PARABOLA

| SOLVED EXAMPLES '

Ex.1
Sol.

Ex.2

Sol.

Find the equation of the parabola whose focus is (—6, —6) and vertex (-2, 2).

Let S(-6,-6) be the focus and A(-2, 2) is vertex of the parabola. On SA take a point K(x , y,) such that SA=AK. Draw
KM perpendicular on SK. Then KM is the directrix of the parabola. Since A bisects SK,

[—6 +x, —6 +y1) :(_2 2)

2 2
= —6+x,=—4and—6+y,=4or(x,,y,)=(2,10) . t
Hence the equation of the directrix KM is (xy) M
y-10=mx-2) ... @) S A K
(-6,-6) (=2,2) (X4, ¥4)
10 - (-6 - ’
Also gradient of SK = —(): 16 _ 2;=>m= -1
2-(-6) 8 2
-1
y—lOZT(X—Z) (from (1))
= X +2y—22=0is the directrix

Next, let PM be a perpendicular on the directrix KM from any point P(x, y) on the parabola. From SP = PM, the

+2y-22
equation of the parabola is \/{(x+6)2 +(y+6)2} = w
(12 +22)
or 52+ 4 12x+ 12y +72) = (x + 2y —22)?
or 4% +y? —dxy + 104x + 148y —124=0
or (2x—y)*+104x + 148y — 124 =0.

Through the vertex O of a parabola y* = 4x chords OP and OQ are drawn at right angles to one another. Show that
for all position of P, PQ cuts the axis of the parabola at a fixed point.
The given parabolaisy*=4x )

Let P =(,2t,), Q =(&2, 2t,)

2
1 1 2

2t 2 2
Slope of OP = —1 = o and slope of OQ = .
. 4 ~ )
SinceOP LOQ, — =-1 or tt =4 .. (i)

4t

The equation of PQ is y(t, +t,) =2 (x +tt)
= y{tl _ti} =2(x—4) [from (ii)]

4
= 2(x—4) —y{t1 —t—} =0 = L +AL,=0
1

variable line PQ passes through a fixed point which is point of intersection of L =0 & L,=0
ie. (4,0) Ans.
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Ex.3 Find the vertex, axis, focus, directrix, latusrectum of the parabola, also draw their rough
sketches. 4y*+ 12x — 20y + 67 =0

Sol. The given equation is
67
4y*+12x—20y +67=0 = y2+3x—5y+T:0
s sy O s [3Y C T (3)
= y'=Sy=-3x-7, = y'=Sy*tl3 ) =37 2
) Y (e
= y2—7x74 = yz—* B (1)
Let X Ly=ye 2 i
e X = —2,yf > ....(iD)
Using these relations, equation (i) reduces to
Y?=-3X ....(iii)

This is of the form Y? = —4aX. On comparing, we get4a=3 = a=3/4.

<
I
N|on

Vertex
The coordinates of the vertex are (X =0, Y =0)

So, the coordinates of the vertex are

75
(__ _j [Putting X =0, Y =0 in (ii)]

272
AXxis
The equation of the axis of the parabolais Y = 0.

So, the equation of the axis is

5
y=3 [Putting Y = 0 in (ii)]

Focus
The coordinates of the focus are (X =-a, Y =0)
ie. (X=-3/4,Y=0).

So, the coordinates of the focus are

(-17/4,5/2) [Putting X =3/4 in (ii)]
Directrix
j iy : 3
The equation of the directrix is X =ai.e. X = 1
So, the equation of the directrix is
11
X=-7y [Putting X = 3/4 in (ii)]

Latusrectum

The length of the latusrectum of the given parabola is 4a = 3.
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PARABOLA

Find the locus of the point P from which tangents are drawn to the parabola y? = 4ax having slopes m, and m such

Ex.4
that -
(i) m? +m? = (constant) (ii) 6, — 6, = 0, (constant)
where 6, and 6, are the inclinations of the tangents from positive x-axis.
Sol. Equation of tangent to y* = 4ax is y = mx + a/m
Let it passes through P(h, k)
m’h—mk+a=0
@) mj +mj =L
(m, +m)’—2mm =%
2
K 2.
h h
locus of P(h, k) is y*—2ax =Ax>
(i) 0,-0,=6,
tan(6, — 0,) = tan6
T _fan 0,
1 +m m,
2 — tan? 2
(m, +m,))"—4m m, =tan°0 (1 + mm,)
2 2
k_2_4_a = tan’ 0, (1 +3j
h h h
k?—4ah = (h + a)’ tan290
locus of P(h, k) is y* —4ax = (x + a)’tan’0,
Ex.5  Prove that focal distance of a point P(at?, 2at) on parabola y> = 4ax (a > 0) is a(1 + t2).
Sol.
%> PS=PM=a+at y == //’
PS=a(l +t%).
5(, 0)
X=—a \
Ex.6  If the endpoint t, t, of a chord satisfy the relation t t, = k (const.) then prove that the chord always
passes through a fixed point. Find the point?
Sol. Equation of chord joining (at , 2at ) and (at,’*, 2at,) is

y—2at = (x—at?)

t +t,

(t,+t)y—2at>—2att =2x-2at’

= + =
y P—y (x+ak) > tt,=k)

This line passes through a fixed point (— ak, 0).
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Ex.7

Sol.

Ex8

Sol.

Prove that the normal chord to a parabola y* = 4ax at the point whose ordinate is equal to abscissa subtends a right

angle at the focus.

Let the normal at P (atlz, 2at, ) meet the curve at Q (atj , 2at, ) y4 2 at)
@" >
PQ is anormal chord. P
2
and t,=—t, —— .. )] X'€ A >x
t, ANSS,

By given condition 2at, =at]

. . J Q (at3, 2at,)
t, =2 from equation (i), t, = -3

then  P(4a,4a)and Q(9a,—6a)

but focus S(a, 0)

4a-0 4a
4a—a 3a
-6a-0 -6a 3

4
Slope of SP = 3

and Slope of SQ = 9a—a  8a 4

4 3
Slope of SP x Slope of SQ = 3 X a4 -1

ZPSQ=m/2
i.e. PQ subtends a right angle at the focus S.

Three normals are drawn from the point (14, 7) to the curve y? — 16x — 8y = 0. Find the coordinates of the feet of the
normals.
The given parabolaisy*— 16x—8y=0 . @)
Let the co-ordinates of the feet of the normal from (14, 7) be P(a., B). Now the equation of the tangent at P(c, ) to
parabola (i) is

yB—8(x+a)—4(y+B)=0

or B-4)y=8x+8—+4p . (ii)
8
Its slope = Bj
Equation of the normal to parabola (i) at (o, B)is y—p = P x-o)
It passes through (14, 7)
_4-B _ 6B
= 7-B= 3 (14-o) = OL—B_4 .......... (iii)
Also (., B) lies on parabola (i) i.e. B>~ 16a—83=0 ... (@iv)
Putting the value of o from (iii) in (iv), we get p* — Bg% -8p=0
= B*(B—4)-96B—-8B(B—-4)=0 = B(B*—4p—96—8B+32)=0
= B(R>—12B—64)=0 = B(B-16)p+4)=0

= B=0,16,—-4
from (iii), o =0 when  =0; a.=8,when 3 =16; ao=3 when 3 =—4
Hence the feet of the normals are (0, 0), (8, 16) and (3, —4)
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PARABOLA

Ex.9

Sol.

Ex. 10

Sol.

Ex. 11
Sol.

Ex. 12
Sol.

A tangent to the parabola y* = 8x makes an angle of 45° with the straight line y = 3x + 5. Find
its equation and its point of contact.

31
S1 f ired t t’ = —
ope of required tangent’s arem =
1
m=-2m = 5
> Equation of tangent of slope m to the parabola y* = 4ax is y = mx + L2 .
m

1
tangent’s y =—2x — | at > -2

y= %x+4at(8, 8)

If the equation m*(x + 1) + m(y —2) + 1 = 0 represents a family of lines, where 'm' is parameter then find the equation
of the curve to which these lines will always be tangents.
m*(x+1)+m(y-2)+1=0
The equation of the curve to which above lines will always be tangents can be obtained by equating its discriminant
to zero.

(=27 -4(x+ 1)=0

y —4dy+4-4x—-4=0

Yy =4(x+y)
The angle between the tangents drawn from a point (—a, 2a) to y* = 4ax is -

The given point (—a, 2a) lies on the directrix x = —a of the parabola y? = 4ax. Thus, the tangents are at right angle.

Find the equations to the common tangents of the parabolas y? = 4ax and x*> = 4by.

Equation of tangent to y* = 4ax is

a

= +T— A Ay 090900 ... i
y=mx+ — )
Equation of tangent to x* = 4by is

b 1 b .
Xx=my+ — = y= —X— T e (ii)
ml 1’1’11 (ml)

1 b
<l & L-_b
m, m m,
a a 173
= — =—bm’ = m—(——j
m b

1/3 1/3
. . a b
equation of common tangent is y = (— Ej X+a (— —j .
a

I3
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Ex.13

Sol.

Ex. 14
Sol.

