27. Hyperbola

Exercise 27.1

1. Question

The equation of the directrix of a hyperbola is x -y + 3 = 0. Its focus is (-1, 1) and eccentricity 3. Find the
equation of the hyperbola.

Answer

Given: Equation of directrix of a hyperbola is x - y + 3 = 0. Focus of hyperbola is (-1, 1) and eccentricity (e)
=3

To find: equation of the hyperbola
Let M be the point on directrix and P(x, y) be any point of the hyperbola

Formula used:

i PF PM
e—PM=:- =e

where e is an eccentricity, PM is perpendicular from any point P on hyperbola to the directrix

Therefore,
(x—y+3)
[(x+1)2+(y—1)2=3 |——=
v 4 J1Z ¥ (—1)2
(x—y+3)

= Jx+1)2+(y—1)2=3

Vv1+1

Squaring both sides:

2 (x—y+3) )2
= 'II 2 f— 2 — e
(\,(x+ 1)2+(y 1)) (3 s
32 (x—y+3)?

= xX+1)*+(y—-1)?*= 5

{“(a-b)2=a%2+b%2+2ab&
(@+b+c)P=a2+b?+c?+2ab+ 2bc + 2ac}

=2 2{x2+ 1+ 2x + y?2 + 1 -2y} = 9{x? + y2+ 9 + 6x - 6y - 2xy}
=2x2 4+ 2 4+ 4x + 2y2 4+ 2 - 4y = 9x2 + 9y2+ 81 + 54x - 54y - 18xy
= 2x2 + 4 + 4x + 2y%- 4y - 9x2 - 9y? - 81 - 54x + 54y + 18xy = 0
= -7x2-7y2-50x 4+ 50y + 18xy - 77 =0

= 7x2 + 7y2 + 50x - 50y - 18xy + 77 = 0

This is the required equation of hyperbola



rT—y+3=0

Hyperbola

2 A. Question

Find the equation of the hyperbola whose
focus is (0, 3), directrix is x + y - 1 = 0 and eccentricity = 2
Answer

Given: Equation of directrix of a hyperbola is x + y - 1 = 0. Focus of hyperbola is (0, 3) and eccentricity (e) =
2

To find: equation of the hyperbola
Let M be the point on directrix and P(x, y) be any point of the hyperbola

Formula used:

i PF PM
e=—=PF=e
PM

where e is an eccentricity, PM is perpendicular from any point P on hyperbola to the directrix

Therefore,

(x+y—1)
[(x—0)2+(y—3)2=2|——0u0w—"
VG=07+ (=37 =2 |~

x+y-1)
= J(x—0)2+(y—3)2=2|———
VEm 0+ y=3) Vit

Squaring both sides:

2 _(,|&+y =Dy
= (. f(x— 02 —_2y2) =
(Va0 + G -37) (2 Vitl )
22(x+y—1)?

=(x—0)7+(y—-3)= 5

{“(a-b)2=2a2+b2+2ab&
(@+b+c)P=a2+b?+c?+2ab+ 2bc + 2ac}

=22{x2+y2 +9-6y} =4{x%2 +y? +1-2x-2y + 2xy}



= 2x% + 2y? + 18 - 12y = 4x? + 4y%+ 4 - 8x - 8y + 8xy
=2x2+2y2+18-12y-4x2-4y?2-4-8x+8y-8xy =0
=-2x2-2y2-8x-4y-8xy +14=0

= 2(x2+y2-4x+2y +4xy-7)=0

>x2+y2-4x+2y+4xy-7=0

This is the required equation of hyperbola

2 B. Question

Find the equation of the hyperbola whose

focus is (1, 1), directrix is 3x + 4y + 8 = 0 and eccentricity = 2
Answer

Given: Equation of directrix of a hyperbola is 3x + 4y + 8 = 0. Focus of hyperbola is (1, 1) and eccentricity
(e) =2

To find: equation of hyperbola
Let M be the point on directrix and P(x, y) be any point of hyperbola

Formula used:

i PF PM
e=—=PF=¢e
PM

where e is eccentricity, PM is perpendicular from any point P on hyperbola to the directrix

Therefore,
(3x + 4y +8)
(v — 2 _ 2 — > 0 -
Xx—1)2+(y—1)2=2
JG-D2+G-D Nt
(3x +4y+8)

= Jx-1)2+(y—-1)2=2

VO+ 16

Squaring both sides:



(3x+4y +8)

