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PARABOLA

Definition: The locus of a point which moves in a plane so itsatlistance from a
fixed point bears a constant ratio to its distaftoen a fixed straight line is called a
conic section or conic. The fixed point is calledds, the fixed straight line is called

directrix and the constant ratio ‘e’ is called attkeity of the conic.
If e = 1, then the conic is calledParabola.
If e < 1, then the conic is called &fipse.

If e > 1, then the conic is calledHyperbola.

Note: The equation of a conic is of the formfax2hxy + by + 2gx + 2fy + ¢ = 0.

Directrix of the Conic: A line L = 0 passing through the focus of a cosisaid to be

the principal axis of the conic if it is perpendenuto the directrix of the conic.

Vertices: The points of intersection of a conic and its ppataxis are callegtertices

of the conic.

Centre: The midpoint o the line segment joining the vesdicd a conic is called

centre of the conic.

Note 1:If a conic has only one vertex then its centrecioies with the vertex.

Note 2: If a conic has two vertices then its centre does natcude either of the

vertices. In this case the conic is called a céntmic.

Standard Form: A conic is said to be in the standard form if gnencipal axis of the

conic is x-axis and the centre of the conic isahgin.
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Equation of a Parabola in Standard Form:

The equation of a parabola in the standard foryf is4ax.

Proof:

Let S be the focus and L = 0 be the directrix ef plarabola.

Let P be a point on the parabola.

Let M, Z be the projections of P, S on the direckri= 0 respectively.
Let N be the projection of P on SZ.

Let A be the midpoint of SZ.

Therefore, SA = AZ= A lies on the parabola. Let AS = a.

Let AS, the principal axis of the parabola as xsaand Ay perpendicular to SZ as
y-axis.

Then S = (a, 0) and the parabola is in the stanidancl

Let P = (%, y1)-

>

L=0

Now PM=NZ=NA+AZ=x+a

P lies on the parabola % =1= PS= PV

= \J(x,—ay + (y,- 0F = x,+ a

= (X —af +y; = (x +ay

Z>Y12 :(X1+a)2_(xl_ ay = Yfz dax

The locus of P isy= 4ax.
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0 The equation to the parabola fsy4ax.

Nature of the Curve ¥ = 4ax.

1) The curve is symmetric with respect to thaxxs.

O The principal axis (x-axis) is an axis of the feria.

i) y=0= x=0. Thus the curve meets x-axis at only ametq0, 0).
Hence the parabola has only one vertex.

i) If x<O then there exists no ¥ R. Thus the parabola does not lie in the secodd an
third quadrants.

iv) If x > 0 then ¥ > 0 and hence y has two real values (positiverswtive). Thus
the parabola lies in the first and fourth quadrants

v) x=0=y*=0=y =0, 0. Thus y-axis meets the parabola in twinadent
points and hence y-axis touches the parabola &) (0,

Vi) ASX » 0=y L 0=y -t

Thus the curve is not bounded (closed) on the sgid of the y-axis.

Double Ordinate: A chord passing through a point P on the parabold a
perpendicular to the principal axis of the parabslealled the double ordinate of the
point P.

Focal Chord: A chord of the parabola passing through the fosusailled a focal
chord.

Latus Rectum: A focal chord of a parabola perpendicular to thegpal axis of the
parabola is called latus rectum. If the latus nectoeets the parabola in L anf then

LL' is called length of the latus rectum.
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Theorem: The length of the latus rectum of the parabdla fax is 4a.
Proof:

Let LL' be the length of the latus rectum of the paraigbka4ax.
1

LI

LetSL =1, then L =(a, I).
Since L is a point on the parabofazy4ax, therefore *E=4a(a)
> °=4d=1=2a=SL=2a

0 LL"=2SL = 4a.

Focal Distance: If P is a point on the parabola with focus S, tl&#his called focal

distance of P.

Theorem: The focal distance of P{xy;) on the parabola®r 4ax isx; + a
Notation: We use the following notation in this chapter
S=y — dax
S =Yy —2a(x + )
Si = S(x%, Y1) = yi° — dax
S12=Y1Y2 — 2a(% + %)
Note:
Let P(x, y1) be a point and S y* — 4ax = 0 be a parabola. Then
1) P lies on the parabola S;;=0
i) P lies inside the parabola S;; <0

iii) P lies outside the parabola S;; > 0.
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Theorem: The equation of the chord joining the two pointxAf;.), B(x, y») on the
parabola S =0is;$ S = Spo.

Theorem: The equation of the tangent to the parabola St y,) is S = 0.
Normal:

Let S = 0 be a parabola and P be a point on th&bpk S = 0. The line passing
through P and perpendicular to the tangent of Sat B is called the normal to the

parabola S =0 at P.

Theorem: The equation of the normal to the parabdla gax at P(x, y;) is

yi(X — %) + 2a(y —y) = 0.
Proof:

The equation of the tangentto S = 0 at P;is 8

= yy, —2a(x + x) =0.
= yy1 —2ax—2ax=0
The equation of the normalto S=0atP is:

yix =x) +2a(y-y) =0
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Theorem: The condition that the line y = mx + ¢ may be agtant to the parabola

y? = d4ax is c = a/m.

Proof:
Equation of the parabola is’y= 4ax  ----- (1)
Equation of the lineisy =mx + ¢ .. (2)

Solving (1) and (2),

(mx + o) = 4ax= mPx? +c%+ dncx = 4

= m’x? +2(mc - 2a) x+c? = 0 Which is a quadratic equation in x. Thereforeas two
roots.

If (2) is a tangent to the parabola, then the robthe above equation are equal.

= its disc eminent is zero

= 4(mc-2a)° - 4m’c®= 0

= m’c® +4a’-4amc-m’c?*=0

—=a’-amc=0
—a=mc

a
=>C=—
m

Il Method:
Given parabola is%= 4ax.

Equation of the tangentisy=mx +c ----- (1)
Let P(x, y1) be the point of contact.

The equation of the tangent at P is

yy: —2a(x + X) = 0= yy;, = 2ax + 2ax... (2)
Now (1) and (2) represent the same line.

] ﬁ:z_a: 2a)5_: _C,yl:_zE
1 m c m m

Pliesontheliney=mx+ey,=mx +c
m m m m

2a (cj 2a a
= —=m|— [+C=>—=2C= C=—
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Note: The equation of a tangent to the parabola

y? = 4ax can be taken as y = mx + a/m. And the paficbntact is (a/f 2a/m).

