CONIC SECTION : GENERAL

5.0.1. INTRODUCTION

The curves obtained by intersection of a plane and a double cone in different orientation are called
conic section.

In other words “Graph of a quadratic equation (in two variables) is a “Conic section”.

A conic section or conic is the locus of a point P, which moves in such a way that its distance
from a fixed point S always bears a constant ratio to its distance from a fixed straight line, all being in
the same plane.

SP _constant = e (eccentricity)
PM

or SP=e. PM
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5.0.2. DEFINITIONS OF VARIOUS IMPORTANT TERMS
(1) Focus : The fixed point is called the focus of the conic-section.

(2) Directrix : The fixed straight line is called the directrix of the conic section.

In general, every central conic has four foci, two of which are real and the other two are
imaginary. Due to two real foci, every conic has two directrices corresponding to each real focus.

(3) Eccentricity : The constant ratio is called the eccentricity of the conic section and is denoted
by e.

If e=1, the conic is called Parabola.

If e <1, the conic is called Ellipse.

If e>1, the conic is called Hyperbola.

If e=0, the conic is called Circle.

If e=x, the conic is called Pair of the straight lines.

(4) Axis: The straight line passing through the focus and perpendicular to the directrix is called
the axis of the conic section. A conic is always symmetric about its axis.

(5) Vertex: The points of intersection of the conic section and the axis are called vertices of conic
section.

(6) Centre: The point which bisects every chord of the conic passing through it, is called the
centre of conic.

(7) Latus-rectum: The latus-rectum of a conic is the chord passing through the focus and
perpendicular to the axis.

(8) Double ordinate: The double ordinate of a conic is a chord perpendicular to the axis.

(9) Focal chord: A chord passing through the focus of the conic is called a focal chord.




(10) Focal distance: The distance of any point on the conic from the focus is called the focal distance of
the point.

5.0.3. GENERAL EQUATION OF A CONIC SECTION WHEN ITS Focus, DIRECTRIX AND
ECCENTRICITY ARE GIVEN

Let S, p)be the focus, Ax+ By+ C=0Dbe the directrix and e be the eccentricity of a conic. Let

Pk Bbe any point on the conic. Let PM be the perpendicular from P, on the z
directrix. Then by definition Plx, 9)
%
SP= ePM=> SP = &*PM 3 S, B)
g e
2 +
Ah+ Bk+ C ®
= (h-a)® + (k- p)* = ez(—]
VA + B u

) (Ax+ By+ O*
Thus the locus of (BRiS (x—a)? + (- B)* = ezﬁ

conic section which, when simplified, can be written in the form ax* + 2hxy+ by” + 2gx+ 2fy+ c=0,
which is general equation of second degree.

this is the cartesian equation of the

5.0.4. RECOGNISATION OF CONICS
The equation of conics is represented by the general equation of second degree
axX + 2hxy+ b + 2gx+ 2fy+c=0 ... (i)
and discriminant of above equation is represented by A, where
A = abc+ 2 fgh— af — bg? — clf
Case I: When A=0

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

S. No. Condition Nature of conic
1. A=0and ab- ¥ =0 | A pair of coincident straight
lines
2. A=0and ab-H <0 A pair of intersecting straight
lines
3. A=0and ab-# >0 A point

Case Il: When A=0

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




S. No. Condition Nature of conic
1. A+#0,h=0a=b A circle
2. A#0,ab-H =0 A parabola
3. A=0, ab- K >0 An ellipse
4, A+0, ab-H <0 A hyperbola
5. A+0, ab-H <0 and a+b=0 | A rectangular
hyperbola
5.0.5. METHOD TO FIND CENTRE OF A CONIC
Let S= a¥* + 2hxy+ by” + 2gx+ 21+ ¢ be the given conic. Find Z_S;Z_s
x oy
Solve o5 _ o,a—sz o for x, y we shall get the required centre (X, y)
19).'¢ oy
_( hf- bg gh- afj
(9 [ab—h2 "ab- I

Example: 1 The equation x* -2xy+y? + 3x+2=0represents
(a) A parabola (b) An ellipse (c) A hyperbola (d) A circle
Solution: (a) Comparing the given equation With ax® + 2axy+ by? + 2gx+ 2fy+ c=0

Here, a=1,b=1h=—1, g:g,f:o,czz
NOW A = abc+ 2fgh- af® — b — clf

2
:A:(l)(l)(2)+z[gj(0)(—1)—(1)(0)2—1[;j —2-1% = A=;49 i.e., A0 and #—ab-1-1=0 i.€., # =ab

So given equation represents a parabola.
Example: 2 The centre of 14x® - 4xy+11* - 44x—58y+71=01S

(@ (2,3) (b) (2,-3) (©) (-2,3) (d) (-2,-3)
Solution: (a) Centre of conic is [”;: Zf, 9::1‘::]

Here, a=14 h=-2, b=11, g=-22, f=-29, c=71

Centre - ((—2) 29-(1D(22 (22(2- (14;(-29}
19a)- (22 ~  a9an-(2?

Centre =23).




PARABOLA

5.1.1 DEFINITION

A parabola is the locus of a point which moves in a plane such that its distance from a fixed point
(i.e., focus) in the plane is always equal to its distance from a fixed straight line (i.e., directrix) in the
same plane.

General equation of a parabola : Let S be the focus, ZZ' be the directrix and let P be any point
on the parabola. Then by definition,

SP- PM © e=1) ¢
MP P(x,y)
o+ p? = A B C I ;
A+ B -
Qg
O (4 +B)(x-0)* + - P2 }= (Ax+ By+ O 58 Fora
V4

Example: 1 The equation of parabola whose focus is (5, 3) and directrix IS 3x-4y+1=0, IS
(8) @x+39? -256x-142+849-0 (b) @x-39? - 256x— 142+ 849-0
(C) Bx+49? -142¢-256y+849-0 (d) 3x-4p?-256x-142/+849-0

3x—ay+1)
Jo+16

Y Plx)
s
= 25x%+25-10x+ v% + 9 69) /
X- X
=9x” + 165”7 +1-12xy+ 6x— 8y— 12xy g Q
=> 16x2 + 95> - 256v— 142+ 24xy+ 8490

= @x+3y? - 256x— 142+ 849-0

Solution: (a) P = P$= (X_5)2+(,,_3)2:[

5.1.2 STANDARD EQUATION OF THE PARABOLA
Let S be the focus Zzbe the directrix of the parabola and (x, ) be any point on parabola.

Let AS= AK= a(> 0)then coordinate of S is (a, 0) and the equation of KZ is x=-aor x+a=0

Now SP- PM = (SP? = (PM* 7 oy
= (x—a%+w-0)? = (a+ »? P(x,
xX X
" |v? = dax ¥ AF@))\
s| | £
which is the equation of the parabola in its standard form. Elzly * ¥ =dax




Some terms related to parabola
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For the parabola ¢* = 4ax,

(1) Axis : A straight line passes through the focus and perpendicular to the directrix is called the axis
of parabola.

For the parabola ¢* =4axx-axis is the axis. Here all powers of yare even in ¢* = 4axHence
parabola ¢* = 4ax is symmetrical about x-axis.

(2) Vertex : The point of intersection of a parabola and its axis is called the vertex of the

parabola. The vertex is the middle point of the focus and the point of intersection of axis and the
directrix.

For the parabola ¢* = 4ax A0,0)i.e., the origin is the vertex.

(3) Double-ordinate : The chord which is perpendicular to the axis of parabola or parallel to
directrix is called double ordinate of the parabola.

Let @@be the double-ordinate. If abscissa of Q is h then ordinate of Q, v? =4akor y=2Jah
(for P*Quadrant) and ordinate of Qis y=-2/ah (for IV" Quadrant). Hence coordinates of Q and Q'
are (52J/aRand (h—2Jah respectively.

(4) Latus-rectum : If the double-ordinate passes through the focus of the parabola, then it is
called latus-rectum of the parabola.

Coordinates of the extremeties of the latus rectum are L(a2a) and L'(a- 22 respectively.

Since LS= L §=2a -.Length of latus rectum LL=2(LS=2AL S = 4a.

(5) Focal Chord : A chord of a parabola which is passing through the focus is called a focal
chord of the parabola. Here PP' and LL' are the focal chords.

(6) Focal distance (Focal length) : The focal distance of any point P on the parabola is its
distance from the focus S i.e., SP.

Here, Focal distance SP = PM = x+a
Note : O If length of any double ordinate of parabola y* =4ax is 2I, then coordinates of end

points of this double ordinate are (; ,lj and (; ,—lj :

a a




Important Tips
= The area of the triangle inscribed in the parabola y? - 4axis é 0 ~ %) ~v3) 5 ~91), Where v, pusare the
ordinate of the vertices
= The length of the side of an equilateral triangle inscribed in the parabola g - 4axis 8a/3 (0ne angular

point is at the vertex).

Example: 2 The point on the parabola ¢ -18x, for which the ordinate is three times the abscissa, is
(@) (6, 2) (b) (-2, -6) (c) (3,18) (d) (2,6)

Solution: (d) Given y=3x, then @»2?-18x=9x* =18x=> x-2and y=6.

Example: 3 The equation of the directrix of parabola 5y* - axis
(@) ax-1-0 (b) ax+1-0 (c) 5x+1-0 (d) 5x-1-0

Solution: (c) The given parabola is yZ:%x. Here a=%. Directrix is X=—a=_?1:> 5x+1=0

Example: 4 The point on the parabola ¢* -8x. Whose distance from the focus is 8, has x-coordinate as
@~o (b) 2 (c)4 (d) 6

Solution: (d) If pex,5)1S a point on the parabola y? -4axand S is its focus, then sp-x, +a
Here 4a-8 = a-2; sP-8
L 8=x+2 = x,-6

Example: 5 If the parabola y? - 4axpasses through (-3, 2), then length of its latus rectum is
(@) 2/3 (b) 1/3 (c) 4/3 (d) 4

Solution: (c) The point (3,2will satisfy the equation s?-4ax=>4--122 = Latus rectum

— 1, 4
—4|a|=4><|—§|=§

5.1.3 SOME OTHER STANDARD FORMS OF PARABOLA

(1) Parabola opening to left (2)Parabola opening upwards (3)Parabola opening down wards
(i.e. v* =-4ax); (@a>0) (i.e. ¥* =4day; (a>0) (i.e. ¥ =-4ay); (@>0)
Y

v+ta=0 |Z M




Important terms V' =4ax V' =-4ax x? =4ay x? = -4day
Coordinates of (0, 0) (0,0) 0, 0) 0, 0)
vertex
Coordinates of focus (a, 0) (-a,0) (0, a) (0, —-a)
Equation of the x=-a x=a y=-a y=a
directrix
Equation of the axis v=0 v=0 x=0 x=0
Length  of  the 4a 4a 4a 4a
latusrectum
Focal distance of a x+a a-x yv+a a-y
point Axg)

Example: 6 Focus and directrix of the parabola x*>--8ayare

(@) ©-29and y-2a (b) ©29and y-—2a (C) @a09and x=-2a (d) 2a0and x-2a
Solution: (a) Given equation is »* = -8ay

Comparing the given equation with x> = -44y, A- 2a

Focus of parabola (0,-A) i.e. (0, —2a)

DirectriX y=A, i.e. y=2a

Example: 7 The equation of the parabola with its vertex at the origin, axis on the y-axis and passing
through the point (6, -3) is

(@) »*=12x+6 (b) x*=12¢ (c) x*=-12 (d) s?=-12x+6
Solution: (c) Since the axis of parabola is y-axis with its vertex at origin.
-.Equation of parabola »? -4ay. Since it passes through (6, —3) ; .36=-12a
= a=-3

.. Equation of parabola is x* =-12y.

