ELLIPSE

5.2.1 DEFINITION

An ellipse is the locus of a point which moves in such a way that its distance from a fixed point is
in constant ratio (<1) to its distance from a fixed line. The fixed point is called the focus and fixed line
is called the directrix and the constant ratio is called the eccentricity of the ellipse, denoted by (e).

In other words, we can say an ellipse is the locus of a point which moves in a plane so that the
sum of its distances from two fixed points is constant and is more than the distance between the two
fixed points.

Let Sa, p)is the focus, ZZ is the directrix and P is any point on the ellipse. Then by definition,
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Squaring both sides, (4% + B*)[(x—a)? + (- $)*] = €*(Ax+ By+ O* z Focus

|Note : 1 The condition for second degree equation in x and y to represent an ellipse is that
K —ab< 0and A = abc+ 2fgh— af’ — bg” — clf »0

Example: 1 The equation of an ellipse whose focus is (-1, 1), whose directrix is x-y+3=0and whose
eccentricity is % IS given by
(a) 7%+ 2xy+7s#+10x-10y+7=0 (b) 7x*-2xy+7¢*-10x+10y+7=0
(C) 7% -2xy+7s*-10x-10y-7=0 (d) 7x*-2xy+ 7% +10x+10y-7=0
Solution: (a) Let any point on it be (x »then by definition,

Jx+ D2+ (v-1)2 _1

2

x—-y+3
V12 + 12
Squaring and simplifying, we get

7x° + 2xy+ 7y +10x-10y+7 = 0, Which is the required ellipse.

5.2.2 STANDARD EQUATION OF THE ELLIPSE
Let S be the focus, ZM be the directrix of the ellipse and Ax,y)is any point on the ellipse, then by

definition 2F - ¢ ¥
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ﬁz + iz =1, where & = a’(1- €% x=-ae d x=a/e
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Since e<1, therefore &#(1- &%) < & = b* < a>. Some terms related to the ellipse —+£2 lLa> b:
a

(1) Centre: The point which bisects each chord of the ellipse passing through it, is called centre
(0,0) denoted by C.
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(2) Major and minor axes: The diameter through the foci, is called the major axis and the
diameter bisecting it at right angles is called the minor axis. The major and minor axes are together
called principal axes.

Length of the major axis AA4 = 2a, Length of the minor axis BB=2b

The ellipse ﬁz + % =1,is symmetrical about both the axes.
a

(3) Vertices: The extremities of the major axis of an ellipse are called vertices.
The coordinates of vertices Aand A are (a, 0) and (—a, 0) respectively.

(4) Foci: S and § are two foci of the ellipse and their coordinates are (ae, 0) and (-ae, 0)
respectively. Distance between foci SS = 2ae.

(5) Directrices: ZM and ZMm are two directrices of the ellipse and their equations are x=2and
e

x=-2 respectively. Distance between directrices 2z = E’.
e e

(6) Eccentricity of the ellipse: For the ellipse ; + % =1,

2
we have 8 —221-9? = & -1-2 _1-2 _4_ (2”} ; ez\/l—(Mle]
& a4 2a Majoraxis
This formula gives the eccentricity of the ellipse.
(7) Ordinate and double ordinate: Let P be a point on the ellipse and let PN be perpendicular to
the major axis AA’ such that PN produced meets the ellipse at Z . Then PN is called the ordinate of P and
PNP the double ordinate of P.

If abscissa of P is h, then ordinate of P, 2’2 1——: = —\/ a’ - (For first quadrant)
a

And ordinate of P is y= -b (a® - ) (For fourth quadrant)
a

Hence coordinates of P and P are (hi’\/(a“’ - hz)jand (h,_—b\/(a2 —lzz)j respectively.
a a

(8) Latus-rectum: Chord through the focus and perpendicular to the major axis is called its latus
rectum.
The double ordinates LL'and L, Z; are latus rectum of the ellipse.




2
Length of latus rectum LE:quzziand end points of latus-rectum are
a

Lz(aeb—zj,[):[ae_bz] and L =(— aeb—z]; L{z(— ae— sz
a a a a

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

(10) Focal distances of a point: The distance of a point from the focus is its focal distance. The
sum of the focal distances of any point on an ellipse is constant and

equal to the length of the major axis of the ellipse.
: . ¥ P M
Let Ax;,y)be any point on the ellipse = +=5 =1 z
a b X
SP=ePM= e(f— XI) =a—ex; and S P= ePM= {f+ le = a+ ex;
e e
SP+ S P=(a- ex))+ (a+ ex;) = 2a= AA=Major axis.
Example: 2 The length of the latus-rectum of the ellipse 5x*+9¢* - 45iS
(@ Js/4 (b) V5/2 (c) 5/3 (d) 10/3
Solution: (d) Here the ellipse is §+%=1
Here #-9and #-5. So, latus-rectum :ﬁz?:%’.
a
Example: 3 In an ellipse the distance between its foci is 6 and its minor axis is 8. Then its
eccentricity is
4 1 3 1
(a 2 (b) = (c) 2 (d) 1

Solution: (c) Distance between foci = 6= 2ae=6=> ae=3, Minor axis =8= 26-8= b-4= ¥#-=16

From #=21-&), = 16=2-Fé= #-9=16=a=5

Hence, ae-3=> ezg

Example: 4 What is the equation of the ellipse with foci 20 and eccentricity %
(a) 3x*+as”? =48 (b) ax* +3s% =48 (c) 3x*+as’ =0 (d) ax*+3¢/ -0
Solution: (a) Here ae:iZG)e:%, . a=+4

Form # = 21-é) = & =16(1—%J:> V=12

Hence, the equation of ellipse is 1£6+1£2=1 Or 3x*+4y”-48

Example: 5 If Ax,F =30, F =30and 16x*+25¢ - 400, then PE+ Pgequals
(@8 (b) 6 (c) 10 (d) 12

Solution: (c) We have 16x2+25f=4oo:2£5+1£6=10r §+%=1, where #-25and #-16

This equation represents an ellipse with eccentricity given by ¢* = 1-? = 1—;—§= 215




= e=3/5
So, the coordinates of the foci are «ae0)i.e. 3,0and -3,0, Thus, £ and g are the foci of
the ellipse.
Since, the sum of the focal distance of a point on an ellipse is equal to its major axis,
. PE+PE=2a-10
Example: 6 An ellipse has OB as semi minor axis. F and £ are its foci and the angle rar is a right
angle. Then the eccentricity of the ellipse is

1 1 92 1
O (b) & OF: (@ 1
Solution: (b) Since AFBF:%

/FBC- /F BC= % B
e D
CB- CF= b= ae Q _y

= B=dd = F1-)=aé

J7_82 2&7— =
Xz

Example: 7 Let P be a variable point on the ellipse ?+§:1with foci gand g. If A is the area of

the triangle pgE,then the maximum value of A is

(3) 2abe (b) abe (c) %abe (d) None of these

Solution: (b) Let Aacosy, bsing) and K(-ae0), F(ae0)

A-Area of APEE =% ae 0 1- % | 2aebsing |  aeb| sind |

- ae 0

acosd bsind 1

A Is maximum, when |sing|=1.
Hence, maximum value of A= abe
Example: 8 The eccentricity of an ellipse, with its centre at the origin is % If one of the directrices is

x=4, then the equation of the ellipse is
[AIEEE 2004]

(@) ax*+32=1 (b) 3x*+4s”-12 (c) ax*+32=12 (d) 3x%+4s”=1

Solution: (b) Given e=%,‘—:=4. S0, a=2 = #-4

From #=21-¢&) = #:4[1—%]:4%:3

Hence the equation of ellipse is §+%=1, l.e. 3% +4y” =12




5.2.3 EQUATION OF ELLIPSE IN OTHER FORM

In the equation of the ellipse ﬁz + iz =1,if a> bor & > b*(denominator y
a b y=b/ z K

of »*is greater than that of »?), then the major and minor axis lie along x- A0.b
axis and y-axis respectively. But if a< bor a* < #*(denominator of x*is ( 0.5
less than that of »?), then the major axis of the ellipse lies along the y-axis and is | ,, P
of length 2b and the minor axis along the x-axis and is of length 2a. “\ s g (,0)

The coordinates of foci Sand S’ are (0, be) and (0, — be) respectively. S

The equation of the directrices ZK and ZKare y=ib/e and ;=% /;(0'_ o x

eccentricity e is given by the formula a® = *’(1- &%) or e= ]/1—2—2 l
Difference between both ellipse will be clear from the following table.
Ellipse 2
/ {:_2 ’ % } 1}
Basic fundamentals
Fora>Dh Forb>a
Centre 0,0 (0,0)
Vertices (+a0) (VR
Length of major axis 2a 2b
Length of minor axis 2b 2a
Foci (tag0) 0.+ bo
Equation of directrices x=tale y=tble
Relationina, b and e ¥ = 2(1- € a = b’1-é%
Length of latus rectum 26 24"
a b
Ends of latus-rectum {i net I J (i a ’ibe]
a b
Parametric equations (acosp, bsing) (acosp, bsing) (0 < ¢ < 27)
Focal radii SP=a-ex and S P= a+ ex; SP=b-ey and SP=b+ ey
Sum of focal radii 2a 2b
SP+ S P=
Distance between foci 2ae 2be
Distance between 2ale 2ble
directrices
Tangents at the vertices X=-a,Xx=a y=b,y=-b




X ’;:1is

Example: 9 The equation of a directrix of the ellipse AT
25 3
(a) v-2 (b) x-3 (c) x--3 (d) x= 2
Solution: (a) From the given equation of ellipse & -16 & - 25 (Since 6> a)
S0, Z=01-6), .. 16=251-¢&) = 1-2 -6 9 - .3
25 25 5
~. One directrix is y-2-_3 _28
e 3/5 3
Example: 10 The distances from the foci of Ax, i) 0on the ellipse §+2£5:1are
(a) 4i%yl (b) 5i§x1 () 5%% (d) None of these

Solution: (c) For the given ellipse &> 450 the two foci lie on y-axis and their coordinates are (0,+ e,

/ £ [ 9 a4
Where 5=5,a=3. S0 e- 1_?: 1‘2—5:g

The focal distances of a point (x,5) 0n the ellipse Lo 1, Where # > z#are given by

=
a b

b+ ey . SO, Required distances are b+ ey - 5i§y1.

