PARABOLA

Let P be a point on the parabola y2 = 4ax, where a > 0. The normal to the parabola at P meets the
x-ax1s at a point Q. The area of the triangle PFQ, where F 1s the focus of the parabola, 1s 120. If the slope
m of the normal and a arc both positive integers, then the pair (a,m) 1s |[JEE(Advanced) 2023]

(A) (2, 3) (B) (1, 3) (C) (2, 4) (D) (3, 4)
Consider the parabola yz = 4x. Let S be the focus of the parabola. A pair of tangents drawn to the parabola
from the point P = (=2, 1) meet the parabola at Py and P>. Let Q; and Q, be points on the lines SP; and

SP> respectively such that PQg is perpendicular to SP; and PQ; is perpendicular to SP>. Then, which of
the following 1s/are TRUE ? |JEE(Advanced) 2022]

(A)SQ =2 (B) Q,Q, =3\{5ﬁ (C) PQi =3 (D) SQ2=1

Let E denote the parabola y2 = 8x. Let P = (-2, 4), and let Q and Q' be two distinct points on E such that

the lines PQ and PQ' arc tangents to E. Let F be the focus of E. Then which of the following statements 1s
(arc) TRUE? |[JEE(Advanced) 2021]

(A) The triangle PFQ 1s a right-angled triangle

(B) The triangle QPQ' 1s a right-angled triangle
(C) The distance between P and F 1s 542
(D) F lies on the line joining Q and Q'

Question Stem for Questions Nos. 4 and 5

Question Stem

Consider the region R = {(x, y) e R x R : x > 0 and y2 <4 —x}. Let F be the family of all circles that are

contained 1n R and have centers on the x-axis. Let C be the circle that has largest radius among the circles

in . Let (o, B) be a point where the circle C meets the curve y2 =4 —x.

The radius of the circle C 1s . |JEE(Advanced) 2021]
The value of o 1s . |JEE(Advanced) 2021]

If a chord, which 1s not a tangent, of the parabola y2 = 16x has the equation 2x + y = p, and midpoint (h, k),

then which of the following 1s(are) possible value(s) of p, hand k ? [JEE(Advanced) 2017]
(A)p=5,h=4,k=-3 (Byp=-1,h=1,k=-3
O p=-2,h=2,k=-+4 (D) p=2,h=3k==4

Let P be the point on the parabola yz = 4x which 1s at the shortest distance from the center S of the circle

X% + y2 —4x — 16y + 64 = 0. Let Q be the point on the circle dividing the line segment SP internally. Then-
(A) SP =25
(B) SQ: QP =(/5+1):2

(C) the x-intercept of the normal to the parabola at P 1s 6

| 1
(D) the slope of the tangent to the circle at Q 15 — |JEE(Advanced) 2016]
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11.
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It the normals of the parabola y2 = 4x drawn at the end points of 1ts latus rectum are tangents to the circle
(X — 3)2 +(y + 2)2 — rz, then the value of 1 is |[JEE(Advanced) 2015]
Let the curve C be the mirror image of the parabola y2 = 4x with respect to the ine x +y +4 =0. If A and

B are the points of intersection of C with the line y = -5, then the distance between A and B 1s
[JEE(Advanced) 2015]

Let P and Q be distinct points on the parabola y2 = 2x such that a circle with PQ as diameter passcs

through the vertex O of the parabola. If P lies in the first quadrant and the area of the triangle AOPQ 1s
3\5 , then which of the following 1s(are) the coordinates of P ? [JEE(Advanced) 2015]

(A) (4.2472) (B) (9,32 (C) {cll\/lEJ (D) (1,42

The common tangents to the circle X” + y2 = 2 and the parabola y2 = 8x touch the circle at the point

P, Q and the parabola at the points R,S. Then the arca of the quadrilateral PQRS 1s -
|JEE(Advanced) 2014]
(A) 3 (B) 6 (C)9 (D) 15
Paragraph For Questions 12 and 13

Let a.r,s.t be nonzero real numbers. Let _F‘(atz, 2at), Q, R(HI'Z, 2ar) and S(asz, 2as) be distinct points on the

parabola y2 = 4ax. Suppose that PQ 1s the focal chord and lines QR and PK are parallel, where K 1s the

point (2a, 0).

The value of r 1s- |JEE(Advanced) 2014]
1 t* +1 1 t* -1

(A) - (B) t (C) . (D) t

[t st =1, then the tangent at P and the normal at S to the parabola meet at a point whose ordinate 1s-

[JEE(Advanced) 2014]
, 2 , 2 5 2 , 2
(A) (t +11) (B) a(t J;l) ©) a(t jl) D) a(t :2)
2t 2t t t
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SOLUTIONS

Ans. (A)

Let point P (atz, 2at)

normal at P 1s y = —tx + 2at + at
yzU,x=2a+at2

Q(2a + at’, 0)

Area of APFQ = —(a+at?)(2at)|=120

m =1
- a’[1 +m?]m= 120

(a, m) = (2, 3) will satisty
Ans. (B, C, D)

Let equation of tangent with slope ‘m’ be

L 1@ "M

1
Liy=mx—+—
m

T : passes through (-2, 1) so

|
] =2m+ —
m

—>m=—]lorm=

1
2

2 2

_ . 4 28
Points are given by [ )
m- m

So, one point will be (1, -2) & (4, 4)

Sol.