5.1.4 SPECIAL FORM OF PARABOLA (Y — K)2 = 4A(X— H)
The equation of a parabola with its vertex at (h, k) and axis as parallel to x-axis is
- R* =24x-h
If the vertex of the parabola is (p ¢ and its axis is parallel to y- Y
axis, then the equation of the parabola is (x— p* = 4Ky- g

x=h-a

When origin is shifted at A (A& without changing the direction 7]
of axes, its equation becomes (y— &% = 4a(x— B or (x— p> =46y- g

Directrix




] Ve AXxis Foc Direc | Equation
Equation of rtex us trix of LR, |Lengthof
Parabola L.R.
(- K? =4ax-h (hH v=k (h+ak) | x+a-h=0| y_,5.p 4a
(x-p?=4by-g (p9 x=p (pb+@ | y+b-qg=0 | y=b+gq ab

Important Tips

= y*—4ax+a IS the equation of the parabola whose focus is the origin and the axis is x-axis.
= y*-4ax- a 1S the equation of parabola whose axis is x-axis and y-axis is directrix.

= x*=4ay+ alS the equation of parabola whose focus is the origin and the axis is y-axis.

= x*=4ay- a 1S the equation of parabola whose axis is y-axis and the directrix is x-axis.

= The equation to the parabola whose vertex and focus are on x-axis at a distance a and a' respectively
from the origin is y? - 4@-a(x- a.

= The equation of parabola whose axis is parallel to x-axis is x= a¢ + By+ cand y- A% + Bx+ CIS a
parabola with its axis parallel to y-axis.

Example: 8 Vertex of the parabola »* + 4x+2y-7-0is
(@) 21172 (b) 22 (C) 219 (d) @19
11

Solution: (a) Equation of the parabola is (x+2?=-2y+7+4= (x+2?2 :—2(;/—7].

Hence vertex is [7 z%lj .
Example: 9 The focus of the parabola 4y* - 6x-4y-5is

(@) 8/52 (b) 5/81/2 (c) a/25/8 (d)@©/8-1/2
Solution: (b) Given equation of parabola when written in standard form, we get

1\? 1\ 3 3 1
4(;/—5} =6(x+1) = [y——j =5 x+ )= Y2=EX where, Y=y-g, X=x+1

2
: 1 :
Soy= Y+§,X= X-1 (l)
- 4a-3 _3 3 4.5, 0,11 =(_.51
Focus = x=a vY-=o0; ..4a_2 = a=g = x=3 1= g y—0+2—2 = Focus [ s’2j
Example: 10 The equation of the directrix of the parabola s*+4y+4x+2-0is
(a) x=-1 (b) x=1 (c) X:—_; (d) X:g

Solution: (d) Here, ¢* +4y+4+4x-2-00r (y+ 2)2=-4(x-%j

Let y+2- v, %ﬂ: x. Then the parabola is ¥*-a4x.

. The directrix is x+1-oo0r %—x+1=0, ox=

N w




Example: 11  The line x-1-o0is the directrix of the parabola ¢ - &x+8=0. Then one of the values of
kis

(a (b) 8 (c) 4 (@ 1
Solution: (c) The parabola is »? :4%‘[;‘(—%]. Putting y-v, x—%: Xx. The equation is y? :4.%‘.){
. The directrix is X+£=0i.e.,x—%+§=0. But x-1-ois the directrix.

So %—%‘:1: k=-84.

Example: 12 Equation of the parabola with its vertex at (1, 1)and focus (3, 1)is
@ x-»2=8w-1 (b) w-12-8x-3 €) w-12-8x-1 (d) (x-32-8w-1
Solution: (c) Given vertex of parabola &a&=@1n and its focus (a+am=@H0r a+h=30r a=2. We know

that as the y-coordinates of vertex and focus are same, therefore axis of
parabola is parallel to x-axis. Thus equation of the parabola is (v-#*=4ax-» oOr

-2 =4x2(x-1) O (y-1%=8(x-1).

5.1.5 PARAMETRIC EQUATIONS OF A PARABOLA

The simplest and the best form of representing the coordinates of a point on the parabola
v* =4axis (af2a¥because these coordinates satisfy the equation ¢ =4axfor all values of t. The
equations x= af, v=2at taken together are called the parametric equations of the parabola +* = 4ax, t

being the parameter.
The following table gives the parametric coordinates of a point on four standard forms of the
parabola and their parametric equation.

Parabola v’ =4dax v = -dax x* =4day x* =-day
Parametric (-af ,2a) (2at af’) (2at - af)
Coordinates (af 2a)

Parametric x=af x=—af x=2at x=2at,
Equations v=2at y=2at v=af y=—af

Note : O The parametric equation of parabola (y— &* = 4ax— Bare x= h+ afand y= k+ 2at
Example: 13 x-2- 2, y-2+are the parametric equations of the parabola
(a) VP =4x (b) V=-4x (C) xX =4y (d) P =4x-2

2
Solution: (d) Here %’:tand x-2=£= (x- 2):[%’) = -4x-2

5.1.6 POSITION OF A POINT AND A LINE WITH RESPECT TO A PARABOLA
(1) Position of a point with respect to a parabola: The point
Px,,y;)lies outside on or inside the parabola ¢* =4ax according as

¥ P|on)
— 4 insid
= i ¢ Plinsi
_(f 4az§ >,=,0r<0 (Outside®

(2) Intersection of a line and a parabola: Let the parabola be

s=4ax L. (1)

And the given line be y=mx+c¢ ... (i)

7




Eliminating y from (i) and (ii) then (mx+ d®>=4ax or nfx* + 2x(mc-2a+&# =0 ... (iii)

This equation being quadratic in x, gives two values of x. It shows that every straight line will cut
the parabola in two points, may be real, coincident or imaginary, according as discriminate of (iii) >, =
or< 0

. The line y=mx+ cdoes not intersect, touches or intersect a parabola »* =4ax, according as

a
c>,=< —
m

Condition of tangency : The line y=mx+ ctouches the parabola, if c¢=-2
m

Example: 14 The equation of a parabola is »*-4x. A1L,3and @upare two points in the xy-plane. Then,
for the parabola

(a) P and Q are exterior points (b)P is an interior point while Q is an exterior point

(c) P and Q are interior points (d)P is an exterior point while Q is an interior point
Solution: (d) Here, s=y*-4x-0; S1,3)-3%-4.1>0= A1,3)iS an exterior point.

S1L1)= 12-41<0= @11IS an interior point.

Example: 15 The ends of a line segment are A3 and @11. R is a point on the line segment PQ such

that PQ: @r=1:2. If R is an interior point of the parabola ,? - 4x, then

@) 2c01 (b) ie[—g,lj ©) z(%gj (d)None of these

1+ 1 1+ 1

= (1632 ) [132 ol o= 271 (3253) o = - [1+3]<0
1+4 1+4 1+4 1+4 5

2
Solution: (a) R:[L“‘%j It is an interior point of +* - ax-oiff (HMJ _a<0

Therefore, —§</1<1. But 150 ~0<i<1=1c(©1).

5.1.7 EQUATION OF TANGENT IN DIFFERENT FORMS
(1) Point Form: The equation of the tangent to the parabola ¢ =4axat a point (x;,¥,)is
w; = 2a(x+ x,)

Equation of tangent of all other standard parabolas at (x1, y1)

Equation of parabolas Tangent at (X1, y1)
W = -dax wy = —2ax+ x)
X% =4day xx = 2ay+ y)
X =-4ay xx% = 2ay+n)




Note : UThe equation of tangent at (x,, ¥;)to a curve can also be obtained by replacing x*by xx,,
v* by vy, x by X+2X1 .y by Lzyl and xy by w provided the equation of curve is

a polynomial of second degree inx andy.

(2) Parametric form :

The equation of the tangent to the parabola y* = 4axat (ai,zaais
ty=x+ af
Equations of tangent of all other standard parabolas at 't'
Equations of Parametric co- Tangent at 't’
parabolas ordinates 't'
V= -dax (~af,2a} ty=—x+ af
x? = day (2ataf) x=y+ af
X =-4ay (2at — af) tx=-y+ af

(3) Slope Form: The equation of a tangent of slope m to the parabola s* :4axa{

a 2a|.
= 1is
nt, m}
a
V=mx+ —
m
Equation of | Point of contact Equation of Condition of
parabolas in terms of slope | tangent in terms of Tangency
(m) slope (m)
112:4ax (i’z_aj y:mx_,_f c:ﬁ
mf m m m
= -4dax [_i,_z_aj p— -2
nf m m m
X =4ay (2am anf) v=mx— anf c=—ant
x* =-day (-2am-anf) v=mx+ anf c= ant

Important Tips
= |f the straight line ix+ my+ n=o0touches the parabola ¢? = 4axthen 1n= an’

= If the line xcosa + ysina = p touches the parabola ¢? —=4axthen Pcosa +asin « =0and point of contact is
(atan’® o,—2atanc)

« |f the line ’—l“+l—”’1=1touches the parabola y? =4ax+ 8, then m*(+ &+ af =0




5.1.8 POINT OF INTERSECTION OF TANGENTS AT ANY TWO POINTS ON THE
PARABOLA

The point of intersection of tangents at two points Ra#,2a¢) and @a#,2as)on the parabola

v =4axis (att,,at + t,)). Y (af 2af)
The locus of the point of intersection of tangents to the parabola (atte,alti+ ) £

v* =4axwhich meet at an angle « is (x+ @ tarf o = v* — 4ax. X RO X
Director circle: The locus of the point of intersection of M"z)

perpendicular tangents to a conic is known as its director circle. The Y

director circle of a parabola is its directrix.

Note : U Clearly, x-coordinates of the point of intersection of tangents at P and Q on the parabola
is the G.M of the x-coordinate of P and Q and y-coordinate

is the A.M. of y-coordinate of P and Q. /‘"af 2at)
O The equation of the common tangents to the parabola @ %
1 1 2 2 —~—

P =4axand ¥ =4by is a3 x+by+a3b> =0
Qat 2aty)

O The tangents to the parabola y* = 4axat Raf,2at)and Qa#,2at)intersect at R. Then the

area of triangle PQARis %az(tl -t)?

5.1.9 EQUATION OF PAIR OF TANGENTS FROM A POINT TO A PARABOLA
If o —4ax >0, then any point Ax,,s;)lies out side the parabola and a pair of tangents PQ, PR

can be drawn to it from P Y
The combined equation of the pair of the tangents drawn from a J/
X

point to a parabola is &S8=7T°where S=y”-4ax8=yf-daxand X - N
Y

T=yy, —2ax+ x;)

Note : U The two tangents can be drawn from a point to a parabola. The two tangent are real and
distinct or coincident or imaginary according as the given point lies outside, on or inside
the parabola.

Important Tips
= Tangents at the extremities of any focal chord of a parabola meet at right angles on the directrix.
= 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.

= If the tangents at the points P and Q on a parabola meet in T, then ST is the geometric mean
between SP and SQ, i.e. s7°-sPsQ

= Tangent at one extremity of the focal chord of a parabola is parallel to the normal at the other
extremity.

3a1/3b1/3
2(a2/3 + b2/3)

= The angle of intersection of two parabolas ¢* =4axand 2 = 4syis given by tan!




Example: 16 The straight line y=2x+1does not meet the parabola y? - 2x,if
1 1
@) A<y (b) i>4

() 4-4 (d) -1

Solution: (b) y-2x+1does not meet the parabola s -2x, If 1>2-1_1 1

N
m 22 4 4

Example: 17 If the parabola 2 - aaxpasses through the point @,- 2, then the tangent at this point is
(@) x+y-1=0 (b) x-y-1=0 (¢) x+y+1=0 (d)
Solution: (c) e Parabola passes through the point (1, -2), then 4-4a= a-1.