5.2.4 PARAMETRIC FORM OF THE ELLIPSE

Let the equation of ellipse in standard form will be given by ﬁz + % =1
a

Then the equation of ellipse in the parametric form will be given by x= acosg,y = bsing, Where
¢ is the eccentric angle whose value vary from 0< ¢ < 2z . Therefore coordinate of any point P on the
ellipse will be given by (acos¢, bsing)

Example: 11  The curve represented by x=3(cost+sind, y=4(cost—sind IS
(a) Ellipse (b) Parabola (c) Hyperbola (d) Circle
Solution: (a) G iven, x= 3(cost+sind, y= 4cost—sin) —> )—:; = (cost+ sint),i’ = (cost—sinj)

Squaring and adding, we get §+1£6:(1+sin21)+(1—sin21):> §+1£6=2, which represents

ellipse.

Example: 12 The distance of the point '¢'on the ellipse §+§:1from a focus is

(a) ae+ cost) (b) ale—cost) (C) al+ ecost) (d) al+ 2ecost)
Solution: (c) Focal distance of any point Ax »on the ellipse is equal t0 sP-a+ ex. Here x=coss.
Hence, SP-= a+aecos? = al+ ecosd)




5.2.5 SPECIAL FORMS OF AN ELLIPSE
(1) If the centre of the ellipse is at point (& and the directions of the axes are parallel to the

2 2
coordinate axes, then its equation is (x _21') + (y;zk) =1
a

If we shift the origin at (h, k) without rotating the coordinate axes, then x= X+ hand y= Y+ k

2 2
2) If the equation of the curve is Brm¥+m” (mx-lv+pP" 4 \hore pi my+ n-0and
2 b2
a

. . . Ix+ my+n mx—ly+ p
mx- [y+ P=0 are perpendicular lines, then we substitute =X =Y, to put the
VP + nf VP + n?

equation in the standard form.

Example: 13  The foci of the ellipse 25x+1?+9(y+2?2 - 225are
(@) 12,61 (b) 1-2,0.6 (¢) 1-2,a-6 (d) 12,-1-6

. . . . 2 2 .
Solution: (d) Given ellipse is ‘”91) +(3’;52) “1ie. §+2%=1, where x-x+1and y-y+2

Here #-258-9[Type : X Y2_1]

FaNa

~ity ic i £-6 25-9 16 . 4
Eccentricity is given by JZT:?:?K ne=x

Foci are given by y-ae- iS[%j _+4

X=0= py+2=44=>y=-2+4=-6 0Or 2

x+1=0 = x--1. Hence foci are (-1, —6) or (-1, 2).

5.2.6 POSITION OF A POINT WITH RESPECT TO AN ELLIPSE
Let Ax,,y;)be any point and let §+% = 1is the equation of an ellipse. The point lies outside, on
_VZ

or inside the ellipse as if &, =£;+b—12—1>0, =0,<0 ”
a

+ Ploutside

Plon)
g

X

Y

Example: 14 Let E be the ellipse §+%:1 and C be the circle ¥*+¢*-9. Let P and Q be the points (1,

2) and (2, 1) respectively. Then
(@) Q lies inside C but outside E (b) Q lies outside both C and E
(c) P lies inside both C and E (d) P lies inside C but outside E




Solution: (d) The given ellipse is §+%:1. The value of the expression §+%_1is positive for

x=1, y=2and negative for x=2 y=1. Therefore P lies outside E and Q lies inside E. The
value of the expression »*+¢*-9is negative for both the points P and Q. Therefore P and
Q both lie inside C. Hence P lies inside C but outside E.

5.2.7 INTERSECTION OF A LINE AND AN ELLIPSE

Let the ellipse be ﬁ2+% =1 ... (i) andthe givenlinebe y=mx+c ...... (i)
a
2
Eliminating y from equation (i) and (ii), then ﬁz + (””:; < 1
a

L.e., (@nf + b*)x* + 2mcd x+ & (& — b°)=0
The above equation being a quadratic in x, its discriminant = 4nf a* — 4a (@’ nf + b)) (& - &)
= B{anf + ) - &)
Hence the line intersects the ellipse in two distinct points if a’m® + b* > &#in one point if
& = a’nf* + b*and does not intersect if a?n + b* < .

5.2.8 EQUATIONS OF TANGENT IN DIFFERENT FORMS
=1at the point (x;,1,)is

%I X,
q:,m

(1) Point form: The equation of the tangent to the ellipse

.V.V1
i ¥ =1
a2 b2

(2) Slope form: If the line y= mx+ ctouches the ellipse ﬁ2+% =1, then & = a’nf + b*. Hence,
a
the straight line y= mx++ a®nf® + b* always represents the tangents to the ellipse.
Points of contact: Line y= mx++ a’n + b* touches the ellipse ﬁz + % =1at
a

[ +a m u b2 ]

Jainf + b ’\/azmz + b

(3) Parametric form: The equation of tangent at any point ¢(acoss, bsing) is - cosp +%’ sing = 1
a

J,2

Note : O The straight line &x+ my+ n=0touches the ellipse ﬁ2+? =1, if aF + b®>nt = .
a

WU The line xcosa + ysine = ptouches the elllpse“{2 ”2 =1, if a®cos® o+ b*sin’ ¢ = p*and

2 2 -
that point of contact is (a cosz b sma).
P P

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

the ellipse.




U The tangents at the extremities of latus-rectum of an ellipse intersect on the
corresponding directrix.

Important Tips

= A circle of radius r is concentric with the ellipse §+%=1, then the common tangent is inclined to

the major axis at an angle tan [%] :

= The locus of the foot of the perpendicular drawn from centre upon any tangent to the ellipse

§+£ 1iS (P + )2 = @+ B2 OF 2= cod 0+ B sirt 0(In polar coordinates)

= The locus of the mid points of the portion of the tangents to the ellipse §+§:1intercepted

between the axes IS A + 5% = 4%,

= The product of the perpendiculars from the foci to any tangent of an ellipse is equal to the square of
the semi minor axis, and the feet of these perpendiculars lie on the auxiliary circle.

Example: 15 The number of values of ‘C’ such that the straight line y-4x+ctouches the curve

%+y2:1i8

@a~o (b) 1 (c) 2 (d) Infinite
Solution: (c) We know that the line y- mx+ ctouches the curve §+%=1iff & = dnt + &
Here, #-4,6#=1,m=-4 J. A =64+1= c=+J65
Example: 16 On the ellipse 4x*+9¢* =1 the points at which the tangents are parallel to the line 8x-9yare
21 -2 1 -2 -1 2 -1
@ (3] ®) () © (33 @ (33)
Solution: (b,d) Ellipse is %+%—1:> f:%,b%%. The equation of its tangent is 4xx+9gpw -1
me-3X _8 oy -2y and 4x’2+93/2:1:>41{2+9"}—2:1:x':i2
9y 9 4 5

When ng,then y:‘—landwhen x:‘?z,then y:%

Hence points are (2 l] [‘2 1]
5055

Example: 17 If any tangent to the ellipse LA 1intercepts equal lengths | on the axes, then I=

£ U
(@) #+¢ (b) V2+ & (c) @+ (d) None of these
Solution: (b) The equation of any tangent to the given ellipse is i:cosmi;sine: 1
This line meets the coordinate axes at 1{ a ,oJ and c{o, ,” j
cost sind
a b b £ B
= cosﬁz—and sind=— = codl+sifl="+— DSP-L 1 BP>I-VL+ V.

" cosd | sind 1 F P




Example: 18  The area of the quadrilateral formed by the tangents at the end points of latus- rectum
to the ellipse ii-l, is

(@) 27/4 sg. units  (b) 9 sq. units (c) 27/2 sqg. units  (d) 27sg. units
Solution: (d) By symmetry the quadrilateral is a rhombus. So area is four times the area of the right
angled triangle formed by the tangents and axes in the 1% quadrant.

NOW ae=+# - # = ae=2= Tangent (in the first quadrant) at one end of latus rectum [zgj

S EXJr
9

w | o

A
5

l.e. W+§ 1. Therefore area = 4123 27sq UNItS.

5.2.9 EQUATION OF PAIR OF TANGENTS SS: = T2

Pair of tangents: Let Ax,,y,)be any point lying outside the ellipse ﬁ+£ =1and let a pair of
a

tangents PA, PB can be drawn to it from P.
Then the equation of pair of tangents PA and PB is §S, = 7°

A
where SEﬁz+£2—1=0 ﬂxl@
a b B

x 9
=%+ -1-0

- a
WL
T e 170
Director circle: The director circle is the locus of points from which perpendicular tangents are drawn to
the ellipse.