Corollary:  The condition that the line Ix + my + n = 0 to tbecthe parabola
y? = 4ax is arhi= In.

Proof:

Equation of the parabola is%y= 4ax ----- (1)

Equation of the lineisIx+ my+n=20

| n
= y=-——X—-—
m m

But this line is a tangent to the parabola, therefore

n a n am
C=zam=-—-= —=—=""anf=In
m -l/m m [

Hence the condition that the line Ix + my + n =o0touché the parabol& y 4ax is

anft = In.

Note: The point of contact of Ix + my + n = 0 with 3 4ax is (n/l, —2am/l).

Theorem: The condition that the line Ix + my + n = 0 to tbubte parabola®c 4ax is
al’ = mn.

Proof:

GivenlineisIx+ my+n=0 .. ()

Let P(x, y1) be the point of contact of (1) with the parabdia 4ay.

The equation of the tangent at P to the parabota,is 2a(y + y)

= X3X — 2ay — 2ay=0 ...(2)

Now (1) and (2) represent the same line.

2a 2ay 2al n
T ET =X E Y1=—
m n m m

0 X
|

Pliesonthelinelx+my+n=20
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=IX;+my,+n=0= I(im}m(—n}nzo
m m

= —2af+mn+ mn= 0= &= mi,
Theorem: Two tangents can be drawn to a parabola from aarmeit point.

Note:

1. If m;, m, are the slopes of the tangents through P, themgbecome the roots of
equation (1). Hence m+ m, = yy/Xq, mym, = a/x.

2. If P is a point on the parabola S = 0 then thdsr@d equation (1) coincide and
hence only one tangent can be drawn to the par#r@agh P.

3: If P is an internal point to the parabola
S = 0 then the roots of (1) are imaginary and hemcngent can be drawn to the

parabola through P.

Theorem: The equation'in the chord of contact of P(y) with respect to the

parabola S = 0is;$ 0.

Theorem: The equation of the chord of the parabola S = Gngaf?(x, y.) as its
midpoint is § = S5

Pair of Tangents:
Theorem: The equation to the pair of tangents to the paeBot 0 from P(x yi) is
S=8:¢
Parametric Equations of the Parabola:

A point (x, y) on the parabola®y 4ax can be represented as x % wt= 2at in a

single parameter t. Theses equations are callear@dric equations of the parabola

y? = 4ax. The point (at2at) is simply denoted by t.
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Theorem: The equation of the tangent at’(aat) to the parabola is ? y 4ax is
yt = x + af.

Proof:

Equation of the parabola is? y 4ax.

Equation of the tangent at {afat) is $ =0.
— (2atly—2a(x+41=0

— 2aty = 2a(x + & = yt = x + at.

Theorem: The equation of the normal to the parabdta4ax at the point t is
y + xt = 2at + at
Proof:
Equation of the parabola is? y 4ax.
The equation of the tangent at t is:
yt=x+at? = x—-yt+at = 0
The equation of the normal at{a2at) is
t(x — af) + 1(y — 2at) = 0

= xt-at + y- 2at= 0= y+ xt= 2at al

Theorem: The equation of the chord joining the poinisahd $ on the parabola
y? = dax is y(i+t) = 2x + 2ait,.

Proof:
Equation of the parabola is? y 4ax.

Given points on the parabola are
P(af 28t ) Q(at, 2ap ).
Slope of PQ is

2at,—2af _ 2a(j— {) 2
a,—af  a(E-f) L+t
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The equation oPQ is y-2at, = (x—af ).

t;+t,

= (y—2at)(h + )= 2(x- af )
= y(t, +t,)—2af - 2at t,= 2% 2&

=y(t, +t,) =2x+ 2at t,.

Note: If the chord joining the points &ind $ on the parabola®y= 4ax is a focal chord
then {t, = —1.

Proof:

Equation of the parabola is? y 4ax

Focus S = (a, 0)

The equation of the chord is yft t,) = 2x + 2ait,

If this is a focal chord then it passes throughfdoeis (a, 0).

0 0=2a+ 2at, = t;t, = 1.

Theorem: The point of intersection of the tangents to theapala ¥ = 4ax at the
points { and § is (atty, at + t]).
Proof:
Equation of the parabola is? y 4ax
The equation of the tangent aistyt = x + ai® ... (1)
The equation of the tangent ais
yt, = X + ap’ i (2
D-=ylt-t)=a(f-8)=y=al+1t)
(1) = a(+t,)t, = x+af
—at+att,= x+ af = x= at

0 Point of intersection = (g, a[t; + t]).
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Theorem: Three normals can be drawn form a point {X) to the parabola?~ 4ax.

Corollary: If the normal attand } to the parabola?= 4ax meet on the parabola,
then {t, = 2.

Proof:
Let the normals at and § meet at4on the parabola.
The equation of the normal atis:
y+xt=2ai+at® ..(1)
Equation of the chord joining &ind t is:
y(ty + ) = 2x + 2ait; ...(2)

(1) and (2) represent the same line

t+ty _ -2 2
0 1 23=—"Sty=-t;-—
1 4 1

Similarly t; = -t, vé
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Very Short Answer Questions

1. Find the vertex and focus of 4%+ 12x — 20y + 67 = 0.
Sol. Given parabola

Ay + 12x — 20y + 67 =0

4y? — 20y = —12x — 67

2 67
-5y =-3x—
y y 2

Focus is s (h-a, k) E—g—g,g) = (_—17—5j

2. Find the vertex and focus of %6x—6y+6 = 0.
Sol.Given parabola is

X°—6x—6y+6=0

X°—6Xx=6y—6

(x—3F-9=6y—6

(x—3f=6y+3

st (3]
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Vertex = (h, k) :(3,_71j

Focus = (h, k+a) {3,—%+—§j =(3,1)

3. Find the equations of axis and directrix of the prabola y* + 6y — 2x + 5 = 0.
Sol. Given parabola is 4+ 6y = 2x — 5

[y - (3f-9=2x-5

[y—(-3)f =2x-5+9

[y (-3)F = 2x + 4

Iy - (-3)F = 2[x ~(-2)]

Comparing with (y — K= 4a(x — h) we get,

_ 1
(hK=(-2-3)a%

Equation of the axisy—k=01e.y+3=0
Equation of the directrixx -h+a=0

. 1
lL.e.Xx—(-2)+==0
(-2) +3
2x+5=0.
4.Find the equation of axis and directrix of the paabola 4¥ + 12x — 20y + 67 = 0.

