SINGLE CORRECT CHOICE TYPE
A E

1.

CONICISECTI

Z (PARABOLA)

ach of these questions has 4 choices (a), (b), () and (d) for its answer, out of which ONLY ONE is correct.

The length of each of side of an equilateral triangle inscribed ¢,

in the parabola y? = 4x with one vertex at the vertex of the
parabola is

(@ 8 (b) 842

83

© 843 @ =

If the focus of parabola (y — k)2 =4 (x — h) always lies

between the lines x + y =1 and x + y = 3 then

(@ O0<h+k<2 (b) O0<h+k<l1

() 1<h+k<2 d 1<h+k<3

The locus of a point such that the sum of it distances from

the origin and the line x =2 is 4 units is

(a) acircle ofradius 4

(b) aparabola of latus rectum 8

(c) segments of two opposite parabola of laturecta 4 and
12

(d) anellipse or a parabola

Parabolas y* =4a (x—c,) and x>= 4a(y —c,) where ¢, and ¢,

are variables, touch each other. Locus of their point of

contact is

(@ xy=a®

(c) xy=4d*

(b) xy=2d°
(d) None of these

A line bisecting the ordinate PN of a point P (at 2 , 2at ) > 1>

0, on the parabola y* = 4ax is drawn parallel to the axis to
meet the curve at Q. If NO meets the tangent at the vertex
at the point 7, then the coordinates of T are

(a) [0, % atj
(©) [% atz, atj

~

(b) (0, 2ar)

(d) (0,an)

10.

If the normal to the parabola y*> = 4ax at point t,cuts the
parabola again at point ¢,, then

(@) 2<n,”<8 (b) H™ <2

2
() L >8 (d) None of these

The chord x + y =1 cuts the parabola y2 =4ax in points 4,

B. The normals at 4 and B intersect at C. A third line from C
cuts the parabola normally at D whose coordinates are

@ (a,—2a) (b) (4a,4a)
© (0,0) (d) (2a,—a)

The triangle formed by the tangent to the parabola y2 =4x

at the point whose abscissa lies in the interval [a2,4a2] ,

the ordinate and the x axis, has the greatest area equal to

@ 124° (b) 8d°

3

(c) 1l6a (d) None of these

The straight line y = mx + ¢ (m > 0) touches the parabolas y2 =

8 (x +2) then the minimum value taken by c is
(@ 4 (b) 8
(o 12 d 6

PQ is any focal chord of the parabola y2 =32 x. The

length of PQ can never be less than

(a) 40 (b) 45
(0 32 (d) 48
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11.

12.

13.

14.

15.

16.

17.

The equation of the parabola to which the line m? (y — 10)
—mx — 1 =01is a tangent for any real value of m is

(@) x2=-4y (b) ** =—4(y-10)

© > =4(x-4) @ x*=y-10

If P(2,—4)and Q are points on the parabola y2 =8xand

the chord PQ subtends a right angle at the vertex of the
parabola, then the coordinates of the point of intersection
of normal at P and Q is

(@ (30, 24) (b) (30,—24)

() (24,30) d) (24,-30)

If (A, k) is a point on the axis of parabola 2(x—1)2 +

2(y— l)2 = (x+y+ 2)2 from where three distinc normals

can be drawn, then

(a) h>2 (b) h<4

() h>8 d h<8

If a chord PQ of a parabola y*> = 12x subtends a right angle
at the vertex, then the locus of point of intersection of the
normals at P and Q is

(@) 1> =48(x+18) (b) 1> =48(x+8)

(c) y*>=48x (d y? =48(x—18)

The triangle formed by the tangent to the curve f(x) = x> +
bx — b at the point (1, 1) and the coordinate axes lies in the
first quadrant. If its area is 2, then the value of b is

(@ -1 (b) 3

() -3 (d 1

If three normals can be drawn to a parabola from a point
(h, k) which cut the parabola at P, Q and R, then the centroid
of APOR

(a) coincides with the vertex

(b) coincides with the focus

(c) lies at the axis

(d) lies at the directrix

If the normals from any point to the parabola y2 =4x cut

the line x =2 in points whose ordinates are in A.P., then the
slopes of tangents at the co-normal points are in

18.

19.

20.

21.

22.

23.

If the normal drawn from the point on the axis of the parabola
32 = 8ax whose distance from the focus is 8 @, and which

is not parallel to either axis, makes an angle § with the axis

of x, then @ is equal to
L o =
@ & ® -
T
(c) 3 (d) None of these.

Maximum number of common normal of y2 = 4ax and

x? = 4by may be equal to
@@ 2 (b) 4
© 5 d 0

The tangents at P and Q on the parabola y2 =4x meet in
T, S is the focus, SP, ST, SQ are equal to a, b, c, respectively.

Then the roots of the equation a x> +2bx+c=0are
(a) Real and different

(b) Real and equal

(¢) non-real complex numbers

(d) Irrational

Minimum distance between the curves y2 —4xand x* +

32 —12x+31=0is

@ 5 b 21
© 28 — 45 @ 21 -5

If the tangent at the point P (x|, y,) to the parabola ¥ =4ax
meets the parabola y? = 4a (x + b) at Q and R, then the mid-
point of OR is

@ (x+b,y +b) (b) (x;—b,y,—b)

© () (d) O +b,y,—b)

If perpendiculars be drawn from any two fixed points on
the axis of a parabola equidistant from the focus on any
tangent to it, then the difference of their squares is [/ is the
length of latus rectum and 2d is the distance between two
points]

(@ HP (b) GP. (@) ¢d (b) 2ud

(c) AP (d) None of these. © 4 %) m
A

y =
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24.  Let P be any point on the parabola > = 4ax whose focusis  31.  Minimum distance between the parabolas y*— 4x— 8y +40
S. Ifnormal at P meet x - axis at Q. Then A PSQ is always =0and x*—8x—4y+40=01is
(a) isosceles (b) equilateral (@ 0 (b) ﬁ
(c) right angled (d) None of these
25.  The condition that the parabolas y* = 4ax and y*> = 4c (x — () 22 d 2
b) have a common normal other than x -axis (a, b, ¢ being ) 5 ) .
- o . 32. ABisachord of the parabola y~ =4ax with vertex 4. BCis
distinct positive real numbers) is
drawn perpendicular to AB meeting the axis at C. The
(a) <2 (b) b ) projection of BC on the axis of the parabola is
a—c a-—c @ a (b) 2a
5 (c) 4a (d) 8a
(¢ <1 (d) >1 33. Ifnormals are drawn form a point P(h, k) to the parabola
a-c a-c
2 . .
26.  The number of points with integral coordinates that lie in y” =4ax then the sum of the intercepts which the normal
the interior of the region common to the circle x> +% =16 cut off from the axis of the parabola is
5
and the parabola y*=4x is @ (h+a) ®) 3(h+a)
(@ 8 (b) 10
(c) 16 (d) none of these. © 2(h+a) (d) h+2a
27.  Ifthree normals can be drawn from (%, 2) to the parabolay?> 34. Two parabolas have the same focus (3, - 2). Their directrices
=_4x , then are the x-axis and the y-axis respectively. Then the slope of
(a) h<-2 (b) h>2 their common chord is
(c) —2<h<2 (d) 4 is any real number 1
28.  The mirror image of the parabola y? = 4x in the tangent to (@ -1 (b) )
the parabola at the point (1, 2) is
3
@@ (x-1)2=4@+1) (b) (x+1)*=4(y+1) () —% d 1
2 _ 2 _
c =4(y-1 d —-De=4@y-1
© (e+D) o=1 @ (-1 o=D 35. The line x—y =1 intersects the parabola y2 =4ax at 4
29.  Iftwo dlst;nct chords Qrawn from th? point (4, 4) on the and B Normals at 4 and B intersect at C. If D is the point at
parabola y= = 4ax are bisected on the line y = mx , then the s . .
. which line CD is normal to the parabola, then coordinates of
set of values of m is given by
D are
-7 1442 @ (-4 b) (44)
(a) (T S J (b) R © (-4,-4) d (4,4
36. Fromapoint ‘¢’ onthe parabola y2 =4ax , afocal chord and
(© (0,0 @ =22 a tangent is drawn. Two circles are drawn in which one circle
30.  Setofvalues of m for which a chord of slope m of the circle is drawn taking focal chord as diameter and other is drawn
x*+ y* = 4 touches parabola. y* = 4ax, is by taking intercept of tangen between point ‘#” and directix
as diameter. Then the locus of midpoint of common chord of
( o \/5—1 \/5—1 the circles is
S I e e e (@) y=3x+a
(b) 9ax? — ay2 - 2xy2 +6a’x+a> =0
(b) (oo, —1)u(l, =)
2 2 2 2 3 _
©) (-1,1) () 9ax” +ay” +2xy° —6a"x—a =0
d) (=, ) (d) none of these
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37.