V25

;

- (JG=D2r =12 = (g

22(3x+ 4y + 8)°

=x—-1)7+(y—-1)7= 75

{“(a-b2=a2+b?+2ab&

(@+b+c)P=2a%2+b%+c?2+2ab+ 2bc + 2ac}

=525{x2+1-2x+ y?2 +1-2y} = 4{9%? + 16y%+ 64 + 24xy + 64y + 48x}

= 25x2 + 25 - 50x + 25y? + 25 - 50y = 36X + 64y? + 256 + 96xy + 256y + 192x
= 25x2 + 25 - 50x + 25y? + 25 - 50y - 36x? - 64y? - 256 - 96xy - 256y - 192x = 0
= - 11x? - 39y? - 242x - 306y - 96xy - 206 = 0

= 11x2 + 39y2 + 242x + 306y + 96xy + 206 = 0

This is the required equation of hyperbola

&

3 +4y+8=0

2 C. Question

Find the equation of the hyperbola whose

focus is (1, 1) directrix is 2x + y = 1 and eccentricity = _Jg

Answer

Given: Equation of directrix of a hyperbola is 2x + y - 1 = 0. Focus of hyperbola is (1, 1) and eccentricity (e)
=43

To find: equation of hyperbola
Let M be the point on directrix and P(x, y) be any point of hyperbola

Formula used:

i PF PM
e—PM=:- =e

where e is eccentricity, PM is perpendicular from any point P on hyperbola to the directrix

Therefore,



(2x+y—1)

VG2 - P =B

= Jx—-1)2+(-1)2=43

(2x+y— 1)|
1

Va4 +

Squaring both sides:

(2x+y-— 2L)|)2
V5

32x+y—1)?
5

S (JE—DTro-D2) - (@

=x-1)7 +{y-1)7=

{(a-b2=a2+b?+2ab&
(@+b+c)P=a2+b?+c?+2ab+ 2bc + 2ac}
55{x24+1-2x+ Y2+ 1-2y} =3{4x% 4+ y2+ 1 + 4xy - 2y - 4x}
=5x2 +5-10x + 5y2 + 5 - 10y = 12x2 + 3y? + 3 4+ 12xy - 6y - 12x
=5x2 +5-10x + 5y2 + 5-10y - 12x%2 - 3y2 -3 -12xy + 6y + 12x=0
=>-7x2+2y2 4+ 2x-4y-12xy + 7 =0
=>7x2-2y2-2x+4y + 12xy-7=0

This is the required equation of hyperbola.

~

2Ze4y—-1=10

2 D. Question

Find the equation of the hyperbola whose
focus is (2, -1), directrix is 2x + 3y = 1 and eccentricity = 2
Answer

Given: Equation of directrix of a hyperbola is 2x + 3y - 1 = 0. Focus of hyperbola is (2, -1) and eccentricity
(e) =2

To find: equation of hyperbola

Let M be the point on directrix and P(x, y) be any point of hyperbola



Formula used:

i PF PM
e—PM=:- =e

where e is eccentricity, PM is perpendicular from any point P on hyperbola to the directrix

Therefore,
(2x+3y—1)
[ — 2 2
XxX—2)0 ¢+ (y+1)2=2
JG=27+(y+ D NerEur
(2x+3y—1)
== VI(X—2)2+ (Y+ 1)2 =2 W

Squaring both sides:

(2x+3y—1)

Vi3

;

- (JG=2rr G Fe) = (2

4(2x+ 3y — 1)

=x-2) +F+1)*= 3

{“(a-b2=a2+b?+2ab&
(@+b+c)P2=a2+b?+c?+2ab+ 2bc + 2ac}

513{x2 +4-4x +y2 + 142y} = 4{4x2 + 9y2 + 1 + 12xy - 6y - 4x}

= 13x2 4+ 52 - 52X + 13y? + 13 + 26y = 16x2 + 36y2 + 4 + 48xy - 24y - 16X
= 13x2 + 52 - 52x 4+ 13y? + 13 + 26y - 16x? - 36y2 - 4 - 48xy + 24y + 16x =0
= - 3x2-23y?-36x + 50y - 48xy + 61 =0

= 3x% + 23y2 + 36x - 50y + 48xy - 61 =0

This is the required equation of hyperbola.