Sol. Given parabola & 12x — 20y + 67 = 0
4% + 12x = 20y — 67

X2+3)(:5y_6_7
4
( 3)2 9 67
X+=| —==5y —
2) 4 4
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2 4 2

(34

Comparing with (x — H)= 4a(y — k)

2
(X +§j = 5y—5_8: 5y—£9

329) 5
’ 4

(h. 1) :('E’E

Equation of the axisx—h =0

i.e.x+g:0:>2x+3:o

Equation of the directrix, y—k +a =0

29 5
-——+—-—=0=20y-33=(
Y 10 4 Y

5. Find the equation of the parabola whose focus is(ls —7) and vertex is
AL, -2).
Sol.
Focus s=(1,-7), vertex A(1,-2)
h=1k=-2,a=-2+7=5
Since x coordinates of S and A are equal, axis@parabola is parallel to y-axis.

And the 'y coordinate of S is less than that ofhkeréfore the parabola is a down

ward parabola.
Let equation of the parabola be
(x —hY = —4a(y — k)
(x — 1F = =20(y + 2)
X2 — 2x + 1 = =20y —40
=x°—2x+20y+41=0
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6. Find the equation of the parabola whose focus (3, 5) and vertex is A(1, 3).
Sol.
Focus S(3,5) and vertex A(1, 3)

Let Z (X, y) be the projection of S on directrbhe A is the midpoint of SZ.

2(1,3):(3L2X,5-;yj: x=-1y=1

Z=(-1,1)
Slope of directrix = -1/(slope of SA)

= -1 =-1

o)

Equation of directrix is y-1 = -1 (x+1)

e, x+y=0--(1)
Let P (x,y) be any point on the parabola. Then
SP= PM = SP= PM where PM is the perpendicular from P to the ditect

2
=(X- 3)2 +(y— Sf = —(X;_}i)

= 20— 6x+ 9+ y—10y + 25) = (x + y)
— 2% + 2y — 12x — 20y + 68 =X+ 2xy + ¥
i.e. X —2xy + ¥ — 12x — 20y + 68 = 0.
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7. Find the equation of the parabola whose latus réem is the line segment of
joining the points (-3, 2) and (-3, 1).

L(-3,2)

L'(-3,0)

Sol. Ends of the latus rectum are L(-3, 2) an@8, 1) .

Length of the latus rectum I’ = (-3 +3)2 +(2-17 =0+ 1= 1 (= 4a)

1 1
=4]|afF = —= Ft—
|af Ia=I4 2

S is the midpoint of LL

-o-(s3

Case l:a=-1/4

=>A= [—3+1,§}
4 2

Equation of the parabola is

2
[N
N (2y=3¢ _ —(4x+12- 1)

4 4
= (2y-3)* = —(4x+ 11)

Casell:a=1/4

Equation of the parabola is
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-3 =xeard)

_ 72
_ (2y-3F _ (4x+12+ 1)
4 4

= (2y-3)f = 4x+13

8. Find the position (interior or exterior or on) of the following points with

respect to the parabola § = 6x.
(i) (6, -6), (i) (O, 1), (iii) (2, 3)
Sol. Equation of the parabola i§ y 6x
= S= Yy - 6x
) S11=(-6Y—6.6=36-36=0
O (6, —6) lies on the parabola.
i) (0, 1)
S,=r¥-60=1>0
0 (0, 1) lies outside the parabola.
iii)(2, 3)
$:=3-62=9-12=-3<0

O (2, 3) lies inside the parabola.

9. Find the coordinates of the point on the parabolg? = 8x whose focal distance
is 10.

Sol. Equation of the parabola i$y 8x P(xy)
10

da=8=>a=2

=S =(2,0)
Let P(x, y) be a point on the parabola

Given SP =10
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=|x+a=10= x+2==%1C
=Xx=8 or -12

Il Method:
Given SP = 16> SP = 100
(x — 2¥ + y* = 100
But y* = 8x
= (x— 2¥ + 8x = 100
=x*—4x+4+8x—-100=0
=X +4x—96=0=> (x + 12)(x—8) =0
X+12=0=x=-12
X—8=0=>x=8
Case l:x=8
y’ = 8x = 8x 8 = 64
y =8
Coordinates of the required points are (8, 8) &) d-8)
Case ll: x=-12
Y’ =8x-12=-96<0

y is not real.

10. If (1/2, 2) is one extremity of a focal chord ofhe parabola y = 8x. Find the

coordinates of the other extremity.
Sol.
Given parabolay= 8x
focus &= (2,0

One end of the focal chord is(%,zj,

Let Q=(x;,y;) be the other end of the focal chord.
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2
Q is a point on the parabola’¥8x = x, :y_g

2
ol

P(1/2,2)

0,0 \ﬁ)—/ »X
Q(Xli Y1

Slope of SP 0-2_-4
-1 3
2

-0_ 8 -4

Slope of SQ —;’%_2 = yfi/llG:?
8

PSQ is a focal chores the points P, S, Q are collinear.
Therefore, Slope of SP = Slope of SQ
24y, = -4y + 64
= 4yZ + 24y, = 64= (
= y? +6y,-16=0
= (Y, +8)(\y=2)=0

1
y,=2,-8; x1=§ ,8

Therefore (8, —8) other extremity.

(If x, :% then y =2 which is the given point .)
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11. 1. Find equation of the tangent and normal to theparabola y* = 6x at the
positive end of the latus rectum.

Sol. Equation of parabolay 6x
da=6=>a=3/2

Positive end of the Latus rectum is (a, 2{%3}

Equation of tangent yy= 2a(x + %)
yy1=3(X + %)

3
3y=3 x+—
Y ( 2)

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

Slope of normal is -1

Equation of normal iy -3= —{x—gj

2x+2y-9=0

12. Find the equation of the tangent and normal to te parabola
x? — 4x — 8y + 12 = 0 at (4, 3/2).
Sol.
Equation of the parabola is
X*—4x—8y+12=0
— (x—2f-4=8y-12
— (x—2f¥=8y-8
= (x-2f=8(y-1)
—>4a=8=>a=2

Equation of tangents aty(xy,) is
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(x-2)(x-2)=2a(y- ¥ y- 1

(x-2)(4-2)= 2{ Y- llrg— 3

2@—2y={?%}ﬂ

x-2y-1=0

Equation of normal will be
Y-y =mXx—x)
m-slope of normal

Slope of tangent is: 1/2

Slope of normal is: -2

3
-——=-2(x—-4
y=5=2(x=4)
2y—3=-4x+1€
4x+2y-19= 0

13. Find the value of k if the line2y = 5x+ k is @&angent to the parabola ¥ = 6x.
Sol.
Equation of the parabola is® y 6x

Given line is 2y = 5x + k
=v=(3)(3)
y 2 2
Therefore m =§, C _k
2 2

y= (gjx +(—9 is a tangent to’y= 6x

a k_3/2 6
S>Cc=—=—=—= k==
m 2 5/2 5
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14. Find the equation of the normal to the parabola §= 4x which is parallel to
y—2x+5=0.
Sol.Given the parabola isy 4x
Ha=1
Givenliney—-2x+5=0
Slope m =2
The normal is parallel to the line y — 2x+5 =0
Slope of the normal = 2
Equation of the normal at ‘' is y + tx = 2at ¥ at
[0 Slope = -t =26t =-2)
Equation of the normal ig-2x = 212+ 1 2§ =— 4 & - 1.