38.

39.

40.

41.

42.

A focal chord of parabola y2 =4x isinclined at an angle of

T o L
7 with positive x-direction, then the slope of normal drawn

at the ends of chord will satisfy the equation
@ m>-2m-1=0 (b) m?+2m-1=0

© m’>-1=0 d m*+2m-2=0

Two mutually perpendicular chords OA and OB are drawn

through the vertex ‘O’ of a parabolar y2 =4ax. Then the

locus of the circumcentre of triangle OA4B is

(a) y2 =2ax—4a (b) y2 = 2ax—8a’®
(©) y? =2ax—2a (d) v = 4ax—8a>
If the normals at three distinct points ( p2,2 D), (q2,2q)

and (r2,2r) of the parabola y2 =4x are concurrent then
@ p+r=2q (b) p+r=gq

(c) p+2q+3r=0 d p+g+r=0

A chord PP' of a parabola cuts the axis of the parabola at O.
The feet of the perpendiculars from P and P' on the axis are
M and M respectively. If Vis the vertex then VM ,VO,VM'

are in

(@ AP (b) GP.

(c) HP (d) none of these

The parabola y2 +4x and the circle (x— 6)2 + y2 =r? will
have no common tangent if ‘7’ is equal to

@ r>+20 b) r<~20

© r>+18 d) Re(20,28).

Radius of circle touching parabola y2 =x at (1, 1) and

having directrix of y2 = x asitsnormal is

43.

44.

45.

46.

47.

48.

The ends of line segement are P (1,3)and O (1, 1). Risa
point on the line segement PQ such that PR: RQ =1:A . If

R is an interior point of parabola y2 = 4x, then
-3
(@ re(0,1) (b) Ae ?,1

() Are(-10) (d re(lo)
The length of normal chord which subtend an anlge of 90°

at the vertex of the parabola y2 =4x is

@ 62 ® 72
© 82 @ 42

If two circles x*+3>—6y—6y+13=0 and

X2+ y2 —8y+9=0 intersect at 4 and B. The focus of the
parabola whose directrix is line 4B and vertex at (0, 0) is

AU
0 (3wl

A moving varible parabola, having it’s axis parallel to x-axis

always touches the given equal parabola y2 = 4x, the locus
of the vertex of the moving parabola is;

@ »>=—4x (b) »*=8x
(© »*=-8x ) x> =4y
From the focus of the parabola y2 = 8x, tangents are drawn

to the circle (x— 6)2 + y2 = 4. Then the equation of circle

through the focus and points of contact of the tangents is
@@ x?+)?+8x-12=0 (b) x*+y?—6x+12=0
© x?+)y?-8x+12=0 (@) x*+y?+6x-12=0

Let P be any point on parabola y2 = 4ax between its vertex

and +ve end of latus rectum. M is point of perpendicular
from focus S to tangent at P, then maximum value of area of

A PMS is

3 2

@3 ® 3 @ @ ® 5
2

@ > @ ¥ © 4d @ 2
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COMPREHENSION TYPE

This section contains groups of questions. Each group is followed by some multiple choice questions
based on a paragraph. Each question has 4 choices (a), (b), (c) and (d) for its answer, out of which ONLY

ONE is correct.

PASSAGE-1

Normally, the various propositions you study, e.g. equation of
tangent, normal, chord, focal chord, formula for focal distance
etc., are derived for the parabola y? = 4ax. However, all the results
with slight transformation are valid for any parabola.
Supposewe represent the equiation of parabolay? — 4ax =0 by S (x,
y, @)= 0and any equation dervied for this parabola by P(x, y, @) =0.
Now, if the given parabola is y> = —4ax, i.e. y* + 4ax = 0 we can
write it S (x, y, —a) = 0, so the corresponding equation of P will be
P(x,y,—a)=0.

Similarly for x” = 4ay can be written as S (y, x, ) and corresponding
transformation is P (y, x, @) (i.e. interchange x and y).

1. The focal distance of the point (x, y) on the parabola x> —

8x+16y=0is
@ [y—4| (b) [y-5]|
© |y-2 (d) [x—4|
2. Normals are drawn from the point (7, 14) to the parabola x?

— 8x — 16y = 0. The sum of the slopes of these normals is

@ 0 (b)

7 3
© 3 @ -

3. The points on the axis of the parabola x? + 2x + 4y + 13 =0
from where three distinct normals can be drawn are given
by
(a) (_lak)ak € (_1:2)
(C) (_lak)ake (_005_5)

b) (-1,k), k €(2, »)
@) (k k), k>0

4. The line xcosa+ ysina = p touches the parabola

x2+4a(y+a)=0 if

(a) a=pseca (b) acos2a = p sina

() a*coso+p’sino=0 (d) atano=p seca

PASSAGE-2

Normal to a parabola y* = 4ax at the point (af?, 2at) is given by xt
+y =2at + af’. If it passes through a point

(h, k) then a® + t2a —h)—k=0 .. (1)
If ¢, 1, t; be roots of (1) then three points P, O, R are (atlz, 2at)),
(at,?,2at,), (at,%, 2at,) from which normals pass through the point
(h, k). Points P, Q, R are called co-normal points. Putting 2az =y,
the ordinates of P, O, R are the roots of

y}+4aRa—h)y —8a’k=0 (2)

Let the circle POR be x>+ + 2gx + 2fy +c=0

Eliminating x from equations of the parabola and circle, we have

4 2

J +y2+2gi;—+2ﬁ/+C=0,
a

164>

ie.  y*+32(16a% +8ag)+324% fy+16a%c = 0 ..(3)
Equation (3) gives the ordinates of the points of intersection of
the parabola and the circle.
5. The circle through co-normal points of a parabola passes

through

(a) focus of parabola

(b) vertex of parabola

(c) origin

(d) point of intersection of axis and directrix of parabola
6. The equation of the circle through the feet of normals drawn

to parabola y? = 4ax from a point (4, k) is

(a) x2 +y2 =42

b x*>+y*-2ax=0

©) xz—i-y2 —2ax+(k+a)y=0

) X —i—y2 —(h+2a)x—%ky =0

7. If the normals at the point O, R on parabola y* — 4ax = 0
meet the parabola at the same point P, then the locus of the
circumcentre of the trinagle POR is
(@) y=ax—d? b) 2(x*+yH)=d2

() x*—y*=ax (d 2y*—ax+a*>=0

9
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PASSAGE-3
A tangent is drawn at any point P(t) on the parabola y2 =8x and
on it is taken a point Q (c., B) from which pair of tangent QA and

QB are drawn to the circle X2+ y2 =4. Using the information

answer the following questions :
8.  The locus of the point of concurency of the chord of contact

AB of the circle x2 + y2 =41is

@ y?-2x=0 b) »?-x*=4

© »+2x=0 ) »*-22" =4
9.  The points from which perpendicular tangents can be drawn
both to the given circle and the parabola is/are

@ (413) ®) (-1,v2)

© (2,-V2) @ (2+/2)
10. The locus of circumcentre of A AQB ift=21is

@ x-2y+4=0 (b) x+2y—-4=0

() x-2y-4=0 d x+2y+4=0
PASSAGE-4

Let two parabolas y2 =4ax and x% = 4ay intersect at O and 4

(O being origin). A parabola P is drawn, whose directix is the

common tangent to the two parabolas and whose focus is the

point which divides OA internally in the ratio (1+ V3 ):(7 - NG )
11. The equation of the common tangent to y2 =4ax and
x2 =4qy is
(@ x+y+a=0 () x+y—-a=0
(©) x—y+a=0 (d) x—y—a=0
12. The equation of the parabola P is

(@) _x—m_er_y_(lJr\/g)a_z:(x+y+a)2
R e I E e al
(b) _X_M_2+_y+(l+\/§)a_2 _ (x+y+a)2
e I e wal i
(C) —x+M_2+—y_(l+\/§)a_2 :(x+y+a)2
R a I E e ad

(d) none of these
13. Parabola P always passes through the points

@ (a,0),(0,a) (b) (a,0),(0-a)
© (-4,0),(0,-a) () (=4,0),(0,a)

&
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REASONING TYPE

(b)
©) Statement-1is true but Statement-2is false.
(d) Statement-1isfalsebut Statement-2 is true.