2 E. Question

Find the equation of the hyperbola whose

focus is (a, 0), directrix is 2x + 3y = 1 and eccentricity = 2

Answer

Given: Equation of directrix of a hyperbola is 2x -y + a = 0. Focus of hyperbola is (a, 0) and eccentricity (e)
4

3
To find: equation of hyperbola
Let M be the point on directrix and P(x, y) be any point of hyperbola

Formula used:

i PF PM
e—PM=:- =e

where e is eccentricity, PM is perpendicular from any point P on hyperbola to the directrix

Therefore,

4|(2x—y+a)
[(x—a)2+ (y—0)2=<|———=
v Y 3|27 ¥ (-1)2



4
3

(2x—y+a)

VATl

Y e o

Squaring both sides:

- (Vo= @) = (3

(2x—y+a)
V5

;

16(2x—y +a)?
9x13

= (x—)% + (y) =

{“(a-bZ=a2+b%+2ab&

(@+b+cP=2a2+b?+c2+2ab+ 2bc + 2ac}

= 117{x? + a2 - 2ax + y?} = 16{4x% + y? + a2 - 4xy - 2ay + 4ax}

= 117x2 + 117a2 - 234ax + 117y? = 64x2 + 16y2 + 16a2 - 64xy - 32ay + 64ax
= 117x2 + 117a2 - 234ax + 117y? - 64x2 - 16y2 - 16a2 + 64xy + 32ay - 64ax =0
= 53x2 + 101y?2 - 298ax + 32ay + 64xy + 111a%2 =0

This is the required equation of hyperbola.

2 F. Question

Find the equation of the hyperbola whose

focus is (2, 2), directrix is x + y = 9 and eccentricity = 2

Answer

Given: Equation of directrix of a hyperbola is x + y - 9 = 0. Focus of hyperbola is (2, 2) and eccentricity (e) =
2

To find: equation of hyperbola
Let M be the point on directrix and P(x, y) be any point of hyperbola

Formula used:

i PF PM
e—PM=:- =e

where e is eccentricity, PM is perpendicular from any point P on hyperbola to the directrix

Therefore,
(x+y—9)
JE-2)2+(y-2)2=2 |w7 TN
X+y—9
= =27+ (y—2)2=2 %
v

Squaring both sides:

(x+y—9)

V2

)2

- (JG=Dr+-22) = (g

4(x+y—9)°?

=x-2)7+(y—-2)= >

{(a-b)2=a?+b2+2ab&

(@+b+cP2=a2+b?+c?+2ab+ 2bc + 2ac}



=>x2+4-4x+Yy?>+4-4y =2{x? +y? + 81 + 2xy - 18y - 18x}
=>x2-4x 4+ y? + 8 -4y = 2x%2 + 2y? + 162 + 4xy - 36y - 36X
=>x2-4x +y? + 8 -4y -2x2-2y2-162 - 4xy + 36y + 36x =0
=>-x2-y2 4+ 32x + 32y + 4xy - 154 = 0
>x2+y2-32x-32y +4xy + 154 =0

This is the required equation of hyperbola.

|\

12 \
0
— 8
~_
"‘\_\B-\-h M
4 r+y—9=10 ~——_

3 A. Question

Find the eccentricity, coordinates of the foci, equations of directrices and length of the latus-rectum of the
hyperbola.

9x2 - 16y2 = 144
Answer
Given: 9x? - 16y2 = 144

To find: eccentricity(e), coordinates of the foci f(m,n), equation of directrix, length of latus-rectum of
hyperbola.

9x2 - 16y2 = 144

9x? 16y?

= =1
144 144

¥ ¥

——-=1

16 9

XE yz
RTINETA

Formula used:

%2 yE
For hyperbola i 1:
Eccentricity(e) is given by,

C —
e= g,where c=4a%+b?



Foci is given by (*ae, 0)

Equation of directrix are: x = +

L]

Length of latus rectum is 20%

a
Here,a=4and b =3

J42 +32

=Cc=16+9

= c=125
=2c=5

Therefore,

4 > 5
4

Foci: (%5, 0)

Equation of directrix are:

= bx= 116
=5x+16=0
Length of latus rectum,

B 2b?

d

_2><[:3)2

3 B. Question

Find the eccentricity, coordinates of the foci, equations of directrices and length of the latus-rectum of the
hyperbola.

16x2 - 9y2 = -144
Answer
Given: 16x2 - 9y? = -144

To find: eccentricity(e), coordinates of the foci f(m,n), equation of directrix, length of latus-rectum of
hyperbola.