2x—-y—-12=0.

15. Show that the line 2x —y + 2 = 0 is a tangent tbe parabola y = 16x. Find
the point of contact also.

Sol. Given parabola is®y= 16x
—4a=16=>a=4
Givenlineis2x-y+2=0

y=2x+2

Therefore given line is a tangent to the parabola.

(1 Point of contact =

m?'m) |22 2
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16. Find the equation of tangent to the parabola 3= 16x inclined at an angle 60°

with its axis and also find the point of contact.

Sol.
Given parabola 3= 16x

Inclination of the tangent is

8 =60°= m = tan 60° =/3
Therefore equation of the tangentyis mx +2
m

4

= y=3x+
Y 73

= 3y=3x+4

Point of contact 3 —,— |=| —,—
{mz mj (3 \/§j

17. A double ordinate of the curve ¥ = 4ax is of length 8a. Prove that the line
from the vertex to its ends are at right angles.

Sol.Let P = (af, 2at) and P= (af, —2at) be the ends of double ordinaté. FRen

8a= PP=. O (4af)= 4at> %
[0 P =(4a, 4a), P= (4a, —4a)

Slope of AP x slope of AP’

e

0 opaP =1
2
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18. A comet moves in a parabolic orbit with the sun athe focus. When the comet
is 2x 10’ km from the sun, the line from the sun to it makesain anglety2 with

the axis of the orbit. Find how near the comet conseto the sun.
Sol:

P

/_‘ 2 x 10’ km
K'S

Let the equation of the parabolic orbit bé=yax
Let S be the position of the sun (focus) on thes axX parabola. Let P be the
position of comet when it is at a distance of 20’ Km from the Sun S.

0SP= 2x 10

—2a= 2x 10 K
—a=10 Km

The distance of the comet from the Sun S is mininmman it is at the vertex.

[1Nearest distance of'the comet from the sun S is 84 106 Km.
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Short Answer Questions
1. Find the locus of the points of trisection of doble ordinate of a parabola
y?= 4ax (a > 0).
Sol.
Given parabola is3= 4ax

Let P(x, y) and Q(x, —y) be the ends of the dowbtinate.

P(x.y)
10
A

B
Q(Xr_y)

Let A, B be the points of trisection of the doubleinate.

A divides PQ in the ratio 1: 2.

o232

B divides PQintheratio2: 1

Coordinates of B aréx,y_szj = (X'_%j

Let (X, Y1) be the coordinates of the points of trisection.

Then x =x and

y 2 y2 2 2
Y1=i§:>)’1 =3:>y =9y;
4ax, = 9y

Locus of (%, 1) is 9y = 4ax.
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2. Find the equation of the parabola whose vertex @ahfocus are on the positive

x-axis at a distance of a and'drom origin respectively.

Sol.Vertex A (a, 0) and focus S (8)

gl
(a,OZ\\S(é,O)
X

AS=d-a

Latus rectum =4 (a a)

Equation of the parabola i$ y 4(d — a)(x — a)

3. IfLand L' are the ends of the latus rectum of the parabola®= 6y. Find the
equations of OL and OL where O is_the origin. Also find the angle between
them.

Sol. Given parabola is <= 6y

Curve is symmetric about Y-axis

4da= 6= a:§
2

L =(2a, a):( 3%) and L'E —2a,)a(— ?g)

Now equation of OLis x =2y
And equation of OLis x = -2y

Let 6 be the angle between the lines, then
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4. Find the equation of the parabola whose axis isgpallel to x-axis and which
passes through these points. A(-2, 1), B(1, 2), @(-3)

Sol.
Given that axis of the parabola is parallel toxsa
Let the equation of the parabola be x 2 aypy + ¢

It is Passing through (-2, 1), (1, 2) , (-1, 3)

(-2,1)=>-2=a+b+c e (D)
(1,2)=1=4a+2b+c .. (ii)
(-1,3)=>-1=9a+3b+c ... (iii)
(if) — (ii) 2=-5a-b
(i)—() 3=3a+b
=-2a

az—E,bzgl,cz—lc

2 2

5 21

X =-—y*+y-10
y 2y

N

5y? +2x~ 21y+ 20= (

5. Find the equation of the parabola whose axis isgpallel to Y-axis and which
passes through the points (4, 5), (-2, 11), (-4,)21

Sol.
Given that axis of the parabola is parallel toxsa
Let the equation of the parabola be y 2 abx + ¢
It is Passing through (4, 5), (-2, 11), (-4, 21)
(4,5),=>5=16a+4b +c ... (i)
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(=2, 11),=>11=4a-2b+c ... (i)
(-4,21) =21 =16a—-4b+c (1))
(i) — (i) we get: 6 =12 — 6b
(i) — (i) : 210 =12a—2b
Solving we get

b=-2,a=1/2,c=5
1,
==x*-2x+5

y 2x X

xX?—2y—4x+10=0

6. Find the equations of tangents to the parabola?y= 16x which are parallel
and perpendicular respectively to the line 2x —y 5 =0. Find the coordinates

of the points of contact also.
Sol.