In the following questions two Statements (1 and 2) are provided. Each question has 4 choices (a), (b), (¢) and
(d) forits answer, out of which ONLY ONE is correct. Mark your responses from the following options:

(a)  BothStatement-1 and Statement-2 are true and Statement-2is the correct explanation of Statement-1.

Both Statement-1 and Statement-2 are true and Statement-2is not the correct explanationof Statement-1.

1. Statement-1 : Slope of tangents drawn from (4, 10) to

19
bola y*=9 -, -
parabolay*=9xare 7',
: The point (4, 10) lies on the latus rectum
of the given parabola

Statement-2

2. Let t,t, beparameters of two points P and Q on the parabola

y2 =4ax.

Jia)

Statement 1 : If PO is normal at P and passes through
focus of parabola then 7, = —¢
Statement 2 : If PQis afocal chord then ##, = -1

3. Statement 1 : The locus of the centre of circle which

cuts orthogonally the parabola 2 = 4x

at the point P (1, 2) is a circle.
: The tangent at P to circle is a normal to
the parabola at P,

Statement 2

2. @O
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MULTIPLE CORRECT CHOICE TYPE

Each of these questions has 4 choices (a), (b), (c) and (d) for its answer, out of which ONE OR MORE is/are correct.

P is a point which moves in the x — y plane such that the
point P is nearer to the centre of a square than any of the
sides. The four vertices of the square are (+ a, + a). The
region in which P will move is bounded by parts of parabola
of which one has the equation

(a) y2=a2+2ax (b) x2:a2+2ay

(d) x*=a*-2ay

The ends of a line segment are P(1, 3) and O(1, 1). Risa
point on the line segment PQ such that

© ?+2ax=d’

PR :QR=1:).IfRisaninterior point of the parabola y2

3
b)) re (_g’ 1]

(d) none of these

= 4x then

@ Are(1)

1 3
© relr3

Consider the parabola y2 —4gxand x° = 4by. The straight

line p'/3 y+ a3 x+ a3 p2/3 =0

(@) Touches y? = 4ax

(b) Touches x? = 4by

(c) Intersects both parabolas in real points.
(d) Touches first and intersects other

Three normals to the parabola y” = x can be drawn through
apoint (c, 0), if

_3 b) 0< <l
@ =7 ®) 0<c<

1
2

(c) c>% (d c=

5.

Consider a circle with its centre lying on the focus of the
parabola y? = 2px such that it touches the directrix of the
parabola. Then a point of intersection of the circle and the
parabola is

@(?ﬂ b (2p, 2p)

o) (2

Tangents are drawn from (- 2, 0) to y2 =8x, radius of

circle(s) that would touch these tangents and the
corresponding chord of contact, can be equal to,

@ 42+ b) 4:2-1)
© 82 d 42

A quadrilateral is inscribed in a parabola, then

(a) quadrilateral may be cylic.

(b) diagonals of the quadrilateral may be equal.

(c) all possible pairs of adjacent sides may be
perpendicular.

(d) none of these.

A normal drawn to parabola y2 = 4ax meet the curve again

at O such that the angle subtended by PQ at vertex is 90°

then coordinates of P can be

@ (8a,4v2q) (b) (8a,4a)
© (2a,-224q) @) (2a,22a)

From a point (sin 6, cos 0) if three normals can be drawn to

the parabola y2 = 4ax then the value of ‘a’ belong to

o) e (L
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MATRIX-MATCH TYPE

Each question contains statements given in two columns, which have to be matched. The
statements in Column-I are labeled A, B, C and D, while the statements in Column-II are
labelled p, q, r, s and t. Any given statement in Column -1 can have correct matching with ONE
OR MORE statement(s) in Column-II. The appropriate bubbles corresponding to the
answers to these questions have to be darkened as illustrated in the following example:

If the correct matches are A—p, s and t; B—q and r; C—p and q; and D-s and t; then the correct

darkening of bubbles will look like the given.
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1.  Observe the following columns :
Column-I Column-II
(A) If two distinct chords of aparabolay? = 4ax passing p. -1
through the point (a, 2a) are bisected by the linex +y =1,
then the length of the latus rectum can be
(B) The parabola y = x?— 5x + 4 cuts the x-axis at P and Q. qg- 0
A circle is drawn through P and Q so that the orgin lies
outside it. The length of a tangent to the circle from the
origin is equal to

© Ify+b=m (x+a)andy+b=m,(x+ a)are two tangents r 1
to y*=4ax then m m, is equal to

(D) Ifthe point (4, —1) is exterior to both the parabolas S.
32 = |x|, then the integral part of h can be equal to t. 3

2.  Observe the following columns :

Column-I Column-II

(A) The equations of the common normal(s) to the parabolas p. x+a=0
y?=4ax and x> = 4ay is /are

(B) A pair of tangents drawn from a point P to the parabola qg- x=a
y? = 4ax intersects the coordinate axes in concylic points.
The locus of P is

(C) The locus of point from which tangents drawn to parabolas . x+ty=3a
y?*=4a(x + a) and y*= 8a(x + 2a) are mutually perpendicular is

(D) The chord of contact of a point P with respect to the s. x+3a=0
parabola y? + 4ax = 0 subtends right angle at the vertex . t. x=4a
The locus of P is

3. Observe the following columns :

Column-I Column-II

(A) The normal chord at a point 7 on the parabola y2 =4x p. 4
subtends a right angle at the vertex, then 2 is

(B) The area of the triangle inscribed in the curve y2 = 4x, the q- 2
parameter of coordinates of whose vertices are 1, 2 and 4 is

(C) The numberof distinct normals possible from (14—1,%] to the r 3
parabola y2 =4x is

(D) The normal at (a,2a)on y2 = 4ax meets the curve again s. 6
at (at2 ,2at), then the value of |7 —1| is

1. PadQr s t 2. P adQr s t 3. P 9 r s
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4.  Normal to parabola y2 =4x atpoints P and Q of parabola meet at R (x,, 0) and tangents at P and Q meets at T (x|, 0). Letx, =3

Match the entries of two columns.

Column-1 Column -1II
(A) The area of quadrilateral PTOR is p. 3
(B) Ifthe quadrilateral PTQR can be inscribed in a circle then the q. 4
value of circumferecnce is
47
(C) The number of nomals that can be drawn to the parabola r 1
from R is
(D) The square of the length PT is s. 8

Jia)

4, Par s
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NUMERIC/INTEGER ANSWER TYPE

The answer to each of the questions is either numeric (eg. 304, 40, 3010 etc.) or a single-digit %%%%

integer, ranging from 0 to 9. @Eele

The appropriate bubbles below the respective question numbers in the response grid have to  |@|®|O|®

be darkened. %%%%

For example, if the correct answers to a question is 6092, then the correct darkening of bubbles [®|®|®|®)

will looklike the given. 0][0][0][@)]

Forsingle digitinteger answer darken the extreme right bubble only.
1. A trapezium is inscribed in the parabola y* = 4x such that 3. Let the maximum and minimum values of the areas of the
its diagonal pass through the point (1, 0) and each has triangles formed by x-axis, tangent and normal at a point
25 on the segment of parabolay=x>+1, 1<x <3 be A, and

length e Ifthe area of trapezium be P then 4P is equal to A, respectively then 3A, + A, is equal to
2. Three normals drawn from any point to the parabola 4. A chordisdrawn froma point P (1, #) to the parabola y2 =4x
) P . .

y==4ax cut the line x = 2a in points whose ordinates are in which cuts the parabola at 4 and B. If PAPB =3|¢, then

arithmetic progression. If the dopes of thenormesbe m,,

the maximum value of ¢ is equal to

m, and m, then (Z—;] [Z—i} is equal to
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5. The sides of trianlge 4BC are tangents to the parabola 7. Tangents at points P and Q of parabola y2 _ 4x intersect

y2 =4ax. Let D,E,F be the points of contact of side BC,

. ) each other at point R on parabola y2 = —x. The normal at P
CA and AB respectively. If lines 4D, BE and CF are concurrent

and Q intersect atright angle at S. The diameter of circumcircle

at focus of the parabola and the £ ABC ofthe A ABCis % of qudrilateral PORS is equal to

then k is equal to

6. Ifapoint P on the parabola y2 =4x is taken such that the
point is at shortest distance from the circle

x2 -i—y2 +2x— 2\/§y+ 2=0, tangents are drawn to the
circle and the parabola, then the area of the triangle p4B is