From yy = 2ax+ x) = —2v=2x+1)

x-y+1=0

.. Required tangent is x+y+1=0

Example: 18 The equation of the tangent to the parabola y?-16x, which is perpendicular to the line
y:3x+7iS

(@) y-3x+4=0 (b) 3y— x+36=0 () 3y+x-36=0  (d)3y+x+36=0
Solution: (a) A line perpendicular to the given line is 3y+ x=a=>y=-Lai

A

3
Here mz—%, c:%. If we compare ¢?=16x With y?-4axthen a-4

Condition for tangency is ¢

_a A 1
m

=T

.Required equation is x+3y+36-0.
Example: 19  If the tangent to the parabola y? - ax makes an angle of as°with x-axis, then the point
of contact is

@ (31] 0)[2.5) ©(23) (d)[2.2]

Solution: (d) Parabola is ¢ = ax i.e. y? :4&"’}

Let point of contact is (X1, y1).

. Equation of tangent is y- g, - 22/

(x-x) Dy=—2 (-2, y

" 2y, 2y,
2 o—y @ _a i), 52 intis (2,2
Here, mzz—ylztan45 = 2 1= 9= - From (i), x=g So point is (4, j :
Example: 20 The line x-y+2=0touches the parabola y* -8x at the point
(a) (2,-4) (b) a.2v2) (c) a-42) d (@4
Solution: (d) The line x-y+2-0i.e. x=y-2meets parabola y?-8xif

= #=-8y-2=8y-16= 1 -8y+16=0 = W-92=0=> y-44

e Roots are equal, .. Given line touches the given parabola.

. x=4-2-2, Thus the required point is (2, 4).

Example: 21 The equation of the tangent to the parabola at point (a/ £#,2a/ 3 is
(@) tv-xf+a (b) &= x+af (C) v=tx+ af (d)

v=tx+(a/ )
Solution: (a) Equation of the tangent to the parabola, y? - 4axiS gy, = 2ax+ x,)




= y.z—::L{,\%%):) %:(x+%]:> —‘Z: tz:;":) ty:tzx+a

Example: 22 Two tangents are drawn from the point (-2, —1) to the parabola ¢?-4xIf «is the angle
between these tangents, then tana =
@3 (b) 1/3 (c) 2 d 172
Solution: (a) Equation of pair of tangent from 2-pto the parabola is given by ss, -7%i.e.
(% - 401+ 8) = [K-1) - 2x— 2]
=9y% - 36x=[-y- 2x+4]2=>9y” - 36x=17 + 4x* + 16+ 4xy— 16x— 8y
= 4x* -8y” +4xy+20x-8y+16=0

2/ ab| |2,/4—4(—8)|‘£‘3
| 4-8 | |-4f

a+b |

. tana :I

. a 1/3 b 1/3 ~ \/§ . . - -
Example: 23 If [Z) +(—j = then the angle of intersection of the parabola ¢* -4axand »* - 4syat a

a
point other than the origin is
@) /4 (b) /3 (€) =/2 (d)None of these
Solution: (b) Given parabolas are y? - 4ax WD) and K -4by . (i)
These meet at the points (0, 0), @43 #*/3,4a>38"3)
Tangent to (i) at @a'/26%%,4a*36"3) 1S yaa?/?8'? = 2ax+aa'36'3)

2a a1/3

Slope of the tangent (m) = TR = gl

Tangent to (ii) at @a"36?3,42%6"3)iS x4a"?b** = 2b(y+ 42> 3b3)

231/3

Slope of the tangent (m,) - PTE

al/3 2al/3

i Imn—mzl_‘ 26° 575

If o is the angle between the two tangents, then = i ey _‘ T3
2b1/3 b1/3

13
2,

G

Example: 24 The equation of the common tangent touching the circle (x-3)+y?*=9and the parabola
v* =axabove the x-axis , is

3 .
- =V3;
5 J3

N‘&dr—-

T

L. 0=60°

(@) V3y=3x+1 (b) V3y=—(x+3) (C)V3y=x+3 (d) V3y=-@x+1
1
Solution: (c) Any tangent to ¢*-4x IS v=mx+L . It touches the circle if 3- "
m V1+m?

1)? 1 1 y
or 91+ 2:[3 +—] or =3, "m=+— |-
91+ m") m p - m \/§ .
(3,0




For the common tangent to be above the x-axis, m--t

NE)

. Common tangent is y:%x+\/§ = J3y-x+3
3

Example: 251f azoand the line 2bx+3cy+4ad-o0passes through the points of intersection of the
parabolas y? -4axand x* -4aythen

(@) & +B3b-202-0 (D) ?+@3Bb+202-0 (C) & +(26-302-0 (d)? +(2b+39%2-0
Solution: (d) Given parabolas are y?-4ax ... (i) and x*-4ay .....(ii0)

2
from (i) and (ii) [gj = ¥ 64ax=0 = x-0, 4a . y=0, 4a
a

So points of intersection are ©0and @a4a

Given, the line 2bx+ 3cy+ ad=o0passes through (0,0) and @a4a
S.d=0= -0 and 2b6+39%2=0 ©Ea=0)
Therefore &? + 2b+39%2=0

5.1.10 EQUATIONS OF NORMAL IN DIFFERENT FORMS
(1) Point form : The equation of the normal to the parabola ¢* =4ax at a point (x,,¥,) is
y—-un Z_%(X— x;)

Equation of normals of all other standard parabolas at (x1, y1)

Equation of parabolas Normal at (X1, y1)

yz —— y—-n ZZﬂa(X_Xl)

x2=4ay !’—Vl——z—a(X—Xl)
X1

X = day !’—!’1:2—a(X—X1)

(2) Parametric form: The equation of the normal to the parabola ¢? =4axat (af,2a#is
v+ tx=2at+ af

Equations of normal of all other standard parabola at 't’
Equations of parabolas | Parametricco- Normals at 't’
ordinates
# =-4dax (-af,2a) v— tx= 2at+ af




X =4ay (2ataf) x+ ty= 2at+ af
X =-day (2at—af) x— ty=2at+ af

(3) Slope form: The equation of normal of slope m to the parabola o*=4ax is
v=mx— 2am- ant at the point (anf,—2an).

Equations of normal, point of contact, and condition of normality in terms of slope
(m)
Equations of Point of contact in | Equations of normal Condition of
parabola terms of slope (m) | in terms of slope (m) normality
v =4dax (anf,—2an) v=mx— 2am— ant’ c=—-2am- an?
V= -dax (~anf,2am v=mx+ 2am+ ant c= 2am+ an?
X = 4day (_%‘?%} y:mx+2a+§ c= 2a+§
x =-4day 2a a a a
e = mx—2a- = =_92--%
(m’ sz VoIS E A

Note : O The line Ix+ my+ n=0is a normal to the parabola v* = 4axif alf +2nf)+nfn=0

5.1.11 POINT OF INTERSECTION OF NORMALS AT ANY TWO POINTS ON THE
PARABOLA

If R is the point of intersection then point of intersection of normals at any two points
PRaf 2at)and Qa#s,2at)on the parabola y* = 4axis R2a+ af + £ + t,1,), - att,(t, + 1,)]

Y)
/l/i/m‘fm
R
X - X
Qat? 2aty)
y

5.1.12 RELATION BETWEEN '71' AND '72' IF NORMAL AT 'T1' MEETS THE PARABOLA
AGAIN AT 'T3'

If the normal at the point Paf,2at) meets the parabola »? = 4axagain at Qa#,2as), then
fh=—f ——

X ) X

Qaf 2at)




Important Tips
= |f the normals at points (af,2a3 and (a£,2az) On the parabola y? - 4axmeet on the parabola then 4z, =2
= |f the normal at a point Aa#,2a)to0 the parabola »?-4axsubtends a right angle at the vertex of the
parabola then £ -2.
= If the normal to a parabola s?-4ax, makes an angle s with the axis, then it will cut the curve again

at an angle tan’l(% tanqﬁ) .

= The normal chord to a parabola g? -4axat the point whose ordinate is equal to abscissa subtends a
right angle at the focus.

= |f the normal at two points P and Q of a parabola »?-4axintersect at a third point R on the curve.
Then the product of the ordinate of P and Q is 82> .

Example: 26  If x+y=kis anormal to the parabola »* -12x then k is

@3 (b) 9 (c)-9 (d) -3
Solution: (b) Any normal to the parabola g¢?-12xiS y+m&x=6¢+3#. It is identical with x+y=«if
_t_1_61‘+3f"x
11 &k

-, t=1and 1:6;3:1(:9

Example: 27  The equation of normal at the point ( a] to the parabola ¢? - 4ax, is

a
4 ’
(a) 4x+8y+9a-0 (b) 4x+8y-9a-0 (C) ax+y-a-0 (d) ax-y+a-0

Solution: (b) From y-y, :-‘2—”1(x— x)
a

:>y—a=;—:[x—zj = 2y+x:2a+§:¥ = 2u+ x—%’:o = 4x+8y-9a=0
Example: 28 The point on the parabolay? -8xat which the normal is parallel to the line
x—2u+5=0IS

(@) 1722 (b) @/2-2 () @-1/2 (d) 21/2

Solution: (b) Let point be & . Normal is y—k=_Tk(x—h) O —kx—4y+ kh+4k=0

Gradient =%(=%:>k:—2. Substituting #and x=-2in »* -8x, we get h=%. Hence point

Trick: Here only point [1,-2] will satisfy the parabola - 8x.
2

Example: 29  The equations of the normal at the ends of the latus rectum of the parabola ¢ - 4axare
given by

(@) x*-y*-6ax+9a®=0 (b) x? - v* - 6ax— 6ay+9a*> =0

(C) x*-y*-6ay+9a>-0 (d) None of these




Solution: (a) The coordinates of the ends of the latus rectum of the parabola ¢?-4axare (a 2aand
(a—2a respectively.

The equation of the normal at (a 224t0 »? = 4axiS y- 2a:%3(x— a {using v-u :’—2’:@- xl)}

Oor x+y-3a=0 (I)

Similarly the equation of the normal at (a, —2a) iS x—y-3a=0 .....(ii)

The combined equation of (i) and (ii) iS x* - ¢* —-6ax+9a%>=0.

Example: 30  The locus of the point of intersection of two normals to the parabola x* -8gwhich are
at right angles to each other, is

(@) x*=2w-6) (b) x*=2w+6) (C) x*=-2v-6) (d) None of these
Solution: (a) Given parabolais x*-8y . (i)
Let @42#)and @as,2£)be two points on the parabola (i)
Normal at P, Q are y_ztf:_tl(x_w ...... (i) and y_ztgz_ti<x_4t2) ...... (iii)
1 2
(ii)—(iii) gives 2(2 - #)- {l_lj _xhit Cox=-2tly+h) (iv)
L 45
From (ii), y=2¢ —tl(—Ztltz(tz +4)-44) =28+ 26(6+5)+4 = y=2£ + 245, +2£ +4 .....(V)
1
Since normals (ii) and (iii) are at right angles, - (—%j [—%j -1 ft--1
1

From (iv), x=2¢ + &) and from (V) y=2£-2+22+4
= Y =228 + G+ 10 =2A(G+ )* - 245, + 1]

= V=2t +4)*+2+1 =24+ 4)*+3 = y:{§+3}:§+6
= x* = 2(y-6),Which is the required locus.

5.1.13 CO-NORMAL POINTS
The points on the curve at which the normals pass through a common point are called co-normal

points.