Let Px;,5,) be any point on the locus. Equation of tangents through Ax,;,s,)is given by SS, = 7°

e (2.2 (%, 4 ) [ m ]
(az b’ j[ J { }

They are perpendicular, So coeff. of x* +coeff. of * =0
g (i+ij(ﬁ+£—lJ [Xz !’2] Oor x}+vf =a"+b

a b))l a® b a’

Hence locus of P(x,,y)i.e., equation of director circle is x* + ¢* = a* + b

Example: 19 The angle between the pair of tangents drawn from the point (1, 2) to the ellipse
322+ 202 =515

(@) tan'a2/5) (b) tan'(6/+/5) (C) tan'(12/5) (d) tan'(6/5)
Solution: (c) The combined equation of the pair of tangents drawn from (1,2) to the ellipse 3x*+2/?-5
IS (3x*+2¢% - 5)(3+8-5) = (3x+4y-5)° [using ss = 7]

= 9x - 24xy- 4/ ... =0




2/K —ab

a+b

The angle between the lines given by this equation is tane -

Where a=9, A--12 b=-4 = tand=12//5 =>0 = tan '(12/V5)

Example: 20 The locus of the point of intersection of the perpendicular tangents to the ellipse
AN

—+— 11S

(@) #+#-9 (b) #+#-4 () ¥+s#-13 (d) #+¢*-=5
Solution: (c) The locus of point of intersection of two perpendicular tangents drawn on the
ellipse is »*+¢? = &+ &, which is called “director circle”.

Given ellipse is *2+£= . Locusis ¥#+#=9+4,1.e. ¥+y#=13.

Example: 21  The locus of the middle point of the intercept of the tangents drawn from an external
point to the ellipse »*+ 2y - 2between the coordinate axes, is
1 1 11 11
Solution: (c) Let the point of contact be R= /2 cosd, sing)

Equation of tangent Asis %cosﬁ-ﬁ- ysing =1

)
=  A=(/2sech,0); B=(0,coses) / R
N x

Let the middle point @of AB be (h, k). x

sect) coed) 1 1 1 1

= h=—"7" k= = cosh=——,sild=——=> —+——=1 Y
2 2 W2 T T 2/ AR

Thus required locus is L +-1 -1

2¥ 4/

5.2.10 EQUATIONS OF NORMAL IN DIFFERENT FORMS

(1) Point form: The equation of the normal at (x,y)to the ellipse §+%=1is

Ix By _ o p
X h Tangent
=
Q(XZ,VZ)

(2) Parametric form: The equation of the normal to the ellipse =1at (acosg, bsing)is

%I X,
%m

axsecyp — bycoseap = a° — b,
(3) Slope form: If m is the slope of the normal to the ellipse = "z 1, then the equation of
a

normal is




ma’ - b’
Va* + bPnt

+a’ + mb?
Ja® + b*nf ’\/a2+b2m2J

V=mxt

The coordinates of the point of contact are (

Note : QO If y=mx+cis the normal of ﬁz+£=1, then condition of normality is
a
:mz(az—bz)z
(@®> + 62m) '
: . . : XX .
Q The straight line Ix+my+n=0 is a normal to the ellipse —2+?=1, if
a

a b a-b 2
U Four normals can be drawn from a point to an ellipse.

Important Tips
= If S be the focus and G be the point where the normal at P meets the axis of an ellipse, then
SsG- esP, and the tangent and normal at P bisect the external and internal angles between the focal
distances of P.

Normal
/: Px1,31)

Yy’

= Any point P of an ellipse is joined to the extremities of the major axis then the portion of a directrix
intercepted by them subtends a right angle at the corresponding focus.

= With a given point and line as focus and directrix, a series of ellipse can be described. The locus of
the extermities of their minor axis is a parabola.

= The equations to the normals at the end of the latera recta and that each passes through an end of the
minor axis, if &*+e*+1=0

=« If two concentric ellipse be such that the foci of one be on the other and if e and e’ be their

eccentricities. Then the angle between their axes is cogl‘/eZL:‘l :
e

Example: 22 The equation of normal at the point (0, 3) of the ellipse 9x*+5¢* - 45iS
(@) v-3-0 (b) y+3=0 (c) x-axis (d) y-axis

Solution: (d) For §+%=1, equation of normal at point (x, ), is =24 _ &-wb
X h




Here, (x,%)-©3and 2-5, &#-9, Therefore (X(‘)O). (”3 Y 90r x-o0 i.e., y-axis.

Example: 23 If the normal at any point P on the ellipse cuts the major and minor axes in G and ¢
respectively and C be the centre of the ellipse, then

(2) #(Co*+(Co? = (& - bP)? (b) #(Co?- ¥ (Ca? = (& - B)?
(C) #(CO*- b (Ca? = (& + b)? (d) None of these
Solution: (a) Let at point (x, ) normal will be &%) 2 _ =¥
X1 n
At G, =0 = x= CG=# and at 0, x=0=>y= ng#
§+% 1 = 4A(CG*+HCy? = (a - ).
Example: 24 The equation of the normal to the ellipse §+%=1at the positive end of the latus-rectum
IS
(@) x+ey+efa=0 (b) x-ey-efa=0 (c) x-ev-e!a=0  (d) None of these
Solution: (b) The equation of the normal at (x,)to the given ellipse is i"‘ b;y:az—bz. Here, x =ae
1 1
and g _¥
a

So, the equation of the normal at positive end of the latus- rectum is

i"_ By =#¢ [0 #-21-H] = X _ay= A => x—ey-Sa=0
ae U/a e

5.2.11 AUXILIARY CIRCLE
The circle described on the major axis of an ellipse as diameter is called an auxiliary circle of the

ellipse.

If ﬁz+% =1is an ellipse, then its auxiliary circle is x* + ¢* = a°
a

Eccentric angle of a point: Let P be any point on the elllpse— % 1. Draw PM perpendicular
a

from P on the major axis of the ellipse and produce MP to meet the auxiliary circle in Q. Join CQ. The
angle #XCQ-= ¢ is called the eccentric angle of the point P on the ellipse.

Note that the angle ~XCPis not the eccentric angle of point P.

X

Y,
CH
&ﬁﬁil
a? b
Y




5.2.12 PROPERTIES OF ECCENTRIC ANGLES OF THE CO-NORMAL POINTS

y2

(1) The sum of the eccentric angles of the co-normal points on the ellipse ﬁz + = =1is equal to odd
a b

multiple of =

(2) If «o,B,y are the eccentric angles of three points on the ellipse, the normals at which are
concurrent, then sing + B) + sin(8 + y) + sinf + ) =

(3)Co-normal points lie on a fixed curve: Let Ax,, ), @x,,v,), Ax;,y;)and Sx,,y,)be co-

normal points, then PQRS lie on the curve (@® - b®)xv+ bPkx— a hy=
Qlxz, 12 Pixi,m

This curve is called Apollonian rectangular hyperbola. '
A@

R(X3,y3 s(X4, Va

Note : U The feet of the normals from any fixed point to the ellipse lie at the intersections of the
apollonian rectangular hyperbola with the ellipse.

Important Tips

= The area of the triangle formed by the three points, on the ellipse ﬁ2+% =1, whose eccentric angles
a

are o,pand v is 2absi{¢"/’Jsi{“"9j si{9‘¢j.
2 2 2

= The eccentricity of the ellipse ﬁ+£_1is given by 2cotw-

&% sin20
Ja-ed’

between the normals at the points whose eccentric angles are ¢ and —+9

where w is one of the angles

Example: 25 The eccentric angle of a point on the ellipse %+%=1, whose distance from the centre of

the ellipse is 2, is

(@) =/a (b) 37/2 (c) 57/3 (d) 7x/6

Solution: (a) Let ¢ be the eccentric angle of the point P. Then the coordinates of P are (/6 coss,/2 sins)
The centre of the ellipse is at the origin, It is given that op- 2
= J6cod 0+ 2si? 0 =2=> 6cod 0+ 2sin 0 = 4=> 3cod 0 +sif0=2 = 2sin0 =1

= siff-L=sim-t L= g-1r/4
2 J2

Example: 26 The area of the rectangle formed by the perpendiculars from the centre of the ellipse to
the tangent and normal at the point-whose eccentric angle is /4, is

& - 4+ a-v &+t
(@) Luy]""” (b) (az_zf]"’"’ (©) ab[az y]‘”’” (@ ab[az bz] ab
- . - - - . - a b
Solution: (a) The given point is ( acosr/4, bsinz/4) i.€. (EE :

So, the equation of the tangent at this point is §+i;= g2 L (i)




a 7_‘/— ‘ J2ab

- length of the perpendicular form (0, 0) on (i) = -
‘\/l/a +1/82| Ja®+ B

]iS a’x B b’y

J2'J2)  a/v2 b2

Therefore, p, - length of the perpendicular form (0, 0) on (ii) - i 2 ¥
VW22 + (20> 2a® + 67)

JZab &8 {az sz »

V28 Jai+e) |+

Equation of the normal at [ - a® - =>J2ax-J2by-* -6 ... (i)

So, area of the rectangle = pp, =

5.2.13 CHORD OF CONTAC!t
If PQ and PR be the tangents through point Ax,, ) to the ellipse

Y
Xz j/z_ : 1 P(x1,11) Q
2 +b— 1, then the equation of the chord of contact QR is \%D ;

X d
P _qor T=0at (x,9,) *

a’ b’