Ja where 4 and B are the points of contact on two different
lines on circle and parabola respectively, then a is equal to
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SINGLE CORRECT CHOICE TYPE

1 (c) 9 (a) 17 (b) 25 (b) 33 (c) 41 (b)
2 (a) 10 () 18 (c) 26 () 34 (a) 42 (d)
3 (c) 11 (b) 19 () 27 (a) 35 (a) 43 (a)
4 (c) 12 (a) 20 (b) 28 () 36 (b) 44 (c)
5 (a) 13 (a) 21 (a) 29 (a) 37 (b) 45 (b)
6 (c) 14 (d) 22 () 30 (a) 38 (b) 46 (b)
7 (b) 15 (c) 23 (a) 31 (d) 39 (d) 47 (c)
8 () 16 (c) 24 () 32 (c) 40 (b) 48 (c)
COMPREHENSION TYPE
1 (b) 4 (b) 7 (d) 10 (a) 13 (a)
2 (c) 5 (b) 8 (c) 11 (a)
3 (c) 6 (d) 9 (d) 12 (a)
REASONING TYPE
[ 1 ] (@ 2 (d 3 ()
IEIE MULTIPLE CORRECT CHOICE TYPE
1 (a,b,c,d) 3 (a,b) 5 (a,c) 7 (a,b) 9 (b, ¢)
2 (a,c) 4 (a,c) 6 (a,b) 8 (c,d)
IEIE MATRIX-MATCH TYPE
1. A-ps,t;B-s;C-p;D-p,q 2. A-1,B-q,C-s,D-t
3 A-q;B-s;C-r;D-p 4. A-s;B-r;C-p;D-s
NUMERIC/INTEGER ANSWER TYPE
1 75 3 930 5 3 7 5
2 1 4 4 6 2




SINGLE CORRECT CHOICE TYPE

1.

3.

(¢) The vertex of the parabola y* = 4x is the origin O (0, 0).

@

Let OPQ be the equilateral triangle inscribed in the
given parabola. The triangle is symmetric about the x-
axis, the axis of the parabola.

Since £ POQ =60°, OP makes an angle of 30° with x-
axis and hence the equation of OP is

1
=xtan30°0or y=—Fx.
g NE
So the coordinates of P are given by

P

30°

) 12
X" =4x. = x=12 :y:ﬁ

W | =

12
and then the coordinate of P are | 12> E

Hence the length of the side of the triangle = PO =
12

2 [—] =83
NE)

Coordinate of focus will be (k + 1, k)

Now focus should lie to the opposite side of origin
with respect to line x + y — 1 = 0 and same side as
origin with respectto linex+y—-3=0

A

oS (h+1,k)

Xx+y=3
x+y=1

Hence h+k>0and h+k<2.

(¢) Equation of the required locus is

/x2+y2 +]x—2| =4

©

@

Case (1) Letx > 2, thenlocus is \/xz +y2 +x-2=4

= 24?2 =6-x= yP=—12(x3)
Case (II) Letx <2, then locus is

1u2+y27x+2:4:3 x2+y2:2+x

AY :x:2

y2 =4(x+1)

<fl,0>\

(3.0) X

y? =—12(x-3)

= 2 =4(x+1).
Both being parabola as shown in the adjacent figure.
Let P (x, y) be the point of contact

Zyd—y =4qand 2x=4a @

dx dx
4 2
For the tangency of curves, Mo xy=44d>,
2y  4a

which is the required locus.
Equation of the line parallel to the axis and bisecting

the ordinate PN of the point P (a t%, 2at) is y=at
which meets the parabola 3> = 4ax at the point Q

1
[— at2 y atj .
4

Coordinates of N are (a2, 0).

. . 0—at
Equation of NQisy= —f(x - atz)
at® ——at?
4
P(at?,2at)

x =0 at the point y =

Which meets the
tangent at the vertex, T \Q/ y=at

4

5 at. N(atz,O)




6.

©

b

©

A normal at point # cuts the parabola again at ¢, ,

2
thenty =— f; — = = 42 +4ty +2=0
n

Since, # isreal, discriminant > 0 — t22 -8 20
= t22 > 8.

Equation of a normal to the parabola y2 =4ax canbe
written as

y=mx—2am— am? at the point ( 4,2, —2am)
If the normal passes through C (4, k) then we have

am® +(2a—hym+k=0
Thus, if my,m,,m5 are the root of equation (i), then

the coordinates of the feet of normals are
A (amlz, —2amy), B (am22, —2amy) and

D (CZH’I32 s — 261/’)’!3) .
According to given condition, 4 and B lie on the line
x+y=1.So,

aml2 —2amy =1 e (i1) and
am22 —2amy =1
We get
= mlz —m22 —2(m1 _I’I12) :O
= m+my—=2=07[ m#m]
= -m3-2=0=>m3=-2
['.' ml +m2 +WZ3 :]
The coordinates of D are ( 4a, 4a).

LetP=(h?,2h).

1
Slope of tangent at P =tan 9 = Z

1 1
Thus the area of APTM = EXPMX ™ = 5 X 2h ¥

2hcot § = 23
The area will be maximum when h is maximum

s d?< i< 4d?

A

P (h?,2h)

i

\ 4

10.

11.

12.

@

©

b)

@

.. for maximum A, h=2a

. Maximum area=2 (24)* = 16a° .
2 , 2
Tangentto y~ =8 (x+2) 1sy:m(x+2)+;
2 c 1
c=2m+— o> —= (m-i——)
m 2
22 =

c
m 2
minimum value of ¢=4.

>2 = ¢ >4 = The

Length of focal chord having one extremity (at2 ,2at)

afi+l)
1S al| t+-
t

1 2
t+;22 — a(t-i—%) > 4a=32 = length

of focal chord ¢ 32.

1
Equation of the given lineis x =m (y — 10) — —
m

a
compare withx —h=m (y—k)+ o Ve get
h=0,k=10 anda=-1

.. The equation of parabola is (x - h)2 =4a(y-k)
= x* =—4(y-10).

The normal at P (at12, 2aty) and Q (atzz, 2aty)
intersect at the point (a (tl2 +t22 +hty + 2), —

atty (tl + tz) )
In the given problem a =2 Comparing P (2, —4) with

(atlz, 2aty), we get f;=—1

Q

Again if A is the vertex,
2 2
then slope of AP = Z and slope of AQ = o
2

Since, AP | AQ = fit, =—4 = 1 =4 (-t =-1)
.. The point of intersection of normals at P and Q is [2
(1+16—4+2),-2 x—1x4(-1+4)]

= (30, 24).

The correct answer is (a).



13.

14.

15.

16.

(@) In the given equation of parabola the focus is (1,1)

and equation of directrix is x +y+2=0
=> axis of parabolaisy=x

Vertex of the parabola is ( 0, 0). Let a is the distance

between vertex and focus = /7 .

The distance of the point on the axis from, which three
normal may be drawn will be at least 2a from the vertex

which is equal to 2 V2 . So coordinates of the point
nearest to the vertex from which three normals may be

drawn can be givenas (2,2) = h>2.

(d Let the points P and Q are respectively (atlz, 2at)

and (aty?, 2aty) .

Where a = 3. The coordinates (%, k) of the point of

intersection of normals at P and Q are given by

h=a (t?+6>+4t,+2) e
k=—anty (4+t) L
Also ft, =—4 [seesolutionof Q.N.12] ... (iii)

Putting # t, =—4 in (i) and (ii), we get

h=3 (t12+f22—2) and k=12 (f1+f2)

2 h
ShT=144 (12 14,7 1 20y1,) =144 [§+ 2+2x—4]

h
=144 (5_ ] or K>=48(h—18)

= locus of (h, k) is y% = 48 (x—18)
The correct answer is (d).