Ex. 15

Sol.

Find the locus of point whose chord of contact w.r.t. to the parabola y* = 4bx is the tangent of the parabola y* = 4ax.

a
Equation of tangent to y* = 4ax is y = mx + e ]

Let it is chord of contact for parabola y>= 4bx w.r.t. the point P(h, k)
Equation of chord of contact is yk =2b(x + h)

_2b__2bh
y= K K e (ii)
From (i) & (ii)
2b a 2bh 4b*h
m=-—,—=— =
k m k IS
4b*
locus of P is y = X

Find the locus of the middle point of a chord of a parabola y* = 4ax which subtends a right angle at the vertex.
The equation of the chord of the parabola whose middle point is (., ) is
yB —2a(x + a) = B> —daa.
= yB —2ax=p*—2aa
yB-2ax |
or B’ —2aq = a3 @
Now, the equation of the pair of the lines OP and OQ joining the origin O i.e. the vertex to the points of intersection

P and Q of the chord with the parabola y* = 4ax is obtained by making the equation homogeneous by means of (i).

4ax(yB—2ax)

Thus the equation of lines OP and OQ is y* = 52
—2ao

= y*(B? - 2aa) — 4aPxy + 8a’x* =0

If the lines OP and OQ are at right angles, then the coefficient of x* + the coefficient of y* = 0
Therefore, B2 — 2ac+ 82> =0

= B*=2a(a—4a)

Hence the locus of (., B) is y* = 2a(x — 4a)

Find the locus of the point N from which 3 normals are drawn to the parabola y* = 4ax are such that
@) Two of them are equally inclined to x-axis (i) Two of them are perpendicular to each other
Equation of normal to y*> = 4ax is
y=mx—2am—am’
Let the normal passes through N(h, k)
k=mh-2am-am® = am’+(2a—-h)ym+k=0
For given value’s of (h, k) it is cubic in ‘m’.
Letm , m, & m, are root’s of above equation

m+m+m=0 (i)
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PARABOLA

@

(i)

Ex. 16

Sol.

Ex.17

Sol.

2a—-h .
mm, +mm +mm = P (ii)
k eoe
mmm,=-— ; ...... (iii)
If two normal are equally inclined to x-axis, thenm +m,=0
m, =0 = y=0
If two normal’s are perpendicular
m m,=—1
from (3 _k i
om (3) m, = P (iv)
k 2a-h
from (2) -1+ = (m+m)=—— .. v)
a a
k .
from (1) m+m=-— .. (vi)

a
from (5) & (6), we get

2 h
Kk, 8

a a
y?=a(x—3a)

The common tangent of the parabola y* = 8ax and the circle x* + y* = 2a’ is -

2a
Any tangent to parabola is y=mx + .

: : : 2 2a 2 2
Solving with the circle x°+ (mx + E) =2a

2
2 2 ii 2_
= x“(1+m°)+4ax+ — —2a" =0
m

B*—4AC=0givesm== 1

Tangenty=+x+2a

If the tangent to the parabola y* = 4ax meets the axis in T and tangent at the vertex A in Y and the rectangle TAYG
is completed, show that the locus of G is y* + ax = 0.

Let P(at?, 2at) be any point on the parabola y* = 4ax.

Then tangent at P(at?, 2at) is ty = x + at®

Since tangent meet the axis of parabola in T and tangent at the vertex in Y.
Co-ordinates of T and Y are (—at, 0) and

(0, at) respectively. p
b P_—=——
Let co-ordinates of G be (x, y,). G :.=;::----------X-/(at2, 2at)
Since TAYG is rectangle. e oy
Mid-points of diagonals TY and GA is same oT A k,
xl+0_—at2+0 _ ot .
= 7 2 = x, =-at~ . (i) a

+91-9350679141
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Ex. 18

Sol.

Ex.19
Sol.

Ex. 20

Sol.

y; +0 O +at

and
n 2 5

—y, =at (ii)

2
Eliminating t from (i) and (ii) then we getx, =—a (y—lj
a

or y, = -ax, or y; +ax, =0
The locus of G(x,, y,) is y* +ax =0
Find the focus of the point P from which tangents are drawn to parabola y* = 4ax having slopes m,

m, such that (i) m, +m,=m_ (const) (i) 6, +0,=0, (const)

Equation of tangent to y> = 4ax, is

+a
=mx+ —
y m

Let it passes through P(h, k)

m*h—mk+a=0
k
() m1+m2:mO:E = y=mx
m, +m k/h
(i) tan0, = . :

I-m, m, " 1-a/h

= y=(x—a)tan0,

If P(-3, 2) is one end of the focal chord PQ of the parabola y* + 4x + 4y = 0, then the slope of the normal at Q is -
The equation of the tangent at (-3, 2) to the parabola y* + 4x + 4y = 0 is

2y+2(x—-3)+2(y+2)=0
or 2x+4y-2=0 = x+2y—1=0

Since the tangent at one end of the focal chord is parallel to the normal at the other end, the slope of the normal at

the other end of the focal chord is 7;— .

Prove that the two parabolas y? = 4ax and y* = 4¢(x — b) cannot have common normal, other than the axis unless
b/(a—c)>2.

Given parabolas y* = 4ax and y* = 4c(x — b) have common normals. Then equation of normals in terms of slopes are
y =mx — 2am — am’ and y = m(x — b) — 2cm — cm? respectively then normals must be identical, compare the co-
efficients

2am +am’

mb +2cm + cm’

= m[(c—a)m’+(b+2c—2a)]=0,m=0 (7 other than axis)

and mzz—za_zc_b,m:i —Z(a—c)—b
c—a c-a
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Ex.21

Sol.

Ex. 22

Sol.

or m== (—2_ b j
c—a
2 b >0
c—a
b
or -2+ >0 = >2
a—c a—c¢

If the line x — y — 1 = 0 intersect the parabola y?> = 8x at P & Q, then find the point of intersection of
tangents at P & Q.

Let (h, k) be point of intersection of tangents then chord of contact is
yk=4(x+h)
4x-yk+4h=0 .. @

But givenisx—y—-1=0

4 _ -k _4h

1 -1 -1
= h=-1,k=4

point= (-1, 4)

Ifr , r, be the length of the perpendicular chords of the parabola y? = 4ax drawn through the vertex, then show that

4/3
(rr,) " =162’ (rf/3 +r22/3).

Since chord are perpendicular, therefore if one makes an angle 6 then the other will make an angle (90° — 6) with x-

axis
Let AP=r and AQ=r, y4 (10088, 1;5n6)
If /PAX =60
r‘\
then ZQAX=90°- 0 o 0 R
. . N ANT—90° -6
Co-ordinates of P and Q are (r, cos, r| sinf) L
and (r, sinb, —r, cosb) respectively. Q
' (r,sin0, —r,cos0)
Since P and Q lies on y* = 4ax N
17 sin® O = 4ar, cos® and r; cos’ O = 4ar, sin0
_ 4acosH A 4asin 6
= i R
(rr)4/3 _(4acose 4asin9]4/3 _( 162> '’ )
"2 sin’®  cos’ 0 Lsin@cos@) """" @

2/3 2/3
4acosH 4asin0O
2 (.2/3 2/3)\ _ 2
and 16a .(r1 +1, )—16a {[ sze) +[cos26] }

+91-9350679141
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2/3 . 2/3 ) o
_1632'(43)2/3{(0059) +(sme) }—16a2.(4a)2/3{( cos O +sin” O }

(sinG)M3 (cos@)M3 si119)4/3 (cos9)4/3

16212.(421)2/3 _( 162> '’ » .
B (sinecose)‘”3 _LCOS%OSBJ =(nn,) {from (i)}

Ex.23 The area of the triangle formed by three points on a parabola is twice the area of the triangle formed by the tangents
at these points.

Sol. Let the three points on the parabola be
(at},2at, ), (at3,2at,) and (at;,2at,)

The area of the triangle formed by these points
1 2 2 2]
A= 5 [at; (2at,—2at,) + at; (2at, —2at ) + at, (2a, —2at,)]

=—a(t, — t)(t,—t)(t, —t,).
The points of intersection of the tangents at these points are
(att,, a(t, + t,)), (att , a(t, + t)) and (at t,, a(t, + 1))

The area of the triangle formed by these three points

1
A= E{atzg (at, —at, )+at,t, (at, —aty)+at, t, (at, —at, )|

1
:532 (t, -t Xt =t Xt —t,)
Hence Al = 2A2
Ex.24 Find the locus of point whose chord of contact w.r.t to the parabola y> = 4bx is the tangents of the

parabola y* = 4ax.

a
Sol. Equation of tangent to y? =4ax isy = mx + o @

Let it is chord of contact for parabola y* = 4bx w.r.t. the point P(h, k)
Equation of chord of contact is yk =2b(x + h)

2b 2bh

y:TX+T ..... (i)
From (i) & (ii)
26 a_26h _4b
m= K m K = a= >

2
locus of P is y?= —X .
a
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Ex.25 Prove that the orthocentre of any triangle formed by three tangents to a parabola lies on the directrix.