Given the parabola iy 16x

—4a=16=—>a=4

Equation of the tangent parallelto 2x -y + 5 §=2x + C

Equation of the tangentis

y=2x+2=2x-y+2=0

Point of contact i:{%,éj = [—4,—8j =(1,4)
m< m 4 2
Equation of the tangent perpendicular to 2x — y=®is x+2y+c =0

= 2y=-X-C= y-—lx—lc
2 2

If above line is a tangent the ¢ = a/m

:—lc:i: c=16

T
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Equation of the perpendicular tangent is

1

=-=—x-8
y 2
2y=-x-16
X+2y+16=0

m? m

:[}jLn—ji—j:a671®-
1/4) (-1/2)

Point of contact i i,éj

7. IfIx + my + n = 0 is a normal to the parabola §= 4ax, then show that
al*+ 2aln’® + nm? = 0.
Sol. Given parabola is3= 4ax
Equation of the normal is y + tx = 2at  at
tx+y—(at+a)=0 ... (1)
Equation of the given line is
IX+my+n=0 .. (2)

(1), (2) are representing the same line, therefore

t 1 -—(2at+ af)

/ m n
t 1 4
_=_:>t:_
/ m m
1 _ (2at+atf)
m n

— " -oan+ af

m

3 3

:>2aG€_+ a[éﬁj :2ﬂ+i3

m m m m
——nnt = 2al nf + af

— aPf+2anf+nnf=0
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8. Show that the equation of common tangents to tharcle x* + y* = 2& and the
parabola y* = 8ax are y =#(x + 2a).

Sol.
Given parabola®y= 8ax
= y?= 4.2ax

The equation of tangent to parabola is

y = mx + 28
m
m’x-my+2a= C ... (1)

If (1) is a tangent to the circlé x y* = 2&, then the length of perpendicular from

its centre (0, 0) to (1) is equal to the radiukthe circle.

2a
vm? + m*

=4=2(m"'+nt)

=ay/2

m'+nf-2=0
(m? + 2)(mf— 1) =0 or m =1
Required tangents are:

xR Q8 22
y—(1)x+(1),y (1)x+(_1)

=y=%(x+2a)
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9. Prove that the tangents at the extremities of aotal chord of a parabola

intersect at right angles on the directrix.
Sol. Let the parabola bé& y 4ax

Equation of the tangent at B(is

ty =x+at

Equation of the tangent at Q(its
t,y =x+ats
Solving, point of intersection is
Tlatt,,a(t+ t,)]
Equation of the chord PQ is
(t, +t,)y =2x+ 2at t,
Since PQ is a focal chord, S (a,0) is a point on PQ
Therefore, 0 = 2a +34,
= tt,=-1.
Therefore point of intersection of the tangents[is,a(y + t,)].

The x coordinate of this point is a constant. Ahdttis x = -a which is the
equation of the directrix of the parabola.

Hence tangents are intersecting on the directrix.
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10. Find the condition for the line y = mx + c to be tangent to X = 4ay.

Sol.

11

Equation of the parabola is* x 4ay.----(1)

Equation of the line isy = mx + ¢ ---- (2)

Solving above equations,

x? = 4a(mx + ¢ )= X? - 4amx -4a ¢ =0 which is a quadratic in x.

If the given line is a tangent to the parabol&, thots of above equation are real
and equal.

= b’ -4ac = 0= 16dm’ +16ac =0

—anf +c =0=c =- am is the required condition.

Three normals are drawn (k, 0) to the parabola §= 8x one of the normal is
the axis and the remaining two normals are perpendular to each other, then

find the value of k.

Sol.

Equation of parabola iy 8x
Equation of the normal to the parabola is

y + xt = 2at + atwhich is a cubic equation in t. Therefore it ha®@ts. Say;t

t, ,tz . Where - {, - ,-t; are the slopes of the normals.
This normal is passing through (k, 0)
0 kt = 2at + at
af+ (2a-kt=0
af + (2a—k) =0
Given one normal is axis i.e., x axis and the remgi two are perpendicular.
Thererfore
m; = 0=t;, and mmz; =-1

(—t)(-tz) =1, pts =1
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2a- k
a
= k=2a+ a= 3a

=-1= 2a- k=-a

Equation of the parabola i$ 5 8x
da=8=>a=2
k=3a=3x2=6.

12. Prove that the point on the parabola § = 4ax (a > 0) nearest tothe focus is
vertex.
Sol.Let P(af, 2at) be the point on the parabola.

Y

A

P®

T
A S(a,0
e

»X

y?= 4ax, which is nearest to the focus S(a, 0) then
spf = (af — af + (2at — 03
f(t) = a2(F — 1)(2t) + 4421)
= 4&t(1° - 1 + 2) = 4&(t* + 1)
For minimum value of f(t) =6 t=0
(L) = 4& (3¢ + 1)
f(0) = 48>0
At t =0, f(t) is minimum
Then P = (0, 0)
0 The point on the parabol& y 4ax, which is nearest to the focus is its vertex

A0, 0).
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13. Find the equation of the tangent and normal to th parabola y’ = 8x at (2, 4).
Sol.Equation of the tangent at,(%,) to Y = 4ax is yy = 2a(x + )
Equation of tangent at (2, 4) t6 y 8x be
4y =4(x + 2) [da=8> a = 2]
y=X+2
Equation of normal at ¢xy,) is

Y1
Z2(X—X
2a( 1)

Y=Y1=-
(y-4)= 7 (x-2)

y—-4=-X+2= X+y=6

14. Two parabolas have the same vertex and equal lathgof latus rectum such
that their axes are at right angles. Prove that th&eommon tangent touches each

at the end of a latus rectum.

Sol.

Equations of the parabolas can be taken as
y? = 4ax and k= 4ay
Equation of the tangent at (2at)ab
X2 = 4ay is
2atx = 2a(y + &)
y = tx — af
This is a tangent to®y 4ax

[0 The condition is ¢ = a/m
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—at? :%: t=—1= t=-1

Equation of the tangentisy =—x —a
x+y+a=0
Equation of the tangent at(h, —2a) is
y(—2a) = 2a(x + a)
Xx+y+a=0
[0 Common tangent to the parabolas touches the pargtbe 4ax at L(a, —2a).
Equation of the tangent at L(—2a, a) to
X = day
X(—2a) = 2a(y + a)
x+y+a=0

Common tangent to the parabolas touch the parabdlé-2a, a).

15. Show that the tangent at one extremity of a focathord of a parabola is

parallel to the normal at the other extremity.

Sol.
P(t)

A\C(j,'o)

Q)

P(t), Q(t) are the ends of a focal chord.
Slope of PS = Slope of PQ

2a, _2a(t-b)
at-1) a(f-15)
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-1 t+t,

t,=-— . ()

Equation of the tangent at B(is

ty=x+at;

Slope of the tangent @t:ti .. (2)
1

Equation of the normal at Q)tis
y +xt, = 2at, + ab
Slope of the normal at Q =-t. (3)
From (1), (2), (3) we get
Slope of the tangent at P =slope of normal at Q

Slope of the tangent at P is parallel to the nom@&).