© )= +br-b, f'()=2x+b, [ (1)=2+b
=> The slope of the tangent at (1, 1)is 2+ b

the equation of the tangent to the curve at (1, 1)

is p-1=(2+b)(x—1)

X y

= 1+b_1+b:1

2+b

. 1+b
The intercepts formed are and—(1+b)

24D
1(1+5)

Areais— — 1+b)=2(gi
reais > L2+b)( b)=2 (given)

= (+b)>+4Q2+bh)=0 = b*>+6b+9=0
= (b+3)* =0 = b=-3.
(¢) Normal at (at2,2at) is o+ y:2at+at3

It passes through (4, k), so, at® + 2a-hyt-k=0

If its roots are {),¢),t; then ¢ +1, +#; =0

17.

18.

19.

Now, if the feet of the normal be (x|, y,), (x,,,) and (x;,
¥3), then

ity +y3=2alti+1,+1)=0

The centriod

[(x1+x2 +X3) (y1+)/2+y3)]=[x1+x2+x3 0]
3 ’ 3 N 3 ’

lies on the x-axis i.e. the axis of parabola.

(b) Equation of the normal to the parabola y2 =4x is

givenbyy=—1tx+2¢+ r v (1)
Since it intersects x = 2 we get y = r

let the three ordinates be 113 R t23 R 133 inA.P.

3
= 2=+ =(h+s) —3n4 (4 +4)
... (1i)
From equation (i) we have #; + #, + 3 =0
= 4 + 3y =—1y
Hence equation (ii) reduces to

3 3
21,° =(-t) -34 4 () =—0"+3 1154
3 _ 2 _

= 3t2 *3t1t2t3:>t2 *t1t3

= f, 1,3 areinGP.
1 1 1 .

Hence slopes of tangents —, —, — are in G.P.
hn h &

The focus of the Parabola y2 =8ax is (2a, 0)

So the coordinates of the point on the axis of the
parabola at a distance 8a from the focus is (10a, 0).

Equation of a normal to the parabola y2 =8ax is
y:mx—4am—2am3 .

Since it passes through (10a, 0)
0=10am—4am—2am*> = 2am (3— m*)=0

[~ m = 0]

I
= m=+ [3 =tan (igj

Equation of normal to y2 =4axand x% = 4by in terms
of m are given by
y= mx—2am—am’ andy = mx+2b+ —

m2

b
For common normal 2b + — +2am+am’ =0
m

= am® +2am® +2bm* +b=0.
So, a maximum of 5 normals are possible.



20. () IfP(4),0(ty),thenT=(t; 1y, +1,),5=(1,0)for 23- @
y2 =4x
a=SP=(1+)and c=S0=(1+13)
2
Now 52 = ST? = (11 ta = 1) + (i + 1,)°
R R0 )+
= p2 =ac
T P
O
S
Q
discriminant of the equation = 46% — 4ac =0
roots of a x? + 2bx + ¢ = 0 are real and equal.
21. (a) Centre and radius ofthe given circle is P(6, 0) and ﬁ 24.  (a)
respectively.
Equation of normal for y? = 4x at (£, 2¢) is
y=—tx+2t+ £ , it must pass though (6, 0) in order
that it gives minimum distance between the two curves.
0=1—d4t = t=0ort=+2
A
P
(6,0
C
A@,4)and C(4,-4)
PA=PC= \[20 =2,/5
required minimum distance = 2 J_ - \/_ = ﬁ .
22. (o) Equation of the tangentat P (x,,y,) to > =4axis w, 25. ()

—2ax—2ax,; =0 ... ()
Equation of the chord of > = 4a(x + b) whose mid-
point is (x', ") is

W' —2ax—2ax'—4ab=y? —4ax' —4dabor yy'—
2ax—(y?—2ax)=0 ... (11)
Equation (i) and (ii) represent the same line.

N _2a _ 2ax

Y 2a
This gives y' =y, and then 2ax, =y — 2ax'=y,*— 2ax
=dax, —2ax' . x'=x,

- mid-point (x', ') = (x,,»,).

y|2 _ zaxl

!

Suppose any two points on the axis equidistant from
the focus (a, 0) be (a + d, 0) (a — d, 0) where d is
constant. Equation of any tangent to the parabola is y

a
=mx+ — or m>x—my+a=0 if B and P, be the
m

perpendiculars on it, then
D) 2 ’ 2
m-(a+d)+a m-(a—d)+a
\/m4 +m? \/m4 +m?

1

T mr(1+m?)

R*-P’ =

[{a(mz +l)+dm2}2 ~ a0n? +1)—dm2}2}

1
-~ |4a(m® +1)d 2] = =
w21+ m2) [ a(m” +1)dm” | =dad= ¢ d,
where ¢ =4a = latus rectum
Let co-ordinates of P be (a 12 , 2at),

then equation of normal is a £+ 2a-x)t-y=0
PO meetx -axis at O
co-ordinates of Q are (af* + 2a, 0)

co-ordinates of S are (a , 0)
SO=af+a=a(l+P)

and PS=a \[(* =12 +4> =a (1+1%) =0S

A PSQ is isosceles.

For y2 + 4ax, Normal : y=mx—2am—a m 1)

For y? = 4c (x — b), normal : y=m (x — b) — 2cm — cm?
.. (1)

If two parabolas have common normal :

Then (i) & (ii) must be identical

After comparing the coeffecients we get

m= o+ 2(a—c)-b
"\ (-a

which is real of —2 —

>0 = >2.

c—a a—c¢



26.

27.

28.

29.

(@ If (X, p) is interior to both the curves then if

A2+ p? —16<0and p> —41<0.

2
Now, M2*47»<0 = x>(%j.

Alsol? + % —16<0 = 22 <16- p2.
Hence,if L =0, ) =1,2,3;if u=1, ) =1,2,3;if 4
=2, A =2,3;if B =3, ) hasno integral value.
- (1,0),(2,0), 3,0), (1,1), (2,1), 3, 1), (2,2), (3,2)
are the possible points.

(@ Anynormal to the parabola, y*> =— 4ax of slope m is
y=mx + 2m + m3. If it passes through (%, 2), m> +
(h+2)ym-2=0.

Letf(m)= " +(h+2) m—2. Then f'(m)

—3m* 4 (h+2).
If fim) = 0 has distinct real roots, then necessary
conditions is that /() = 0 should have 2 distinct real
rootsi.e. h<—2.

(¢) Any point on the given parabola is ( 2, 2f). The
equation of the tangent at (1, 2)isx—y+ 1 =0
The image (4, k) of the point ( £2,2f)inx—y+1=0is
—2 k=2 2 -2+1)

iven b h = =
& Y 1 -1 1+1

h=1> 1> +2t-1=2¢-1 and
k=2t+1> —2t+1 = 12+1
Eliminating ¢ from 2 =2¢—1 and k= 2+ 1,
We get (h+1)2 =4 (k—1)
The required equation of reflection is
(x+1)* =4(—1).

(@ Any point on the line y = mx can be of taken as (¢, m¢).
Equation of chord of parabola with this as mid point
will be ymt—2(x + ) = m22— 4t.

It passes through (4, 4) , so 4mt —2(4 + £) = m*> — 4¢
= m?P-2[2m+1]t+ 8=0
since we want 2 such chords, so D >0

Qm+1)% —8m° >0 = 4m”> —4m—1<0

1-v2 142
= 5 <m< 5

30.

31.

@

@

Equation of tangent to the parabola with slope m is

1
y=mx+—
m

For this line to be chord of the circle x? + y? = 4,

1
m <2
1+m2

o 1<dm? (1+m?)

Amt+4m:—-1>0 = m

e

Since two parabolas are symmetrical about y = x.

So, minimum distance is zero if they intersect on y =x
onsolvingy=x &>~ 4x—8y+4 =0

we get x* — 12x + 40 = 0 which has no real solution so
they do not intersect.

Minimum distance is between tangents to the
parabola parallel to y = x.

Differentiating x> — 8x — 4y + 40 = 0 with respect to x,

2 —IJ;/E

dy
weget 2x—8-4—=0
dx
Q _x—4
de 2
So,x=6andy="7
Point on parabola (x — 4)> = 4 (y — 6) is (6, 7) and
corresponding point on (y—4)>=4(x—6)is (7, 6)

=1 ( slope of tangent).

So, minimum distance = /7 .

32. (0) tan0=2 (Seefigure)

X
(xby) y2 = 4dax
y o
0 90°- 0
A X L C

Projection of BC on the x-axis

Y

=LC=—+———=ytan0
tan(90° —0)
2
R
x



33.