Sol. Let the equations of the three tangents be

ty=x+at .. @)
t,y=x+at, .. (i)
and  tyy=x+at; . (iii)

The point of intersection of (ii) and (iii) is found, by solving them, to be (at,t,, a(t, + t,))
The equation of the straight line through this point & perpendicular to (i) is

y—a(t, +t,) =t (x—att)
ie. yttx=at, +t,+ett) .. (@iv)

Similarly, the equation of the straight line through the point of intersection of (iii) and (i)

& perpendicular to (ii) is
yHx=at +t +ttt) .. )

and the equation of the straight line through the point of intersection of (i) and (ii) & perpendicular to (iii) is
yttx =a(t +t + t1t2t3) ...... (vi)

The point which is common to the straight lines (iv), (v) and (vi)

i.e. the orthocentre of the triangle, is easily seen to be the point whose coordinates are
x=-a,y=a(t, +t +t,+ttt)

and this point lies on the directrix.
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Exercise # 1

1.

10.

11.

Directrix of a parabola is x + y = 2. Ifit's focus is origin, then latus rectum of the parabola is equal to -

(A) V2 units (B) 2 units (C) 2+/2 units (D) 4 units

The equation of the parabola whose vertex and focus lie on the axis of x at distances a and a, from the origin,
respectively, is

(A)y*=4(a,—a)x (B)y>=4(a,—a)(x—a)  (C)y?’=4(a,—a)(x—a,) (D) none of these

Maximum number of common chords of a parabola and a circle can be equal to
A)2 (B)4 ©e D)8

Which one of the following equations represent parametric equation to a parabolic curve ?

t

(A)x=3cost;y=4sint (B)x2—2=2cost;y=4coszz
- ot t

(C) Vx =tant; Jy =sect (D) x = /1-sint ; y=smz+ cosz

If (t2, 2t) is one end of a focal chord of the parabola y> = 4x then the length of the focal chord will be-

(A) (t + lj (B) (t + l) (tz + Lz] ©) (t— 1—) (tz + sz (D) none
t t t t t

Through the focus of the parabola y? = 2px (p > 0) a line is drawn which intersects the curve at A(x,, y,) and B(x,, y,).
Y1Y>
Xl X 2

(A)2 B)-1 ©)-4 (D) some function of p

The ratio

If the lines (y —b) = m (x + a) and (y — b) = m,(x + a) are the tangents to the parabola y? = 4ax, then
(A)m, +m,=0 (Bymm,=1 (C)mm,=-1 (D)m, +m,=1

The locus of the point (\/3_h,\/3k+2)if it lies on the line x —y — 1 =0 is
(A) a straight line (B) a circle (C) a parabola (D) none of these

From the focus of the parabola y*= 8x as centre, a circle is described so that a common chord of the curves
is equidistant from the vertex and focus of the parabola. The equation of the circle is -

(A) x-22+y=3  B)E-2+y=9  (O@E+22+y' =9 (D) L+y -4x=0

The ratio in which the line segment joining the points (4, —6) and (3, 1) is divided by the parabola y> = 4x is

—20+A/1 —2+24155
(A) 20l 55 1 B) ——F—:2
11 11
(C)20+24/155 : 11 (D)—20+ /155 : 11
Length of the normal chord of the parabola, y> = 4x , which makes an angle of % with the axis of x is:
A)8 (B)8~/2 ©)4 D)4+2
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PARABOLA

12.

14.

15.

16.

17.

18.

19.

20.

21.

The triangle PQR of area ‘A’ is inscribed in the parabola y* = 4ax such that the vertex P lies at the vertex of the
parabola and the base QR is a focal chord. The modulus of the difference of the ordinates of the points Q and R is -

A A 2A 4A
)57 B) — © — D) —
a a a a
A set of parallel chords of the parabola y- = 4ax have their midpoints on
(A) any stright line through the vertex (B) any straight line through the focus

(C) a straight line parallel to the axes (D) another parabola

Let A and B be two points on a parabola y> = x with vertex V such that VA is perpendicular to VB and 0 is the angle
VA

|vB| ®

(A)tan 0 (B) tan’0 (C) cot?0 (D) cot’

between the chord VA and the axis of the parabola. The value of

The locus of a point such that two tangents drawn from it to the parabola y? = 4ax are such that the slope of one is

double the other is -

9 9
Ay = Sax B)y = 7 (€) y* =9ax (D) x* =4ay

Two parabolas y* =4a(x— 1) and x> =4a(y — 1) always touch one another , the quantities 1, and 1, are both variable.
Locus of their point of contact has the equation -
(A) xy=a’ (B) xy=2a’ (C) xy=4a’ (D) none

Ify,, y, and y, are the ordinates of the vertices of a triangle inscribed in the parabola y* = 4ax, then its area is

| 1
A) 5, v, =)@, =y, —y) ®) 4 v, =), =¥, —y)

1
(©) o 0= ¥)E = Y)Y, - y) (D) none of these
Tangents are drawn from the point (—1, 2) on the parabola y* = 4x . The length , these tangents will intercept on the
linex=2:

(A)6 (B) 62 (©) 26 (D) none of these

C is the centre of the circle with centre (0, 1) and radius unity. P is the parabola y = ax?. The set of values of 'a' for

which they meet at a point other than the origin, is

1 11 1

3,2 2
+—— —2ais
2

The locus of the vertex of the family of parabolas y =
(A)xy=105/64 (B)xy=3/4 (C)xy=35/16 (D) xy=64/105

Locus of the point of intersection of the perpendiculars tangent of the curve y> + 4y —6x -2 =01is :
(A)2x—1=0 (B)2x+3=0 (C)2y+3=0 (D)2x+5=0
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22.

24.

25.

26.

27.

28.

29.

30.

An equilateral triangle SAB is inscribed in the parabola y? = 4ax having its focus at S. If chord AB lies towards the
left of S, then the side length of this triangle is

(A)2a2—+3) (B)4a2—+/3) (©)a2-+3) (D) 8a2—+3)

If anormal to a parabola y? = 4ax make an angle ¢ with its axis, then it will cut the curve again at an angle

(A) tan”!(2 tand) (B) tan™! (% tan (])) (C) cot™! (% tan (])) (D) none

The straight lines joining any point P on the parabola y? = 4ax to the vertex and perpendicular from the focus to the
tangent at P intersect at R. Then the equation of the locus of R is

(A)x*+2y?*—ax=0 (B)2x2+y2—2ax=0 (C)2x2+2y>—ay=0 (D) 2x2+y2—2ay=0

The equation of a straight line passing through the point (3, 6) and cutting the curve y = \/; orthogonally is
(A)4x+y—18=0 B)x+y-9=0 (C)4x—-y-6=0 (D) none

From the point (4, 6) a pair of tangent lines are drawn to the parabola, y*> = 8x. The area of the triangle formed by these
pair of tangent lines & the chord of contact of the point (4, 6) is
A)2 B)4 (08 (D) none

Aline of slope A(0 <A < 1) touches the parabola y +3x?=0 at P. I S is the focus and M is the foot of the perpendicular
of directrix from P, then tan Z/MPS equals

2\ 1-2°

w Ry O

(D) none of these

PQ is a normal chord of the parabola y> = 4ax at P, A being the vertex of the parabola. Through P a line is drawn
parallel to AQ meeting the x—axis in R. Then the length of AR is :

(A) equal to the length of the latus rectum

(B) equal to the focal distance of the point P

(C) equal to twice the focal distance of the point P

(D) equal to the distance of the point P from the directrix.

Ifaand c are the length of segments of any focal chord of the parabola y? = 2bx, (b > 0), then the roots of the equation
ax?+bx+c=0are

(A) real and distinct (B) real and equal

(C) imaginary (D) none of these

If the tangent at the point P (x ,y,) to the parabola y> = 4ax meets the parabola y* = 4a (x + b) at Q & R, then the mid
point of QR is -
(A) (X1+ ba y1+ b) (B) (Xl_ b) Yl_ b) (C) (Xla y]) (D) (X1+ b7 yl)
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PARABOLA

Exercise # 2 m [Multiple Correct Choice Type Questions]

1.

10.

The straight line y + x = 1 touches the parabola :
(A)x2+4y=0 B)x®>—x+y=0 (C)4x>-3x+y=0 (D)x2-2x+2y=0

The equations of the directrix of the parabola with vertex at the origin and having the axis along the a-axis and a
common tangent of slope 2 with the circle x>+ y?> =5 is
(A)x=10 (B)x=20 (©)x=-10 D)x=-20

Tangent is drawn at any point (x,, y,) other than the vertex on the parabola y? = 4ax. If tangents are drawn from any
point on this tangent to the circle x> + y? = a? such that all the chords of contact pass through a fixed point (X5, ¥5)s
then
(A)x,,a,x,arein GP (B) % ,a,y,arein GP. (C)—4, L,ﬂ areinGP (D) x\x,+y,y,= a?