Y

5.2.14 EQUATION OF CHORD WITH MID POINT (X1, Y1)

The equation of the chord of the ellipse £2+£ =1,whose mid point be (x,1,)is T=§,, where
a

v
%% A
TZ? b21 1 0 ‘ﬂ —+?—1 0 Q(x2,v2
B(Xa,!%

5.2.15 EQUATION OF THE CHORD JOINING TWO POINTS ON AN ELLIPSE
Let Racost, bsind); Qacosg, bsing)be any two points of the ellipse ﬁ + i =1. Then ,the

bsing — bsinH

equation of the chord joining these two points is y— bsind =
acosp — aco

(x— acosb)

Thus, the equation of the chord joining two points having eccentric angles #and ¢ on the ellipse

ﬁz + v =11is fco{mj + !sir{uj = CO{MJ
a b a 2 ) b 2 2

Note : QO If the chord joining two points whose eccentric angles are « and g cut the major axis of
p c—a

an ellipse at a distance ‘c’ from the centre, then tan% tan’ = ——.
c+a

Q If aand g be the eccentric angles of the extremities of a focal chord of an ellipse of

lue

eccentricity e, then tan—tanﬁ+
2 2 1zte




Example: 27 What will be the equation of that chord of ellipse 3ﬁ6+%:1which passes from the

point 2nand bisected on the point

(a) x+y=2 (b) x+y=3 (C) x+2y=1 (d) x+2y=4
Solution: (d) Let required chord meets to ellipse on the points P and Q whose coordinates are
(x,3)and (x,,p,) respectively

e Point (2,1) is mid point of chord PQ

2:%(x1+x2)0r x1+x2:4andl=%(y1+y2)0r oy, =2

Again points (x,,y;)and (x,s)are situated on ellipse; .. 3ﬁ16+% =1and 3%*% -1
On subtracting 2-% , % % _gor -4 __(p+x) 4 -1
36 9 X, — Xy Yo, +y) 4x2 2

-. Gradient of chord po-*2=* _—1

X, —Xx 2
Therefore, required equation of chord p@is as follows, y-1- —%(x— 20r x+2v=4

Alternative: s, =7 (If mid point of chord is known)

22 1?2 2x 1y
L2 2 iop-a
36 9 36 9 e

Example: 28 What will be the equation of the chord of contact of tangents drawn from (3, 2) to the
ellipse x*+4¢? -9

(@) 3x+8y=9 (b) 3x+8y=25 (C) 3x+ay=9 (d) 3x+8y+9=0
Solution: (a) The required equation is 7=0i.e. ,3x+42)-9-00r 3x+8y-9.

Example: 29 A tangent to the ellipse x? +4¢? = ameets the ellipse »* + 20> =6at P and Q. The angle
between the tangents at P and Q of the ellipse x*+2* -6is

(@ % (b) % (©Z (d) 2
Solution: (a) The given ellipse x*+4¢? = 4 can be written as %+% =1 ... 0

Any tangent to ellipse (i) is %‘cose + ysind = 1 AR o

Second ellipse is x*+2¢* =6 , i.e. %+§ -1

Let the tangents at p@meet at ;4 . ?

~.Equation of PQ, i.e. chord of contact is %ﬂ’%”: (iv)

46 _ K3 _1_ p 3copand k- 3sind
(cos9)/2 sind 1

Since (i) and (iv) represent the same line, ..

So, #+#¥=90r x*+y*=9is the locus of @awhich is the director circle of the ellipse
¥ v

—+==1
6 3




.. The angle between the tangents at P and Q will be /2.

Example: 30  The locus of mid-points of a focal chord of the ellipse ﬁz+% =1IS

@ X L_x ()X L _ex (€) x2+y*—a?+6* (d) None of these
a b a b a
Solution: (a) Let @&abe the mid point of a focal chord. Then its equation is s, = ror %‘+§’:§+§.
This passes through @eo, . #2¢- % . ¥ 50 locus of mais *¢-* ¥
a a b a a b

Example: 31 If «and pgare the eccentric angles of the extremities of a focal chord of an ellipse, then

the eccentricity of the ellipse is

(a) cosx + cosf} (b) sino — sinf (C) cosx — cosf} (d) sino + sinf
cos@ — f5) sing — /) cos@x — f5) sing + f5)

Solution: (d) The equation of a chord joining points having eccentric angles « and g is given by
x [(a+B) v . [a+p)_ a-B
_{ : )7,{ : ]{ . j

If it passes through (ae0)then eco{a;ﬁ :°°{a;ﬂj

co{a_ﬂ] 2$il{¥jco{a;ﬂj . .
2 — oo — e sina + sinf
')

— e= e= -
co{L;ﬂJ 25"(705;,3]‘:0 sing + /)

5.2.16 POLE AND POLAR
Let Ax,,y;)be any point inside or outside the ellipse. A chord through P intersects the ellipse at A

and B respectively. If tangents to the ellipse at A and B meet at Q(h,k) then locus of Q is called polar of
P with respect to ellipse and point P is called pole.

Equation of polar: Equation of polar of the point (x;,y;)with respect to ellipse £2+£2=1 is
a
given by
XX, vy .
a_21+b_21:1 (Ie T=0)
Coordinates of pole: The pole of the line Ix+ my+ n= 0 with respect to ellipse £2+§ =11is
a




P,
- 21’— b’m R
n n Q R

Note : U The polar of any point on the directrix, passes through the focus.
O Any tangent is the polar of its own point of contact.
Properties of pole and polar
(1) If the polar of Ax,,y)passes through @x,,y,), then the polar of Q@x,,y,)goes through
P(x,,y,) and such points are said to be conjugate points.

(2) If the pole of a line 4x+ my+ m = 0lies on the another line 4Lx+ m,y+n, =0, then the pole of
the second line will lie on the first and such lines are said to be conjugate lines.
(3) Pole of a given line is same as point of intersection of tangents at its extremities.

Example: 32 The pole of the straight line x+4y=4 with respect to ellipse x* +4y*-41is

(a) (1,4) (b) (1, 1) (c) (4,1) (d) (4, 4)

Solution: (b) Equation of polar of (x,,s;)W.r.t the ellipse IS xx +4vy, =4 ... 0]
Comparing with x+4y=4 . (i)
% = %’1 -1= x =Ly =1... Coordinates of pole (x,5%) = (1, 1)

Example: 33 If the polar with respect to »? - aaxtouches the ellipse iﬁ% -1the locus of its pole is
o

X _ vy 2 /fyz
@) Gz ! (b) = -1
(C) a2x*+ %% =1 (d) None of these
Solution: (a) Let Asmbe the pole. Then the equation of the polar is &y 2ax+or yfz—: +2—Z”
2
This touches ;’2 -1, So [21‘:"j iy [2—:} i 2, (USing & = 2nf + &?)
= 4221 = 42a? + K p%. SO, locus of (RIS 42%x* = 4% + 22 0r L

a_2 42%¢? B
ﬁz

5.2.17 DIAMETER OF THE ELLIPSE

Definition : The locus of the mid- point of a system of parallel chords of an ellipse is called a
diameter and the chords are called its double ordinates i.e. A line through the centre of an ellipse is called a
diameter of the ellipse.

The point where the diameter intersects the ellipse is called the vertex of the diameter.




2
Equation of a diameter to the ellipse X—2+% =1: Let y=mx+che a /‘Wimm
a

system of parallel chords of the ellipse ﬁ2+?:1, where m is a
a

LMLV

. . +£: 1 \y:—x
constant and c is a variable. v* v a’m

The equation of the diameter bisecting the chords of slope m of the ellipse §+§=1is

v= —abz—;x,which is passing through (0, 0).
Conjugate diameter: Two diameters of an ellipse are said to be
conjugate diameter if each bisects all chords parallel to the other. Y
Conjugate diameter of circle i.e. AAdand RBBare perpendicular to g,;*::::‘\:‘A
each other. Hence, conjugate diameter of ellipse are PPand QQ. ¥ Q"‘*ggg"’ d ¥
Hence, angle between conjugate diameters of ellipse > 90°. pj‘;fj:f'fifj:_(’ii‘,sz§~j§o
Now the coordinates of the four extremities of two conjugate
diameters are 4
Placosg, bsing); P (—acosgp,—bsing) ; (A—asing, bcosyp) ; J(asing,—bcosy)
If y=mxand y= m,x be two conjugate diameters of an ellipse, then mym, = _azz

(1) Properties of diameters

(1) The tangent at the extremity of any diameter is parallel to the chords it bisects or parallel to the
conjugate diameter.

(i1) The tangent at the ends of any chord meet on the diameter which bisects the chord.

(2) Properties of conjugate diameters

(1) The eccentric angles of the ends of a pair of conjugate diameters of an ellipse differ by a right
angle,

ie. ¢-¢'= % (acosy, bsing)

D Racos, bsiny)
(if) The sum of the squares of any two conjugate semi-diameters of P

A
an ellipse is constant and equal to the sum of the squares of the semi \&/
axes of the ellipse, i.e. CP* + CD? = a* + &* P p

(iii) The product of the focal distances of a point on an ellipse is equal to the square of the semi-
diameter which is conjugate to the diameter through the point,

i.e., SPSP=CDF D Racos},bsiny)

NS S

P D




(iv) The tangents at the extremities of a pair of conjugate diameters form a parallelogram whose

area is constant and equal to product of the axes, i.e. y
Area of parallelogram =(2a@8= Area of rectangle contained }gx
under major and minor axes. x£ “C R, x
P D
Qly

(v) The polar of any point with respect to ellipse is parallel to the diameter to the one on which the
point lies. Hence obtain the equation of the chord whose mid point is (x, g;), i.e. chord is T=§,.