34.

3s.

(¢) Equation ofnormal : y = mx —2am—am

@

@

3
Puty=0
We get X =2a+ am12

_ 2
Xy =2a+amj

_ 2
X3 =2a+amj

where Xxp,Xx;,x3 are the intercepts on the axis of the
parabola, the normal passes through (%, k)

= am’+Qah-h)m+k=0
m1+m2 +WI3 :0
2a—h

a

nmyny + mynis + msmy =

= m}

+m32+m§ = (my +my +m3)2
(2a—h)

a

=2(mymy + mymy +mymy) = -2

= X txtx =6a+a(m12+m% +m32)

=6a-2(2a—-h)=2(h+a)

y
N
‘\
X
A
P
S

B

4

Let the focus be F. The parabolas are open down and
open right respectively. Let the parabolas intersect at
points P and Q. From P draw perpendiculars on the x-
axis and y-axis at 4 and B respectively, then

PA=PF =PB = Pliesontheline y=—-x
Similarly, Q lies on the line y = —x

= Slopeof PQ=-1.

Since y =x—1

solving with the equation of parabola

(x-1)2 =dx = x> —6x+1=0 = x=3++8
y=2+8

Suppose point D is (x;, y3) then
Nty ty3=0
2+\/§+2—\/§+y3 =0

= y3;=-4thenx; =4
The point is (4, — 4),

36. (b) CircleS,, taking focal chord 4B as diameter will touch

37.

b)

directrix at point P and circle S, taking tangent AP as
diameter will pass through focus S (since AP subtends
angle 90° at focus of parabola).

Y1

Hence common chord of given circles is line 4P (which
is intercept of tangents at point ‘4’ between points A
and directrix.)

Equation of tangents at 4 (‘¢’) is

yt=x+at2

a® )

)

2 —
at—a Lt D +2a
= ’k =

2 2
= locus of R is (by eliminating t)

= point P = k—a,
Let midpoint of AP is R (h, k)

t

h

9ax> —ay2 —2xy2 +6a’x+a> =0

For focal chord #t, =-1,

also slope of 4B = =1 (given)

h+t
= i+t =24ty =1
Hence the required equation
m? +2m—1=0.
Since slope of normals drawn at 4 and B are —t,~t,
respectively.

YA
A)

=V

(1,0)

B(ty)



38. () Let (—g,—f) be the circumcentre of A OAB.
Since OA4 is perpendicular to OB

Clearly (—g— /) is the mid-point of 4B.

2,2
H+t
= —g:—a(1 2)

From (1) and (2), we get

(t +1y)* =t +15 + 241,

YA
4 2
(atl ,2(111)
0 x
(at3 2aty)
B
22 - 2 2
=5 =--8= required locus y“ = 2ax—8a”.
a a

39. () Equations of thee normals are
px+y=2p> +2p)=0
qrx+y—2(q3 +2¢)=0

rx+y—2(r3+2r):0

Since these lines are concurrent

p 1 p+2p
q 1 q3+2q =0
I B,
p1p 1 p p
= 1 ¢|=0= |1 31=0
S 1 r 7

= (prq+r)p—g)g-r)(r—-p)=0

= p+g+r=90
40. () Let the parabola be y2 =4ax and P= (al2 ,at) and
pP'= (atzz,atz) are respectively

VM = at} VM = at?

Let VO =k then

atlz aty 1
atzz 2at, 1|=0 (- P',P,0 arecollinear)
k 0 1

= k+at1t2 =0

VM VM ' = (att,)* = k> = OV?

41. (b Anynormalofparabolais y=—tx+2¢+ 2. Ifit passes
through (6, 0), then —67 + 2¢+£° = 0
= =0, =4,4=(4,9)
thus for non common tangents AC > r

= 4+16 >r = I”<\/%
YA

A

7

(6,\0)
Y'S

Equation of normal at P
y—1=-2(x-1)
= y+2x=3

42. @

1 1 7
tx=—— =3+—=—.
at x 1’ Y 25

2 2
= radius = [1+l) +(1_1j
4 2
_ [25,25 55
16 4 4

C(-1/4,y)

P2, 1)

(-1/4, 0)




43. (a)
44. (¢)
45. ()

Clearly R [1, L+ 3
1+A

2
(1+3x) 4<0
1+A

) . Itis an interior point.

= _—3<k<l, but A >0
= 0<A<l1.

2
n= —t—; also, 1t =4

4 4 2
= = > ——=-2——
t t t
= g=2 = t=1
t

= #=-3 = 0=(9,-6),P=(1,2)

= PO =+8+8% =8J2.

VA

P(¢%,21)

=Y

0(1)

Common chordis $; =S, =0 = 3x—y =2 whichis
directrix of parabola whose vertex is (0, 0).

The axis of the parabola is x+3y =0.

Point of intersection of axis and directix 4 = [% , —l) .

5

Let the focus be (x;,y;) then

46. (b) Letthe movingparabolabe (y— k)2 =—4(x—h) (Here

47.

48.

©

©

we are taking —ve sign as the parabolas has to open in
opposite directions). Moving parabola touches the

given parabola y2 =4x, hence (y— k)2 = —y2 +4h
should have equal roots

= 2y2 —2yk+ (k2 —4h)=0 should have equal
roots.

= 4k?-8(k*-4h)=0 = k> =8h

thus the required locus is y2 =8x

Focus of the parabola is (2, 0)

Centre of the given circle is C (6, 0)

Now, circle through §, P and Q will also pass
through C.

= Required circleis (x—2) (x—=6)+ y> =0
= x2+)? —8x+12=0

Let PN be normal at Pand SNbe L from Sto PNthen
SM x PM = SM x SN

a(1+t2)><a(t+t3) _

A(f) = =a?(t+1)
\/1+t2 \/l+t2
%ﬁtl a?(1+31%) > 0v¢

So, A (¢) will be maximum at 7 =1

(at2 ,2at)

ty=x+\at&

X1 +— M —— 3 1
5 _ 5 Xp=——,y=—.
;0 ST
COMPREHENSION TYPE
1. () The equation can be written as (x—4y=16(y+ ) isx—4=m(y+1)—8m—4m’
(c—-4)?=-16(r-1) .. (1) It passes through (7, 14), s0,3 = 15m —8m —4m> + 6

We know that focal distance of any point (x, y) on

Y2 =daxis|x+al.

So, the focal distance of point (x, y) on the parabola (1)
is|y—1—4|=|y-5]

The parabolais (x—4)?>=16(y + 1)

The equation of normal to

y?=4dax isy=mx —2am—am
So, the equation of normal to

3

= 4m> —Tm+3=0= (m—-1)2m-1)2m+3) =0

sm=l, l, 3
202
] 2
So, the slope of normalsis —=1, 2, ——
m 3

(NOTE : here slope = m)



(¢) The equation of the parabola is (x + 1)> = —4 (y + 3)

whose axis isx=—1.

The equation of a normal to the parabola is
x+1=m(y+3)+2m+m’

It passes through a point (-1, k) on the axis if ,

0=m (k+3)+2m+m* = m(m®> +k+5)=0

givingm=0, +,/—(k +5) . Hence for three real, distinct
normals k+5<0 =k <-5.

The equation of a tangent to parabola x*> = —4a (y + a)

will be of the form x = m(y +a) - — ()
m

The given equation is x = —y tana + p seca.....(2)
Comparing (1) and (2), we get m =—tana and

a
am——= pseca
m

Eliminating m, we get
—atano+acoto = pseco = acos2a = psina
Let Y1>Y2,Y3,Y4 be the roots of the equation (3) then
V+y2+y3+y4=0

Also, if ¥1,¥5,¥3 be the ordinates of the conormal
points then

N+ +y3=0= y4=0.
So, one root of the equation (3) is zero = ¢=0

Hence the circle passes through origin, which is the
vertex of the parabola.