9y?  16x°

144 144
2 X2
ENNAN. S
16 9
XZ yZ_
RETIRVT A

Formula used:
%2 yE
For hyperbola i —1:

Eccentricity(e) is given by,

C —_—
e= E,where c=4a%+b?

Foci is given by (0, xbe)

The equation of directrix are: y = iE
e

Length of latus rectum isz?212

Here,a=3andb =4

C=\.'42+32
=c=+16+9

= c=125
=2c=5
Therefore,

5
€= 2

b 4 > 5
= w—_—=
= be 7

Foci: (0, =5)

The equation of directrix are:

= by ==16
= 5yF16=0

Length of latus rectum,



3 C. Question

Find the eccentricity, coordinates of the foci, equations of directrices and length of the latus-rectum of the
hyperbola.

4x2 - 3y? = 36
Answer
Given: 4x2 - 3y2 = 36

To find: eccentricity(e), coordinates of the foci f(m,n), equation of directrix, length of latus-rectum of
hyperbola.

4x?  3y? )
36 36
X? 2
Y
9 12
X? yQ

»—————=1
3 (V12)?
Formula used:

-2 2
For hyperbola ; — % =1

Eccentricity(e) is given by,

c —
e= g,where c=+aZz+b?

Foci are given by (xae, 0)
The equation of directrix are x = iz

Length of latus rectum is 2b°

a

Here,a=3and b =12

c= f32 + [\."ﬁ)z

=Cc=9+12

= c =421
Therefore,
V21
€=73
p—
W21
=a3e=73 XT = \-"’ﬂ

Foci: (4/21,0)

The equation of directrix are:



=y21xF9=0
Length of latus rectum,

B 2b?

=8
3 D. Question

Find the eccentricity, coordinates of the foci, equations of directrices and length of the latus-rectum of the
hyperbola.

3x2-y2 =4
Answer
Given: 3x? - y? =

To find: eccentricity(e), coordinates of the foci f(m,n), equation of directrix, length of latus-rectum of
hyperbola.

3y,

4 4

XE y2

3
R S A
(1)2 (2)2
V3

Formula used:
x2 JIIII2
For hyperbola b 1
Eccentricity(e) is given by,
/ b2

C
e =—,where c = /a? +
a

Foci are given by (xae, 0)

The equation of directrix are x = +

ool W



Length of latus rectum is 2b°

a

i_andb=2
'3

v

Here, a =

4+4
=Cc= 3
4412
==
3
16
== |—
3
4
=0=—
V3
Therefore,
4
=
_V3
£T 2
V3
=e=2
2 5 4
=S ae=—xX2=—
V3 V3

4
Foci: (i —, 0)
V3

The equation of directrix are:

-+

a
Xx=4-
e

1
P
I
I+
al = |G

-
[#5]

ik
b
Il

I+

3]

= +3x=+1
=V3xF1=0

Length of latus rectum,

2(2)?

o3l

W

I
by
3



3 E. Question

Find the eccentricity, coordinates of the foci, equations of directrices and length of the latus-rectum of the
hyperbola.

2x%2-3y2 =5
Answer
Given: 2x2-3y?2 =5

To find: eccentricity(e), coordinates of the foci f(m,n), equation of directrix, length of latus-rectum of
hyperbola.

2%xZ  3y?
= 3y
5 5
XE y2
=55 !
2 3
XE yZ

R

V2 V3
Formula used:
For hyperbola :_:_ 15 =1:
Eccentricity(e) is given by,
e= g,where c= \,m
Foci are given by (xae, 0)

The equation of directrix are x = J_rz

Length of latus rectum is 2b%

VZ
c= (|—= —
V2 V3
5+5
== |—+—
2 3
15+10
=c= |——
6
25
=c= =
5
=c=—
V6

Therefore,



SlGlEle

g =

V5
=e=—

V3

\.’E \.’E 5
Sae=—=X—==—

V2 V3 Ve

5
Foci: (i —, 0)
V6

The equation of directrix are:

d

X==-
e
V5
[
=:-x=iﬁ
V5
V3
N
=xX=1+—
V6
=:-~J'Ex=i1
=2V6xF1=0

Length of latus rectum,

B 2b?

4. Question

Find the axes, eccentricity, latus-rectum and the coordinates of the foci of the hyperbola 25x2 - 36y2 = 225.
Answer

Given: 2x2-3y2 =5

To find: eccentricity(e), coordinates of the foci f(m,n), equation of directrix, length of latus-rectum of
hyperbola.

