Sol.

Sol.

PARABOLA

EXERCISE —3(B)

Find equation of the tangent and normal to the parabola y® = 6x at the positive end of the latus
rectum.

Equation of parabolay? = 6x
dJa=6=a=3/2

Positive end of the Latus rectum is(a, 2a) = (g , 3)

Equation of tangent yy; = 2a(x + X1)
yy1 = 3(X + Xq)

3
y=3| x+—
d ( 2)

2y —2x — 3 = 0 isthe equation of tangent
Slope of tangent is 1
Slope of normal is—1

Equation of normal is y—-3= —1(x —gj

2X+2y-9=0
Find the equation of thetangent and normal to the parabola x* —4x — 8y + 12 = 0 at (4, 3/2).

Equation of the the parabolais

X?—4x —8y +12=0. And point is (4, 3/2)
Equation of tangents at (X1, y1) is S =0

4x -2(x +4) —4(y +gj +12 =0
=2Xx-4y-2=0

=x-2y-1=0

Equation of normal isy —y1 = m(X —X1)
m-slope of normal

Slope of tangent is 1/2

Slope of normal is —2. Therefore equation of the normal is
y—g =2(x —4)= 2y—-3=-4x +16
=4x+2y-19=0



Find thevalue of k if theline 2y = 5x + k isa tangent to the parabola y* = 6x.

Equation of the parabolais y* = 6x
Givenlineis2y =5x + k

s

Therefore m:E,c:E
2 2

y = F)x +(E) is atangent to y* = 6x

2 2
a k _3/2 6
=>C=—=>—=—r ==
2 5/2 5

Find the equation of the normal to the parabola y* = 4x which isparalle toy —2x + 5= 0.
.Given the parabolaisy? = 4x
Ha=1
Givenliney—-2x+5=0
Slopem=2
The normal is parallel to theliney —2x+5=0
Slope of the normal = 2
Equation of thenormal at ‘t' is y + tx = 2at + at°
[0 dope=—=2(=t=-2)
Equation of the normal isy —2x =2 1(-2) +1(2)% = 4 -8 =42
2x—-y—-12=0.
Show that theline 2x —y + 2 = O isatangent to the parabola y* = 16x. Find the point of contact
also.
. Given parabolais y* = 16x
—4a=16=>a=4
Givenlineis2x—-y+2=0
y=2x+2
=>m=2,c=2
Therefore given line is a tangent to the parabola.
[0 Point of contact =

(32)(3.20)

mzim ?1 2



Sol.

Sol.

Find the equation of tangent to the parabola
y? = 16x inclined at an angle 60° with its axis and also find the point of contact.

Given parabola y? = 16x
Inclination of the tangent is
6=60° = m = tan 60° = /3

Therefore equation of the tangent is y = mx +2
m

4
= =\/§X+—
SRE
= «/§y=3x +4
Point of contact = (%é] = (fﬁj
m? m 3’3

Find the equations of tangentsto the parabola y* = 16x which are parallel and per pendicular
respectively to theline2x —y + 5= 0. Find the coor dinates of the points of contact also.

Given parabolais y*= 16x
=4a=16 >a=4
Equation of the tangent parallel to2x —y +5=0 isy=2x+c

Equation of the tangentis y=2x+2=2x-y+2=0
Point of contact is [%éj :(ﬂg) =(1,4)
m< m 4 2

Equation of the tangent perpendicular to 2x —y + 5=0 is x+2y+c =0

=>2y=- —c:y——ix—lc

2 2
If above lineisatangent thec = a/m
= ——C=i2>0=16

> [
2
Equation of the perpendicular tangent is

y=—%x—8:> 2y =-x -16
= X+2y+16=0



Point of contact is (%@j
m< m

= (i, 8 j:(16, ~16).
@4 (-1/2

2. If Ix+my+n=0isanormal tothe parabolay? = 4ax, then show that al®*+ 2alm?+ nm?=0.
Sol.  Given parabolais y* = 4ax

Equation of the normal is y + tx = 2at + at®

Stx+y—(2a+a’) =0 ...()