NOTE : Origin is not the general answer.
Putting ¢ = 0, the equation (3) becomes

1? +(16a” +8ag)y +32a° f =0,

which must be same as the equation (2), so,
4a(2a—h) =16a* +8ag and —8a*k =324 f
Solving, we get

k
2g=—(h+2a)and 2f=—5
So, the equation of the circle is

1

X242 - (h+2a)x——ky =0

If (o, B) be the coordinates of the circumcentre then
oa=a+ ﬁandB = k
2 4
Now (4, k) lies on parabola y2 =4ax, so

k* =4ah = (4B)? = 4a(2a - 2a)

Locus of (o, B) is 2y> —ax+a> =0

(¢) Eqaution of the tangent at point P of the parabola

y2 =8x is

yt = x+2t° e
Equation of the chord of contact of the circle
x>+t =4is

xa+yp=4 -(2)

(o, B) lieson (1),

hence Pt=o+ 212 .(3)

xa+ y[%+ 21] —4=0  [from(2)and(3)]

- 2(13/—2)+0L(x+%) =0
For point of concurrency

y 2
x=——andy=—
t Y t

locus is y2 +2x=0.

Required point will lie on the director circle of the given
circle as well as on the directrix of parabola

= x12+y12=8andx1+2=0.
= 4+ y12 =38
= =2
Points are (—2,+/2).
Equation of circumcentre of A AQB is

24y 4+ h(xo+ yB—4)=0

it passes through (0, 0) i.e. centre of circle
= A=-1
Let circumcentre be (h, k)

hzg,kzﬁ = o=2hB=2k
2 2

Also, Br = o+ 2
or a-Br+8=0 voot=2
Substituting ¢, =24 and =2k we get

h-2k+4=0

locusis x—=2y+4=0.



11. (@) Letthe common tangent to the parabolas is

a
y=mx+—
m

Solving it with X2 = 4ay, we get,
x? = 4a(mx+a/m)

2
= ¥’ —(4am)x—4i=0
m

Discriminant =0 gives, m =—1
So, the common tangent would be x+ y+a =0
12. (a) Solving y2 =4ax and x° = 4ay simultaneously

we get, A = (4a,4a)
So, the point dividing OA internally

1+/3):(7-3) is

oo (1++3).4a 1++3)4a
LB+ (T-B3) (1+3) +(T-43)

S{W_ﬁ)a,ﬂa}

(0, a){ A

N\O (a0

So, the equation of the parabolla with focus at S and directrix
as x+y+a=0is

{x—(”f)“}z {y_(uzﬁ)aT _(x+y+a)

2

(a) Putting (a, 0) and (0, @), the foci of the given parabolas,
in P, we see the points satisfy the equations. Hence
parabola P pass through the points (0, @) and (a, 0).

2 2
REASONING TYPE
_ a 2 5
1. (C) y—mx+; (d) t2 :_tl_[_ = t1t2+f1 +2=0
1
4
10 = 4m—22% s 16m? — 40m+9 = 0 fhty=—1 = 2+1=0
m 1
40 5 = No such chord is possible.
myy +my = ITREX (d The tangents at P to parabola is
y2=2x+1) = y=x+1
mm,= % =m = %, m, = % It must pass through the centre of the circle so the line

y =x+ 11is the desired locus.

1. (ab,ed) IfP=(x,y),then

V24?7 <lx—al \x*+y* <la+x|
VX2 +y? <la-yl, x?+y? <la+y]

2. (ac)R = (1,

-, The region is bounded by the curves
x2+y2:(a_x)Z,xz_;’_yZ:(a_;’_x)Z
Xryr=(a-yp, ¥ +y’=(aty)

o, y*=a’-2ax, y*=a’+2ax,x*>=a’-2ay,
x*= a®+2ay

1+3A
1+A

) . Itis an interior point of

2
1430
y2—4x—0if( +3 j —4<0
1+A

3
Therefore,fg <A<LButjx>0 = 0<) <1



3. (a,b) The equation of the line can be written in the slope

form as parabola are [%’ pj and (%’ —Pj .
YL N a ' L
Yy=——=X+ 7T 2 3 L& y=mx+—

1/3
where m=— —— .
/3 P(2.0)

N
So it touches the parabola % = 4ax. o \

\ 4

The equation of the line can also be written in the
form

pl/3 b
= —=y+7 13, 13\
x 73 y (_ b1/3/a1/3)

Point ‘P’ clearly lies on the directrix of y2 = 8x.
1/3
-b

Le. x=my+ — wherem= — 73~
m a

So it touches the parabola X = 4by also.

(a,c) Any normal to the parabola y2 =xis

:mx—lm—lm3
y ) .

4

1 1
It passes through (¢, 0) , hence, 0=mc— ) m——m

4
,0 + C—l
- m= OI’—Q 2

For three normals all three values of m should be real

1 1
and distinct i.e. ¢ — E >0 = c> E

(a,c) The focus of the parabola is at (%’ 0] and directrix
is x= .
5

Centre of the circle is [%’ 0) and radius

2

Solving this equation with y2 =2px , we obtain

ngandy: +p

. The points of intersection of the circle and the

7.

8.

(@ab)

2
(C, d) th =4 _l‘_ also

Thus slope of P4 and PB are 1 and — 1 respectively.
Equationof PA:y=x+2,

Equation of PB:y=-x-2,

Equation of 4B:x=2.

Let the centre of the circle be (%, 0) and radius be '7'
|h+2| |h-2]

—_—=—=7

2 1

= W2+ 4+4h=2h*+4-4h)

=

= p2-12h+4=0

+
hzgzéim

= |h-2]|=4(2-1),4(2 +1).

As a circle can itersect a parabola in four points, so
quadrilateral may be cyclic. The diagonals of the
quadrilateral may be equal as the quadrilateral may be
an isoceles trapezium.

A rectangle cannot be inscribed in a parabola.

So (C) is wrong.

Zatl % 2at2 -1

1 aty aty

= t1t2 =—4

i:-tl—zj t12+2=4 andt1=i‘\/§
4 b



+2:/2).

so point can be (2a,
(b,0)
Let y = mx—2am— am® benormal

= co0s0=msin0—2am—am’

=  am’ +2am—msin®+cos0 =0

= am’ +m(2a—sinB)+cos6 =0

Above equation will have three roots if its derivative
will have two roors so

3am? +(2a —sin0) = 0

2 —2a+sin0
m=——
3a

Here, M >0anda#0.

a

Ifa>0,5in0-2a>0 = 24 <sind
a<l = ae[O,l)
2 2

If a<0,5in6-2a<0 = 24 >sin0 = a>sm9

= ad-39)
= a>-— = a€|——,
2 2

- 4ol

EE MATRIX-MATCH TYPE

A-1,s,t;B-s;C-p;D-p,q

(A) Any point on the line is (¢, 1-¢) . The chord with this as
mid point is y(1 — ) — 2a (x + £) = (1 — £)>— 4at it passes
through (a, 2a) = (1-9)?>=2a(1- a)>0 = 0<a<1
.. LR.€(0,4)

(B) The points P and Q are (1,0) and (4,0) and the circle is
(= D(x—4)+3?+1y=0

The length of the tangent from (0,0) is V4 =2
(©) Solving the equation of the given lines, we get x + a =
0 so, the tangents intersect at the directrix

= mm,=-1

D) 1-|4| >0=>-1<h<1

A-1,B-q,C-s,D-t

(A) One parabola is the reflection of the other in the line y
=x Normal at ¢ is xt + y = af® +2at . Common normal

must be perpendicular to y = x. So,slope =—¢=-1
-, common normal is x + y = 3a

a
(B) The tangent y=mx+— passes through the point P
m

(h,k) ~m® h—mk+a=0 . If its roots are m, and m,

a
then mm,=1 = 3 =1= locusisx=a
a
(C©) The tangents are y = m(x + a) + — and y =
m

1
——(x+2a)-2am
m

1
Subtracting, we get (m +;) (x+3a)=0=x+3a=0

3.