2 2
If the focus of the parabola x> —ky + 3 = 0 is (0, 2), then a values ofk is (are)
A)4 (B)6 ©)3 D)2

Let P, Q and R are three co-normal points on the parabola y* = 4ax. Then the correct statement(s) is/are
(A) algebraic sum of the slopes of the normals at P, Q and R vanishes

(B) algebraic sum of the ordinates of the points P, Q and R vanishes

(C) centroid of the triangle PQR lies on the axis of the parabola

(D) circle circumscribing the triangle PQR passes through the vertex of the parabola

Let P be a point whose coordinates differ by unity and the point does not lie on any of the axes of reference. If the

parabola y= = 4x + 1 passes through P, then the ordinate of P may be
(A)3 (B)-1 ©5 D)1
If y =2 is the directrix and (0, 1) is the vertex of the parabola x> + Ay + u=0, then

(A)r=4 (B)p=8 (O)r=-8 (D) u=4

The extremities of latus rectum of a parabola are (1, 1) and (1, —1). Then the equation of the parabola can be
(A)y?*=2x-1 B)y?*=1-2x (C)y?*=2x-3 D) y*=2x-4

The tangent and normal at P (t), for all real positive t, to the parabola y* = 4ax meet the axis of the parabola in T and
G respectively, then the angle at which the tangent at P to the parabola is inclined to the tangent at P to the circle

through the points P, T and G is -

(A) cot't (B) cot™'t? (C) tan™'t (D) sin™ [ ¢ ]
Vit

Variable chords of the parabola y?> = 4ax subtend a right angle at the vertex. Then :

(A) locus of the feet of the perpendiculars from the vertex on these chords is a circle

(B) locus of the middle points of the chords is a parabola

(C) variable chords passes through a fixed point on the axis of the parabola

(D) none of these
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11.

12.

14.

16.

17.

18.

19.

20.

The parabola y? = 4x and the circle having its center at (6, 5) intersect at right angle. The possible point of

intersection of these curves can be

(A)(9,6) (B) (2, /8) (©) 4,4) (D)(3,2+/3)

A normal drawn to the parabola y> = 4ax meets the curves again at Q such that the angle subtended by PQ at the

vertex is 90°. Then the coordinates of P can be

(A)(8a,4~/2 a) (B) (8a, 4a) (C) (2a,—2+/2 a) (D) (2a,2+/2 a)

A quadrilateral is inscribed in a parabola. Then,

(A) the quadrilateral may be cyclic

(B) diagonals of the quadrilateral may be equal

(C) all possible pairs of adjacent sides may be perpendicular

(D) none of these

Through a point P (— 2, 0), tangents PQ and PR are drawn to the parabola y* = 8x. Two circles each passing through
the focus of the parabola and one touching at Q and other at R are drawn. Which of the following point(s) with
respect to the triangle PQR lie(s) on the common chord of the two circles?

(A) centroid (B) orthocentre (C) incentre (D) circumcentre

The locus of the midpoint of the focal distance of a veriable point moving on the parabola y? = 4ax is a parabola
whose

(A) latus rectus is half the latus rectum of the original parabola

(B) vertex is (a/2, 0)

(C) directrix is y-axis

(D) focus has coordinates (a, 0)

A square has one vertex at the vertex of the parabola y? = 4ax and the diagonal through the vertex lies along the axes
of the parabola. If the ends of the other diagonal lie on the parabola, the coordinates of the vertices of the square are
(A) (4a,4a) (B) (4a,—4a) (©)(0,0) (D) (8a,0)

Two parabolas have the same focus. If their directrices are the x-axis & the y-axis respectively, then the slope

of their common chord is -

A1 (B) -1 (C)4/3 (D) 3/4

If two distinct chords of a parabola y= = 4ax passing through (a, 2a) are bisected on the line x + y= 1, then the length
of the latus rectum can be
(A)2 B)1 ©4 D)3

Let PQ be a chord of the parabola y? = 4x. A circle drawn with PQ as a diameter passes through the vertex V of the
parabola. If ar(APVQ) = 20 unit?, then the coordinates of P are
(A)(16,8) (B) (16,—8) (©)(-16,8) (D) (-16,-8)

The equation of the line that touches the curves y = x|x| and x> + (y — 2)> = 4, where x # 0, is

(A)y=4+/5x+20 (B)y=4+3x-12 (C)y=0 (D)y=-4+/5x-20
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PARABOLA

P partsll > >

[Assertion & Reason Type Questions]

These questions contains, Statement I (assertion) and Statement II (reason).

(A) Statement-I is true, Statement-II is true ; Statement-II is correct explanation for Statement-I.

(B) Statement-I is true, Statement-II is true ; Statement-II is NOT a correct explanation for statement-I.
(C) Statement-I is true, Statement-II is false.
(D) Statement-I is false, Statement-II is true.

1. Statement-I :

Statement-I1

2. Statement-I :

Statement-II :

3. Statement-I :

Statement-II :

4. Statement-I :
Statement-II :

5. Statement-1

Statement-I1

The line y = x + 2a touches the parabola y2 = 4a(x + a).

: The line y = mx + am + a/m touches y? = 4a(x + a) for all real values of m.

The values of a for which the point (a, a2) lies inside the triangle formed by the lines x = 0,
x+y=2,and 3y = x is (0, 1).
The parabola y = x% meets the line x +y =2 at (1, 1).

If P,Q, and P,Q, are two focal chords of the parabola y? = 4ax, then the locus of point of
intersection of chords PP, and Q,Q, is directrix of the parabola. Here PP, and Q,Q, are
not parallel.

The locus of point of intersection of perpendicular tangents of parabola is directrix of parabola.

(5x — 5)2 + (5y + 10)2 = (3x + 4y + 5)2 is a parabola.
If the distinct of the point from a given line and from a given point (not lying on the given

line) is equal, then the locus of the variable point is a parabola.

: If the endpoints of two normal chords AB and CD (normal at A and C) of a parabola

y2 = 4ax are concyclic, then the tangents at A and C will intersect on the axis of the parabola.

: If four ponits on the parabola y“ = 4ax are concyclic, then the sum of their ordinates is zero.

6. Consider a curve C : y> — 8x — 2y — 15 = 0 in which two tangents T, and T, are drawn from P(-4, 1).

Statement-I :

Statement-I1

T, and T, are mutually perpendicular tangents.

: Point P lies on the axis of curve C.
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Exercise # 3

Following question contains statements given in two columns, which have to be matched. The statements in

Column-I are labelled as A, B, C and D while the statements in Column-II are labelled as p, g, r and s. Any given

statement in Column-I can have correct matching with ONE OR MORE statement(s) in Column-II.

~ (12x -5y +3)’

1. Consider the parabola (x — 1)* + (y — 2)° 169
Column-I
A) Locus of point of intersection of perpendicular tangent
(B) Locus of foot of perpendicular from focus upon any tangent
© Line along which minimum length of focal chord occurs
D) Line about which parabola is symmetrical
2. Column-I
A) The normal chord at a point t on the parabola y* = 4x
subtends a right angle at the vertex, then t*is
(B) The area of the triangle inscribed in the curve y* = 4x.
If the parameter of vertices are 1, 2 and 4 is
© The number of distinct normal possible from (_1, lj to the
4 4
parabolay’=4xis
D) The normal at (a, 2a) on y> = 4ax meets the curve again
at (at?, 2at), then the value of |t — 1] is
3. Consider the parabola y*> = 12x
Column-I
A) Tangent and normal at the extremities of the latus rectum intersect
the x axis at T and G respectively. The coordinates of the middle
point of T and G are
(B) Variable chords of the parabola passing through a fixed point K on
the axis, such that sum of the squares of the reciprocals of the two
parts of the chords through K, is a constant. The coordinate of the
point K are
© All variable chords of the parabola subtending a right angle at the
origin are concurrent at the point
D) AB and CD are the chords of the parabola which intersect at a point

E on the axis. The radical axis of the two circles described on AB

and CD as diameter always passes through

Column-II

®» 12x -5y —-2=0
@ 5x+12y-29=0
(r) 12x -5y +3=0
(s) 24x — 10y +1=0

Column-II

® 4

@ 2

(9] 3

(s) 6
Column-II

® (0,0)
@ 3,0)
(r) (6,0)
(s) (12,0

I3

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035

+91-9350679141



PARABOLA

4. Column-I Column-II

A) Area of a triangle formed by the tangents drawn from a ®» 8
point (-2, 2) to the parabola y* = 4(x + y) and their
corresponding chord of contact is

(B) Length of the latus rectum of the conic @ 443
25{(x —2)*+ (y—3)*} = Bx + 4y — 6)* is

© If focal distance of a point on the parabola y = x> — 4 is 25/4 ¥ 4
and points are of the form (i\/a_ , b) then value of a + b is

D) Length of side of an equilateral triangle inscribed (s) 24/5

in a parabola y* — 2x — 2y — 3 = 0 whose one
angular point is vertex of the parabola, is

5. Column-I Column-II

(A) Tangents are dranw from point (2, 3) to the parabola y* = 4x. ®» (9,-6)
Then the points of contact are

B) From a point P on the circle x* + y* = 5, the equation of chord @ (1,2)
of contact to the parabola y* = 4x is y = 2(x — 2). Then the
coordinate of point P will be

© P(4, —4) and Q are points on the parabola y* = 4x such that (9] -2,1)
the area of APOQ is 6 sq. units, where O is the vertex. Then
the coordinates of Q may be

D) The common chord of the circle x* + y* = 5 and the parabola (s) 4,4)
6y = 5x* + 7x will pass through point(s).

m) [Comprehension Type Questions] -

Comprehension # 1

Tangent to the parabola y = x* +ax +1 at the point of intersection of the y-axis also touches the circle x* +y> =12 Also,

no point of the parabola is below the x-axis.