(3) Equi-conjugate diameters: Two conjugate diameters are called equi-conjugate, if their
lengths are equal i.e. (CP? = (CD?

a’cos’ ¢ + b sirt ¢ = a* sirf ¢ + b* cos’ ¢
= az(cosz¢ — sir? @) — b2(c03¢ — sird P=0= (@ - bz)(c03¢ — sind =0

T 3

0 (@-b)=0, .. cos2p=0. So, ¢=ZorT

(@ + b%)

(CP =(CD = for equi-conjugate diameters.

Important Tips

= |f the point of intersection of the ellipses ﬁ2+%=1and ﬁ2+”2 1be at the extremities of the
a a

v
conjugate diameters of the former, then iﬁﬁ =2
o

= The sum of the squares of the reciprocal of two perpendicular diameters of an ellipse is constant.

= In an ellipse, the major axis bisects all chords parallel to the minor axis and vice-versa, therefore
major and minor axes of an ellipse are conjugate diameters of the ellipse but they do not satisfy the
condition m.m, --& /4 and are the only perpendicular conjugate diameters.

Example: 34 If one end of a diameter of the ellipse 4x* + y* =16iS /3,2, then the other end is
(@) /3.2 (b) v/3.-2 (€) /3.2 (d) ©,0

Solution: (c) Since every diameter of an ellipse passes through the centre and is bisected by it,
therefore the coordinates of the other end are (/3,-2).

Example: 351f ¢and 4are eccentric angles of the ends of a pair of conjugate diameters of the ellipse

ﬁ2+%:1,then 6-¢1s equal to

a

@ i% (b) += (©0 (d) None of these
Solution: (a) Let y=mxand y-m,xbe a pair of conjugate diameter of an ellipse ﬁz+%:1and let
a
_b®

Pacosd, bsind) and Q(acosy, bsing) be ends of these two diameters. Then mym, = —
a




bsind — 0 bsing - 0 —b2
acos)—0 acosp—-0 22

= sindsing =—cosfcosp — cosf—¢)=0— O—-¢p==+7/2.

5.2.18 SUBTANGENT AND SUBNORMAL
Let the tangent and normal at Ax,,y,;) meet the x-axis at Aand Brespectively.

2
Length of subtangent at A(x,,y;)to the ellipse ﬁz +% =11is DA= CA- CD="— - x,
a

_VZ

?les A

/‘ P(Xl J/1) X

2

BD- CD- CB- Xl—(xl—b—lelzizXl=(1—82)X1- ¥ N qBY 4
a a

Y

Length of sub-normal at Ax, y;)to the elllpse
a

'

Note : U The tangent and normal to any point of an ellipse bisects respectively the internal and
external angles between the focal radii of that point.

x*

Example: 36 Length of subtangent and subnormal at the point [ 2| of the ellipse —+i’2—6_1are

()[W jg] 8f()["’f j‘g’}% © [?%J@ (d) None of thee

5\/_]

| 25 5/3] [543 10

Solution: (a) Here 22 =256 -16x, = - - _190
@ Bo e e 22 @

. Length of subtangent =2 -

=65

~5/3
2

Length of subnormal :‘ﬁ

8«/_‘

5.2.19 CONCYCLIC POINTS

Any circle intersects an ellipse in two or four points. They are called concyclic points and the sum
of their eccentric angles is an even multiple of »

Q) P(0)

R() S()

If «,pBy,6be the eccentric angles of the four concyclic points on an ellipse, then
a+ B+y+36=2nr,Wheren is any integer.

Note : U The common chords of a circle and an ellipse are equally inclined to the axes of the
ellipse.




Important Tips

= The centre of a circle x*+y? +2gx+2f+ c= 0passing through the three points, on an ellipse

<2 . .
A 1(whose eccentric angles are ap,y) IS

2 42 2 2
—g:[a 4_b J {cosa+cosﬂ+co$/+cos(x+ﬂ+y)}and—f:(b —4a
a

a

j {sing + sing + siny —sin + 5+ )}

- pPcpand pcpare conjugate diameters of an ellipse and« is the eccentric angles of P. Then the
eccentric angles of the point where the circle through p P, pagain cuts the ellipse is z/2-3«.

5.2.20 REFLECTION PROPERTY OF AN ELLIPSE

Let S and S§be the foci and PN the normal at the point P of the ellipse, then ~SPS =/8@S .
Hence if an incoming light ray aimed towards one focus strike the concave side of the mirror in the
shape of an ellipse then it will be reflected towards the other focus.

B Tangen Light
ray

=iadl

X275 g /N s /A
Normal

B
Reflected ray

Q

Example: 37 A ray emanating from the point -30)is incident on the ellipse 16x* +25¢* - 400 at the point
P with ordinate 4. Then the equation of the reflected ray after first reflection is

(@) ax+3y=12 (b) 3x+4y=12 (c) ax-3y=12 (d) 3x-4y=12
Solution: (a) For point P y-coordinate =4
Given ellipse is 16x* + 25* = 400 y
©0.a]p

16x* + 254)%2 = 400, .. x=0 ﬁ“
-.co-ordinate of P is (0, 4) XG0S d  seo) ¥
2, 16_9 K)<

" 25 25

e=—

5
Foci @ae0) , 1.6. (+30)

X

. Equation of reflected ray (ieps is E+i’=1or 4x+3y=12.
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1.

ASSIGNMENT

DEFINITION OF THE ELLIPSE

Basic Level

If a bar of given length moves with its extremities on two fixed straight lines at right angles, then
the locus of any point on bar marked on the bar describes a/an

(@) Circle (b) Parabola (c) Ellipse (d) Hyperbola

If the eccentricity of an ellipse becomes zero, then it takes the form of

(@) Acircle (b) A parabola (c) A straight line (d) None of these

The locus of a variable point whose distance from (20 is % times its distance from the line
x:f%, is

(a) Ellipse (b) Parabola (c) Hyperbola (d) None of these

If A and B are two fixed points and P is a variable point such that ra+pB-4, where AB<a, then
the locus of P is

(a) A parabola (b) An ellipse (c) A hyperbola (d) None of these
Equation of the ellipse whose focus is 67 directrix is x+y+2=0 and e=1/J3 is

(a) 5x* +2xy+5y* - 76x—88y+506=0 (b) 5x% - 2xy+5y* - 76x— 88y + 506= 0
(C) 5x* —2xy+5y* + 76x+88y—506=0 (d) None of these
The locus of the centre of the circle »*+y?+4xcos6 - 2ysing-10=0 S

(a) An ellipse (b) A circle (c) A hyperbola (d) A parabola

STANDARD & OTHER FORMS OF AN ELLIPSE , TERMS RELATED TO AN ELLIPSE

Basic Level
7.  The equation 2« +3¢* - 30 represents

(a) A circle (b) An ellipse (c) A hyperbola (d) A parabola
8. The equation X, Y 40 represents an ellipse, if

2-r r-5

@) r>2 (b) 2<r<5 (€) r>5 (d) None of these

9.  Equation of the ellipse with eccentricity % and foci at «1,0 is
X X ¥ 4

@) 5+ =1 (b) 4 +3=1 © 5+3=3 (d) None of these

10. The equation of the ellipse whose foci are 5,00 and one of its directrix is 5x=36, is

@) §5+1£1:1 (b) §+%_1 (©) §+1i1=1 (d) None of these




11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

The equation of ellipse whose distance between the foci is equal to 8 and distance between the
directrix is 18, is

(a) 5x*-9,*-180 (b) 95 +55* =180 (C) ¥+9*=-180 (d) 5x*+9* =180

The equation of the ellipse whose one of the vertices is ©,7 and the corresponding directrix is
v=12, IS

() 95x*+144” -4655 (D) 144%* + 95¢* — 4655 (c) 95x*+144”-1368¢  (d) None of these

The equation of the ellipse whose centre is at origin and which passes through the points (-3, 1
and -2 is

() 582 +3¢# =32 (b) 382 +57=-32 (C) 5x*-3,2=-32 (d) 322 +52+32-0

An ellipse passes through the point 3,1 and its eccentricity is \/g The equation of the ellipse is

(a) 3x*+5¢% =32 (b) 3x*+5¢%=25 (C) 3+ -4 (d) 32+4*=9
If the centre, one of the foci and semi- major axis of an ellipse be (0, 0), (0, 3) and 5 then its
equation IS

_ 2 P
@ x 16" 25 =1 (b )2—5 Te-! ©) G +5s=1 (d) None of these

The equation of the ellipse whose latus rectum is 8 and whose eccentricity is % referred to the

principal axes of coordinates, is

(8) 22 1 (b)—+—=1 © 2.¥ 4 (d) 2.Y

18 32 64 32 16 24

The lengths of major and minor axes of an ellipse are 10 and 8 respectively and its major axis is
along the y-axis. The equation of the ellipse referred to its centre as origin is

@ 2.5 () .5 © 2.2 @ 2.2

25 16 16 25 100 64 64 100
The equation of the ellipse whose vertices are @5,0) and foci are 4,0) is
(a) 9+* +25¢% =225 (b) 25x*+9¢* =225 (C) 3x*+4s” =192 (d) None of these

The latus rectum of an ellipse is 10 and the minor axis is equal to the distance between the foci.
The equation of the ellipse is

