5
Centre (—,0] and radius é
2 2

@A) x> -2y =2

Director circleis x*+y* =2-1=1
¥’ +y*=land x> +2y* =2
2 2
x_+y_:1
2 1
Director circleis x> +y* =2+1=31ie, x>+’ =3
3x7+2y* =6
2 2
x_+y_:1
2 3

Director circleis x* +y* =2+3=35

¥’ +y*=5and 3x? -2y =6

2 2

- *_ Y _
2 3
Director circle is x* + y> =2 -3 = -1 (not defined)
(C) 5x*-9y*=45
2 2
- X _Y _
9 5
Director circle is x*+ 3> =9-5=4
i.e., x*+y®=4and director circle of x> + y> =1 is x> + > =2
Integer
87. (c) Comparing the given parabola (i.e., y* = 8x) with
y2 =4ax
4a =8
a=2

Since, normal at (x, ) to the parabola y*=4ax is

Y=N :A(x_xl)
2a

Here,x, =2 and y, =4

Equation of normal is y—4 = —%(x -2)

y=4=-x+2

x+y—-6=0 ... (D)
Solve equation (i) and y* =8x then y* =8(6 - y)
y?+8y—-48=0

(y+12)(y-4)=0
y=-12and y=4

Thenx=18and x=2

Hence, point of intersection of normal and parabola are

88.

(18,-12) and (2, 4) therefore normal meets the parabola at
(18,-12) and length of normal chord is distance between

their points = PQ =/(18, —12)> + (=12 —4)* =1652
=1 (given)
A*=5/2 (2.5=3).

(960) Here, centre of the circle is the vertex of the
parabola and both circle and parabola are symmetrical
about axis of parabola. In this case the point of
intersection of common tangents must lie on the directrix
and axis of the parabola. i.e., A(—a, 0)

Chord of contact of circle w.r.t., 4(-a,0) is

2

a
-a)+y-0=—
x(-a)+y 5



X=-=

2

Coordinates of R is [—%,%) and chord of contact of

parabola w.r.t. A(—a,0)is y-0=2a(x—a)
i.e., x=a
Coordinates of P is (a, 2a)
Area of quadrilateral PQRS' =2

{Area of APAS — Area of ARAN}

1 1 2
=2)=2a-2a——2. 2 42 L 2 2 5q unit
2 222 4
2= 1597 Then 228 _ 960
4 a

89. (1296) Any normal of the parabola y* = 4x with slope m is
y=mx—2m-m’
It is pass through P, then k = mh —2m —m®
m +Q-hm+k=0 )
Thus, mm,m, = -k
am,=—k (- mm,=a)
k

= my=——
24

m; is a root of equation (7), then
-5
a3

+(2—h)[—fj+k=o E+Q-hka® —ka’ =0
[04

. Locus of P(h, k)is y* + (2 —x) yo —ya’ =0

= YH+QR-0)d-a=0(:y=0)
(P does not lie on the axis of the parabola)

= y=dx-2d+a
If it is a part of parabola )* = 4x then o/ =4 and
20+ =0

= d(a-2)=0

= a-2=0,a=0
a=2
(36)" =(36)*=1296

90. (1) Let Parabola be y* = 4ax and coordinates of P and Q
on this parabola are P = (at}, 2at,) and Q = (at], 2at,); T is
the point of intersection of tangents at #;and #,.
Coordinates of T = {at,,t,, a(t, +1,)}

Similarly, P' = {at,, t,, a(t,+1)} Q' ={at,,t,,a(t, +1,)}

Let TP':TP=A:1

LA

l_%_tz —
TPt —t,

_tl_tz

. 70" t,—t ' '
Similarly, —Q:uor r_10
L=t TP TQ

91. (729) The path of the water jet is a parabola. Let the
equation of the water jet being a parabola is
y=ax’+bx+c ... (D)
the path is symmetrical to the lie AB, the maximum height,
so, it strikes the x-axis at £ such that AF = 04 =0.5m
OE=204=2(0.5)=1m