25x?  36y° )
225 225




XE 3',2

2

e 2

¥
2
TG
Formula used:

For hyperbola :_:_ :;'_: =1:
Eccentricity(e) is given by,
—

c
e= g,where c=+aZz+b?

Foci are given by (xae, 0)

The equation of directrix are x = J_rz

Length of latus rectum is 2b°
a

Here,a=3andb=§
52
C= 32+(—)
32+ (5
9+25
=Cc= 2
36+ 25
=C=
4
61
=Cc= >
V61
=Cc= >
Therefore,
V61
__2
€=73
V61
=e=—
6
2 V61 461
= ae=3xXx—=—
6 2
V61
Foci: iT,U

The equation of directrix are:



e
[l
[+
W

ik
b
Il

I+

-
dﬂ w
[y

=X=+

-

=
=)} [}
25 o

= \,‘EX=

+
—
0

=V61xF18=10
Length of latus rectum,

B 2b?

d

]
ra|
—

w ‘

2%

25
6

5 A. Question

Find the centre, eccentricity, foci and directions of the hyperbola
16x2 - 9y2 + 32x + 36y - 164 = 0

Answer

Given: 16x?% - 9y2 + 32x + 36y - 164 = 0

To find: center, eccentricity(e), coordinates of the foci f(m,n), equation of directrix.
16x2 - 9y2 + 32x + 36y - 164 = 0

=16x2 4+ 32x + 16 -9y2 + 36y -36-16 + 36 - 164 = 0
=>16(x2+2x+1)-9(y2-4y +4)-16 +36-164 =0
=16(x2+2x +1)-9(y2-4y +4)-144=0

= 16(x + 1) - 9(y - 2)? = 144

. le(x+1? 9y—2)*

1
144 144
(x+1)? (y—2)°
= — =1
9 16
(x+1)? (y—2)?
= - =1
32 42

Here, center of the hyperbola is (-1, 2)
Lletx+1=Xandy-2=Y

X2 Y2
T3 g



Formula used:
%2 yE
For hyperbola i 1:

Eccentricity(e) is given by,

C ——
e= g,where c=4a%+b?

Foci are given by (*+ae, 0)
The equation of directrix are x = iz

Length of latus rectum is 207

a

Here,a=3andb =4
=(3)2+(4)?
=c=v9+16
=c=125

=Cc=5

Therefore,

= ae=3x—-—=25§)

Foci: (+ae,0)
=>X=x5andY =0
=>X+1l=x5andy-2=0
=>x==x5-1landy =2
So, Foci: (x5 -1, 2)

Equation of directrix are:

X:

-+
W

)
e
Il

-+

=5XF9=0
= 5(x+1)F9=0
= 5x+5F9=0

=5x+5—-9=0and5x+5+9=10



=5x—4=0and5x+14=10

5 B. Question

Find the centre, eccentricity, foci and directions of the hyperbola

x2-y?+4x=0

Answer

Given: X2 -y2 + 4x =0

To find: center, eccentricity(e), coordinates of the foci f(m,n), equation of directrix.
x2-y?+4x=0

>x2+4x+4-y?-4=0

=>(x+2)2-y?=4

(x+2)* y°
- = L -1
4 4

(x+2)* y?
= — — — =
22 22

Here, center of the hyperbola is (2, 0)

Letx-2=X
XE y2_1
T2 2 T

Formula used:
xZ JIII,Z
For hyperbola b 1

Eccentricity(e) is given by,

C ——
e =—,where c = y/a? + b?
a

Foci are given by (xae, 0)

The equation of directrix are x = J_rz

Length of latus rectum is 20%
a

Here,a=2and b =2

SN OEIO

=Cc=v4+4



= ae=2x\2=2V2

Foci: (+ae,0)

=X =42y2andy =0

=x +2 =+2y2andy =0
=x =+2¢/2—2andy =0
So,Foci: (£24/2—2,0)

Equation of directrix are:

=X+2—V2=0andx+2+V2=0

5 C. Question

Find the centre, eccentricity, foci and directions of the hyperbola

x2-3y2-2x=38

Answer

Given: x?-3y2-2x =8

To find: center, eccentricity(e), coordinates of the foci f(m,n), equation of directrix.
x2-3y2-2x=38

>x2-2x+1-3y2-1=8

=>(x-1)2-3y2=9

(x—1)? 3y’
SN .