1. The radius of circle when a attains its maximum value is

(A) 1/~10 (B) 1/~/5 ©1 D) /5
2. The slope of the tangent when the radius of the circle is maximum is

Aa)-1 B)1 ©0 D)2
3. The minimum area bounded by the tangent and the coordinates axes is

A1 B)1/3 ©)12 (D) 1/4
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(i)

Comprehension # 2
Observe the following facts for a parabola :
Axis of the parabola is the only line which can be the perpendicular bisector of the two chords of the parabola.

If AB and CD are two parallel chords of the parabola and the normals at A and B intersect at P and the normals at C
and D intersect at Q, then PQ is a normal to the parabola.
Let a parabola is passing through (0, 1), (-1, 3), (3,3) & (2, 1)

On the basis of above information, answer the following questions :

The vertex of the parabola is -

1 1
(A) (1, g) (B) (g’ 1) (©(1,3) D)3,1)
The directrix of the parabola is -

1 1 1 1
(A)y=55 =0 (B)y+= =0 (©y+ 57 =0 (D) y+—>=0

For the parabola y* = 4x, AB and CD are any two parallel chords having slope 1. C,is a circle passing through O, A
and B and C, is a circle passing through O, C and D, where O is origin. C, and C, intersect at -
(A) 4,4 (B) (-4,4) (©) 4.4 (D) (-4,-4)

Comprehension # 3

If1 and m are variable real numbers such that 51 + 6m” — 4lm + 31 =0, then the variable line Ix + my = 1 always touches

a fixed parabola, whose axes is parallel to the x-axis.
The vertex of the parabola is
(A) (=5/3,4/3) (B) (=7/4,3/4) (C) (5/6,-1/6) (D) (1/2,-3/4)

The focus of the parabola is
(A) (1/6,-7/6) (B) (1/3,4/3) (©)(3/2,-3/2) (D) (-3/4,(3/4)

The directrix of the parabola is
(A)6x+7=0 (B)4x+11=0 (C)3x+11=0 (D) none of these

Comprehension # 4

PQ is the double ordinate of the parabola y* = 4x which passes through the focus S. APQA is an isosceles right angle

triangle, where A is on the axis of the parabola. Line PA meets the parabola at C and QA meets the parabola at B.
The area of trapezium PBCQ is
(A) 96 sq. units (B) 64 sq. units (C) 72 sq. units (D) 48 sq. units

The circumradius of trapezium PBCQ is

(A) 65 (B) 346 (©) 2410 (D) 543

The ratio of the inradius of AABC and that of APAQ is
A)2:1 (B)3:2 (©)4:3 D)3:1
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Exercise # 4

1.

10.

11.

12.

13.

14.

15.

16.

17.

Ifthe end points P(t ) and Q( t,) of a chord of a parabola y* = 4ax satisfy the relation t t, = k (constant) then prove that
the chord always passes through a fixed point. Find that point also ?

If from the vertex of aparabola a pair of chords be drawn at right angles to one another, & with these chords
as adjacent sides a rectangle be constructed , then find the locus of the outer corner of the rectangle.

Prove that the line joining the orthocenter to the centroid of a triangle formed by the focal chord of a parabola and

tangents drawn an its extremities is parallel to the axis of the parabola.

Find the condition on ‘a’ & ‘b’ so that the two tangents drawn to the parabola y>=4ax from a point are normals
to the parabola x*=4by.

Two perpendicular chords are drawn from the origin 'O’ to the parabola y = x?, which meet the parabola at P and Q.
Rectangle POQR is completed. Find the locus of vertex R.

Show that the common tangents to the parabola y> = 4x and the circle x> + y* + 2x = 0 form an equilateral triangle.

TP & TQ are tangents to the parabola and the normals at P & Q meet at a point R on the curve. Prove that the centre
of the circle circumscribing the triangle TPQ lies on the parabola 2y?>=a(x —a).

Find the set of values of a in the interval [1/2, 37/2], for which the point (sina, cosa) does not lie outside the parabola
2y*+x-2=0.

If a leaf of a book is folded so that one corner moves along an opposite side, then prove that the line of crease will
always touch parabola.

If 'm' varies then find the range of ¢ for which the line y = mx + ¢ touches the parabola y> = 8(x + 2).

Prove that on the axis of any parabola y? = 4ax there is a certain point K which has the property that, if a chord PQ

of the parabola be drawn through it , then +

2 2

(QK

is same for all positions of the chord. Find also the

coordinates of the point K.

A parabola of latus rectum / touches a fixed equal parabola. The axes of two parabolas are parallel. Then find the

locus of the vertex of the moving parabola.

Show that a circle circumscribing the triangle formed by three co-normal points passes through the vertex of the
parabola and its equation is, 2(x*+y?) — 2(h+2a) x — ky = 0, where (h, k) is the point from where three concurrent
normals are drawn.

Prove that the locus of the middle points of all tangents drawn from points on the directrix to the parabola
y*=4ax is y?(2x +a)=a(3x + a)%

Find the area of the trapezium whose vertices lie on the parabola y> = 4x and diagonals pass through (1, 0) and have
length 25/4 units each.

The normal at a point P to the parabola y? = 4ax meets its axis at G. Q is another point on the parabola such that
QG is perpendicular to the axis of the parabola. Prove that QG? — PG? = constant.

In the parabola y?=4ax, the tangent at the point P, whose abscissa is equal to the latus rectum meets the axis in
T & the normal at P cuts the parabola again in Q. Prove that PT: PQ=4:5.
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18.

19.

20.

21.

22.

23.

24.

A tangent is drawn to the parabola y* = 4ax at P such that it cuts the y-axis at Q. A line perpendicular to this
tangent is drawn through Q which cuts the axis of the parabola at R. If the rectangle PQRS is completed, then
find the locus of S.

If (x,, ¥)), (X,, y,) and (x,, y,) be three points on the parabola y* = 4ax and the normals at these points meet

X —Xy + X, =X, + X; —X -0
Ys M Y2
Show that the locus of a point, such that two of the three normals drawn from it to the parabola

y?>=4ax are perpendicular is y*=a(x —3a).

in a point, then prove that

A series of chord are drawn so that their projections on the straight line, which is inclined at an angle a to the axis,

are of constant length c. Prove that the locus of their middle point is the curve.

Prove that the locus of the middle point of portion of a normal to y? = 4ax intercepted between the curve & the
axis is another parabola. Find the vertex & the latus rectum of the second parabola.

P & Q are the points of contact of the tangents drawn from the point T to the parabola y*=4ax. IfPQ be the
normal to the parabola at P, prove that TP is bisected by the directrix.

Prove that for a suitable point P on the axis of the parabola, a chord AB through the point P can be drawn such that
[(1/AP?) + (1/BP?)] is the same for all positions of the chord.

A ray of light is coming along the line y = b from the positive direction of x-axis & strikes a concave mirror
whose intersection with the xy-plane is a parabola y* =4 ax. Find the equation of the reflected ray & show
that it passes through the focus of the parabola. Both a & b are positive.
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Exercise #5 2 Part#1 > [Previous Year Questions] [AIEEE/JEE-MAIN]

1.

The length of the latus rectum of the parabola x>~ 4x — 8y + 12 =0 is- [AIEEE-2002]
14 2)6 3)8 410

The equation of tangents to the parabola y*>= 4ax at the ends of its latus rectum is- [AIEEE-2002]
()x—y+a=0 2)x+y+a=0 B)x+ty—-a=0 (4) both (1) and (2)

The normal at the point (bt*, 2bt,) on a parabola meets the parabola again in the point (bt;, 2bt,), then-
[AIEEE-2003]

2 2 2 2
(1)t2=t1+? (2)t2=—tl—z (3)t2=—t1+z (4)t2=tl—z

Ifa = 0 and the line 2bx + 3¢y +4d = 0 passes through the points of intersection of the parabolas y*>=4ax and x> = 4ay,
then- [AIEEE-2004]
(1) d*+(2b+3¢)*=0 (2) d*+(3b+2c)*=0 (3) d*+(2b—-3¢)*=0 (4) d*+(3b—-2¢)*=0

Ky 7 2

The locus of the vertices of the family of parabolas y = 2 + TX —2ais- [AIEEE-2006]
g3 e 35 S e 105
(xy=7 @)xy="T¢ (3)xy= T3 @xy=—,

The equation of a tangent to the parabola y*>= 8x is y = x + 2. The point on this line from which the other tangent to
the parabola is perpendicular to the given tangents is- [AIEEE-2007]

(HELD (2)(0,2) )24 (4)(=2,0)

A parabola has the origin as its focus and the line x = 2 as the directrix. Then the vertex of the parabola is at -
[AIEEE-2008]

(1)(0,2) 2)(1,0) (3)(0,1) (4)(2,0)

If two tangents drawn from a point P to the parabola y* = 4x are at right angles then the locus of P is :-
[AIEEE-2010]

(Hx=1 (2)2x+1=0 (3)x=-1 (4)2x-1=0

Given : A circle, 2x2 + 2y2 = 5 and a parabola, y2 =4 J5 x. [JEE (Main)-2013]

Statement—I : An equation of a common tangent to these curves is y = x + J5 .