Coordinates of B and E are (0.5, 4) and (1, 0) respectively
since, O, B, E and on equation (i)

o:c,4=la+lb+c,0:a+b+c
4 2
Solving these we get a =-16,b=16,c¢=0
From equation (i), the equation of the parabola is
(7))
P be a point on the parabola (if), such that P is at a

y=-16x"+16x
Let

distance 0.75 m from y-axis and let P is at a distance &

from x-axis

Coordinates of P is (0.75, &)

P lies on equation. (if) so we have

h=-16(0.75)> +16(0.75)

:—16(2J+16(3j:—9+12:3:m
16 4

o A=3
Then, A°=3%=729

92. (3125) The coordinates of an end of the latus rectum are

(ae,b*/a). The equation of normal at P(ae,b*/a) is

ﬁ_bz()’) —d b

ae b*la
Or ﬂ—ay =a’-b’
e
©0.5)8 P ae,—’;—z]
(—a,0)4’ )A (a, 0)
B'(0, -b)

It passes through on extremity of the minor axis whose

coordinates are (0, —b)
0+ab=a’>-b?
or (a’h*)=(a’-b*)

or  a*a’(1-e*)=(a’e’)’



or l-e =e
or ée'+e'-1=0

or (&) +e-1=0

(taking + ve sign) 2¢> +1=+/5
625(2¢* +1)°
=625x5=3125

93. (1215) The equation of the ellipse can be written as

2 2
4X5[x—2y+1j +9X5(2x+y+2j 25

J5

(x—jgﬂjz [ZHJ%”]Z

J5

or + =1
(5/4) (5/79)
X 7
or ?4-?:1
Herea >b

Equation of major axisis ¥ =0
ie., 2x+y+2=0

and equation of minor axisis X =0
ie, x—2y+1=0

Centre X =0,Y =0
= x-2y+1=0

2x+y+2=0
Weget x=-1,y=0

Length of latusrectum =

Eccentricity b*> =a*(1—¢?)
5 5 )
= —=—(-e
9 9( )
= i=1—62
9
= P2
9
5
e=—
3
= &=5/9

2187¢° =2187><§:1215

20> 2x5/9 8

a 5/4 9

(4) Let point of concurrent is (%, k)

'

Equation of normal at (x', y")is, 2—* - Y
x'/a®  y'/b?

It is passes through (4, k) , then

yHa*(h—x)+bx"} =b*k*x"” ()
x'z y/2
But — = e =1
2
y;zzz_z(az_xrz) (”)

Value of y"* from equation (ii), putting in equation (i), we

get 2—2(92 —xH{a*h+(b* —a*)x'} =b*k*x"?
B> s ol ans s 2wvn ) s

?(a —x"Ya h"+(" —a” )y x"+2a" hx'(b"—a”)}
=b'k*x"”

Arranging above as a fourth degree equation in X', we get
—(@* =b*Yx"+2hd* (a* —bH)x"+x"(..)

2a*h(a®> -b*)x'+a’h* =0

Above equation being of fourth degree in X', therefore

roots of the above equation are x;, x,, x;, x, then

2ha’*(a> —b*) B 2ha’
—(a*-b*)y (@ -b")

1 1 1 1 20X, X,
—t—t—t— ==
XX, Xy Xy ) XXy XyX,

(g +x,+x,+x,)=

. (i)

2a*h(a® - b*)
—(@*-b*)?* 2(a’-b%) )
= e = = ...(v)
(@ b)Y

Multiplying equation (iii) and (iv), we get

(o +x, +x, +x4)><(i+i+i+LJ:4

XX, X X,




96.

97.

5
One end of latusrectum is (2, Ej

5
Equation of tangent at (2, 5] is 2_9x +§ =1

Fand F' be foci Area of ACPQ :%x%x3 ¥

4

Area of an quadrilateral PORS =4x %T7 =27 sq unit
A=27

(2401) Let P(acosb,,bsiné,), O(acosb,,bsind,) and

R(acos®,, bsin6,) be the vertices of the triangle inscribed

2 2
in the ellipse “=+2-=1. The points on the auxiliary
a

b
circle corresponding to these points P'(acosé,, asing)),
Q'(acosb,, asind,) and
R'(acosb,, asin0,)

acosf, bsing, 1
A, =Area of APOR =—|acosf, bsind, 1
acos®, bsing, 1

cosd, sing, 1
=—ab|cosd, sinf, 1
cos@, sind, 1
acosf, asing, 1
And A, = Area of AP'Q'R' =—|acos@, asind, 1

acos®, bsinf; 1

cosf, sing, 1 A b |
=—a’|cos®, sin@, 1|Clearly, —L=—=,/(1-¢")==
cos®, sinf, 1 A, a 7
Al
Then, 343 —2401
AZ
(1) Let the rectangular hyperbola is xy = ¢’ ()
y
X" 6 g X
v