9 9
x-1?% ¥y’
3 (B
(v3)

Here, center of the hyperbola is (1, 0)

Letx-1=X
X2 2
(V3)

Formula used:



2 },z
For hyperbola b 1
Eccentricity(e) is given by,
/ b2

C
e =—,where c = /a? +
a

Foci is given by (+ae, 0)

Equation of directrix are: x = +

L]

Length of latus rectum is 20%
a

Here,a=3and b =3

c= |32+ (3)

V9 +

[#5]

=C

12 =2

v /3

= C AY

Therefore,

2 \.’E

e
3

23
=:-ae=3><\'T=2\,@

Foci: (+ae,0)

=X = +2y/3andy =0
=x-1 =42y3andy=0
=x=+2y/3+1andy=0
So,Foci: (+2vV3 + 1,0)
Equation of directrix are:

X:

-+
W

U
b
Il
[+
3
:Iﬂm

o

=X

I
H

by

&l

= 2V3XF9=0

=2/3(x—-1)F9=0

=2V3x—2V3F9=0

= 2V3x—2V3-9=0and2V3x-2V3+9=0

6 A. Question



Find the equation of the hyperbola, referred to its principal axes as axes of coordinates, in the following
cases:

the distance between the foci = 16 and eccentricity = JE

Answer

Given: the distance between the foci = 16 and eccentricity = /2

To find: the equation of the hyperbola

Formula used:

For hyperbola:

X2 2

X ¥,

az b2

Distance between the foci is 2ae and b2 = a2(e? - 1)

Therefore

2ae =16

b? = a(e? - 1)

= b2 =32{(v2)" -1}

= b2 =32(2— 1)

=b? =32

Equation of hyperbola is:

X? 2

55!

=x*—y*=32

Hence, required equation of hyperbola is x2 - y2 = 32

6 B. Question

Find the equation of the hyperbola, referred to its principal axes as axes of coordinates, in the following
cases:

conjugate axis is 5 and the distance between foci = 13
Answer
Given: the distance between the foci = 13 and conjugate axis is 5

To find: the equation of the hyperbola



Formula used:

For hyperbola:

X2 2

X v

az b2

Distance between the foci is 2ae and b? = a%(e? - 1)
Length of conjugate axis is 2b

Therefore

25 169
4~ ¢ @
169 25
sal=—-—
PR
1
=1 = — =
U=

¥y
e

XE yz
= % — E 1

4

x?  4y? .

36 25

25x% — 144y?
=" =1

900

= 25x% — 144y? = 900

Hence, required equation of hyperbola is 25x2 - 144y2 = 900
6 C. Question

Find the equation of the hyperbola, referred to its principal axes as axes of coordinates, in the following
cases:

conjugate axis is 7 and passes through the point (3, -2).

Answer



Given: conjugate axis is 5 and passes through the point (3, -2)
To find: the equation of the hyperbola
Formula used:
For hyperbola:
2 2
Conjugate axis is 2b

Therefore

2b =7=D 4
= = = —
2

The equation of hyperbola is:
2 2

X

~-5=1

az b2

Since it passes through (3, -2)

(3 (-2)?
O
4
9  4(4)
az 49
9 16 L
az 49
16
9 49 4+ 16
= — =
a2 49
9 65
= — = —
az 49
5 49 9
= 3= —
65
, 441
= 3= —
65

The equation of hyperbola:

2 2

Xy
2 b2l
49
Since,a’? = —andb? = —
1mce, a 65 dall 2
= X —i— 1
a9
5 4
65x%  4y?
¥y

= — =
441 49



65x% — 36y° .
441 -

=

= 65x% —36y° = 441

Hence, required equation of hyperbola is 65x2 - 36y2 = 441
7 A. Question

Find the equation of the hyperbola whose

foci are (6, 4) and (-4, 4) and eccentricity is 2.

Answer

Given: Foci are (6, 4) and (-4, 4) and eccentricity is 2

To find: equation of the hyperbola

Formula used:

The standard form of the equation of the hyperbola is,

(x—x)° (y—y))?
a2 b2

= 1 where centeris (x,,v;)

Center is the mid-point of two foci.