Q, R, S are co-normal points. The co- normal points are also called Y o
the feet of the normals. //ﬁﬁ)
If the normal passes through point Ax,,5;)which is not on = X< X
parabola, then y, = mx, — 2am- amt = an? +(2a— x,)m+y, =0 \BQ«S
Y

Which gives three values of m. Let three values of m are m,,m, and m,, which are the slopes of
the normals at Q, R and S respectively, then the coordinates of Q, R and S are
(anf,~2am),(ant,,—2am,)and (anf, - 2ang)respectively. These three points are called the feet of the

normals.

(2a- x;) ~ 4

NOW my + m, + m; =0, mm, + mymy + mym, = ——— and mym,m, =
a

In general, three normals can be drawn from a point to a parabola.




(1) The algebraic sum of the slopes of three concurrent normals is zero.

(2) The sum of the ordinates of the co-normal points is zero.

(3) The centroid of the triangle formed by the co-normal points lies on the axis of the parabola.

(4) The centroid of a triangle formed by joining the foots of the normal of the parabola lies on its

anf + ang + anf 2am+2a%+28"éJ:[a”f+a’f+a"§,OJ

3 ’ 3

axis and is given by (

(5) If three normals drawn to any parabola g* = 4axfrom a given point (h, k) be real, then &> 2a
for a=1, normals drawn to the parabola ¢* = 4xfrom any point (h, k) are real, if A>2.

(6) Out of these three at least one is real, as imaginary normals will always occur in pairs.

5.1.14 CIRCLE THROUGH CO-NORMAL POINTS
Equation of the circle passing through the three (co-normal) points on the parabola * = 4ax,

normal at which pass through a given point (o, g) ; is x* + ¥* — (2a+ a)x—%yz 0

(1) The algebraic sum of the ordinates of the four points of intersection of a circle and a parabola
IS zero.

(2) The common chords of a circle and a parabola are in pairs, equally inclined to the axis of
parabola.

(3) The circle through co-normal points passes through the vertex of the parabola.

(4) The centroid of four points; in which a circle intersects a parabola, lies on the axis of the
parabola.

Example: 31 The normals at three points 7@ rof the parabola ¢ -4axmeet in (h, k), the centroid of
triangle pPQrlies on

(@) x=o0 (b)y=0 (C) x=-a (d) v=a
Solution: (b) Since the centroid of the triangle formed by the co-normal points lies on the axis of the
parabola.

Example: 32 If two of the three feet of normals drawn from a point to the parabola ¢ -4xbe (1, 2) and
(1, — 2)then the third foot is

(@) 22/2 (b) @-2/2) (©) ©0 (d) None of these
Solution: (c) The sum of the ordinates of the foot = g + g, + 55, =0

L 24(-2+1=0=>1=0




5.1.15 EQUATION OF THE CHORD OF CONTACT OF TANGENTS TO A PARABOLA
Let PQ and PR be tangents to the parabola s* = 4ax drawn from any external point P(x;,y,) then

QR is called the ‘Chord of contact’ of the parabola s = 4ax. y
The chord of contact of tangents drawn from a point (x,,,) to the /@d
parabola y? = 4ax is yy, = 2a(x+ x,) X =0 contacty
The equation is same as equation of the tangents at the point v
(%1, ).

Note : 1 The chord of contact joining the point of contact of two perpendicular tangents always
passes through focus.

Q If tangents are drawn from the point (x,,¥,) to the Qag 228)
parabola y? =4ax then the length of their chord of = g, .
contact is - [7 — 4ax) (2 + 42%)
| al Rat, 2at)

O The area of the triangle formed by the tangents drawn

_ 3/2
from (x;,5;,) t0 v* = 4ax and their chord of contact is (y‘%%.

5.1.16 EQUATION OF THE CHORD OF THE PARABOLA WHICH IS BISECTED AT A
GIVEN POINT

The equation of the chord at the parabola s? = 4axbisected at the point (x,,s;) is given by 7=§;
where T=yy, — 2a(x+ x;) and S, = v —4dax,. i.e., yy, — 2ax+ x,) = V> —dax

Q(x2,32)

R(x3,y3)

5.1.17 EQUATION OF THE CHORD JOINING ANY TWO POINTS ON THE PARABOLA
Let Pa#,2at),Qas,2at)be any two points on the parabola ¢* = 4ax. Then, the equation of the

2
ﬂ(x—af)or y—284= tl+t2 (X—af)or

chord joining these points s, y-2af=

Ut + 1) = 2x+ 2al,t,
(1) Condition for the chord joining points having parameters tiand t> to be a focal chord: If
the chord joining points (a#,2at)and (a#,2az)on the parabola passes through its focus, then

(a0)satisfies the equation u4 + &) = 2x+ 2at t,= 0= 2a+ 2at,t,= ft, = -10r £, = —tl

1




(2) Length of the focal chord: The length of a focal chord having parameters ¢ and ¢, for its end points is
at,— 1)*.
Note: O If one extremity of a focal chord is (a#,2az),then the other extremity (a#,2az)becomes

a —2a by virtue of relation #, = -1.
£ 4

a

Q If one end of the focal chord of parabola is (a#,2a#,then other end will be (12

,—2azﬂand
2
t
O The length of the chord joining two point '4' and 's' on the parabola ¢* =4ax is
at - )G+ 5)+4
O The length of intercept made by line y=mx+c between the parabola ¢* =4ax is

%\/a(l+mz)(a—m¢) .

length of chord = .{H IJ :

Important Tips

= The focal chord of parabola ¢? - 4ax making an angle « with the x-axis is of length 4acosec= .
= The length of a focal chord of a parabola varies inversely as the square of its distance from the
vertex.

= If gand gare the length of segments of a focal chord of a parabola, then its latus-rectum is Akh

h+4
= The semi latus rectum of the parabola ¢ -4axis the harmonic mean between the segments of any
focal chord of the parabola.

Example: 33  If the points (a#,2anand (a?,2a9 are the extremities of a focal chord of the parabola
v =4ax then

(a) w-1=0 (b) w+1=0 (C) u+v=0 (d) u-v=0
Solution: (b) Equation of focal chord for the parabola s?-4axpasses through the point (a#2anand
(av#,2av)

= v-2au=

2av-2au _ 2av-uv _ 8 :i B
o — ad? (x— af) = y_zau_—a(v—u)(v+u) (x— aif) = y—2au v+u(X af)

It this is focal chord, so it would passes through focus (a, 0)
= ofzauzrzu (a-ath) = —uv-tf =1-of, .. ww+1=0

Trick : Given points (a?, 2an and (a? 2a9, then ¢=wu and z=v, we know that 44--1.

Hence w+1=0.
Example: 34  The locus of the midpoint of the line segment joining the focus to a moving point on
the parabola ,? - 4axis another parabola with the directrix

(a) x=-a (b) X=7§ (C) x=0 (d) X:i;
Solution: (c) Let mq, p be the mid point of PS.
af +a 2at+ 0 Y (aF(Z P
a= 0= = 20 =af+a at=} S(a,
2 2 Ma,p)

2
2a=a.%+a0r 2a0 - P2+ & X OI\
. The locus is ;/2:4—;(X—g):4b(x—b),{b:f} y

2




Directrix iS (x-8+5=00r x=0.
Example: 35  The length of chord of contact of the tangents drawn from the point (2, 5) to the
parabola ¢*-8xis

(a) ;m (b) Ja1 (c) gm (d) 2/a1

Solution: (c) Equation of chord of contact of tangents drawn from a point (x,y)t0 parabola ¢ -4axis
vy = 24x+x) . SO that 5p=2<2x+2 = 5y=4x+8.
Point of intersection of chord of contact with parabola s*-8xare [% 2} (8, 8), So the

length of chord is %J4_1.

Example: 36  If b, k are the intercept of a focal chord of the parabola ¢ - 4ax, then K is equal to
ab b a ab
@ > (b) P (c) . (d) B
Solution: (a) Let '4 '4 be the ends of focal chords
- . t5=-1.If Sisthe focus and P, Q are the ends of the focal chord, then
SP=J(af-2%+@2a5-02 =d£+1)=b (Given).... (i)

. SQ-44+1) :a(%u] (Given) {@tzz_%jtg:ﬂ (af 2a4) P
b

:a@gn:k (i), 7’::4 [Divide (i) by (ii)] I\&

Putting in (1), we get {%IJ:": "_:H: b= k:b% (a8, 2at))

5.1.18 DIAMETER OF A PARABOLA

The locus of the middle points of a system of parallel chords is called a diameter and in case of a
parabola this diameter is shown to be a straight line which is parallel to

. Y P(}_Vl)
the axis of the parabola. AT ymmxrte
The equation of the diameter bisecting chords of the parabola = x—— bk
. 2a | |Diamete
v* = 4axof slope mis y="5 ~L
m Y Qxz,12)

Note : O Every diameter of a parabola is parallel to its axis.

O  The tangent at the end point of a diameter is parallel to corresponding system of
parallel chords.

O The tangents at the ends of any chord meet on the diameter which bisects the chord.

Example: 37  Equation of diameter of parabola y* - xcorresponding to the chord x-y+1=0is

(@) 2v-3 (b) 2v-1 (c) 29-5 (d) y=1

2.1

Solution: (b) Equation of diameter of parabola is y:%a, Here a:%,mﬂ 3y2T4 =2y-1




5.1.19 LENGTH OF TANGENT, SUBTANGENT ,NORMAL AND SUBNORMAL

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

A0,0) is the vertex of the parabola and PN=y. Then,

(1) Length of tangent = PT= PNcosecy = y, coseay y, o)
v =2a(x+x1) P
(2) Length of normal = PG= PNeosed90° — y) = v, seay \
x _ST7Y/5e0) X
(3) Length of subtangent = 7N = PNcoty = y, coty T-x,0) A (Nw G(x1,22,0)
(4) Length of subnormal = NG= PNcot00° - y) = y, tany
Y V=lax
where , tany = 2a_ m, [slope of tangent at P(X, y)]
n

Length of tangent, subtangent, normal and subnormal to y? = 4ax at (at?, 2at)

(1) Length of tangent at (af,2a§ = 2atcoseay = 2at/(1+cot’ y) =2at/1+F

(2) Length of normal at (af, 2a# = 2atsecy = 2at/(1+ tan’ y) = 2a/£ + £ tan’y = 2a/(# + 1)
(3) Length of subtangent at (af,2a# = 2atcoty = 2af*
(4) Length of subnormal at (a#,2a¥ = 2aftany = 2a
Example: 38  The length of the subtangent to the parabola s* = 16xat the point whose abscissa is 4, is
(@ 2 (b) 4 (c) 8 (d) None of these
Solution: (c) Since the length of the subtangent at a point to the parabola is twice the abscissa of the
point. Therefore, the required length is 8.

Example: 39 If P is a point on the parabola ¢* -4axsuch that the subtangent and subnormal at P are
equal, then the coordinates of P are

(@) (@2a0r (a-2a (b) @a 2/2a0r (22-2/24)
(c) @a-4a0r @asa (d) None of these

Solution: (a) Since the length of the subtangent at a point on the parabola is twice the abscissa of the
point and the length of the subnormal is equal to semi-latus-rectum. Therefore if Axyis

the required point, then 2x=2a— x-a
Now (X, y) lies on the parabola ¢* - 4ax = 42’ - »= y-+2a
Thus the required points are 222 and (a-2a.

5.1.20 POLE AND POLAR

The locus of the point of intersection of the tangents to the parabola at the ends of a chord drawn
from a fixed point P is called the polar of point P and the point P is called the pole of the polar.