Equation of the given lineis

IX+my+n=0 ..(2

(1), (2) are representing the same line, therefore
t 1 —(2at+atd)

/ m n
t_1 l
= —-=— t=—
m m
1 (2a+atd)
:>_:——
m n

=D oam+al
m

3
= 2aEI€—+a[€£) _2 +%z
m m m m
—-—nm?=2a m*+a’®
—a*+2dm?+nm’=0
3. Show that the equation of common tangentsto the circle x? + y* = 2a”and the parabola y* = 8ax
arey =+(x + 2a).
Sol.
Given parabolay?=8ax = y?= 4.2ax
The equation of tangent to parabolais y =mx + % .
m’x-my+2a=0 ...(1)

If (1) isatangent to the circle x* + y? = 2&7, then the length of perpendicular from its centre (0, 0) to
(1) isequal to theradius of thecircle.

R a2
vm? +m?*

= 4=2(m* +m?)




Sol.

Sol.

>m*+m’-2=0
=(Mm*+2)(m?’-1)=0orm==1
Required tangents are

2a
=(1 .Y =(-Dx
y=@x+ ()y() =)

= y=%(x+2a)

Provethat the tangents at the extremities of a focal chord of a parabola intersect at right angles
on thedirectrix.

Let the parabolabey? = 4ax

Equation of the tangent at P(t;) is
ty = x+at;

Equation of the tangent at Q(ty) is t,y =X +at3

Solving, point of intersection is T[at,t,,a(t; +t,)]

Equation of the chord PQ is (t; +t,)y =2x +2at;t,

Since PQ isafocal chord, S (a,0) isapoint on PQ.

Therefore, 0 = 2a+2att,

= tt,=-1L

Therefore point of intersection of the tangentsis [-a,a(t; +t,)].

The x coordinate of this point isaconstant. And that isx = -a which is the equation of the directrix
of the parabola.

Hence tangents are intersecting on the directrix.
Find the condition for theliney = mx + c to be a tangent to x> = 4ay.

Equation of the parabolais x* = 4ay.----(1)

Equation of theline isy =mx + ¢ ----(2)

Solving above equations,

x? = 4a(mx + ¢ ) = x*- 4amx -4ac =0 whichisaquadraticin x.

If the given lineis atangent to the parabola, the roots of above equation are real and equal.



Sol.

Sol.

= b*-4ac=0 = 16a’'m*+16ac =0
—am’+c=0 =c=- am? istherequired condition.

Three normalsaredrawn (k, 0) to the parabola y? = 8x one of the normal isthe axisand the
remaining two normals ar e per pendicular to each other, then find the value of k.

Equation of parabolaisy? = 8x
Equation of the normal to the parabolais y + xt = 2at + at> which is acubic equationint. therefore
it has 3 roots. Say ty, t2 ,t3 . where - ty, -t ,-t3 are the slopes of the normals.

This normal is passing through (k, 0)

O kt=2at +at’
a’+ (2a—k)t=0
a’+ (2a—k) =0

Given one normal isaxisi.e., x axis and the remaining two are perpendicular. Thererfore
m; = 0=ty and momsz = -1
(—tz) (—t3) = —1, Lty = -1

2a-k =-1—>2a-k=-a
a

= k=2a+a=3a

Equation of the parabolaisy? = 8x
4a=8=a=2

k=3a=3x2=6.

If the normal at the point t; on the parabola y* = 4ax meetsit again at point t, then prove that
tit, + .7+ 2=0.

Equation of the parabolais y? = 4ax

Equation of normal at t;=(at?, 2at,) is

y+xty = 2aty+ at;>.

This normal meets the parabola again at (at3, 2at,) .
Therefore, 2at, +at5t, =2at, + at,’

= 2(t,-1,) =t (t” -t,?)