D) If (—at12 ,2at1) and (—at22 ,2aty) be exteremities of

the chord of contact then #,t, = -4, Also, point of
intersection of tangents is (—at1t2 ,—a(t] +1, )) . So
the abscissa of Pis x =-att,= 4a
.. locus of Pisx=4a
A-q;B-s;C-r;D-p

(A) Equation ofnormalis y = —tx+2at + at’

It intersect the curve again at point Q(f) on the
parabola such that

t—l‘2
! t

2
Again slope of OP is P mop

Also, slope is OQ is tg =mop
1

: 4
SIHCG, mOP.mOQ =—l=— = ttl =4
115)

2
t(—t—;) =4 = 2=2

(B) The points are
P(1,2),0(4,4),R(16,8)

1 21
1
Now ar(A POR) = 3 4 4 1 =6sq.unit
16 8 1



©

Equation of normal from any point P(am2 ,—2m) is

y:mx—2am—am3

111
It passes through (—,—]
4°4

= 4w +8m—11m+1=0
= 4m+3m+1=0
Now, f(m)= 4m® =3m

= fm)=12m>-3=0

Here, a=1 = x; =—> and x, = (2+1%)

X, =3=2+12 = 2=1 = =41
Take =1, then x; = —1,
PM =2at=2x1x1=2
RT=x;+x,=(1+3)=4
Area of quadrilateral PTOR

1
:2x(5><4><2) = 8 sq. units

. (at?,2at)
2
Since f| —| f| —=]| <0 so, 3 normals are possible.
22 (,0) O\ M /R0
(D) Since, normal at P(¢,) if meets the curve again at (¢,), ’
then
, 2
ty =t - 2 (at*,2at)
gl
Such, that here normal at P (1) meets the curve again at (B) Clearly, RT will be the diameter of circle
o) .. Circumference = (1 X diameter)
= t=_1_l=_3 :anT:nX4:1.
2 47
4. A-s;B-r;C-p;D-s . ( 2)
(C) Since in the part (1), we have found x, \2a +at” ) > 2a,
(A) yri=4x (1)
Clearly, if P(atz,zat) then by symmetry, ( if t # 0)
O(at?,~2at) .. For three real normals, x, >2a=2x1=2
. . 2 1e. Xy > 2.
Equation of tangent is ¢y = x +at
ForT, y=0, x = —at? (D) Equationof PTis y=x+a = £ PTM =%
and equation of normal is
. m_PM 2
y =—tx+2at+at> SSIHZ_PT pr
ForR, y =0, X, = (2at + atz) ..... 2 - PT = 2ﬁ
EE NUMERIC/INTEGER ANSWER TYPE
1. Ans : 75
B
Focus of the parabola y2 =4xis(1,0) A —
So diagonals are focal chord
AS=1+ 1> =c(say) S
1 1 1 1
l+ =1 ['.‘—+—:—}
c 25 c AS CS a
D R
C




25 25 2

— =—c-c

4 4

) 5
= 4¢” -25¢+25=0 :>czz,5

5 ;5 , 1 1

F =— 1+t =— = — = +—
orc 4° 4:>Z 4:>t >

Forc=5,1+t>=5= t=+2

1 1
A= (Z’ 1), B=(4.,4),C=4-4and D= (Z,—lj
. 15
AD =2 and BC = 8, distance between AD and BC = T
. Area of trapezium ABCD = %( 2+8)x % = 7745 Sq.
units.
Ans:1

Let the equation of the parabola be y2 =4ax. If the feet of

the normals passing through a point be (amlz, —2amy) ,
(amzz, —2am,) and (am32, —2amy) equation of normal
at (amlz, —2amy) is y = mx—2am—a m13 .
Solving with the line x =2a, we get the point of intersection
as (2a,— m13 ). Similarly solving with the other normals the
ordinates of the points of intersection. with x = 2a are
—am,” , and —amy> .
These ordinates are in A.P.
3 .
So —am13 —am33 =-2amy” or m13 + m33 = 2m23 e (D)
But my + my= —mjy .. (1)
By (i)
2my’ =(my + my) (m? + my® — my m3)-2 2
2 1 3) Umyp T nig 1713 my
=(m? + my? — mym3)(as m + msy = —my)....(iii)
22 2 .

and by (ii) my” = my~ + m3~ +2 my M3 e (V)
Subtracting (iii) from (iv), 3 m22 =3m my

or m22 = ml m3 .
Ans : 930

Any point on parabola y = 2 +1isP (t, 2 +1)
Equation of tangent at P,

241

2t

y— 12 -1=2t(x-1) Puty=0,thenx=1—

AY

(2-1 ) \_ P(t,t% +1)

Hence T LT’ OJ
> X

1
Equation of normal at P, y — 2 -1= > (x—19)

Puty =0, thenx=¢+2¢(¢> +1).
Hence G (2t (> +1)+1,0)

2 2
TG=2t(¢> +1)+1—t+ £+l 2P+ 1)+ 1 1
1 241
AreaA:E(t2+1) [2t(t2+1)+t * ]
_ (DA +))
4¢
2 4 2
2 +1) (206" +7¢% -1
o 4D 200+ ) 20

4r
[l<x<3=1<t<3]
- A isincreasingin 1 < ¢ <3

925
. Maximumarea=£(3) = KN and minimum area=f{1)=5.
Ans: 4
Let equation of line passing through P(1,¢) be

x—1 y-t
cos® sin0
= x=rcosO+landy =rsinO+¢.

Line meets the parabola at 4 and B
= (rsin0+1)* =4(rcos0+1)

= 2sin?0+2r(tsin@—2cos0)+¢> —4=0

2
-4
paPB=| 22 =34
sin” 6
2_
= |t 4|:sin29S1
3]
= 2-3l-4<0
= (d+1)(d-4)<0
= |i<4
Hence the maximum value of ¢ is 4.
Ans:3

Let the parameters of the points D, E, F’ on the parabola be
4, by, t3 respectively. Tangents at £ and F meet at 4, so

the coordinates of A4 are (atyt3, a(ty +13))
Now AD passes through focus S, so
Cl(fz +t3)_0 _ 2at1 -0

ahts—a  atf —a

= 2401 -24 =(t, +13)6 (6 +13)
= § (4 +1+1) =34 + 2008

+(t1+12 +t3)=0



= 11, 1,3 are roots of the equation
£ —( +ty+13) 2 =314+ 2001

+H(++13)=0 (1)
= tfit) +1Ht3 + 13t =3 and

tltzl3 = —2t1t213 - (tl + lz + 13)

1
= tltzt:)’ = —E(tl +t2 + t3)
So, the equation (1) becomes
£+ 31515 12 =31 —fityt3 = 0

313
= ~hhlz = 2
1-3¢

-+ The slopes of the sides of triangle are
1 tan 6, 1 tan 6, 1 tan 65,
h %) 13

so cot By, cotB,, cotO; are roots of the equation
3cotf—cot> 0
————— — =cota, where cota =413
1-3cot” 0

nT+o
socot30=cota=30=nn+o0=0=

2n+a

" 9122,92 _ % and 0; =
3 3

50, -0, =0;-0, :%
Ans:2

Axis of the parabola y2 =4x is y = 0, and the point which
is at shortest distance from the circle

x2 +y2 +2x—2\/§y+2 =0is(-1,0).

Since (- 1, 0) lies on the directrix of the parabola hence
tangents to the parabola are y =x+1 and y =—x—1 and
these lines are also the tangents to the given circle. Clearly
the A PAB is possible in two ways one shown by using

PAB and other by using PA,B,.

Length of PA= P4, =1 also B(1,2)and B, (1,-2)as B
and B, lies on the latus rectum of the parabola.
Also, A PABand A PA; B, are right angle triangles.

So, area A PAB :%xPAxPB
1
:Ex1x2\/§:\/§ sq
Area (APA]B])Z%XPAl XPBl

=%><1><2\/5=\/§ sq.

Hence area of A PAB =2 square units.

N

L) ) e

-1,0) P

\,
\,
.

\
3

B (1,-2)

Ans:S
Let coordinates be P(¢?,21,)and O(3,21,).
Coordinates of points of intersection R is (f2,,(f +1,))
Rlieson y? = —x, then(t; +1,) = —t, (1)
Coordinates of the point of intersection of normal at P and
Qare SQ2+(ff +15 +4ity),~hity (1 +13))
From equation (i), coordinates of S are

(2241, 11 (4 + 1))
P,0O,R,S are concyclic points. Hence centre of circle is
the point of intersection of PQ and RS.

4+ 24 +1)
Co-ordinates of mid-point of PQ b T

and the co-ordinates of mid-point of RS

[tltz +2-24ty (i +1)—titr(t; +1y ))
2 ’ 2

+13) 2-4t, ond A0 +8) G +p)l-45]
2 9 2 2
= —3l1l2 = 2—t1t2 and (tl +t2)[1 —flfz —2] =0

So,

= 4t =-1 (i)

= Fromequation (i), ; +t, = %1 ..(iii)

W

Hence coordinates of centre are (5,11] and

coordinates of R are (—1,%£1).

The radius of required circle is \/ (

A

S