(@) ¥#*+22-100 (b) x®+J2¢2 =10 (c) ¥-2¢#-100 (d) None of these
The eccentricity of the ellipse 4x*+9y* =36, IS

@ 0 £ © 5 ()
Eccentricity of the conic 16x*+7y* =1121iS
(@ = (b) = © 3 (d) 3

Eccentricity of the ellipse 9x* + 25¢* = 225 IS

OF (b) 4 © 2 (d) 424




23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

The eccentricity of the ellipse 25x*+16¢ = 400 IS
3 1 2 1
(a3 (b) (c) 2 (d) 1
For the ellipse XV 1, the eccentricity is
64 28
3 4 2 1
(a3 (b) 2 © 2 (d) 1
If the latus rectum of an ellipse be equal to half of its minor axis, then its eccentricity is
3 J3 2 J2
(a) 3 (b) 2 (c) 2 (d) 2

If the length of the major axis of an ellipse is three times the length of its minor axis, then its
eccentricity is

1 1 1 2/2
@ 3 () 4 © % (d) 22

The length of the latus rectum of an ellipse is % of the major axis. Its eccentricity is

2 2 5x4x3 3\

(3 2 ) 2 © =4 @ (3)

Eccentricity of the ellipse whose latus rectum is equal to the distance between two focus points, is
J5+1 J5-1 J5 J3

(a) = (b) 1 (€ % (d) 2

If the distance between the foci of an ellipse be equal to its minor axis, then its eccentricity is
1 1 1 1

@® 3 (b) = © 3 OFS

The length of the latus rectum of the ellipse 3%*4%: 11s
98 72 72 98

@ 3 (b) - (c) T (d) 12

For the ellipse 3x*+4¢? =12, the length of latus rectum is

@ 3 (b) 3 © 3 A |5

The length of the latus rectum of the ellipse 9x*+4s*=1, is
3 8 4 8
@ 3 (b) 3 (c) 9 (d) 9

In an ellipse, minor axis is 8 and eccentricity is @ Then major axis is

(@6 (b) 12 (c) 10 (d) 16
The distance between the foci of an ellipse is 16 and eccentricity is % Length of the major axis of

the ellipse is
(@ 8 (b) 64 (c) 16 (d) 32




35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

If the eccentricity of an ellipse be 1/v2, then its latus rectum is equal to its
(a) Minor axis (b) Semi-minor axis (c) Major axis (d) Semi-major axis

If the distance between a focus and corresponding directrix of an ellipse be 8 and the eccentricity
be 1/2, then the length of the minor axis is

@3 (b) av2 (c) 6 (d) None of these

The sum of focal distances of any point on the ellipse with major and minor axes as 2a and 2b
respectively, is equal to

0z 0 02 ®®
P is any point on the ellipse 9x*+36y* = 324 whose foci are Sand S' . Then sp+s P equals

@3 (b) 12 (c) 36 (d) 324
The foci of 16x*+ 252 =400 are

(@) ¢3.0 (b) ©.=3) (€) -3 (d) 3.3
In an ellipse 9«2 +5¢* - 45, the distance between the foci is
(@) a5 (b) 3/5 (c) 3 (d) 4

The distance between the directrices of the ellipse 3%*%): 1is

(@8 (b) 12 (c) 18 (d) 24
If the eccentricity of the two ellipse ":9 ”25 1, and —+§ 1 are equal, then the value of a/b is
13
(a) 13 (b) 13 (C) ? (d) 3
The equation of the ellipse whose one focus is at (4, 0) and whose eccentricity is 4/5, is
X X ¥ X X
(8) 3+5-1 (b) 2 +%-1 (©) 2 %=1 @) %51

S and T are the foci of an ellipse and B is an end of the minor axis. If STB is an equilateral
triangle, the eccentricity of the ellipse is

@ 4 (b) © 5 (d) 2

If C is the centre of the ellipse 9x*+16,* =144 and S is one focus, the ratio of CS to semi-major axis,
IS

(@) v7:16 (b) v7:4 (c) V5:v7 (d) None of these
If Lr-10, distance between foci = length of minor axis, then equation of ellipse is
()% 100-1 (b )ﬁ) 20-1 ()%+%— (d) None of these

Line joining foci subtends an angle of 90° at an extremity of minor axis, then eccentricity is
1 1 1
(@) % (b) e (©) 5 (d) None of these




48.

49.

50.

51.

52.

53.

54.

(a)

55.

56.

57.

If foci are points ©,1,0,-1 and minor axis is of length 1, then equation of ellipse is

@2 L )2 © Zl @) 22

1/4 5/4 5/4 1/4 3/4 1/4 1/4 3/4
The eccentricity of the ellipse 5x*+9s* =1 is

2 3 4 1
(a) 3 (b) 2 (c) - (d) 2
For the ellipse »*+4¢*-9
(a) The eccentricity is % (b)The latus rectum is § (c)A focus is @3v3,0 (d) A directrix is x=2/3

The sum of the distances of any point on the ellipse 3x*+4¢? = 24 from its foci is

(@) 8/2 (b) av2 (c) 16/2 (d) None of these
The sum of the focal distances from any point on the ellipse 9x* +164* =144 is

(@) 32 (b) 18 (c) 16 (d) 8

The distance of a focus of the ellipse 9x*+16? =144 from an end of the minor axis is

(a) g (b) 3 (c) 4 (d) None of these

The equation of ellipse in the form §+§:1, given the eccentricity to be g and latus rectum g IS

25x% +45/ =9 (b) 25x*-4s*-9 (C) 25x*-45/2 -9 (d) 25x* +4s* -1
The equation of the ellipse with axes along the x-axis and the y-axis, which passes through the
points P (4 3)and Q (6, 2) is

@ X.¥_4 ) £.2 ©) 2% 4 ) 2.2y

50 13 52 13 52 17

P is a variable point on the ellipse §+%:1 with AA' as the major axis. Then the maximum value

of the area of the triangle APA'is
(a) ab (b) 2ab (c) "7” (d) None of these

The latus rectum of the ellipse »?tan’a+¢?sea =1 IS 1/2 then «(0<a <7 IS equal to
@) /12 (b) /6 (C) 57/12 (d) None of these

Advance Level

58.

59.

An ellipse is described by using an endless string which is passed over two pins. If the axes are 6
cm and 4 cm, the necessary length of the string and the distance between the pins respectively in
cm, are

(@) 62/5 (b) 65 (c) a,2/5 (d) None of these
A man running round a race-course notes that the sum of the distances of two flag-posts from him

is always 10 meters and the distance between the flag-posts is 8 meters. The area of the path he
encloses in square metres is

(@) 157 (b) 127 (c) 18~ (d) 8z




60.

61.

62.

63.

64.

65.

66.

67.

68.

The equation %_%—1 r>1 represents
(@) An ellipse (b) A hyperbola (c) Acircle (d) An imaginary
ellipse
The radius of the circle having its centre at (0,3) and passing through the foci of the ellipse
£+£ 1, IS

9
(@3 (b) 3.5 (c) 4 (d) V12
The centre of an ellipse is C and PN is any ordinate and 4 4 are the end points of major axis, then
the value of 2% _js

N

v a 2 2

@ % (b) = (©) -+ ()1

Let P be a variable point on the ellipse 2£5+1£6 =1with foci at Sand s. If A be the area of triangle

pss , then the maximum value of A is
(a) 24 sq. units (b) 12 sq. units (c) 36 sg. units (d) None of these

The eccentricity of the ellipse which meets the straight line §+i2’=1on the axis of x and the

straight line %‘-’é: 10n the axis of y and whose axes lie along the axes of coordinates, is

@ ¥ (b) @ ©) @ (d) None of these

If the focal distance of an end of the minor axis of an ellipse (referred to its axes as the axes of x
and y respectively) is k and the distance between its foci is 2h, then its equation IS

(8) 2+ 2 -1 (b) 2+

g P
27 ! © w7 ! (d) k2 k2 i

If (5, 12) and (24, 7) are the foci of a conic passing through the origin, then the eccentricity of
conic is