=2=-t,(t, -t,)

>ttt +t,2+2=0



2.

Sol.

Sol.

From an external point P tangents are drawn to the parabola y? = 4ax and these tangents make
angles 6,, 0, with itsaxis such that cotB; + cotB,isa constant ‘d’ show that P lies on a horizontal
line.

Equation of the parabola isy? = 4ax

Equation of any tangent to the parabolais y = mx +2
m

This tangent passes through P(x1, y1), theny; = mx, +2
m

= my, =m’x; +a=m’x, —my, +a=0
let my, m, be the roots of the equation
m,+m, = ﬁ, mym, =2 where my and my are the slopes of the tangents.
Xy X1
= m, =tan6, and m, =tan 6,

Given cotO, + cot6, =d

1 1
= + =d
tan@, tan®,
i-}-i :a:—m1+m2 =d
m.m m;m,

= m; +m, =d in;m,

Aodf oy =a
Xy Xy

Locus of P(xy, y1) isy =ad whichisahorizontal line.

Show that the common tangent to the circle 2x? + 2y? = a® and the parabola y? = 4ax inter sect at
the focus of the parabola y? = —4ax.

Given parabolaisy? = 4ax
Let y=mx += bethetangent. But thisisalsothetangentto 2x%+ 2y? = &
m

= Perpendicular distance from centre (0O, O) to the line = radius

a/m _ijazlmz_a_2
m2+]_ \/E m2+1 2
22

== =a’(m’ +])
m

=2=m*+m’=>m*+m?-2=0



= (M*-)(Mm* +2) =0 (- m* +2 £0)

m?-1=0=>m=+1

Therefore, equations of the tangents are

y=-x-aand y=x+a.

The point of intersection of these two tangentsis ( - a, 0) which is the focus of the parabolay? = —4ax.

POLE AND POLAR

THEOREM
The equation of the polar of the point P(x3, y1) with respect to the parabolaS=0is S, = 0.

Note. If Pisan externa point of the parabola S = O, then the polar of P meets the parabolain two points
and the polar becomes the chord of contact of P.

Note.
If Plieson the parabola S = 0, then the polar of P becomes the tangent at P to the parabola S = 0.
Note. If Pisaninternal point of the parabola S = 0, then the polar of P does not meet the parabola.

THEOREM
n —2am
Thepoleof thelinelx + my + n = 0 (I # 0) with respect to the parabola y* = 4ax is (T Tj

Proof : Equation of the parabolais y? = 4ax
Equation of theline islx+my+n=0 ...(1)
Let P(x1, y1) bethe pole
The polar of P with respect to the parabolais S; =0
yy1=2a(X + X1)
= 2aXx—-Yyy +2ax;=0 ..(2)
Now (1) and (2) represent the same line.
2a_ -y, _ 28X, _n _2Zam

Note.

The pole of thelineIx + my + n = 0 (m # 0) with respect to the parabolax® =4ay is (ial ﬂj
m m



CONJUGATE POINTS

Note : The condition for the points P(xy, Y1),
Q(X2, ¥2) to be conjugate with respect to the parabolaS=0is S;, = 0.

CONJUGATE LINES

TwolinesL; =0, L, = 0 are said to be conjugate with respect to the parabolaS= 0 if thepoleof L1 =0
liesonL,=0.

THEOREM

The condition for the lines [1x + myy + np = 0 and Iox + myy + n, = 0 to be conjugate with respect to the
parabolay? = 4ax is lin, + l,ny = 2amym.

Proof :
Equation of the parabolais y? = 4ax

Poleof thelinelyx + myy + ny = 0 with respect to y* = 4ax is PL%’_Z?WJ'
1 1

Given lines are conjugate
= Pliesonlxx + mpy+ n, = 0.