Equation of polar: Equation of polar of the point (x;,5;) with respect to parabola ¢ = 4axis
same as chord of contact and is given by vy, = 2ax+ x;)




(1) Polar of the focus is directrix: Since the focus is(a 0)
-.Equation of polar of ¢* = 4axis y.0 = 2a(x+a = x+ a=0, which is the directrix of the parabola
v* =4dax.

(2) Any tangent is the polar of its point of contact: If the point
P(x,v;) be on the parabola. Its polar and tangent at P are identical. Hence the
tangent is the polar of its own point of contact.

Coordinates of pole: The pole of the line Ix+ my+ n=0with respect to
—2amj

the parabola y? = 4axis (il' ,
(i) Pole of the chord joining (x,,¥)and (x,, v,)is [%&2”} which is the same as the point of
a
intersection of tangents at (x,,y;)and (x,,,).
(1) The point of intersection of the polar of two points Q and R is the pole of QR.

5.1.21 CHARACTERSTICS OF POLE AND POLAR
(1) Conjugate points: If the polar of Ax,,y;,)passes through @x,,y,), then the polar of
Qx,, v,) goes through Ax,, ;) and such points are said to be conjugate points.
Two points Ax;,») and @x,,y,) are conjugate points with respect to the parabola s* = 4ax, if
Ny, = 2ax + x,).
(2) Conjugate lines: If the pole of a line ax+ by+ c=01lies on the another line a,x+ by+ ¢ =0,
then the pole of the second line will lie on the first and such lines are said to be conjugate lines.
Two lines 4x+my+n =0and Lx+my+mn, =0are conjugate lines with respect to parabola

v? =4ax, if (hn, + Ln) = 2anmym,
Note :LThe chord of contact and polar of any point on the directrix always passes through focus.
UThe pole of a focal chord lies on directrix and locus of poles of focal chord is the

directrix.

U The polars of all points on directrix always pass through a fixed point and this fixed point
is focus.
Example: 40  The pole of the line 2x- yWwith respect to the parabola s*=2x is

(a) (o, %j (b) (; oj ©) [0%) (d) None of these
Solution: (a) Let (x,5)be the pole of line 2x=y w.r.t. parabola ¢ - 2xits polar is yy = x+ x

iS v- S W S T A is (01
Also polar is y=2x, .. T2 0 leo,gllfz.SOPOleIS (o,zj




Example: 41  If the polar of a point with respect to the circle »*+,?-/touches the parabola
v* = aax the locus of the pole is

(8) #--Zx (b) -y (©) #-% (d) #-2y
a a a a
Solution: (a) Polar of a point (x, ) W.r.t. x®+y? = 22IS xx + w, =% 1.€. yw; = —xx, + 1
Sy J T v=mx+c Where mz—ﬁ,c=£
n " N n
r a ay,

This touches the parabola y? =4ax, If c=2=1 =

m vy -x/n X1

.Required locus of pole (x,5)I1s f:‘—"’”i.e., f:ix
14 X a

5.1.22 REFLECTION PROPERTY OF A PARABOLA
The tangent (P7) and normal (PN of the parabola y?> = 4ax at. P are the internal and external
bisectors of ~sPm and BP is parallel to the axis of the parabola and Y - Light

. My
/BPN-= /SPN Tangep—| P, “ Reflected

Note : O When the incident ray is parallel to the axis of the & & A N g X
parabola, the reflected ray will always pass through the }eé@«@gught

Light
focus. %

Example: 42 A ray of light moving parallel to the x-axis gets reflected from a parabolic mirror whose
equation is (v-2?2 - a(x+1. After reflection, the ray must pass through the point

(@) (0, 2) (b) (2, 0) (c) (0,-2) (d) (-1,2)

Solution: (a) The equation of the axis of the parabola is y-2-o0, which is parallel to the x-axis. So, a
ray parallel to x-axis is parallel to the axis of the parabola. We know that any ray parallel
to the axis of a parabola passes through the focus after reflection. Here (0, 2) is the focus.

* k%




ASSIGNMENT

CONIC SECTION : GENERAL

Basic Level

1.

10.

11.

12.

13.

14.

The equation 2x* + 3y* - 8x—18y+35- krepresents
(@) No locus, if x>0 (b) Anellipse, if k<0 (c) A point, if k=0 (d) A hyperbola, if x>0
The equation 14x® - 4xy+11* - 44x— 58y + 71= 0 represents

(@) Acircle (b) An ellipse (c) A hyperbola (d)A rectangular hyperbola
Eccentricity of the parabola x*-4x-4y+4-0is

(@) e=o0 (b) e=1 (C) e>4 (d) e=4

x* —4y* - 2x+16y-40=0represents

(a) A pair of straight lines  (b)An ellipse (c) A hyperbola (d) A parabola

The centre of the conic represented by the equation 2x* - 72xy+ 23y* - 4x—28y-48=01S

@ (faas) ®) (23] © (3=) @ (- 52 =)

The equation of the parabola with focus (a8and directrix E*%: 1is given by

(a) (ax-by? - 22°x-26°y+ a* + 6% + b* =0 (b) (ax+ by? - 22°x-26°y— a* + 26> — 6" = 0

(C) (ax-by?+a*+b* - 2a°x=0 (d) (ax- by?-2a°x=0

The equation of the parabola with focus (3,0)and the directrix x+3=o0is

(@) »*=3x (b) v*=2x (C) =12« (d) o -6x

The parabola ? = xis symmetric about

(a) x-axis (b) y-axis (c) Both x-axis and y-axis (d) The line y= x
The focal distance of a point on the parabola »? - 16xwWhose ordinate is twice the abscissa, is
(@6 (b) 8 (c) 10 (d) 12

The points on the parabola ¢* - 12x, whose focal distance is 4, are

(@) 2V3).2-3) (b) @,2/3),,-2/3) €) @2 (d) None of these

The coordinates of the extremities of the latus rectum of the parabola 5y* - axare

(@) a/5.2/5)-1/52/5 (b) A/52/5);1/5,-2/5) (c) as5,4/5;a/5-4/5 (d) None of these

If the vertex of a parabola be at origin and directrix be x+5=o0, then its latus rectum is

@5 (b) 10 (c) 20 (d) 40

The equation of the lines joining the vertex of the parabola »* -e6xto the points on it whose
abscissa is 24, is

(@) y+2x=0 (b) 29+ x=0 () xx2v-0 (d) 2x+yp-0

PQis a double ordinate of the parabola s - 4ax. The locus of the points of trisection of pQis

(@) 9¢* = 2ax (b) 9x* - 2ay (C) 9¢® +dax=0 (d) 9x*+4ay-0




15.

16.

17.

The equation of a parabola is 25{(x-2?++57|= @x+4y-1?2. For this parabola

(a) Vertex =2-5) (b) Focus =2-5)

(c) Directrix has the equation 3x+4y-1-0 (d) Axis has the equation 3x+4y-1-0
The co-ordinates of a point on the parabola »* - 8x, whose focal distance is 4, is

(@) 29 (b) @2 (€) 2-9 (d) @-2

The equation of the parabola with (-3,0as focus and x+5=o0as directrix, is

@) -4+ (b) »*=-4aw-9 (C) v*-4ax+9 (d) »®-4ax-9

Advance Level

18. A double ordinate of the parabola ¢ - 8px is of length 16p The angle subtended by it at the vertex
of the parabola is
@) % (b) % (©) % (d) None of these
19. If @-9isatanend of a focal chord of the parabola ¢ - 32x; then the other end of the chord is
(@) (3232 (b) 32-32 () 28 (d) None of these
20. A square has one vertex at the vertex of the parabola y? - 4ax and the diagonal through the vertex
lies along the axis of the parabola. If the ends of the other diagonal lie on the parabola, the co-
ordinates of the vertices of the square are
(@) @a4a (b) @a-4a (€) ©,0 (d) ®a0
OTHER STANDARD FORMS OF PARABOLA
Basic Level
21. A parabola passing through the point (—4,-2) has its vertex at the origin and y-axis as its axis. The
latus rectum of the parabola is
(@6 (b) 8 (c) 10 (d) 12
22. The focus of the parabola »? - -16yis
(a) (4,0) (b) (0, 4) (c) (-4,0) (d) (0,-4)
23. The end points of latus rectum of the parabola »* - aayare
() (a2a,2a-2 (b) a24.2aa (C) (a-29,(229 (d) 2aa.2aa
24. The ends of latus rectum of parabola x*>+8y-oare
(@) (-4, -2) and (4, 2) (b) (4, -2) and (-4, 2) (€) (-4,-2) and (4,-2) (d) (4, 2) and (-4, 2)
25. Given the two ends of the latus rectum, the maximum number of parabolas that can be drawn is
@1 (b) 2 (0 (d) Infinite
26. The length of the latus rectum of the parabola 9x*>-6x+36y+19=0is

(@) 36 (b) 9 (€) 6 (d) 4




SPECIAL FORMS OF PARABOLA

Basic Level
27.  Vertex of the parabola y* +2y+ x=olies in the quadrant

(@) First (b) Second (c) Third (d) Fourth
28. The vertex of the parabola 3x-2,*-4y+7-01is

@ (3,1) (b) (-3,-1) (c) (-3,1) (d) None of these
29. The vertex of parabola (v-22 -=16x-1is

(@) (2 1) (b) (1,-2) (€ (-1,2) (d) (1 2)
30. The vertex of the parabola x*+8x+12y+4-0iS
31. The axis of the parabola 9y* -16x-12y-57-0is

(@) 3v=2 (b) x+3v=3 (c) 2x=3 (d) y=3
32. The directrix of the parabola x*-4x-8y+12-0iS

(a) x-1 (b) -0 (c) x=-1 (d) y--1
33. The length of the latus rectum of the parabola x*> -4x-8y+12-0is

(@4 (b) 6 (c) 8 (d) 10
34. The latus rectum of the parabola ¢? - 5x+4y+1iS

5 5

@ (b) 10 (€5 @ 3
35. If (2, 0) is the vertex and y-axis the directrix of a parabola then its focus is
36. The length of latus rectum of the parabola 4y? + 2x-20y+17- 0is

(a) 3 (b) 6 © 4 (d) 9
37. The focus of the parabola y? - 4y-axis

(@ (0,2) (b) (1, 2) (c) (2,0) d) (2, 1)
38. Focus of the parabola (v-2? - 2ax+3)is

(@) (3,-2) (b) (2,-3) (©) (2,2) d (3,3)
39. The focus of the parabola y* - x-2y+2-0 is

(a) (1/4,0) (b) (1, 2) (c) (3/4,1) (d) (5/4,1)
40. The focus of the parabola y=2x*+ xis

11 1 11

(@ (0,0) ®) (3] © (-1o) @ (-33)

a1. The vertex of a parabola is the point (a, b) and latus rectum is of length I. If the axis of the

parabola is along the positive direction of y-axis, then its equation is

(a) (x+a?-= é(zy— 25 (b) (x-a%- é(zy— 26) (C) (x+a?= {(2;/— 2  (d) (x-a2- gay— 26)




42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

¥ -2x-2y+5=o0represents

(a) A circle whose centre is (1, 1) (b)A parabola whose focus is (1, 2)

(c) A parabola whose directrix is x:% (d) A parabola whose directrix is x= -%

The length of the latus rectum of the parabola whose focus is (3, 3) and directrix iS 3x—4y—2=0iS

(@ 2 (b) 1 (c) 4 (d) None of these
The equation of the parabola whose vertex is at (2, —1) and focus at (2, — 3)is
(@) ¥ +ax-8y-12-0 (b) »x®-4x+8y+12-0 (C) »*+8y=12 (d) x*-4ax+12-0