J/386 /386 /386 J386
(@) 35 (b) 5~ ©) 5 @) 5

The maximum area of an isosceles triangle inscribed in the ellipse ﬁ2+% =1with the vertex at one
a

end of the major axis is
(@) V3ab (b) —ab (©) —ab (d) None of these
The radius of the circle passing through the foci of the ellipse X +% -1and

having its centre (0, 3) is
(a) 4 (b)3 (c) V12 (d) 7




69. The locus of extremities of the latus rectum of the family of ellipse &*x2 + »* = 2?62 iS
(a) X2 —ay=a’ (b) X% —ay=b° (C) X2 +ay=a’ (d) x* +ay=b°
SPECIAL FORM OF AN ELLIPSE , PARAMETRIC EQUATION OF AN ELLIPSE
Basic Level
70. The equation of the ellipse whose centre is (2,—3), one of the foci is (3, —3) and the corres vertex s
(x-2* w+3? (x-2* w+3? X
@) st a1 (b) 2 toa =1 (©) A (d) None of these
71. The equation of an ellipse, whose vertices are (2, —2), (2, 4) and eccentricity % IS
(x-2* w-1* _ (x-2* w-1* _ (x+2°  w+1D* _ (x-2% w+1* _
(a) TJrT—l (b) TJrT—I (C) T+T—1 (d) T+T—1
72. The equation of an ellipse whose eccentricity 1/2 is and the vertices are (4, 0) and (10, 0) is
(8) 3x*+4y* -42x+120-0 (b) 3x* +4y? +42x+120-0
(C) 3x* +4y* +42x-120-0 (d) 3x*+4y®-42x-120-0
73. For the ellipse 3x*+4y®> -6x+8y-5-0
(a) Centre is (2, 1) (b)Eccentricity is %
(c) Foci are(3, 1) and (-1, 1) (d)Centre is (1, -1), e=%,foci are (3, -1) and (-1, -1)
74. The eccentricity of the ellipse 9x* +5¢* —-18x—2y-16=0
(@) 1/2 (b) 2/3 (c) 1/3 (d) 3/4
75. The eccentricity of the ellipse %J”;—:Z ~1is
(@) 4/5 (b) 3/5 (c) 5/4 (d) Imaginary
76. The eccentricity of the ellipse 9x* +5¢* -30y=0, iS
(a) % (b) g (c) g (d) None of these
77. The eccentricity of the ellipse 4x* + 9y + 8x+ 36y+4=0IS
5 3 J2 V5
(a) 3 (b) 2 (c) 2 (A 3
78. The eccentricity of the curve represented by the equation x*+2y* - 2x+3y+2=01IS
@a~o (b) 1/2 (c) 1/V2 (d) vz
79. The centre of the ellipse ** v 2*, ("Ié’)z -1, is
(a) (0,0) (b) (1, 1) (c) (1,0) (d) (0, 1)
80. The centre of the ellipse 4x*+9y* —16x-54y+61=01S
(a) (1, 3) (b) (2,3) (€ @32 d @ 1)
81. Latus rectum of ellipse 4x* +9¢* -8x-36y+4=01iS

(a) s/3 (b) a/3 (©) % (d) 16/3




82.

83.

84.

85.

86.

87.

88.

89.

The length of the axes of the conic 9x* + 4¢® -6x+4y+1-0, are

1 2 2
@) 27? (b) 3¢ (c) L3 (d) 3,2
Equations x=acess, y= bsind (a> Hrepresent a conic section whose eccentricity e is given by
(&) =2 5F (b) =2 2F © & - () =22

The curve with parametric equations x=1+4coss, y=2+3 sind IS

(@) Anellipse (b) A parabola (c) A hyperbola (d) A circle
The equations x= acosd,y= b sind,0< 6 < 27,a= b, represent
(a) An ellipse (b) A parabola (c) Acircle (d) A hyperbola
The curve represented by x=2(cost+sind, y= 5(cost—sin IS
(a) A circle (b) A parabola (c) An ellipse (d) A hyperbola
; 1-7 2bt
The equations x= ‘{W] y=1git<R represent
(a) A circle (b) An ellipse (c) A parabola (d) A hyperbola
The eccentricity of the ellipse represented by 25x* +16y* —-150x-175=01S
(@) 2 (b) 3 © 3 (d) None of these

The set of values of a for which a3x-12+@3v-2?2 = a5x+12y-n2represents an ellipse is
(@ 1l<a<? (b) O<a<1 (c)2<a<3 (d) None of these

Advance Level

90.

91.

The parametric representation of a point on the ellipse whose foci are (-1, 0) and (7, 0) and
eccentricity 1/2 is

(@) 3+8cos0,4V3sin9) (D) (8coss,4V3sim9) (C) 3+4/3cos0.8sin9)  (d) None of these

If Ao and ({ +ejare two points on the ellipse ﬁ+i 1,then locus of the mid-point of PQ is

(a) —+—2:

% (b) _2+§ a (c) —+—: (d) None of these

POSITION OF A POINT , TANGENTS , PAIR OF TANGENTS & DIRECTOR CICLE OF AN

ELLIPSE

Basic Level

92.

93.

The line ix+ my- n= owill be a tangent to the ellipse ﬁ2+% -1,if

a
(@) 2P +Pnt =n? (b) af + bnt = ? (C) &1+ Pm=n (d) None of these
The line xcosx+ ysinz = pWill be a tangent to the conic ﬁ+£ 1,if

(@) p?=a’sita+ b cod (b) p*=a*+#?

(C) p?=8*si*a+a’cod (d) None of these




94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

The equations of the tangents of the ellipse 9x* + 16y* = 144, which passes through the point (2, 3) is
(@) y=3x+y=5 (b) y=3x-y=5 (C) y=4x+y=3 (d) y=4,x-y=3

The equation of the tangent to the conic x*-¢* -8x+2y+11-0at (2, 1) is

(@) x+2-0 (b) 2x+1-0 (c) x-2-0 (d) x+y+1-0

The position of the point (1, 3) with respect to the ellipse 4x* +9y* —-16x—54y+61=0iS

(a) Outside the ellipse (b) On the ellipse (c) On the major axis  (d) On the minor axis

The ellipse ﬁ+bi =1and the straight line y= mx+ cintersect in real points only if

(@) @%nf <& -0 (b) 2%n? > & - b (C) &nf > - ¥ (d) ez

If the line y= mx+ ctouches the elllpse ”2 -1, then c=

() +Vo*nf + 2 (b) +VaPnf + &? (C) +V&?n? -2 (d) +Va?n?—6?

If the line y-2x+ cbe a tangent to the ellipse £+£—1, then c=

(@) +a (b) +6 (c) +1 (d) 8

The equation of the tangent to the ellipse x*+16y? =16making an angle of e0°with x-axis

(@) v3x-y+7-0 (b) V3x-y-7=0 (C) V3x-y+7-0 (d) None of these
The position of the point (4, —3) with respect to the ellipse 2x* +5y* = 20is

(a) Outside the ellipse (b) On the ellipse (c) On the major axis  (d) None of these
The angle between the pair of tangents drawn to the ellipse 3x*+2y? = 5from the point (1, 2) is
(@) (2 (b) tan'@J5) ©) tan—l[% (d) tan*a2/5)

If any tangent to the ellipse §+% =1cuts off intercepts of length h and k on the axes, then
a b

A

@a~o (b) 1 (c) -1 (d) None of these

The equation of the tangents drawn at the ends of the major axis of the ellipse 9x* +5¢* -30v=0,
are

(@) v=23 (b) x=+J5 (C) y=0v=6 (d) None of these

The locus of the point of intersection of mutually perpendicular tangent to the ellipse —+£2 -1,
IS

(a) A straight line (b) A parabola (c) Acircle (d) None of these

Two perpendicular tangents drawn to the ellipse %st —1intersect on the curve

@) x=§ (b) ®+y*=a1 (C) ®+y*=9 (d) ®-¢*-21




107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

The product of the perpendiculars drawn from the two foci of an ellipse to the tangent at any point
of the ellipse is

(@) & (b) »? (c) a2 (d) a#?
The equations of the tangents to the ellipse 4x* +3¢? = 5,which are inclined at 60°to the axis of x
are

(a)y=JﬁxiJ§§ (b)szsxiJ%E (€) y=%= % (d) None of these
If the straight line y=ax+ cis a tangent to the ellipse %+% =1, then c will be equal to
(@) +a (b) +6 (€) +1 (d) +Ja33

Tangents are drawn to the ellipse 3x? +5¢? = 32and 25x* + 9¢* = a450passing through the point (3, 5).
The number of such tangents are

(a) 2 (b)3 (c) 4 (d)0
If i‘+%= J2touches the eIIipseﬁz+% =1, then its eccentric angle ¢ is equal to
a a
@) o° (b) 90° (c) a5° (d) 60°
Locus of point of intersection of tangents at (acosx bsinz)and (acosp,bsing) for the ellipse
ﬁ +£ -1IS
a® b
(a) A circle (b) A straight line (c) An ellipse (d) A parabola
The equation of the tangent at the point @/4,1/4)of the eIIipse§+lﬁ2 =1IS

(@) 3x+y=-48 (b) 3x+y=3 (C) 3x+y=16 (d) None of these

If Fand F,Dbe the feet of the perpendiculars from the foci s,and s,of an ellipse = "‘2 ”2 =10n the
tangent at any point P on the ellipse, then (s,F)(s,£) 1S equal to

(a) 2 (b)3 (c) 4 (d)5

Equations of tangents to the ellipse §+% =1, which cut off equal intercepts on the axes is

(@) y=x+13 (b) y=-x+13 (C) v=x-13 (d) y=-x-\13

The line x=a#meets the ellipse §+% —1in the real points , if

@) < 2 (b) 1 #<1 ©) 1¢>1 (d) None of these




Advance Level

117.

118.

119.

120.

121.

122.

123.

124.

125.