=1, My +m, —2am, +n, =0
I1 Il

=l,n, —2amym, +I,n, =0
2'1 1112 1'%2

= In, +1,n; =2amm,

MIDPOINT OF A CHORD

THEOREM

The equation of the chord of the parabola S = 0 having P(x1, y1) asits midpoint is S; = Sys.
PAIR OF TANGENTS

THEOREM

The equation to the pair of tangents to the parabola S = 0 from P(xy, y1) is & =S,;S.



1.

Sol.

2.

Sol.

Sol.

EXERCISE —3(C)

Find the pole of theline 2x + 3y + 4 = 0 with respect to the parabola y* = 8x.
Equation of the parabolaisy? = 8x
4da=8=a=2
Equation of thegivenlineis 2x+3y+4=0
(=2,m=3n=4

e 121223

Find the pole of 2x —y —4 = O with respect to the parabola x* —4x —8y + 12 = 0.

Given parabola is xX*—4x—8y +12=0.
Let (x,Y,) bethepole.
Equation of polarisS; =0
= XX, —2(X +Xp) —4(y +y;) 12 =0
X(X; —2) -4y —2x, -4y, ¥12 =0 ..()
Comparing equation with equation
2X-y—-4=0
X;—2 _ -4 _ 2x; -4y, 12
2 -1 4
x1=10,y1=2
Pole P= (10, 2).

Show that thelines2x —y=0and 6x —2y + 1= 0areconjugatelineswith respect to the
parabola y? = 2x.

Weget :

Equation of the pardbolaisy® = 2x
Poleof thelineis2x—y =0 is (%‘Zﬂj: (9 -2(1/2)(-1)j

/ 2’ 2
Pole = [Olj
2
substitute [O%) in 6x—2y+1=0

:>6[(D—2E‘|;:+1=O:>O=O



Hence 2x —y = 0 and 6x — 2y + 1 = 0 are conjugate lines.

4. Findthevalueof kif 2x+3y+4=0and x +y + k = 0 are conjugate with respect to the parabola
2
y© = 8X.

Sol.  Equation of the parabolais y?=8x = a=2
given 2x + 3y +4=0and x +y + k = 0 are conjugate w.r.t. y* = 8x.
Therefore, [in + 1on; = 2amym,
l,n, +1,n; =2k +1(4)
2am;m, =2(2)(3)() =12
2k +4=12
2k=8=k=4
.
1. Find theequation of the chord of contact of the point A(2, 3) with respect to the parabola

y?= 4x. Find the points where the chord of contact meetsthe parabola. Using these find the
equations of tangents passing through A to the given parabola.

Sol.  Given parabolais y*=4x = a=1

Equation of chord of contact of A(2, 3) isS;=0
y=2(x+2)=>2x-3y+4=0 ----(2).
_2X+4

substitute thisin y? = 4x

2
:>(2X+4] =4x = x*>-5x+4 =0
=>X-4)(X-D)=0=>x=41=>y=42
Equation of thetangent at (4, 4) is S, =0
y4)=2(x+4) =—=>x-2y+4=0
Equation of the tangent at (1, 2) is $; =0
y(2)=2(x+1)=>x-y+1=0.

2. Provethat the polarsof all pointson thedirectrix of a parabola y? = 4ax (a > 0) are concurrent
at focus.

Sol. Equation of the parabolais y? = 4ax
Equation of the directrix is x =—a
Any point on the directrix is P(—a, y1)
Polar of P(—a, y1) IS yy1 = 2a(x —a)
This polar always passes through the fixed point (a, 0) which isthe focus of the parabola.
O The polars of al points on the directrix are concurrent at the focus of the parabola.



1. If thepolar of P with respect to the parabola
y? = 4ax, touchesthecircle x? + y* = 4a% then show that P lies on the curve x* —y? = 4a°,

Sol. Equation of the parabolais y? = 4ax

Let P(x1, y1)be the pole.