The equation of the parabola with focus (0, 0) and directrix x+y=4is
(@) »*+5*-2xy+8x+8y-16=0 (b) 2+ y* - 2xy+8x+8y=0
(C) »*+5*+8x+8y-16=0 (d) »®-y*+8x+8y-16=0

The equation of the parabola whose vertex and focus lies on the x-axis at distance a and a from
the origin, is

@ #-aad-ax-a (b) ?*-a4@-ax+a (C) -4 +akx-a (d) »*-a@+ax+a
The equation of parabola whose vertex and focus are (0, 4)and (0, 2) respectively, is
(@) »*-8x-32 (b) v*+8x=32 (C) »*+8y=32 (d) »*-8y-32

The equation of the parabola, whose vertex is (-1, —2) axis is vertical and which passes through
the point (3, 6)is

(@) »®»+2x-2¢9-3-=0 (b) 2x®=3y (C) x¥®»-2x-y+3=-0 (d) None of these
The length of the latus rectum of the parabola whose focus is [gsinb,—zicos%z] and directrix is
g g
Lo
v= ?g! IS
(a) %cosza (b) %cos&z (C) %cos?a (d) %cosza

The equation of the parabola whose axis is vertical and passes through the points (0, 0), (3, 0) and
(-1,4),is
(@) x*-3x-y=0 (b) 2 +3x+y=0 (C) x¥®-4x+2¢=0 (d) x*-ax-2v=0

If the vertex and the focus of a parabola are (-1, 1) and (2, 3) respectively, then the equation of the
directrix is

(@) 3x+2¢+14-0 (b) 3x+2y-25-0 (C) 2x-3y+10=0 (d) None of these

If the focus of a parabola is (-2, 1) and the directrix has the equation x+y-3, then the vertex is

(a) (0,3) (b) (1,172 © (1,2 d) (2, -1)

The vertex of a parabola is (a, 0) and the directrix is x+y=3a. The equation of the parabola is

(a) x*+2xy+y? + 6ax+10ay+7a* = 0 (b) x*-2xy+ y? + 6ax+10ay= 7a>

(C) x*-2xy+¢? - 6ax+10ay=7a* (d) None of these

The equation of a locus IS ¢? + 2ax+ 26y+ c= 0, then

(a) Itis an ellipse (b) It is a parabola (c) Its latus rectum =a (d) Its latus rectum= 2a




55.

56.

57.

58.

59.

Advance Level
60.

61.

62.

63.

64.

If the vertex of the parabola y- x* -8x+ clies on x-axis, then the value of c is
(@) -16 (b) -4 (c) 4 (d) 16

If the vertex of a parabola is the point (-3, 0) and the directrix is the line x+5=o0then its equation
§

(@) »*=-8(x+3) (b) »*-8(y+3) (C) v*=-8(x+3 (d) o*-8(x+5)

If the parabola ¢ - aaxpasses through (3, 2), then the length of its latusrectum is

(@) 2/3 (b) 4/3 (c) 1/3 (d) 4

The extremities of latus rectum of the parabola (v-1? - 2x+ 2 are

@ (-3 (b) 21 © (-3.0] @ [-31)

The equation of parabola is given by ¢ +8x-12y+20-0. Tick the correct options given below
(a) Vertex (2, 6) (b) Focus (0, 6) (c) Latus rectum =4 (d)axisy =6

The length of the latus rectum of the parabola 169(x- 12+ (v- 3%} = Gx— 12+ 172iS
14 28 12
@ 13 (b) 13 (c) 13 (d) None of these
The length of the latus rectum of the parabola x-= as? + by~ cis
a a 1 1
@ 4 (b) 3 © 2 () L
If the vertex = (2, 0) and the extremities of the latus rectum are (3, 2) and (3, —2), then the
equation of the parabola is
(@) »=-2x-4 (b) x*-4ay-8 (C) »*-4x-8 (d) None of these
Let there be two parabolas with the same axis, focus of each being exterior to the other and the

latus recta being 4a and 4b. The locus of the middle points of the intercepts between the parabolas
made on the lines parallel to the common axis is a

(a) Straight line if a=5 (b) Parabola if a= & (c) Parabola for all a, b(q
A line L passing through the focus of the parabola ¢* = a(x-1 intersects the parabola in two distinct
points. If ‘m’ be the slope of the line L, then

(@ -1l<m<1 (b)ym<—lorm>1 (C) me R (d) None of these

PARAMETRIC EQUATIONS OF PARABOLA

)




Basic Level
65. Which of the following points lie on the parabola »* - 4ay

(@) x=af,y=2at (b) x=2aty=ar (C) x=2af,y=at (d) x=2aty=af
66. The parametric equation of a parabola is x=#+1,y=2#1. The cartesian equation of its directrix is

(@) x-=o0 (b) x+1-0 (c) y=0 (d) None of these
67. The parametric representation 2+ #,2¢++1 represents

(a) A parabola with focus at (2, 1) (b)A parabola with vertex at (2, 1)

(c) An ellipse with centre at (2, 1) (d)None of these
68. The graph represented by the equations x=sir? ¢, y=2C0S 1 iS

(a) A portion of a parabola (b) A parabola

(c) A part of a sine graph (d) A Part of a hyperbola
69. The curve described parametrically by x=#+#+1,y= #-#1represents

(a) A pair of straight lines  (b)An ellipse (c) A parabola (d) A hyperbola

POSITION OF A POINT , INTERSECTION OF LINES & PARABOLA , TANGENTS & PAIR

OF TANGENTS
Basic Level
70. The equation of the tangent at a point Apwhere ‘t’ is any parameter to the parabola y? - 4ax, IS
(a) vt= x+ af (b) v= xt+ af (C) v= Xt+—j (d) v=1Ix

71.  The condition for which the straight line y= mx+ ctouches the parabola y? - 4axis

(a) a=c (b) —z: m (C) m=a’c (d) m= ad
72. The line y= mx+ ctouches the parabola »* - 4ay, if

(a) c=-am (b) c=-a/m (C) c=—anf (d) c=a/nf
73. The line y=2x+ cis tangent to the parabola »? - 16xif ¢ equals

(a) -2 (b)-1 (€0 (d) 2
74. The line y=2x+ cis tangent to the parabola »? - 4x, then ¢ =

1 1 1

(8 1 (b) 1 ()2 (d) 4
75. If line x=my+ ktouches the parabola »* - 4ay then k =

@ = (b) am (C) ant (d) - an?
76. The line y- mx+1is a tangent to the parabola ¢* - axif

(a) m=1 (b) m=2 (C) m=4 (d) m=3
77. The line ix+ my+n=0will touch the parabola ¢? - 4axif

(a) mn= af (b) Im= ar? (C) In= anf (d) mn= al

78. The equation of the tangent to the parabola ¢? - ax+5parallel to the line y=2x+7is




79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

(@) 2x-y-3-=0 (b) 2x-y+3=0 (C) 2x+y+3=0 (d) None of these
If x+ my+ n=01S tangent to the parabola x* - 5 then condition of tangency is

(@) #=2mn (b) 1= antr? (C) m? =4in (d) P =4mn
The point at which the line y= mx+ ctouches the parabola s? - 4axis

a 2a a -2a a 2a a 2a
@ [) ) (5 © [~ @ [~z
The locus of a foot of perpendicular drawn to the tangent of parabola y? = 4axfrom focus, is
(@ x-=o0 (b) y=0 (C) v*=2ax+a (d) 2+ P (x+a=0

The equation of tangent at the point (1, 2) to the parabola ¢* - axis
(@) x-y+1=0 (b) x+y+1=0 (C) x+y-1=0 (d) x-y-1=0
The tangent to the parabola s? - aaxat the point (z 2 makes with x-axis an angle equal to

@~ OF © = (d) =

A tangents to the parabola ¢* - 8x makes an angle of as°with the straight line y=3x+5; then the

equation of tangent is

(@) 2x+y-1=0 (b) x+2v-1=0 (C) 2x+y+1=0 (d) None of these
The equation of the tangent to the parabola ¢ = 9xwhich goes through the point @, 19is
(@) x+ay+1-0 (b) 9x+4y+a-0 (C) x-4y+36-0 (d) 9x-4y+a-0
The angle of intersection between the curves ¢* - 4x and x* = 32y at point a68)is

(a) tn(gj (b) tn[g) (©) = (d) 2

The equation of the tangent to the parabola y- »* - xat the point where x-1, is

(@) y=-x-1 (b) y=-x+1 (€) v=x+1 (d) y=x-1

The point of intersection of the tangents to the parabola ¢? - 4axat the points ¢and & is

(@) (atty, dt, + 1)) (b) (2att,,a, + 1)) (C) (2att,,2at + 1)) (d) None of these
The tangents drawn from the ends of latus rectum of »? - 12xmeets at

(a) Directrix (b) Vertex (c) Focus (d) None of these
Two perpendicular tangents to ¢* - 4axalways intersect on the line

(@) x=a (b) x+a=0 (C) x+2a=0 (d) x+4a=0

The locus of the point of intersection of the perpendicular tangents to the parabola »* - 4ayis
(a) Axis of the parabola (b)Directrix of the parabola

(c) Focal chord of the parabola (d)Tangent at vertex to the parabola
The angle between the tangents drawn from the origin to the parabola y? - 4ax-ais

(a) 90° (b) 30° () mﬂ% (d) a5°

The angle between tangents to the parabola ¢ - 4ax at the points where it intersects with the line

x—y—a=0, is




94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

(8 % (b) 2 (©) % (d) 2

The equation of latus rectum of a parabola is x+y=8and the equation of the tangent at the vertex
is x+y=12, then length of the latus rectum is

(@) av2 (b) 2/2 (c)8 (d) 8J2

If the segment intercepted by the parabola y? - 4aaxwith the line ix+ my+ n=0 subtends a right angle
at the vertex, then

(@) 4al+n-=0 (b) aal+4am+n=-0 (C) 4am+n=0 (d) arrn-0

Tangents at the extremities of any focal chord of a parabola intersect

(@) Atrightangles  (b) On the directrix (c) On the tangent at vertex(d)  None of these
Angle between two curves ¢ - a(x+nand »* = 4+1is

@) o° (b) 90° (c) 60° (d) 30°

The angle of intersection between the curves »* - aw+nand x* - -a(+1is

(a) £ (b) Z ()0 (@ 2

If the tangents drawn from the point (0, 2) to the parabola y* - 4axare inclined at an angle %’, then
the value of a is
(@ 2 (b) -2 (c)1 (d) None of these

The point of intersection of the tangents to the parabola ¢ - axat the points, where the parameter
‘t’ has the value 1 and 2, is

(a) (3,8) (b) (1,5) (c) (2,3) (d) (4,6)

The tangents from the origin to the parabola »?+4 - axare inclined at

(@) r3 (b) Y (c) 3 (d) 3

The number of distinct real tangents that can be drawn from (0, —2) to the parabola ¢* - axis
(@) One (b) Two (c) Zero (d) None of these

If two tangents drawn from the point (,pto the parabola »?-4xbe such that the slope of one
tangent is double of the other, then

(a) p- gaz (b) - g 52 (C) 2¢ =952 (d) None of these
If y+b=m(x+aandy+ b= m,(x+aare two tangents to the parabola ¢? - 4ax, then

@) m+m=-0 (b) mym, -1 (C) mym, =1 (d) None of these
If y= mx+ ctouches the parabola ¢* - 4ax+ a, then

@) ¢= i (b) ¢= am+i (C) c=a+ i (d) None of these

The angle between the tangents drawn from a point (-22at0 s = 4axis




107.

108.

109.

110.

111.