The locus of mid points of parts in between axes and tangents of ellipse ﬁz iz =1will be
a2 b2 a2 bZ a2 bZ 2 bZ
(a) ?+7: (b) ?+7:2 (C) ?+7:3 (d —+7:4

ﬁi

2_

1and circle x®+ v = agis

(@) tan'( 2] (b) tan?(222] (©) t[ﬁﬂ (d) t(ﬁ]

Locus of the foot of the perpendicular drawn from the centre upon any tangent to the ellipse

The angle of intersection of ellipse

£+i ],iS

a

(@) (2 +97)? = B*4% + %0 (b) &+ 97?2 =04 - 2%

(C) (2 +32)? = 225 - P (d) (2 +92)?2 = 252+ B2y

If a tangent having slope of —%to the ellipse 1ﬁ8+3iz:1intersects the major and minor axes in

points A and B respectively, then the area of aoasis equal to (O is centre of the ellipse)

(a) 12 sq. units (b) 48 sq. units (c) 64 sg. units (d) 24 sg. units
Tangent is drawn to ellipse 2—+y2 1 at (3V/3coso, snrﬁ)(WherEHG[ )) Then the value of ¢ such

that sum of intercepts on axes made by this tangent is minimum, is

@) /3 (b) =/6 (c) »/8 (d) =/a
If the tangent at the point [4cos¢,%sin¢J to the ellipse 16x* +119? = 256iS also a tangent to the circle
x* + y* - 2x=15then the value of 4is

OFS (b) =4 (©) =% (d) <2

An ellipse passes through the point (4, —1) and its axes are along the axes of co-ordinates. If the
line x+4y-10-0isa tangent to it, then its equation is

(a) = (b) £

The sum of the squares of the perpendiculars on any tangent to the ellipse x?/a*+¢?/6* =1from
two points on the minor axis each distance Va? - #* from the centre is

(@) a (b) #? (d) 22

The tangent at a point P (aces, bsing) O an ellipse x*/a? + ¢?/6% =1, meets its auxiliary circle in two

points, the chord joining which subtends a right angle at the centre, then the eccentricity of the
ellipse is

(@) a+sin?o)?

(c) 2—0 ?— (d) None of these

100 5 80 5/4

(c) 24°

(b) a+sin’0) 2 (C) a+sin?o)®? (d) a+sin? )2




126. The locus of the point of intersection of tangents to an ellipse at two points, sum of whose
eccentric angles is constant is
(a) A parabola (b) A circle (c) An ellipse (d) A straight line
127. The sum of the squares of the perpendiculars on any tangents to the ellipse ﬁ2+i2=1 from two
a b
points on the minor axis each at a distance ae from the centre is
(@) 24 (b) 28 (c) £+ (d) -+
128. The equation of the circle passing through the points of intersection of ellipse ﬁz iz =1and
a
g +§ -1iS
a’b’ 2a°b*
(a) X+ =a? (b)x2+y2:b2 (C) ,\'2+g/2:2—b2 (d)x2 yz— 7
a +
129. The slope of a common tangent to the ellipse ﬁ2+% =1and a concentric circle of radius r is
a
o | -8 r—bz b -
@ et (578 () © [%%] @ %
130. The tangents from which of the following points to the ellipse 5x* + 4y* = 20are perpendicular
(@) @ 2/2) (b) @/2,1) (C) @5 (d) /5,2
NORMAL , ECCENTRIC ANGLES OF CO — ORDINATE POINTS
Basic Level
131. The line y= mx+ cis a normal to the ellipse —+%_1, ifc=
a
3) — @am+ bnd) b) (@ + 6")m c) @ -6 )m d) @ - 6)m
(2) = zam O T O T Ve
132. The line ix+ my+ n=0is a normal to the ellipse ﬁ2+§ =1if
a2 b2 (a _ b2) a b2)2 B _ b2)2
@) et E T (b) T (c) 2 _Z "2 (d) None of these
133. If the line xcosx+ ysinz = pbe a normal to the ellipse ﬁ2+§ =1then
a
(a) p*(@® cod o + B sir’ o) = a* - b* (b) P(@ cod a+ b sinf o) = (a2 - b2)2
(C) Pr(a®sec a + b’coseéa) = a* - b® (d) P& sed o + Bcosela) = (&% — B)?
134. The equation of the normal at the point (2, 3) on the ellipse 9x* + 164 =180, IS

(@) 3y=8x-10 (b) 3y-8x+7=0 (C) 8y+3x+7=0 (d) 3x+2y+7=0




135. The eccentric angles of the extremities of latus-rectum of the ellipse ﬁz+% —1are given by
a
(a) tanfl[i a_;j (b) tanfl(i ”:‘j (©) tanfl(i a_’;j (d) tanfl(i biej
136. The number of normals that can be drawn from a point to a given ellipse is
(a) 2 (b)3 (c) 4 d1
137. The eccentric angle of a point on the ellipse £+ﬁ_1, whose distances from the centre of the
ellipse is 2, is
Vs 3z 5z Tz
(8 = (b) 3 Op (d) =

Advance Level
138. If the normal at the point mAgto the ellipse ’1"2—4+%=1intersects it again at the point @2, then
co IS equal to

(@) 2 (b)-2 OF: () -3

139. If the normal at any point P on the ellipse ﬁ2+%:1meets the coordinates axes in G and ¢

a

respectively, then pG: Pg=

@) a:b (b) 2*:8? (C) &*:a° (d) b:a

140. If zand pare eccentric angles of the ends of a focal chord of the ellipse ﬁz %4 then
tanE tan— Is equal to
(a) 1= (b) &1 (c) &1 (d) None of these

1+e e+1 e-1

141. If the normal at one end of the latus-rectum of an ellipse ﬁ2+% =1passes through the one end of
a

the minor axis, then
(@) e*-e*+1=0 (b) e -e+1=0 (C) +e+1=0 (d) e*+e*-1=0

142. The line 2x+y-3 cuts the ellipse 4x* + y* =5at pand @. If o be the angle between the normals at
these points, then tano =

(a) 1/2 (b) 3/4 (c) 3/5 (d)5

143. The eccentric angles of extremities of a chord of an ellipse ﬁz ﬁz—mre o,and o,. If this chord
passes through the focus, then
(a) tan9_21 tan% + :_:: =0 (b) cos@ = e.cos%

2 _ e+l

(C) smﬂ+_sm€2 (d) cotﬁ .cot
sinf; +6,) 2 2 e-1




144.

145.

Let E,£Dbe two foci of the ellipse and prand pwvbe the tangent and the normal respectively to the
elllpse at point P then
(a) PN bisects ~Fpr, (b) PT bisects ~FPE,

(c) PT bisects angle a8 - ~FPE,) (d) None of these

If CF is the perpendicular from the centre C of the ellipse ﬁ2+%:1on the tangent at any point P

and G is the point when the normal at P meets the major axis, then CF. PG=
(@) & (b) ab (c) » d) &

CHORD OF CONTACT , EQUATION OF CHORD JOINING TWO POINTS OF AN ELLIPSE

Basic Level
146. The equation of the chord of the ellipse 2x? + 5¢* = 20which is bisected at the point (2, 1)is

(@) ax+5p+13-0 (b) ax+50-13 (C) 5x+4y+13=0 (d) None of these
147. If the chords of contact of tangents from two points (x,,¥;)and (x,,,)t0 the ellipse §+% =1are at right

angles, then *1*2 s equal to

Wy,
2 2 4
(a) 2 (b) -5 (©) -5 @ -5

148.

149.

150.

151.

Chords of an ellipse are drawn through the positive end of the minor axis. Then their mid-point
lies on

(a) A circle (b) A parabola (c) An ellipse (d) A hyperbola

The length of the common chord of the ellipse (x_91)2 " (”‘42)2 -1and the circle (x-1%+ (-2 =1is

(a) Zero (b) One (c) Three (d) Eight

If tans, tano, =_:—z , then the chord joining two points ¢,and ¢,0n the ellipse ﬁz+% =1will subtend
a

a right angle at
(a) Focus (b) Centre  (c)End of the major axis (d)End of the minor axis

If o and 4 are the eccentric angles of the ends of a focal chord of the ellipse ﬁ2+§ -1,then
a

(a) cos— ecos— (b) cos—+ ecos%¢ 0 (C) cos¥= ecos% (d) None of these




DIAMETER OF ELLIPSE , POLE AND POLAR &CONJUGATE DIAMETER
Basic Level
152. With respect to the ellipse 3x*+2¢* - 1,the pole of the line 9x+2¢=1 is

(@) 1-3 () 13 (c) -1 (d) @y

153. Inthe elllpse "2

”2 =1, the equation of diameter conjugate to the diameter y- gx, IS
(@) y- _ia’x (b) y=-2x (€) x- _gy (d) None of these
154. If CP and CD are semi conjugate diameters of the ellipse ﬁ2+§ -1, then cP+cp=
a

(@) a+o (b) 2%+ 82 (c) 22-# (d) Va*+ #?

155. The eccentricity of an ellipse whose pair of a conjugate diameter are y- xand 3y=-2xiS
@) 2/3 (b) 1/3 (c) 173 (d) None of these

156. If eccentric angle of one diameter is 3%, then eccentric angle of conjugate diameter is
(a) 2?” (b) 4?” (c) —or il (d) None of these

157. For the ellipse ﬁ2+% =1, the equation of the diameter conjugate t0 ax- by=0is
a

(a) bx+ ay=0 (b) bx— ay=0 (C) av+bx=0 (d) aAy-b63x=0
158. Equation of equi-conjugate diameter for an ellipse 2ﬁ5+1£6|s
(a) X:i%y (b) y:igx (€) x- +f—zy (d) None of these

Advance Level
159. The locus of the point of intersection of tangents at the ends of semi-conjugate diameter of ellipse

is
(a) Parabola (b) Hyperbola (c) Circle (d) Ellipse

160. AB is a diameter of x*+9¢? = 25. The eccentric angle of A'is z/6. Then the eccentric angle of B is
(@) 57/6 (b) -5z/6 (c) -27/3 (d) None of these

161. If the points of intersection of the ellipse aﬁ+b£71 and pﬁ+§:1be the extremities of the
conjugate diameter of first ellipse, then
@) _+7: (b) :_§+f72:1 (©) 2+2-1 (d) :_Zﬂj?z_

**k*k




ANSWER
BASIC & ADVANCE LEVEL
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