Polar of P(x1, y1) isS;=0

yy1 = 2a(X + X1)
2aX —yy1+2ax1 =0 ...(1)

If (1) isatangent to thiscircle x* +y? = 4a” then
Length of the perpendicular form Centreis C(0, 0), = radius of thecircle.
|0-0+2ax, |

\J4a® +y?

_,10-0+2ax, |

Locus of P(xs, y1) isx? —y? = 4&.
2. Show that the poles of the chords of a parabola y? = 4ax which subtend aright angle at vertex,
lieon aline parallel toitsdirectrix.

Sol. Equation of the parabolaisy? = 4ax  ...(1)
Let P(x1, y1) be the pole.
Polar of P(xy, y1) isS;1=0

yy1=2a(X + X1) = 2aX + 28X
P

=2a

=2a

9

=VYy1—2aX = 28X,

_ Wim2X (2
28X,

Homogenising (1) with the help of (2)

4ax(yy, — 2ax)

y’=4ax.1=
28X,

= X,¥° = 2xyy, —4ax? = dax* - 2y,xy +x,y* =0but the lines are perpendicular, therefore



Co efficient of x* + Co efficient of y* =0
da+x;=0 = x3=-4a
Locus of P(x1, y1) isx =—4a, which isparallel to the directrix isx = —a.

Show that the chord of contact of any point on the line x + 4a = 0 with respect to parabola
y? = 4ax will subtendsaright angle at the vertex.

. Equation of the parabolais y* = 4ax ----- (1)
Any pointonx +4a=0is P(-4a, y1)
Equation of the chord of contact of PisS; =0

yy; = 2ax — 8a°
= 82’ = 2ax —yy1

S B Wiog (g

9

Homogenising (1) with help of (2) combined equation of AQ, AR is
4ax(2ax - yy,)
2

y? =dax.1= = 2ay? = 2ax? - xyy,

=
= 2ax? —xyy, —2ay* =0
From above equation,
Coefficient of x? + coefficient of y?
=2a—-2a=0
O OAQR =90°
= QR subtends aright angle at the vertex.

Show that the poles of chords of the parabola y? = 4ax which are at a constant distance ‘a’ from
the focuslie on the curve y? = 8ax + 4x°.

. Equation of parabolais y? = 4ax
Focus S=(a,0)
LET P(x3, y1) be the pole.
Polar of P(xy, y1) isS;1=0
yy1 = 2a(X + X1) = 2aX + 2ax;
=2aX—yy1 +2ax, =0



Given that the perpendicular distance from Sto thisline=a
_|2a° —0+2ax,| _2a|a+x,|

Ja2+y2  \Jaa? +y?

= 4da’ +yZ =4(a+x,)?

=a

= 4a® +y? =4a® +4xZ +8ax,

Locus of P(xy, y1) isy? = 8ax + 4x>.
PROBLEMSFOR PRACTICE

1. Find the coordinates of the vertex and focus, and the equations of the directrix and axes of the
following parabolas.

i) y?=16x i) x? = -y
iii)3x*—9x +5y—2=0
iv)y’—=x+4y+5=0
2. Find the equation of the parabola whose vertex is (3, —2) and focusis (3, 1).
Ans. (x —=3)>=12(y + 2)
3. Find the coordinates of the points on the parabola y* = 2x whose focal distanceis 5/2.
Ans. (2,2) and (2, —2)
4. Find the equation of the parabola passing through the points (-1, 2), (1, -1) and (2, 1) and
having itsaxis parallel to the x-axis.

Ans. 7y*—3y + 6x—16 =0
5. A doubleordinate of the curvey? = 4ax is of length 8a. Provethat the line from the vertex to its
endsareat right angles.