The sum of the ordinates of two points
y® = 4ax is equal to the sum of the ordinates of twather points on the same
curve. Show that the chord joining the first two pants is parallel to the chord

joining the other two points.

Given equation of the parabola fsy4ax ... (1)
Let A =(at?,2at ),B= (ab ,2as , C=(at,2at ) and D= (gt ,2at be the four points
on the parabola (1).
Given that2at + 2at, = 2a{+ 23
Sttt =ttty .. (2)
The equation of the chordlB of the parabola®y= 4ax isy(t, +t,) = 2x+ 2at t,.
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2
t,+t,

Let my, be the slope of the line (3) then=

The equation of the chor@D of the parabola (1) is Wt t) = 2x + 2ait, and
2

3ty

slope of this chordn, =

[0 From (2) we havgtt b=+ 14
Hence m=m

0 Chord AB is parallel to the choi@D.

If Q is the foot of the perpendicular from a pont p on the parabola

y? = 8(x — 3) to its directrix. S is the focus of th@arabola and if SPQ is an

equilateral triangle, then find the length of the &le of the triangle.

Sol: Given equation of parabolais (y <8)8(x — 3)

Which is of the form (y — K)= 4a(x—h)
Where4a=8>a=2

[0 Vertex = (h, k) = (3,0)

and focus = (h+a, k) = (3+2, 0) = (5, 0)

directrix
YA

Q OO

30°

Y'v

P(x1, Y1)

Since PQS is an equilateral triangle.
OSQP = 60%= 0SQZ = 30°

Also inA SZQ, we have sin 30° %

SZ
sin30

0SQ=

= 2(SZ)= 2(4F ¢
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(-SA=(5-3F = 2)

Hence length of each side of the triangle is 8.
Long Answer Questions

1. Find the equation of the parabola whose focus (82, 3) and directrix is the

line 2x + 3y —4 = 0. Also find the length of the latusectum and the equation of

the axis of the parabola.

Sol.
M (X1,y1) P
X'« >
z A\\S(—ZB) X
2x+3y—4=0

Focus S(-2, 3)

Equation of the directrix is 2x + 3y —4 = 0.
Let P(x, y») be any point on the parabola.
SP = (x + 2) + (y1 — 3F

Let PM be the perpendicular from P to the directrix

From Def. of parabola SP = PM SF = PM

(o + 2F + (- 3 = (20207

130¢ + 4x, + 4+ V2 — 6y, + 9F (2x+ 3y— 45
13X + 13y + 52x— 78y+ 16%
AXZ +9y2 + 16+ 12X y— 16%— 24y
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Ox2 —12x y, + 4y + 68— 54y+ 153
Locus of P(x, y1) is

9x% — 12xy + 4Y + 68x — 54y + 153 =0
Length of the latus rectum = 4a

: . , 2-2)+3B- 4 1
2a =Perpendicular distance from S on directri¢ =
P Ja+9 J13

Length of the latus rectum z-‘ra:i

V3
The axis is perpendicular to the directrix
Equation of the directrix can be taken as
3x-2y+k=0
This line passes through S(-2, 3)
-6-6+k=0=k=12

Equation of the axisis: 3x -2y +12=0

2. Prove that the area of the triangle inscribed irthe parabola y* = 4ax is
8i| (V1= Y2)(Y2—Y3) (Y3~ Y9 | SQ.units where y, y,, y3 are the ordinates of its
a

vertices.
Sol.
Given parabola 3= 4ax

Let P(af,2at ), Q(a ,23at ), R4t ,2a be the vertices akPQR.

Area of APQR =

-1

5 atf - aé ai_ % =%‘2a2( 42~ t22) (t,—t3)— 232( t2~ t32) (t— tzl)

2at - 2a, 2aj- 2

= az‘(tl_ t)(ty— ta)(ty+ to— tym te)‘
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=a%|(t,~ t,)(t,~ ta)(ts~ ty)
3
=%|(t1‘t2)(t2_t3)(t3_tl)|
=8_1a | (2at - 2ap )(284- 2at )(2at 2at
= 8—161 | (1= Y2)(Y2 = Ya)(ys— i)l

Where P(x, y1), Q(%, ¥2), R(Xs, ¥s) are the vertices ciPQR.

3. Find the coordinates of the vertex and focus, eafion of the directrix and

axis of the following parabolas.
) y*+4x+4y—-3=0
i) x?—2x+4y—-3=0

Sol.i) Given parabola is y 4x + 4y —3=0
=y +4y=—4x + 3
=(y+2f-4=-4x+3
=(y+2f=—4x+7

(D)2 =4 x-1
=y -(=2)] 4[X 4}

h=L k=-2 8= 1
4

Vertex A(h, k) :(Z,—Zj

Focus (h—a, k) {Z—l,—zj = (E = 2)
4 4
Equation of the directrix: x—h-a=0

X_AZL_]': 0= 4x-11= C

Equation of the axisis:y—k=8y+2=0
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i) Given parabolais ¥ —2x + 4y —3=0
=x*—2x=-4y +3
=(X-1f-1=-4y+3
=(X-1f=-4y+4
= (x — 1f =4[y — 1]
h=1,k=1,a=1
Vertex A(h, k) = (1, 1)
Focus (h,k—-a)=(1,1-1)=(1,0)
Equation of the directrix: y—k—-a=0
y—-1-1=0y-2=0

Equation of the axisis, x—h =8 x-1=0.

4. If the normal at the point t; on the parabola ¥ = 4ax meets it again at point4

then prove that t;t, + t,° + 2 = 0.
Sol.

Equation of the parabola i§ § 4ax

Equation of normal at+(at, 2at )is

y+xt; = 2a+ at’,

This normal meets the parabola agairteg, 2at, ).

Therefore,

2at, + ab t = 2at+ af
=2(t,-t,) = ty(t2 - t?)
=2=-t(t,—t,)

=>tt,+t2+2=0
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5. From an external point P tangents are drawn to th parabola ¥ = 4ax and

these tangents make angle8,, 8, with its axis such that co®, + cotf, is a

constant ‘a’ show that P lies on a horizontal line.

Sol.