Sol.

Let P1(4,4) & Py(1,-2)
P1S:4x—-3y—-4=10
P>S:x—-1=0
4(-2)-3(1)-4

PQ, = : =3

SP=+/10 ; PQ:=3; SQ;=1=SQ,

: (Q|Q2 )x 10 :l><3><1

X, 2 2

(comparing Arcas)

L 0,0, =23 310
JIo S

Ans. (A, B, D)

e y (4) =4 (x -2)
=R 2

Note that P lies on directrix so triangle PQQ' 1s
right angled, hence QQ' passes through focus F.

PF = 4+/2

Equationof QF isy=x—-2 & PFisx+y=2
Hence A, B, D.

Ans. (1.50)

N V=4-x

Let the circle be

x> + y2 +ix=0

For point of intersection of circle & parabola
y2 =4 —X.

A A X+ x=0=x+x(A—1)+4=0
For tangency : A=0= (?\,—1)2 —16=20

— A =5 (rejected) or A =3

Circle : x™ + y2 —3x=0



Sol.

Sol.

Sol.

Ans. (2.00)

For point of intersection :
x"—4x+4=0=>x=2s0q="2

Ans. (D)

Equation of chord with mid point (h, k) :

X+ h
2

— 8x-ky+k’—8h=0

Comparing with 2x +y —p =0, we get

k=—4;2h—p=4

only (D) satisties above relation.

Ans. (A, C, D)

ky—M{ J_kz—um

y2=4x
point P liecs on normal to parabola passing

through centre of circle

vtk =2t41 ...(Q)
8 + 2t =2t +t

t=2

P(4, 4)

SP = /(4 —2)* +(4-8)?

SQ =2

—  PQ=2J5-2
SQ 1 :J§+1
QP J5-1 4

To find x intercept
put y =0 1n (1)
—  x=2+
X=6
Slope of common normal = —t = -2

L
2

Slope of tangent =

8.

Sol.

Sol.

10.

Sol.

Ans. (2)

(1,2)

(L2

The co-ordinates of latus rectum are (1,2) and
(1,-2)

dy 2

dx y

clearly slope of tangent 1s given by

.. Aty =2 slope of normal = -1
and Aty =—-2 slope of normal = 1

. Equation of normal at (1,2)
(y-2)=-1x-1)=x+y=3

Now, this line 1s tangent to circle
(x—3)° + (¥ +2)° =+

. perpendicular distance from centre to line

= Radius of circle
323

J2
Ans. (4)
Let there be a point (tz_, 2t) on y2 = 4x

—r=>r°=2

Clearly its reflection in X +y + 4 = 0 1s given by
Xx—t° y-=2t =2(t’+2t+4)

1 1 2
=_2t+4) & y=—(t"+4)
Now, y =5 = (==l
=—6 or =2
Distance between A & B =4
Ans. (A, D)

(52
2

(0,0)




T 12.
ZPOQ:E — tith=-+4
0 0 1
L[t Sol
Lt 1)=3v2 '
2|12
tE
= t, 1
5 2
Q(a/t’,-2a/t)
:> t't, ;tlté 62 "+ PQ 1s a focal chord
a 2a
. co-ordinates of point Q arc = [T,——]
= |t —t,]=3v2 2 ¢
4 | |
— t1+—=3\/5 (. t>0) 2a[r+J
t, My = L) __ 2
1 1
We get t) = 2\5,, \E ﬂ(f _t_’g) (T‘t)
P(4, 2v2) or (1,42) 2at—0 2t
H]PK. = 5 = -
11.  Ans. (D) a(t‘“ —2) b =3
R
P Given mgr = mpg
Sol.
2 2t t° =2 1
—> —— = > F= ofs
T L T 1 =2 t ot
B l
5 2 1 t* -1
7 > r={——+—-—="r1=
_ t {
V= X hee—s
e 13. Ans. (B)
0-0+ 2 Sol. Equation of tangent at point P 1s
I? = \E :>2:m2(1 +mz) tyzx+at2 (1)
\jl m Equation of normal at point S 1s
==l 1 2a a
TP:—x+y=2 el A
ECLL 1) & Q11 = Peery=taley (i)
& R{ - . s ]: R(2,4) & S(2,-4) Multiply equation (1) by t* and then subtract
m m | C
from equation (11),
1
So A=—10.3=15 we get,
2 B L 4
| 2y =2at"+at +a
So P(—1, 1) & Q(-1,-1) 5 y ,
_ = 2ty=a(l +t +2t)
& R| —, =R(2,4) & S(2,-4 >
= |y = :
1 2t
So /_\.:510.3 =15