Sol. Let P = (at?, 2at) and P = (at?, —2at) be the ends of double ordinate PP'. Then
8a=PP =.0+(4at)® =4t =>1t=2
0 P=(4a 4a), P = (4a, —43)
Slope of AP x slopeof AP

e

0 OPAP: g



6. (i) If the coordinates of the ends of a focal chord of the parabola y* = 4ax are (xs, y1) and (X2, Y2),
then provethat xix; = @ y1y» = —4a°.
(i) For afocal chord PQ of the parabolay? = 4ax, if SO = | and SQ = I' then provethat
1.1 1

I 1" a
Sol.i) Let P(x3,y1) = (at:?, 2aty) and Q(xz, y2) = (at2%, 2at,) be two end points of afocal chord.
P, S, Q arecollinear.
Slope of PS = Slope of QS
2at, _ 2,
a’-a a’-a

tt2—t, =t,t2 —t,
ity (t, —ty) +(t, —t;) =0
1+tt, =0=tyt, =1
From (1)
XX, = at?ats =a?(t,t,)? =a’
Y.y, = 2at, 2at, = 4a°(t,t,) = -4a’

i) Let P(at;?, 2at;) and Q(at,?, 2at,) be the extremities of afocal chord of the parabola, then tat, = —1
(from(1))

| =SP=\/(a? -a)® +(2at, ~0)?
=ay/(t? -1)% +4t? =a(l +t?)
I'=5Q = /(@ -a)? +(2at, ~0)°

=a\(t3 -1)? +4t3 =a(l +t3)

O (I-a)(l' —a) =a’t?t3 =a’(tt,)? =a?
[ tt, = =1

I"=a(l +I") :O:>|}+|1, =1
7. 1f Qisthefoot of the perpendicular from a point P on the parabola y? = 8(x — 3) to its directrix.

Sisthefocus of the parabola and if SPQ isan equilateral triangle then find the length of side of
thetriangle.

Ans. 8



8.

An

0.

Find the condition for the straight line
Ix + my + n = 0to be atangent to the parabola y? = 4ax and find the coor dinates of the point of
contact.

o=

Show that the straight line 7x + 6y = 13 isa tangent to the parabola y? — 7x — 8y + 14 = 0 and
find the point of contact.

Ans. (1,1)

10.

Sol.

11.

Prove that the normal chord at the point other than origin whose ordinateis equal toits
abscissa subtends aright angle at the focus.

Let the equation of the parabola be y* = 4ax and P(at®, 2at) be any point ..()
On the parabolafor which the abscissais equal to the ordinate.
iea’=2a=t=0ort=2 Buttz0.
Hence the point (4a, 4a) at which the normal is

y +2x=23(2) +a(2)’

y = (12a—2x) ..(2
Substituting the value of

y = (12a—2x) in (1) we get

(12a— 2x)? = 4ax

x?—13ax + 36a° = (x —4a)(x —9a) = 0

=X =434, 9a
Corresponding values of y are 4a and —6a.

Hence the other points of intersection of that normal at P(4a, 4a) to the given parabolais Q(9a, —6a),
we have S(a, 0).

4a-0_4

da-a 3

—-6a-0
9a-a
Clearly mim, = —1, so that SP 0 SQ.

From an external point P, tangent aredrawn to the parabola y? = 4ax and these tangent make
angles 04, 0, with itsaxis, such that tan@; + tan@. is constant b. Then show that P lieson theline
y = bx.

Slopeof the SP =m, =

Slope of the SQ=m, = :—%



12.

Sol.

13.

Sol.

Show that the common tangent to the parabola y? = 4ax and x? = 4by is
Xal/S + yb1/3 +a2/3b2/3 =0.