Equation of the parabola i§ y 4ax

Equation of any tangent to the parabola is
a
y=mx+—
m
This tangent passes through £{x)

Y, = mx +2
1~ 1
m
=m? nt x —
=>my,=m'x;+ta= nfx— my+ a& (

Let my, m, be the roots of the equation

m, +m, :% , mym, :XEWhere m and m are the slopes of the tangents.
1 1

Given cob€; + cob, = a

1 1 +
_+_=az>uz a
m. m; m,m,

=m +m,=almm,

Neg oy =2
X1 X1

Locus of P(x, y1) is y = & which is a horizontal line.
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6. Show that the common tangent to the circle 2x+ 2y* = & and the parabola

y* = 4ax intersect at the focus of the parabola’y= —4ax.
Sol.

Given parabola is%y= 4ax

Let y=mx+-> be the tangent. But this is also the tangen®§ + 2y = &
m

= Perpendicular distance from centre (0, 0) = radius

alm|_ a_ & /m_ &
m2+1 \/E m2+1 2
2
:>2—a2:a2(m2+1)
m

=2=m*+m’ = m'+ m’- 2= (

= (Mm*-)(m*+2)=0 (- nf+ 22 0

m?-1=0= m==1

Therefore, equations of the tangents are

y=-x—a and y= x+a .

The point of intersection of these two tangents-ig, 0) which is the focus of the

parabola §= —4ax.

7. Show that.the foot of the perpendicular from focs to the tangent of the

parabola y* = 4ax lies on the tangent at the vertex.

Sol.Equation of any tangent to the parabola is:
a
y=mx+—
m
Q(xq, Y1) is the foot of the perpendicular

O y1=mxl+E ..(2)
m P

- Y1 S(a,0)
Sl fSQ =—2+—
ope of SQ X, -a \_
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SQ and PQ are perpendicular

L by-a)_ax
Y1 Y1

Substituting in (1) we get

_x(a-x), ay
Y1 a— X

Y1

_xi(a-x ) +ay
yi(@a=%)

= yi(a=-x)= X, (a- % F+ ay,
= ay; — xYi = (8 + X — 2ax - ay

= Xy [xZ-2ax,+ &+ y¥]= 0

=Y

= xy[(x;—a)* +y{]=0

=X, =0

Locus of Q(X, y1) is X = 0 i.e. the tangent at the vertex of theapala.

8. If a normal chord at a point t on the parabola ¥ = 4ax, subtends a right angle

at vertex, then prove thatt = +/2.
Sol.Equation of the parabola i§ ¥ 4ax ... (1)

Equation of the normal at tis:

tx +y = 2at + at
tX+y
=1 .. (2
2at+ af @
A

Homogenising (1) with the help of (2) combined dgqraof AQ, AR is
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2 _ 4ax(tx+y)
a(2t+ £)

y2(2t+t3) = 4tx* + 4xy
4tx® + 4xy— (2t+ £)y?* = 0
AQ, AR are perpendicular

Coefficient of X + coefficient of § = 0

4t-2t-%=0
2t—£=0
—t(f-2)=0

P_2=0=>F=2=>t=+2

9. (i) If the coordinates of the ends of a focal ciid of the parabola y* = 4ax are
(X1, y1) and (%, Y»), then prove that xx, = &, Y1y, = —4&.
(i) For a focal chord PQ of the parabola y = 4ax, if SO =| and SQ =I' then

prove that |}+|E :—1.
a

Soli) Let P(x,y1) = (at? 2at) and Q(%, y») = (at®, 2at) be two end points of a focal
chord.

P, S, Q are collinear.
Slope of PS = Slope ofQS

2at, _ 2ap

at —a ab- ¢

tltg_tltht?L_tZ
Lty (ty—t) +(t,—t) =0

From (1)

xx, =atfat= & (Lt = &
Y1y, =2at 2ab= 44 (5 F- 44
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i) Let P(at?, 2at) and Q(af, 2at) be the extremities of a focal chord of the
parabola, thent, = -1 (from(1))

I:SP:\/(af— aj+ (2at- O)
=aJ(P-17+4f = a@® f)
'=5Q=1/(ag- af+ (2at- O)

=a/(B-17+4€=a® §)

O (-a'-a)=dFf¢=2@qsf=4  [-tt,=-1]

11
—+=

I -ag+1)= 0= 1

10. Show that the common tangent to the parabola®y= 4ax and X = 4by is
xal/3+ ybt3+ a2/3p2/3= (.
Sol.The equations of the parabolas are
y? = 4ax ... (1) and
x? = 4by ..(2)

Equation of any tangent to (1) is of the form
y=mx+E ... (3)
m

If the line (3) is a tangent to (2) also, we must gnly one point of intersection of
(2) and (3).

Substituting the value of y from (3) in (2), we gét= 4b( mx+%) IS

mx*—4bnfx — 4ab=0 should have equal roots therefore itsridignant must be

zero. Hence
166m’*— 4m(—4ab) = 0
16b (bnf+am) =0
m(bnt + a) = 0, but &0
O m = —&"p"® substituting in (3) the equation of the commory&t becomes
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1/3
_ a a
y—_(Bj X+—1/3 or
( aj

al/3x+ b3y+ a2/3p?/3= (.

11. Prove that the area of the triangle formed by thé¢angents at (%, y1), (X, Y»)
and (X, ys) to the parabola y = 4ax (a > 0) is

1 .
16a [ (yr—Y2)(Y2—¥Y3)(Y3— Y9 [Sg.units.

Sol.Let D(xq, Y1) = (af?, 2at )
E(x,,Y,)= (at,2at and
F(x3,Y3)= (a;, 2at
Be three points on the parabola.
y? = 4ax (a > 0)
The equation of the tangents at D, E and F are
ty=x+at ..Q1)
ty=x+ats ..(2)
ty=x+at; ..(3)
1) -@)=t-by=alt-b)(t1 + )
=y = a(t + b) substituting in (1) we get,
X = atty
[ The point of intersection of the tangents at D &rid say P[at,, a(t+t,)]
Similarly the points of intersection of tangentEatF and at F, D are Qp&j
a(tb+tz)] and Rlaft;, a(g+ty)] respectively.
Area of APQR

ayt, a(tL+1t)
= Absolute value of1 at,t; a(bL+ t3)
agt; a(t+ t3)
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|uts o+t 1

= Absolute value of— tty to+tty 1
2

tity t;+tg 1

2 ti(t,—ty) t,-t3 O
= Absolute value o% t(t,-t) t,-t; O
tits t,+ty 1

= Absolute value of

) t 1 0

a

7(t2_t3)(t2_t1) ts 1 0
tty i+t 1

2

=%| (t, — ta)(t, — t)(t, = t9)|

:1_;\| 2a(t- ©)2a(h- t)2a(- 1)

1 -
ZEJ (V1= ¥2)(¥Y2 = Y3) (Y3~ Y9 | SQ. units.