. 5 . . .
Statement—II : If the line, y = mx +—— (m # 0) is their common tangent, then m satisfies m* — 3m?+2 = 0.
m

(1) Statement-1 is true, Statement-II is true; statement-II is a correct explanation for Statement-I.
(2) Statement-I is true, Statement-II is true; statement-II is not a correct explanation for Statement-I.
(3) Statement-I is true, Statement-II is false.

(4) Statement-I is false, Statement-II is true.
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10.

11.

1. (a)

(b)

2.(a)

(b)

Let O be the vertex and Q be any point on the parabola, x> = 8y. If the point P divides the line segment OQ internally

in the ratio 1 : 3, then the locus of P is [Main 2015]
(1)y=2x (2)x*=2y () x*=y (4 y*=x

Let P be the point on the parabola, y* = 8x which is at a minimum distance from the centre C of the circle. x* + (y + 6)*
= 1. Then the equation of the circle, passing through C and having its centre at P is : [Main 2016]
(1) +y —x+4y—12=0 @)ﬁ+y1~§+2y—24=0

B)x*+y*—4x+9y+18=0 @) x*+y*—4x+8y+12=0

[Previous Year Questions][IIT-JEE ADVANCED]

Ifthe line x — 1 = 0 is the directrix of the parabola y> — kx + 8 = 0, then one of the values of ‘k’ is:

(A) 1/8 (B) 8 ©) 4 (D) 1/4
Ifx +y=Xkisnormal to y*= 12x, then ‘k’ is - [JEE 2000 ( Screening)]
a3 B) 9 © -9 (D) -3

The equation of the common tangent touching the circle (x — 3)*> + y*> = 9 and the parabola y* = 4x above
the x- axis is -

A) ﬁy=3x+1 (B) \/gy=—(x+3) © \/gy=X+3 (D) ﬁyz—(3x+l)
The equation of the directrix of the parabola y*+4y +4x+2=01is - [JEE 2001 ( Screening)]
(A) x=-1 (B) x=1 (C) x=-3/2 (D) x=3/2

The locus of the mid-point of the line segment joining the focus to a moving point on the parabola y? = 4ax is another

parabola with directrix [JEE 2002 ( Screening)]
a a

(A) x=-a (B) x=—z (C) x=0 (D) x:E

The equation of the common tangent to the curves y> = 8x and xy =—1 is - [JEE 2002 (Scr)]

(A) 3y=9x+2 (B) y=2x+1 (C) 2y=x+8 D) y=x+2

If a focal chord of the parabola y = 16x is a tangent to the circle (x — 6)* + y> = 2. then the set of possible values of
the slope of this chord, are - [JEE 2003 (Scr)]

1
(A) (113 (B) {-2,2} ©) {—2 : ;—} (D) {2 : —5}

Normals with slopes m, m,, m, are drawn from the point P to the parabola y*> = 4x. If locus of P with
m, m, = o is a part of the parabola itself, find a. [JEE 2004 (Mains)]

Two tangents are drawn from point (1, 4) to the parabola y? = 4x. Angles between tangents is -
(A) /6 (B) m/4 (C) 3 (D) n/2 [JEE 2004 (Screening)]

At any point P on the parabola y2 —2y—4x+5=0, atangent is drawn which meets the directrix at Q. Find the locus

1
of point R which divides QP externally in the ratio 5 01, [JEE 2004 (Mains)]
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9. Tangent to the curve y = X2+ 6 at point P (1, 7) touches the circle X2+ y2 + 16x + 12y + ¢ = 0 at a point Q. Then
coordinate of Q is - [JEE 2005 (Screening)]
(A) (6, 11) (B) (6,-11) (©) =6,-7) (D) (-6,-11)

10. The axis of a parabola is along the line y = x and the distance of its vertex from origin is /2 and that of origin from
its focus is 2+/2 . If vertex and focus both lie in the first quadrant, then the equation of the parabolais- [JEE 2006]
(A) (x+y)*=(x-y-2) (B) (x—y)*=(x+y~2)
(©) (x-y)*=4(x+y~2) (D) (x~y)*=8(x+y~2)

11. The equations of the common tangents to the parabolay = x? and y=- X2 + 4x — 4 is/are- [JEE 2006]
(A) y=4(x-1) (B) y=0 (C) y=—-4(x-1) (D) y=-30x-50

12. Match the following [JEE 2006]
Normals are drawn at points P, Q and R lying on the parabola y2 = 4x which intersect at (3, 0). Then
(@) Area of APQR A) 2
(i) Radius of circumcircle of APQR B) 572
(iii) Centroid of APQR © (5/2,0)
(@iv) Circumcentre of APQR D) (2/3,0)

13 to 15 are based on this paragraph [JEE 2006]
Let ABCD be a square of side length 2 units. C, is the circle through vertices A, B, C, D and C, is the circle touching
all the sides of the square ABCD. L is a line through A.

PA® +PB” +PC? + PD?
13. If P is a point on C, and Q in another point on C,, then 3 3 7 5 isequal to -
QA° +QB° +QC” +QD

(A) 0.75 (B) 1.25 O 1 (D) 0.5

14. A circle touches the line L and circle C; externally such that both the circles are on the same side of the line, then the
locus of centre of the circle is -
(A) ellipse (B) hyperbola (C) parabola (D) pair of straight line

15. Aline M through A is drawn parallel to BD. Point S moves such that its distances from the line BD and the vertex A

are equal. If locus of S cuts M at T, and T and AC at T, then area of AT T,T; is
(A) 1/2 sq. units (B) 2/3 sq. units (C) 1 sq. units (D) 2 sq. units

16 to 18 are based on this paragraph

16.

17.

Consider the circle x> +y>=9 and the parabola y?> = 8x. They intersect at P and Q in the first and the fourth quadrants,
respectively. Tangents to the circle at P and Q intersect the x-axis at R and tangents to the parabola at P and Q

intersect the x-axis at S.

The ratio of the areas of the triangle PQS and PQR is :- [JEE 2007]
(A)l:\/f B)1:2 (O)1:4 (D)1:8
The radius of the circumcircle of the triangle PRS is :- [JEE 2007]
(A)2 (B) 343 (©) 32 (D) 24/3
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18.

The radius of the incircle of the triangle PQR is :- [JEE 2007]

(A)4 (B)3 O 7 (D)2

Assertion and Reason

19.

20.

21.

22.

24.

25.

26.

2
—X . L .
Statement-1 : The curve y :T+ x + 1 is symmetric with respect to the line x = 1 because

Statement-II : A parabola is symmetric about its axis. [JEE 2007]
(A) Statement-I is True, Statement-II is True ; Statement-II is a correct explanation for Statement-I.

(B) Statement-I is True, Statement-II is True ; Statement-II is NOT a correct explanation for Statement-I.

(C) Statement-I is True, Statement-II is False.

(D) Statement-I is False, Statement-II is True.

Consider the two curves C, : y2 =4x; C,: X+ y2 —6x+ 1 =0. Then [JEE 2008]
(A) C, and C, touch each other only at one point

(B) C, and C, touch each other exactly at two points

(C) C, and C, intersect (but do not touch) at exactly two points

(D) C, and C, neither intersect nor touch each other

The tangent PT and the normal PN to the parabola y* = 4ax at a point P on it meet its axis at points T and N,

respectively. The locus of the centroid of the triangle PTN is a parabola whose [JEE 2009]
2a 2a
(A) vertex is 3 0 (B) directrix is x =0 (C) latus rectum is ER (D) focus is (a, 0)

Let A 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 A and B can be - [JEE 2010]
(A)-1/r (B) 11 (©)2/r (D) -2/r

Consider the parabola y2 = 8x. Let A, be the area of the triangle formed by the end points of its latus rectum

and the point P(l, 2) on the parabola, and A, be the area of the triangle formed by drawing tangents at
2

P and at the end points of the latus rectum. Then i—; is [JEE 2011]

Let (x,y) be any point on the parabola y* = 4x. Let P be the point that divides the line segment from (0,0) to

(x,y) in the ratio 1 : 3. Then the locus of P is - [JEE 2011]

A)x'=y (B) y* = 2x Oy =x (D) x* =2y

Let L be a normal to the parabola y* = 4x. If L passes through the point (9,6), then L is given by -
[JEE 2011]
A)y-x+3=0 B)y+3x-33=0 CO)y+x-15=0 My-2x+12=0

Let S be the focus of the parabola y> = 8x & let PQ be the common chord of the circle x> + y*> — 2x — 4y = 0
and the given parabola. The area of the triangle PQS is [JEE 2012]
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Paragraph for Question 27 and 28

Let PQ be a focal chord of the parabolas y2 = 4ax. The tangents to the parabola at P and Q meet at a point lying

on the line y=2x +a, a> 0.