112.

(8 = (b) 2 (© % (A Z
The tangents to the parabola »? - 4axat (a#, 2a5) ; (a2, as) intersect on its axis, then
@) -2 (b) 4--2 (C) 4t -2 (d) 45 -1

If perpendiculars are drawn on any tangent to a parabola s? - 4ax from the points (a+&0on the
axis. The difference of their squares is

(@4 (b) 4a (C) 4k (d) aak
The straight line &x+ y=atouches the parabola y- x-»2, if

(@) k=-5 (b) k=0 (C) k-3 (d)k takes any real value
If a tangent to the parabola ¢ - axmakes an angle as°with x-axis, its points of contact will be

@) @2a/9 (b) car2a/9 (C) @aa2 d) ca/aa/2

The equations of common tangent to the parabola ? = 4axand »* - abyis

(@) xa’3+ b3 +(@h?3 =0 (b) 353 + bl!//3 + (ab)lz/s =0

(C) xb + v —(a —0 @ -* .2 1 __g

/3 3 (@bh??
The range of values of 2 for which the point (1,-1is exterior to both the parabolas y* 4 x|is
@) (0, 1) (b) (-1, 1) (c) (-1, 0) (d) None of these

Advance Level

113.

114.

115.

116.

117.

118.

119.

The line xcosa + v sine = pWill touch the parabola s? = 4ax+a, if
(a) pcosa+a=0 (b) pcosa—a=0 (C) acoso+ p=0 (d) acoso— p=0

If the straight line x+y=1touches the parabola ¢*-y+x=0, then the coordinates of the point of
contact are

@ (L 1) ® (33 © (.1 @ (1,0

The equation of common tangent to the circle x* + y* - 2and parabola »* - 8x is

@) y=x+1 (b) y=x+2 (C) y=x-2 (d) y=—x+2
The equation of the common tangent to the curves ¢ - 8xand xy=-1is

(@) 3y=9x+2 (b) y=2x+1 (C) 2v=x+8 (d) y=x+2
Two common tangents to the circle »*+ ¢* = 22 and parabola ? - 8axare

(@) x=+w+2a (b) y=+(x+22 (C) x=+w+a (d) y=+x+a
If the line ix+ my+ n=0is a tangent to the parabola »? - 4ax, then locus of its point of contact is
(a) A straight line (b) A circle (c) A parabola (d) Two straight lines

The tangent drawn at any point P to the parabola ¢ - 4axmeets the directrix at the point K, then
the angle which KP subtends at its focus is




120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

(@) 30° (b) a5° (c) 60° (d) 90°

The point of intersection of tangents at the ends of the latus rectum of the parabola ¢* - axis

(a) (1,0) (b) (-1,0) (c) (0,1) (d) (0,-1)

If y,,5,are the ordinates of two points P and Q on the parabola and g, is the ordinate of the point of
intersection of tangents at P and Q, then

(@) wm.wp.05arein A. P.(b) s.us.marein A. P. ©) w.ypyzarein G.P.  (d) g,m.mareinG. P,
If the tangents at P and Q on a parabola meet in T, then SP,ST and SQ are in

(@) A.P. (b) G. P. (c) H. P. (d) None of these

The equation of the parabola whose focus is the point (0, 0) and the tangent at the vertex is
x—y+1=0iS

(@) ¥*+y*-2xv-4x+4y-4-0 (b) x*+?-2xv+4x-4y-4-0

(€) ¥#*+s*+2xy-4ax+4y-4-0 (d) »®+s®+2xy-4x-4y+4-0

The two parabolas ¢ -axand x* - ayintersect at a point P, whose abscissae is not zero, such that
(a) They both touch each other at P

(b) They cut at right angles at P

(c) The tangents to each curve at P make complementary angles with the x-axis

(d) None of these

Consider a circle with its centre lying on the focus of the parabola ¢* - 2pxsuch that it touches the
directrix of the parabola. Then, a point of intersection of the circle and the parabola is

P P 4 4
@ (2.0] (0) (2.2 © (Z.r) @ (22
The angle of intersection of the curves ¢? = 2x/7and y-=sinx s
(@) cot'(-1/7) (b) cot'r (C) cot'(-x) (d) cot'a/n)

P is a point. Two tangents are drawn from it to the parabola ¢ -4xsuch that the slope of one
tangent is three times the slope of the other. The locus of P is

(a) A straight line (b) A circle (c) A parabola (d) An ellipse
The parabola s? - ixmakes an intercept of length 4 on the line x-2y=1.Then Kk is

(@) «/1_(;2—5 (b) 5—;/;75 (©) 5+;/;W3 (d) None of these

The triangle formed by the tangents to a parabola ¢ -4axat the ends of the latus rectum and the
double ordinates through the focus is

(a) Equilateral (b)Isosceles

(c) Right-angled isosceles (d)Dependent on the value of a for its classification

The equation of the tangent at the vertex of the parabola »*+4x+2y-0is

(@) x=-2 (b) x=2 (c) v=2 (d) y=-2

The locus of the point of intersection of the perpendicular tangents to the parabola
¥ - 8x+2y+2=0IS




132.

133.

134.

135.

136.

137.

138.

139.

(@) 2v-15-0 (b) 2y+15-0 (C) 2x+9-0 (d) None of these

If P,Q,R are three points on a parabola s -4ax, whose ordinates are in geometrical progression,
then the tangents at P and R meet on

() The line through Q parallel to x-axis (b) The line through Q parallel to y-axis

(c) The line joining Q to the vertex (d) The line joining Q to the focus

The tangents at three points A, B, C on the parabola s -4x; taken in pairs intersect at the points
P, Q and R. If a,a'be the areas of the triangles ABC and PQR respectively, then

(@) a=2a (b) A'=2a (€) a=n (d) None of these

If the line y- mx+ameets the parabola s?-4axin two points whose abscissa are xand x,, then
x +x 1S equal to zero if

(@) m=-1 (b) m=1 (C) m-2 (d) m=-1/2

Two tangents of the parabola ¢ - 8x, meet the tangent at its vertex in the points P and Q. If pg-4,
locus of the point of intersection of the two tangents is

(@) #-8x+2 (b) #-8x-2 (c) #=-8w-2 (d) #-8w+2

If perpendicular be drawn from any two fixed points on the axis of a parabola at a distance d from
the focus on any tangent to it, then the difference of their squares is

@ #-4& (b) #+d (C) 4ad (d) 2ad
Two straight lines are perpendicular to each other. One of them touches the parabola
v = 4ax+ aand the other touches ¢ - asx+ & . Their point of intersection lies on the line

(@) x-a+b=0 (b) x+a-b=0 (C) x+a+b=0 (d) x-a-b6-=0

The point (a 2ais an interior point of the region bounded by the parabola ,?-16xand the double
ordinate through the focus. Then a belongs to the open interval

(@) a<a (b) 0<a<4 (C) 0<a<2 (d) a>4

The number of points with integral coordinates that lie in the interior of the region common to the
circle »*+¢*=16and the parabola s -axis

(@) 8 (b) 10 (c) 16 (d) None of these

NORMAL IN DIFFERENT FORMS , INTERSECTION OF NORMALS




Basic Level

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

The maximum number of normal that can be drawn from a point to a parabola is

The centroid of the triangle formed by joining the feet of the normals drawn from any point to the
parabola s -4ax, lies on

(a) Axis (b) Directrix (c) Latus rectum (d) Tangent at vertex
If the line 2x+y+k=01is normal to the parabola s* --8x, then the value of k will be
(@) -16 (b) -8 (c) -24 (d) 24

The point on the parabola ¢*-8xat which the normal is inclined at 60°to the x-axis has the
coordinates

() ©-4V3) (b) ©4V3) (C) (-6.-4V3) (d) 6 4v3)

If the normals at two points P and Q of a parabola s? - 4axintersect at a third point R on the curve,
then the product of ordinates of P and Q is

(@) a2 (b) 242 (c) -4 (d) 82

The equation of normal to the parabola at the point [%2—;] IS

(@) v=ntx—2mx—am® (D) nfy=nfx—2ant -a (C) nfy=2anf-nfx+a  (d) None of these
At what point on the parabola ¢ -4x, the normal makes equal angles with the coordinate axes
@) @9 (b) 9.6 (c) @-9 (d) a-2

The slope of the normal at the point (a#,2a3 of the parabola ¢ - 4ax, is

(a) ! (b)t () ¢ (d) -2

The normal at the point (6£,26¢)0n a parabola meets the parabola again in the point (s2,26%), then
2 2 2 2

a) £=-t-= b) £=-£+2 C) L=¢t-= d) £=2£+2

@) =-4- (0) =4+ (©) 5=4- (d) =4+

The normal to the parabola ¢ - 8xat the point (2, 4) meets the parabola again at the point
(@) 18-12 (b) 1812 (c) as12 (d) as-12

If a normal drawn to the parabola ? - 4axat the point (a 24 meets parabola again on (a#,2a3,then the
value of t will be

(@)1 (b)3 (c)-1 (d)-3
The arithmetic mean of the ordinates of the feet of the normals from (3, 5) to the parabola ¢* - 8xis

(@ 4 (b)0 (c)8 (d) None of these

If the normal to *-12xat (3, 6) meets the parabola again in (27, —18) and the circle on the normal
chord as diameter is

(@) #+s?+30x+12-27-0 (D) **+ % +30x+129+27-0




153.

154.

155.

156.

(C) #+s*-30x-120-27-0 (d) »*+5*-30x+129-27-0

The number of distinct normal that can be drawn from [11 1jto the parabola ¢ - axis

(@3 (b) 2 ()1 (d) 4

The normal chord of a parabola ? - 4ax at (x, x)Subtends a right angle at the

(a) Focus (b) Vertex (c) End of the latus-rectum (d)None of these
The normal at (ar?,2ap ON * = 4ax Meets the curve again at (a¢?,2a9 then

@) P#+pgr2-0 (b) P*-pg+2-0 () #+pgr2-0 (d) p*+pgr1-0

The angle between the normals to the parabola s? - 2axat points (6, 12) and (6, —12) is

(@) 30 (b) a5° (c) 60° (d) 90

Advance Level

157.

158.

159.

160.

161.

162.

163.

164.

165.

The centre of a circle passing through the point (0,1) and touching the curve y-=»x*at (2, 4) is

@ (382 0) (78] © (383 (d) None of these

The length of the normal chord to the parabola ¢ - 4x, which subtends right angle at the vertex is
(@) 63 (b) 3v3 (c) 2 (d)1

Three normals to the parabola ¢* - xare drawn through a point (go)then

(a) cz% (b) C:% (c) C>% (d) None of these

If the tangent and normal at any point P of a parabola meet the axes in T and G respectively, then
(a) sT+sG-sp (b) s7-sG~+sp (c) s7-SG- sp (d) sr-scG.sp

The number of distinct normals that can be drawn from (-2, 1) to the parabola ¢*-4x-2¢y-3-0is

(@)1 (b) 2 (€3 (d)0
The set of points on the axis of the parabola ? = ax+8from which the 3 normals to the parabola are
all real and different is

(@) {(k0)| k<-2} (b) {(40)| k> -2} ) (0n|k>-2 (d) None of these

The area of the triangle formed by the tangent and the normal to the parabola ¢* - 4ax; both drawn
at the same end of the latus rectum, and the axis of the parabola is

(@) 2/24 (b) 22 (c) a2 (d) None of these

If a chord which is normal to the parabola ¢ -4axat one end subtends a right angle at the vertex,
then its slope is

(@)1 (b) V3 (c) V2 (d) 2

If the normals from any point to the parabola »*-4gcuts the line y=2 in points whose abscissae
are in A.P., then the slopes of the tangents at the three co-normal points are in

(a) A.P. (b) G.P. (c) H.P. (d) None of these




166.