Since, the center of hyperbola (i) is origin (0, 0) and
equation of an asymptotes are x =0 and y =0.
The equation of line through (0, 0) and makes an
angle @ with an asymptote (x-axis) is y = xtan @

It will meet the hyperbola, where x(xtan @) = ¢*.

x=c~cotd

ie.,
Putting x = cm in equation (i) then y = c\/m
The four points are (cm,c\/(tan—e) where Q =a,f,7,0
The line joining the points « and f is perpendicular to the
line joining the points yand &.
Therefore, the product of their slopes =—1

ie. c\/tanﬂ —ctana y ctan s —c\/tany .

cyJeot B —cfeota  eveot 8 —cqfcot y -
= (—\/tana\/tanﬂ)x(—\/tan;/\/tané') =-1

or tanatanftanytand =1

98. (1296) Let a triangle POR be inscribed in xy = ¢?

Let the coordinates of the vertices of the triangle be

P(ctl, EJ, Q[ctz, EJ and R(ctp Ej
tl t2 t3

Now, the equation of chord joining P and Q is

x+ytt, =c(t, +t,) @
And the equation of chord joining Q and R is
X+ ytt, =c(t, +1,) .. .(iD)
IMNP
X" C Q X
yl

Let equation (i) be parallel to y =mx and equation (i) be
parallel to y =m,x
1

1
m, =——and m, =———
tlt2 t2t3

... (i)
Again the equation to the third side RP is
ml

- 2_ | M
X+t =c(t; +1) x+y| — |t =c| —1 +1
m m

.. (@)

t, being parameter. Since, # is real the envelope of

or  ymt! —ct,(m, +m,)+xm, =0

equation (iv) is given by the discrimination of equation
@H)=0



ie, c’(m +my)’ —4ym -xm,=0

or

99.

dmm,xy = c*(m, +m,)’ ...(v)
mand m, are roots of x* —6x+1=0

m +m, =6,mm, =1

Then from equation (v), 4xy = ¢*(6)>

Then xy = 9¢’

A=9

16147 =16(9)* =16x81=1296

(16) Let the equation of circle
XY+ 2ex+2f+k=0 ()
and the equation of the rectangular hyperbola is

xy = Cz .o .(l—i)

c. L
Put x = ¢ and y =— in equation (7)
t

2
then ¢*f? +c—2+ 2gct+%+k =0
t t

Sty 2get +ktP +2fet+c* =0

This equation being fourth degree in ¢, Let the roots be
t,t,,t,,t, then ¢ttt =1

lotttt, =16x1=16

100. (37) Combined equation of asymptotes is

or

or

(x+2y+3)Bx+4y+5)=0

3x%+ 10xy + 8% + 14x + 22y + 15=0 ()
Also, we know that the equation of the hyperbola differs
from that of asymptotes by a constant.

Let the equation of the hyperbola be

3x* + 10xy + 87 + 14x + 22y + A =0

Since, it passes through (1, —1) then

3(1)7 +10(D)(-1) +8(=1)* +14(1) +22(-1) + 2 =0
3-10+8+14-22+1=0

A=T

From equation (if) equation of hyperbola is

. (i)

3x* +10xy+ 8y +14x+22y+7=0 N (1))

But we know the equation of conjugate hyperbola
=2 (combined equation of an asymptotes) — (equation of
hyperbola)

6x> +20xy +16y° +28x+ 44y +30-3x"
—10xy—8y* —14x-22y-7=0

3x% +10xy +8y” +14x+22y+23=0
#=14 and v=23

u+v=14+23=27