The equations of the parabolas are

y? = 4dax ...(1) and

x? = 4by ..(2)
Equation of any tangent to (1) is of the form

y =mx +2 ...(3)

m
If the line (3) is atangent to (2) also, we must get only one point of intersection of (2)and (3).
Substituting the value of y from (3) in (2), we get x* = 4b(mx +Ej is mx?—4bm?x — 4ab=0 should
m

have equal roots therefore its discrimi-nent must be zero. Hence
16b’m*— 4m(—4ab) = 0
16b (bm*+ am) = 0
m(bm®+ &) = 0, but m#0
0 m = —a”*b"® substituting in (3) the equation of the common tangent becomes

1/3
a a
y= —(—j X + or

b a 1/3
-2)

y +a2/3p?/3 =0.

al/ 3X + b1/3

Provethat the area of thetriangle formed by the tangents at (X1, Y1), (X2, y2) and (X3, y3) to the

. 1 .
parabolay’ = 4ax (8> 0)is —|(v1=Y2)(¥, ~Ya)(¥s ~ys) |sa.units

Let D(xy, y1) = (at?, 2at,)

E(X,,Y,) = (a5, 2at,) and

F(X3,Y3) = (at%, 2at;)

Be three point on the parabola.

y? = dax (a> 0)

The equation of thetangentsat D, E and F are
ty=x+a? ..(Q)

ty=x+a; ..(2)

tyy =x+at; ..(3

(1) -2 = (-t)y=alti—to)(ta + t2)
=y =a(t; +tp) substituting in (1) we get,



X = atgty

[0 The point of intersection of the tangentsat D and E is say Patit,, at;+t,)]
Similarly the points of intersection of tangent at E, F and at F, D are Q[at,ts, a(to+t3)] and
Rl[atst;, a(ts+ty)] respectively.
Area of APQR

at, a(t,+t,) 1
= Absolute value of % at,t; a(t,+t;) 1

ayt, alt+ty) 1

2 tt, t,+t, 1

= Absolute value of —|t,t; t,+t; 1
ity ti+ty 1
2 tl(tz_ts) t,-t3 0
= Absolutevalue of 2 t,(t, -t) t,—t, O
2 tits t,+t; 1

= Absolute value of
2 t; 1 0
E(tz —t)(t )| &g 10

a2
== 1tz ~t)(t; ~t)(t ~t3)|

1
=——|2a(t, —t,)2a(t, —t;)2a(t, —t
16al (t, —ty)2a(t, —t3)2a(t; -ty |

1 .
~ 16a | (Y1 —Y2)(Y2 —Y3)(Y3 —Y1) | SO. units.

14. Find thevalueof k if
i) Points (1, 2) (k — 1) are conjugate with respect to the parabola y? = 8x.
ii) Thelinex+y+2=0and x—2y + k =0 are conjugate with respect to the parabola
y?>+4x -2y —3=0.

Ans. (i) =3/2, (ii) 1

15. Prove that the poles of normal chord of the parabola y? = 4ax lie on the curve(x + 2a)y* + 4a>= 0.



16. Provethat the poles of tangentsto the parabola y? = 4ax with respect to the parabola y? = 4bx lie
on a parabola.

Sol.  Equation of any tangent to y? = 4ax is of the form y = mx +2 ..(1)
m

Let P(xs, y1) be the pole of (1) w.r.t. y* = 4bx
Then the polar of P(xs, y1) w.r.t y? = 4bx is
yy1 = 2b(X + X3)

[0 (1) and (2) represent the same line
Comparing the coefficients

Yi_2b_2xm o2 20
1 m a X1 Y1

Eliminating m,
4> a  , 4b°

S TP T /X
yi X a
[0 The pole P(x3, y1) lies on the parabolais:
2
y2 :ﬂx
a

17. If thenormal at t; and t, to the parabola y* = 4ax meet on the parabola, then show that tit; = 2.
Proof :

Let the normals at t; and t, meet at t3 on the parabola.

The equation of thenormal at t; is:

y + Xty = 2at; + at;® ..(D)

Equation of the chord joining t; and t3is:

y(ty +t3) =2x + 2atit;  ...(2)

(1) and (2) represent the sameline

t, +t -2 2
01 3=-_"-o 3=t —
t; t;
. 2
Similarly t3 = -t, —
t2
1 t, 2

2(t, -t