27. If chord PQ subtends an angle 0 at the vertex of y2 = 4ax, then tanf = [JEE Ad. 2013]
2 -2 2 -2
w3V ® 57 © 35 ®) 55
28. Length of chord PQ is [JEE Ad. 2013]
(A)7a (B) 5a (C)2a (D) 3a
29. A line L : y = mx + 3 meets y-axis at E(0,3) and the arc of the parabola y2 = 16x, 0 <y < 6 at the point F(x,y,).
The tangent to the parabola at F(x,y,) intersects the y-axis at G(0,y,). The slope m of the line L is chosen such
that the area of the triangle EFG has a local maximum.
Match List-I with List-II and select the correct answer using the code given below the lists.
List-I List-11
P - :
. m= . 5
Q. Maximum area of AEFG is2. 4
R. Yo = 3. 2
S. y, = 4. 1
Codes
P Q R S
A 4 1 2 3
B) 3 4 1 2
© 1 3 2 4
D) 1 3 4 2 [JEE Ad. 2013]
Comprehension
1-h
Given that for each a € (0, 1), hhr})l J- t™ (1 - t)af1 dt exists. Let this limit be g(a). In addition, it is given that the
- h
function g(a) is differentiable on (0, 1).
1
30. The value of g (Ej is [JEE Ad. 2014]
T T
A)m (B)2r ((0) Ry ) o
2 4
1),
31. The value of g' (Ej is [JEE Ad. 2014]
T I
A5 (B)n © -3 ()0
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32.

w
w

If the normals of the parabola y* = 4x drawn at the end points of its latus rectum are tangents to the circle (x —3)* +
(y +2)*=r2, then the value of r? is [JEE Ad. 2015]

Let the curve C be the mirror image of the parabola y* = 4x with respect to the line x + y + 4= 0. IfA and B are the points
of intersection of C with the line y =— 5, then the distance between A and B is . [JEE Ad. 2015]

Let P and Q be distinct points on the parabola y> = 2x such that a circle with PQ as diameter passes through the veriex

O and the area of the triangle A OPQ is 32 , then which of the following is (are) the coordiantes of P ?
[JEE Ad. 2015]

@ (4.242) ® (9.32) o [57) ) {142]

The circle C, : x>+ y*= 3, with centre at O, intersects the parabola x> =2y at the point P in the first quadrant. Let the
tangent to the circle C, at P touches other two circles C, and C, at R, and R, respectively. Suppose C, and C, have
equal radii 2./3 and centres Q, and Q,, respectively. If Q, and Q, lie on the y-axis, then

(A)QQ, =12 (B)RR,= 4./ [JEE Ad. 2015]

(C) area of the triangle OR R, is /2 (D) area of triangle PQ,Q, is 4./2

Let P be the point on the parabola y> = 4x which is at the shortest distance from the center S of the circle
x*+y?—4x— 16y + 64 = 0. Let Q be the point on the circle dividing the line segment SP internally. Then

A) sp=24/5 [JEE Ad. 2016]
(B)SQ:QP=(~/5 +1):2

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

1
(D) the slope of the tangent to the circle at Q is 5
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) > > MOCKTEST <

SECTION -1 : STRAIGHT OBJECTIVE TYPE

A ray of light travels along a line y = 4 and strikes the surface of a curve y?>=4(x +y) then equation of the line
along reflected ray travels, is
(A)x=0 B)x=2 (C)x+y=4 (D)2x+y=4

Set of values of m for which a chord of slope m of the circle x* + y> = 4 touches parabola y* = 4x, is

- V2-1
(A) [—OO,— %J U { T’w] (B) (—oo,— I)U(I,OO)

© LD (D) (=0, 0)

Normals at three points P, Q, R at the parabola y? = 4ax meet in a point A and S be its focus,
if [SP|. [SQ] . |[SR| = A(SA)?, then A is equal to
(A)a? (B) a? (©C)a D)1

In a parabola the angle 0 that the latus rectum subtends at the vertex of the parabola is:

(A) dependent on the length of the latus rectum

(9}
a

(B) independent of the latus rectum and lies between

(C) independent of the latus rectum and lies between

(D) independent of the latus rectum and lies between

') w
L“’|:1 J*|>l CJ\|
@

Let P and Q be points (4, —4) and (9, 6) of the parabola y> =4a(x — b). Let R be a point on the arc of the parabola
between P & Q. Then the area of APRQ is largest when
(A) ZPRQ=90° (B) the point R is (4, 4)

(C) the point R is (%, 1) (D) None of these

A parabola y = ax? + bx + ¢ crosses the x —axis at (o 0) (B: 0) both to the right of the origin. A circle also passes
through these two points. The length of a tangent from the origin to the circle is:

be b c
W q* ©3 ®) \/;

Normals AO, AA , AA, are drawn to parabola y* = 8x from the point A (h, 0) . If triangle OA A, (O being the origin)
is equilateral, then possible value of ‘h’ is
(A)26 (B)24 (©)28 D)22

Locus of a point P if the three normals drawn from it to the parabola y? = 4ax are such that two of them make
complementry angles with the axis of the parabola is:
(A)y*=a(x+a) (B) y*=2a(x—a) (O y’=a(x-2a) (D)y*=a(x-a)
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10.

11.

12.

13.

14.

15.

S,: Vertex of a parabola bisects the subtangent.

S,: Subnormal of a parabola is equal to its latusrectum.

S,: Circle with focal radius of a point on parabola as diameter touches the tangent drawn at the vertex of
the parabola.

S,: Directrix of a parabola is the tangent of a circle drawn its focal chord as diameter.

(A)FTTT (B) FFTT (OTTTT (DTFTT

From an external point P, pair of tangent lines are drawn to the parabola, y*> = 4x. If 0, & 0, are the inclinations

T
of these tangents with the axis of x such that, 0 + 0, =1 then the locus of P is:

(A)x-y+1=0 B)x+y-1=0 (CO)x-y—-1=0 M)x+y+1=0

SECTION - II : MULTIPLE CORRECT ANSWER TYPE

If equation of tangent at P, Q and vertex A of a parabola are 3x + 4y — 7 =0, 2x + 3y — 10 = 0 and
x —y = 0 respectively, then

(A) focusis (4, 5) (B) length of latusrectum is 2+/2
.. . (9 9
(C)axisisx+y—-9=0 (D) vertex is E’ E

The tangent to the hyperbola, x> — 3y? = 3 at the point(+/3,0) when associated with two asymptotes
g ,

constitutes :
(A) isosceles triangle but not equilateral (B) an equilateral triangle
(C) a triangles whose area is V3 $q. units (D) aright isosceles triangle.

If A & B are points on the parabola y* = 4ax with vertex O such that OA perpendicular to OB & having lengths

4/3 .4/3
r, & r, respectively, then the value of ﬁ is
o+
(A) 162> (B) a® (C)4a (D) None of these

A point moves such that the sum of the squares of its distances from the two sides of length 'a' of a rectangle
is twice the sum of the squares of its distances from the other two sides of length 'b'. The locus of the point
can be :

(A) acircle (B) an ellipse (C) a hyperbola (D) a pair of lines

Let P, Q and R are three co-normal points on the parabola y? = 4ax. Then the correct statement(s) is/are
(A) algebraic sum of the slopes of the normals at P, Q and R vanishes

(B) algebraic sum of the ordinates of the points P, Q and R vanishes

(C) centroid of the triangle PQR lies on the axis of the parabola

(D) circle circumscribing the triangle PQR passes through the vertex of the parabola
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16.

17.

18.

19.

20.

SECTION - III : ASSERTION AND REASON TYPE

Statement-I : Circumcircle of a triangle formed by the linesx=0,x+y+ 1 =0 & x—y+ 1 =0 also passes through the
point (1, 0)

Statement-II : Circumcircle of a triangle formed by three tangents of a parabola passes through its focus.

(A) Statement-I is True, Statement-II is True; Statement-I1 is a correct explanation for Statement-1.

(B) Statement-I is True, Statement-II is True; Statement-II is NOT a correct explanation for Statement-I
(C) Statement-I is True, Statement-II is False
(D) Statement-I is False, Statement-II is True

Consider a curve C : y>— 8x — 2y — 15 = 0 in which two tangents T, and T, are drawn from P(—4, 1).
Statement-I : T, and T, are mutually perpendicular tangents.

Statement-II : Point P lies on the axis of curve C.

(A) Statement-I is true, statement-II is true and statement-II is correct explanation for statement-I.

(B) Statement-1 is true, statement-II is true and statement-II is NOT the correct explanation for statement-I.
(C) Statement-I is true, statement-II is false.

(D) Statement-I is false, statement-I1 is true.