12. Prove that the normal chord at the point other tlan origin whose ordinate is

equal to its abscissa subtends a right angle at tliecus.
Sol.Let the equation of the parabola Besy4ax and P(4t2at) be any point ...(1)

On the parabola for which the abscissa is equidg@rdinate.
i.e.af =2at=>t=0o0rt=2. But#0.
Hence the point (4a, 4a) at which the normal is

y + 2x = 2a(2) + a(?)

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

y = (12a — 2x) in (1) we get

(12a — 253 = 4ax

x? — 13ax + 36a= (x —4a)(x—9a) = 0

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

Hence the other points of intersection of that redriet P(4a, 4a) to the given

parabola is Q(9a, —6a), we have S(a, 0).

Slope of theSP = m, = 42-0_ 4
4a-a 3
— -6a-0 3
Slope of theSQ=m, = =——
P Q=m 9a-a 4

Clearly mm, = —1, so thaBPO SC.

The cable of a uniformly loaded suspension bridgedmgs in the form of a
parabola. The roadway which is horizontal and 72 mtlong is supported by a
vertical wires attached to the cable. The longestding 30 mts. and the

shortest being 6 mts. Find the length of the suppting wire attached to the

road-way 18 mts. from the middle.

Sol.

B(36, 24)
/ 4

24 mts

. Bridge s
€ 36 mts a3 36 mts >

Let AOB be the cable [O is its lowest point andBAare the highest points]. Let
PRQ be the suspension bridge suspended with PR = 8&&mts.

PA = QB = 30 mts (longest wire)  OR = 6 mts (shsirteire)
Therefore, PR = RQ = 36 m. We take O as origioaafrdinates at O, X-axis
along the tangent at O and Y-axis aldR@. So the equation of the cash is

x? = 4ay for some a > 0.
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0 B = (36, 24) and B is a point oA % 4ay.
We have (36)= 4ax 24.
36x 36

= 4a= = 54 mt¢

If RS = 18 m and SC is the vertical through S tingethe cable at C and the

X-axis at D.

Then SC is the length of the required wire.
Let SC = mts, then DC =I(- 6) m.

0 C = (18, — 6) which lies on %= 4ay

— (18Y = 4a( - 6)

= (18Y = 54( — 6)

18x18_
54

6

= (-6)=

=|=12.

15. Prove that the two parabolas § = 4ax and X = 4by intersect (other than the
3a1/3bl/3 :|

origin) at an angle ofran™ {m

Sol.Takea >0 and b > 0.
And Yy = 4ax ...(1)
And ¥ =4by ...(2)
Are the given parabolas.
Solving (1) and (2) we get the point of intersectadher than the origin.
y* =16a"x°

=162 (4by)

=64 by
Oy(y*-64a’b)= 0
=y’-64ab=0
= y= (64 bf'S = 48’ B"
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Also from Y’ = 4ax, we have

Pp-= (4&/3 b2/3, 4§/3b1/3)

Differentiating ¥ = 4ax w.r.t. ‘X’ we get

_2a 1 a®
422393 2\ b

Similarly differentiating X = 4by w.r.t. x

2x:4bﬂ
dx

dy _2x_ X

dx 4b' 2b

And nmp, = slope of the tangent at P to
X2 = 4by

_ 4611/3 b2/3 _ 2(_aj1/3
2b b

If © is the acute angle between the two tangents touhes at P then
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231
=|m2—m1|:‘ (bj (Z_ZJ ‘

|1+ mm, | 1+1(aj1/3 (2)(aj1/3
2 b

tan®

RE
1+ (bj
35t/3 /3
- m—sz

3&/3 bl/3

—=0= Tan’l[

16. Prove that the orthocenter of the triangle formedby any three tangents to a

parabola lies on the directrix of the parabola.
Sol.Let y* = 4ax be the parabola antl = (at?, 2at ), B= (af ,2a , C=(af,2at ' be
any three points on it.

If P, Q, R are the points of intersection of tamgeat A and B, B and C, C and A
then

P=[att,a(tt t). Q= [abk,ab+ §), R=[aky,a(+ 4)].
Consider théAPQR

Then equation 0BR (Tangent at C) i - yt, +at; = 0.

O Altitude through P oDAPQR is

t.x+ty=att,t;+al+t,) ... (1)

[0 Slope :ti and equation is
3

y-a(l+t)=-t5[x-att,]

= y+xtz =ayttztalt+ t,)]
Similarly, the altitude through Q is

tx+y=attt;+a(t+ t;) ... (2)
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Solving (1) and (2), we get
(t;—tpx =a(t, - t3)
e, X =-a.
Hence, the orthocenter of the triangle PQR witto&rdinate as —a, lies on the

directrix of the parabola.
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PROBLEMS FOR PRACTICE

1. Find the coordinates of the vertex and focus, andhe equations of the

directrix and axes of the following parabolas.
i) y°=16x i) ¥ = —4y
ii) 3x°—9x + 5y —2=0 iv) y—-x+4y+5=0

2. Find the equation of the parabola whose vertex 8, —2) and focus is (3, 1).

Ans. (x —3f = 12(y + 2)

3. Find the coordinates of the points on the parabal y* = 2x whose focal

distance is 5/2.

Ans. (2, 2) and (2, -2)

4. Find the equation of the parabola passing throughhe points (-1, 2), (1, —1)

and (2, 1) and having its axis parallel to the x-as.

Ans. 7y — 3y + 6x— 16 = 0

5. If Q is the foot of the perpendicular from a poirt P on the parabola
y? = 8(x — 3) to its directrix. S is the focus of th@arabola and if SPQ is an
equilateral triangle then find the length of side dthe triangle.

Ans. 8

6. Find the condition for the straight line
Ix + my + n = 0 to be a tangent to the parabola®= 4ax and find the

coordinates of the point of contact.

Ans. (Iﬂ —2|amj
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7. Show that the straight line 7x + 6y = 13 is a tayent to the parabola

y? — 7x — 8y + 14 = 0 and find the point of contact.
Ans. (1, 1)

8. From an external point P, tangent are drawn to te parabola y = 4ax and
these tangent make angle®,, 6, with its axis, such that tar®, + tan@, is
constant b. Then show that P lies on the line y =xb

9. Prove that the poles of normal chord of the parabla y* = 4ax lie on the curve
(x + 2a)y’ + 4a= 0.
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