167.

168.

169.

170.

171.

If x=my+cis anormal to the parabola »* - 4ay then the value of c is
2a a 2a a
(a) —2am- an? (b) 2am+ ant (C) B (d) ;+?
The normal at the point Aap?,2apmeets the parabola »? -4axagain at Qag?,2a9 such that the lines

joining the origin to P and Q are at right angle. Then

(@) #-2 (b) -2 (€) p-24 (d) ¢=2p
If y=2x+3isatangent to the parabola »* - 24x, then its distance from the parallel normal is
(@) 5v5 (b) 10/5 (c) 15/5 (d) None of these

If A-32is one end of the focal chord PQ of the parabola ¢*+4x+4y-0, then the slope of the
normal at Q is

(@) 1 (b) 2 © 1 ()2

The distance between a tangent to the parabola »? = 4aaxwhich is inclined to axis at an angle« and a
parallel normal is

(a) acosx (b) asing (C) a (d) a

sirf o coda sina co€ « cosa sirt o
If the normal to the parabola s? - 4ax at the point Aa#,2a)cuts the parabola again at @a72,2a7, then
(@) -2<#<2 (b) Te(o-8U®x) (c) *<s8 (d) =8

CHORDS

Basic Level

172.

173.

174.

175.

176.

The locus of the middle points of the chords of the parabola ¢*=4axwhich passes through the
origin is

(@) #=ax (b) #*=2ax (C) #=4ax (d) ¥ =4aay

In the parabola #*-6x, the equation of the chord through vertex and negative end of latus rectum,
is

(a) y=2x (b) y+2x-0 (€) x=2v (d) x+2y-0

From the point (-1,2tangent lines are drawn to the parabola ,?-4x, then the equation of chord of
contact is

(@) y=x+1 (b) y=x-1 (C) y+x=1 (d) None of these

A set of parallel chords of the parabola s? - 4axhave their mid points on

(a) Any straight line through the vertex (b) Any straight line through the focus

(c) A straight line parallel to the axis (d) Another parabola

The length of the chord of the parabola s?-4axwhich passes through the vertex and makes an
angle ¢ with the axis of the parabola, is

(a) 4acost coseéd (b) 4acos’ 0 cosect) (C) acost coseéd (d) acos 0 cosect




177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

If PSQ is the focal chord of the parabola »? - 8xsuch that sp-e6. Then the length SQ is
@6 (b) 4 (c)3 (d) None of these
The locus of the middle points of parallel chords of a parabola »* - 4ayis a
(a) Straight line parallel to the axis
(b) Straight line parallel to the y-axis
(c) Circle
(d) Straight line parallel to a bisector of the angles between the axes

The locus of the middle points of chords of the parabola ,?-s8xdrawn through the vertex is a
parabola whose

(a) focus is (2, 0) (b) Latus rectum =8 (c) Focus is (0, 2) (d) Latus rectum =4
4 and 'g'are two points on the parabola s?-4x. If the chord joining them is a normal to the
parabola at ' ', then

(@) 4+5-0 (b) 45+)-0 (C) 4(4+5)+2-0 (d) 45+1-0

The locus of the middle points of chords of a parabola which subtend a right angle at the vertex of
the parabola is

(a) A circle (b) An ellipse (c) A parabola (d) None of these

AB is a chord of the parabola s? - aax. If its equation is y- mx+ cand it subtends a right angle at the
vertex of the parabola then

(@) c=4am (b) a=4mc (C) c=-4am (d) a+amc-0

The length of a focal chord of parabola ? - 4ax making an angle ¢ with the axis of the parabola is
(a) 4acoseds (b) 4aseco (C) acoseds (d) None of these

If (a, b) is the mid point of a chord passing through the vertex of the parabola »? - 4x then

(@) a-=26 (b) 2a-» (c) #-2b (d) 2a-#

The mid-point of the chord 2x+y-4=0 of the parabola ¢ -4xis

(a) (g ,_lj (b) (_ng ©) [g ,_lj (d) None of these

If maf2ag)and Qa#,2az) are two variable points on the curve y*-4ax and PQ subtends a right
angle at the vertex, then s is equal to

(a) -1 (b)-2 (c) -3 (d)—4

If (a?,2a) are the coordinates of one end of a focal chord of the parabola ¢ - 4ax then the coordinate
of the other end are

() (at-2ad (b) (-at,-2a1 () (% 2_:] (d) [% —_iaj

If b and c are the lengths of the segments of any focal chord of a parabola s? - 4ax, then the length
of the semi- latusrectum is

(8) %< (b) 5= (©) o (d) Voe

2 b+c b+c




189. The ratio in which the line segment joining the points @-eand @3y is divided by the parabola

V¥ =4xIS
() ~205:1155, (b) ~2:2155,, (C) - 20+ 2/155:11 (d) -2+ Vi85:11
190. If the lengths of the two segments of focal chord of the parabola ¢ - 4axare 3 and 5, then the value
of a will be
15 15 15
(a) 2 (b) 2 () 2 (d) 15

Advance Level
191. If 'aand '¢are the segments of a focal chord of a parabola and b the semi-latus rectum, then

(@) ascarein A.P. (b) ascarein G. P. (c) ascarein H. P. (d) None of these
192. The locus of mid point of that chord of parabola which subtends right angle on the vertex will be
(@) v*-2ax+84-0 (b) +* - ax-4a (C) +*-4ax-4a (d) s?+3ax+aa2-0
193. The HM of the segments of a focal chord of the parabola ¢* - 4axis
(@) 4a (b) 2a (C) a (d) &
194. The length of a focal chord of the parabola ? - 4axat a distance b from the vertex is c. Then
(@) 24 =bc (b) &*=¢c (C) ac=# (d) tc=aa’

195. A chord ppof 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 V is the vertex then VM, VO, VM’ are in

(a) A.P. (b) G.P. (c) H.P. (d) None of these
196. The chord AB of the parabola ¢*-4axcuts the axis of the parabola at C. If A-(af2as);
B-=(a#,2at)and AcC: AB=1:3, then
(@) ,-24 (b) 5+24-0 (C) 4+24-0 (d) None of these
197. The locus of the middle points of the focal chord of the parabola ¢ - 4axis
(@) &*=ax-2a (b) #*=2ax-a (C) #-4ax-a (d) None of these

198. If @-2is one end of a focal chord of the parabola ¢ - xthen the slope of the tangent drawn at its
other end will be

(a) -2 (b) -4 (c) 4 (d) 1
199. If (@,4)and (@, &) are extremities of a focal chord of the parabola s? - 4ax, then aa, =
(@) a# (b) -4 (c) & d) -2
200. The length of the chord of the parabola ¢ - 4axwhose equation is y- x/2+4a/2 = 0iS
(@) 2/11a (b) 4v2a (c) 8J2a (d) 6v3a
201. If the line y= x/3-3cuts the parabola s - x+2at P and Q and if A be the point /3,0, then AP. AQ
is

(@) 26/3+2) (b) FW3+2 (©) 32-V3) (d) 23




202. A triangle ABC of area ais inscribed in the parabola ¢ -4axsuch that the vertex A lies at the

vertex of the parabola and BC is a focal chord. The difference of the distances of B and C from the
axis of the parabola is

(a) %A (b) i—f ©) o (d) None of these

DIAMETER OF PARABOLA , LENGTH OF TANGENT , NORMAL & SUBNORMAL , POLE

& POLAR

Basic Level
203. The length of the subnormal to the parabola ¢ - 4axat any point is equal to

(@) J2a (b) 22 (c) a/V2 (d) 2a
204. The polar of focus of a parabola is

(a) x-axis (b) y-axis (c) Directrix (d) Latus rectum
205. Locus of the poles of focal chords of a parabola is .....of parabola

(a) The tangent at the vertex (b)The axis (c) A focal chord (d) The directrix
206. The subtangent, ordinate and subnormal to the parabola ¢*-4ax at a point (different from the

origin) are in

(a) A.P. (b) G.P. (c) H.P. (d) None of these

MISCELLANEOUS PROBLEMS

Basic Level

207. The equation of a circle passing through the vertex and the extremities of the latus rectum of the
parabola ¢ -8xis
(@) #+?+10x=0 (b) X+ +10v=0 (C) ¥ +s*-10x=0 (d) #+s*-5x=0

208. An equilateral triangle is inscribed in the parabola s? - 4ax, whose vertices are at the parabola, then
the length of its side is equal to

(@) 8a (b) 8a/3 (C) a/2 (d) None of these
209. The area of triangle formed inside the parabola »* - 4xand whose ordinates of vertices are 1, 2 and
4 will be
7 5 3 3
@ 2 (b) 3 (c) 2 (d) 1

210. The area of the triangle formed by the lines joining the vertex of the parabola »* -12yto the ends of
its latus rectum is
(@) 12 sq. units (b) 16 sq. units (c) 18 sg. units (d) 24 sq. units

211. The vertex of the parabola ? - 8xis at the centre of a circle and the parabola cuts the circle at the
ends of its latus rectum. Then the equation of the circle is
(@) #+#=4 (b) #+¢*=20 (C) ¥+s*=80 (d) None of these

212. The circle »*+4?+2ix=0,2 < Rtouches the parabola ¢ - axexternally. Then
@ 2>0 (b) 2<0 (€) 1>1 (d) None of these




213.

214.

The length of the common chord of the parabola 2¢* - 3(x+1nand the circle »*+s?+2x=0is
@ V3 (b) 23 ©) @ (d) None of these

The circles on focal radii of a parabola as diameter touch
(a) The tangent at the vertex (b)The axis (c) The directrix (d) None of these

Advance Level

215.

216.

217.

218.

219.

220.

221.

222.

The ordinates of the triangle inscribed in parabola s? - 4axare y, .y, then the area of triangle is

(8) o i+ )05+ 305+ ) (b) - 61+ 362+ 35005+ 3)

(C) 8—13(5’1—!’2)(!/2_!’3)(—"3_5’1) (d) 4—18(171—!’2)(!/2_!’3)(!’3_5’1)

Which one of the following curves cuts the parabola ? - aaxat right angles

(@) #+p=4 (b) y=e'2 (C) y=ax (d) »-4ay

On the parabola y= »* the point least distant from the straight line y=2x-41is

(@) (1, 1) (b) (1,0) (c) (1,-1) (d) (0, 0)

Let the equations of a circle and a parabola be »*+¢*-4x-6-0and »? - 9xrespectively. Then
(@) (1, -1) is a point on the common chord of contact

(b)The equation of the common chord is y+1=0

(c) The length of the common chord is 6 (d) None of these

P is a point which moves in the x-y plane such that the point P is nearer to the centre of 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+2ax (b) »*=a+2ay (C) #+2ax=a (d) None of these

The focal chord to #*-16xis tangent to (x-6>+¢* =2, then the possible values of the slope of this
chord, are

(a) {_1! 1} (b) {_21 2} (C) {_2! 1/2} (d) {21 _1/2}
Let PQ be a chord of the parabola ¢ - 4x. A circle drawn with p@as a diameter passes through the
vertex V of the parabola. If ar apv@-=2ounit 2 , then the coordinates of P are

(a) (16, 8) (b) (16, -8) (c) (-16, 8) (d) (-16,-8)

A normal to the parabola ¢ - 4axwith slope m touches the rectangular hyperbola »*-¢* =2, if

(@) nf +ant -3nf+1=0 (D) nf —4nt+3nf-1=0 (C) nf+4ant +3nf+1=0 (d) nf-4ni -3af +1=0
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