Statement-I : Area of triangle formed by pair of tangents drawn from a point (12, 8) to the parabola y*> = 4x and their
corresponding chord of contact is 32 sq. units.

Statement-II : If from a point P(x , y,) tangents are drawn to a parabola y> = 4ax then area of triangle formed by these

3
(y —4ax,)?

tangents and their corresponding chord of contact is 4|a|

$q. units.

(A) Statement-I is True, Statement-II is True; Statement-I1 is a correct explanation for Statement-1.

(B) Statement-I is True, Statement-II is True; Statement-II is NOT a correct explanation for Statement-I
(C) Statement-I is True, Statement-II is False

(D) Statement-I is False, Statement-II is True

Statement-I : Consider the parabola (y—2)>=8(x— 1) and circle (x +5)? + (y —2)?>=8. There is exactly one point such
that tangents to both parabola and circle drawn from it are perpendicular.

Statement-II : Director circles of parabola and circle can intersect in atmost two points.

(A) Statement-I is true, statement-II is true and statement-II is correct explanation for statement-I.

(B) Statement-I is true, statement-I1 is true and statement-I1 is NOT the correct explanation for statement-I.

(C) Statement-I is true, statement-II is false.

(D) Statement-I is false, statement-11 is true.

Statement-I : Normal chord drawn at the point (8, 8) of the parabola y> = 8x subtends a right angle at the vertex
of the parabola.

Statement-II : Every chord of the parabola y? = 4ax passing through the point (4a, 0) subtends a right angle at the
vertex of the parabola.

(A) Statement-I is True, Statement-II is True; Statement-I1 is a correct explanation for Statement-1.

(B) Statement-I is True, Statement-II is True; Statement-II is NOT a correct explanation for Statement-I

(C) Statement-I is True, Statement-II is False

(D) Statement-I is False, Statement-II is True
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21.

22.

SECTION - IV : MATRIX - MATCH TYPE

Consider the parabola y? = 12x
Column-I

(A) Tangent and normal at the extremities of the latus rectum intersect
the x axis at T and G respectively. The coordinates of the middle
point of T and G are

(B) Variable chords of the parabola passing through a fixed point K on
the axis, such that sum of the squares of the reciprocals of the two
parts of the chords through K, is a constant. The coordinate of the
point K are

© All variable chords of the parabola subtending a right angle at the

origin are concurrent at the point

D) AB and CD are the chords of the parabola which intersect at a point
E on the axis. The radical axis of the two circles described on AB

and CD as diameter always passes through

Column -1
(A) Parabola y> = 4x and the circle having its centre at (6, 5)
intersects at right angle, at the point (a, a)

then one value of a is equal to

3B) The angle between the tangents drawn to (y — 2)? =4(x + 3)
at the points where it is intersected by the line 3x -y +8 =0

is ﬂ, then p has the value equal to

©) If the line x — 1 = 0 is the directrix of the parabola
y*—kx + 8 =0, then one of the value of k is

(D) Length of the normal chord of the parabola y*= 8x at the point

where abscissa & ordinate are equal is

SECTION -V : COMPREHENSION TYPE

Read the following comprehensions carefully and answer the questions.

Column-II
® (0,0)
@ (3,0)
® (6,0)
(s) (12,0)
Column —-1II
® 13
(@ 8
(r) 10~/5
(s) 4
(t) 12

Tangents are drawn to the parabola y?>=4x from the point P(6, 5) to touch the parabolaat Q and R. C, isacircle

which touches the parabola at Q and C, is a circle which touches the parabola at R. Both the circles C, and C,

pass through the focus of the parabola.

Area of the APQR equals

1
A3 B)1 (©)2

1
®)
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24.

25.

Radius of the circle C, is

(A) 545 (B) 5410 (©) 1042 (D) \210

The common chord of the circles C, and C, passes through the
(A) incentre of the APQR. (B) circumcentre of the APQR.
(C) centroid of the APQR. (D) othocentre of the APQR.

Read the following comprehensions carefully and answer the questions.
If the locus of the circumcentre of a variable triangle having sides y-axis, y =2 and ®x + my = 1, where (®, m)

lies on the parabola y?> = 4ax is a curve C, then

Coordinates of the vertex of this curve C is

3 3 3 3
(A) (Za’ gj (B) (—2& —5] (©) (—2& 5) (D) (—2& —5]

The length of smallest focal chord of this curve C is :

1 1 oL 1
(A) 12a (B) 4a © 16a (D) 8a

The curve C is symmetric about the line :

N | W

3 3 3
A)y=-3 B)y=3 ©x=-3 (D) x=
Read the following comprehensions carefully and answer the questions.

In general, three normals can be drawn from a point to a parabola and the point where they meet the parabola
are called co-normal points.

The equation of any normal to y? = 4ax is y = mx — 2am — am?. If it passes through (h, k), then
k=mh - 2am —am? oram3>+m(2a—h) +k=0

This is cubic in m, it has three roots m;, m,, m,

-k 2a—h
. my+tm,+m,;=0,mm,m,= 7 , mm, + m,m, + mym, =

a

Minimum distance between the curves y?=x — 1 and x> =y — 1 is equal to

32 52 72 ND)

A) T (B) Y © 4 (D) T

If the normals from any point to the parabola x2 = 4y cuts the line y = 2 in points whose abscissaes are in A.P.,
then the slopes of the tangents at the three co-normal points are in
(A)A.P. (B) GP. (C)H.P. (D) None of these

If the normals at three points. P, Q, R of the parabola y? = 4ax meet in a point O and S be its focus, then
|SP|.|SQ|.|SR] is equal to
(A) a2 (B) a(SO)? (C) a(SO)? (D) None of these

+91-9350679141

B Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035



MATHS FOR JEE MAIN & ADVANCED

26.

27.

28.

29.

SECTION - VI : INTEGER TYPE
The two parabolas y?> = 4ax and y? = 4(a — 1) (x — b) can not have common normal other than axis unless b >
A, then find A.

Let L,:x+y=0 and L,:x—y=0 are tangent to a parabola whose focus is S(1, 2).

If the length of latus-rectum of the parabola can be expressed as % (where m and n are coprime) then find the
n
value of (m+n).

Points A, B & C lie on the parabola y? = 4ax. The tangents to the parabola at A, B & C, taken in pairs,
intersect at points P, Q & R. Determine the ratio of the areas of the triangles ABC & PQR.

From a point A common tangents are drawn to the circle x* + y? = a%/2 and the parabola y* = 4a x. Find the area
of the quadrilateral formed by the common tangents, the chords of contact of the point A, w.r.t. the circle and

2

the parabola is , then find A

The chord of the parabola y?> =4 a x, whose equationis y —x+/2 +4a V2= 0, is a normal to the curve, and its

length is L.~/3a , then find .
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PARABOLA

o ANSWER KEY ®

EXERCISE - 1
1. C 2. B 3.C 4 B 5 A 6. C 7. C 8 C 9. B 10.C 11.B 12. C 13.C
14.D 15. A 16.C 17.C 18.B 19.D 20. A 21.D 22.B 23.B 24.B 25. A 26. A
27.B 28.C 29.C 30.C

EXERCISE -2 : PART # 1

1. ABC 2. AC 3. B(D 4. BD 5. ABCD 6. AC 7. AD 8. AC 9. (D
10. ABC 11. AC 12. CD 13. AB 14. ABCD 15. ABCD 16. ABCD 17. AB 18. ABD
19. AB 20. ABC

PART - 11

1. C 2. A 3. B 4 D 5 A 6. B

EXERCISE -3 : PART # 1

A—>rB->sC—o>pD—ogq 2. A qB—->sC—->qD-p 3. A>qB->rC—>sD-p
4. A>brB>sC—->pD—>q 5. A-qsB—->rC—pqD-—>qr
PART - II

Comprehension#1: 1. B 2. C 3. D Comprehension#2: 1. A 2. C 3. C
Comprehension#3: 1. A 2. B 3. C Comprehension#4: 1. B 2. C 3. D

EXERCISE -5 : PART #1
1. 3 2. 4 3.2 41 5 4 6. 4 7. 2 8 3 9. 2 10.2 11. 4

PART - 1I

1. @ C (b B 2. @ C (b) D 3. C 4. D 5. A 6. 2 7. C
8.(x+1)(y—12+4=0 9. C 10. D 11.A,B12. (i) A, (ii) B, (iii)D, (iv)C 13. A 14.C 15. C
16.C 17.B 18.D 19. A 20.B 21. AD 22.CD23.2 24.C 25.ABD 26.4 27.D
2B 29.A 30.D 31.B 32.2 33.4 34.A 35.ABC 36. ACD

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
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10.
19.
23.
26.

N o= O >

MOCK TEST
2. A 3. C 4. D 5. C 6. D 7. C 8. D
11. AB,C,D 12. BC 13. A 14. CD 15. AB,CD 16. A 17. B
20. D 21. A>qB->rC—>sD-p 22. A s B>qC—o>sD-or
2. B 3. C 24.1. C 2. D 3. B 25.1. A 2. B 3. C
27. 11 28. 2:1 29. 15 30. 6

9. D
18. C

I3
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