Distance between the foci is 2ae and b2 = a2(e? - 1)

The distance between two points (m, n) and (a, b) is given by \f‘:m —a)Z+(n—b)2

Mid-point theorem:

Mid-point of two points (m, n) and (a, b) is given by

(m+an+b)
2 "2

Center of hyperbola having foci (6, 4) and (-4, 4) is given by

(5
-6
=(1,4)

The distance between the foci is 2ae, and Foci are (6, 4) and (-4, 4)

= J(6+4)2+ (4— 4)2 = 2ae

= ,/(10)2 + (0)2 = 2ae

= /100 = 2ae
= 10 = 2ae
10
:EZHE
=ae=25
{-e=2}

=ax2=5



b2 =23
=1 = —
~(3)
75
2 _

The equation of hyperbola:

(x—x,)* (y—y1)? -1
a2 bz

x-1D* G-9° |
25 IE
3 3

4x—1)7? 4y—4)°
AT 75

1

12(x— 1) —4(y — 4)?
= =1
75

=12(x—1)?—4(y—4)* =75

=12(x2 4+ 1-2x)-4(y2 + 16 - 8y) = 75

=12x%2 + 12 -24x-4y2-64 + 32y-75=0
=12x%-4y2-24x +32y-127=0

Hence, required equation of hyperbola is 12x2 - 4y2 - 24x + 32y - 127 = 0
7 B. Question

Find the equation of the hyperbola whose

vertices are (-8, -1) and (16, -1) and focus is (17, -1)
Answer

Given: Vertices are (-8, -1) and (16, -1) and focus is (17, -1)
To find: equation of the hyperbola

Formula used:

The standard form of the equation of the hyperbola is,

(x—x)° (y—y))?
a2 b2

= 1 where centeris (x,,v;)

Center is the mid-point of two vertices

The distance between two vertices is 2a



The distance between the foci and vertex is ae - a and b? = a2(e? - 1)

The distance between two points (m, n) and (a, b) is given by \f‘:m —a)Z+(n—b)2

Mid-point theorem:

Mid-point of two points (m, n) and (a, b) is given by

(m+an+b)
2 "2

Center of hyperbola having vertices (-8, -1) and (16, -1) is given by

_(—8+16 —1—1)
N 2 2
_(8 —2)
T\2' 2

=(4I-1)

The distance between two vertices is 2a and vertices are (-8, -1) and (16, -1)

= J(16+8)2+ (—1+1)2 =2a

~ @O - 2

= V576 = 2a
= 24 =12a
=a=12

The distance between the foci and vertex is ae - a, Foci is (17, -1) and the vertex is (16, -1)

= (17— 16)2+ (-1 +1)2=ae—a
= D7+ (0 = a(e— 1)

=1=12(e—1)

! 1
=>12—E

—1+—

=g 12
13
=>E—12

b2 = a%(e? - 1)

- a = 12ande )
Soad = dlid e = 12
1332
b? = (12)2 (—) -1
= b? = ( )[12
b2 144(169 1)
= = [
144
b2 — 144 (169 - 144)
= = -
144



= b®* =25
The equation of hyperbola:

(x—x,)? B (v —y1)? _

a2 L =1
(x—4)? (y+1)°
= — =1
144 25

25(x—4)% — 144(y + 1)°
= =1
3600

= 25(x—4)? — 144(y + 1) = 3600

= 25(x2 + 16 - 8x) - 144(y? + 1 + 2y) = 3600

= 25x2 + 400 - 200x - 144y? - 144 - 288y - 3600 = 0
= 25x2 - 144y2 - 200x - 288y - 3344 = 0

Hence, required equation of hyperbola is 25x2 - 144y2 - 200x - 288y - 3344 = 0
7 C. Question

Find the equation of the hyperbola whose

foci are (4, 2) and (8, 2) and eccentricity is 2.
Answer

Given: Foci are (4, 2) and (8, 2) and eccentricity is 2
To find: equation of the hyperbola

Formula used:

The standard form of the equation of the hyperbola is,

(x— X‘l)z (y— yl)z
a2 B b2

= 1 where centeris (x,,¥,)

Center is the mid-point of two foci.

Distance between the foci is 2ae and b? = a%(e? - 1)

The distance between two points (m, n) and (a, b) is given by /(m —a)? + (n —b)?2

Mid-point theorem:

Mid-point of two points (m, n) and (a, b) is given by

(m+an+b)
2 72

Center of hyperbola having foci (4, 2) and (8, 2) is given by

(4+82+2)

L2 2
(12 4)

“\2'2

= (6, 2)

The distance between the foci is 2ae and Foci are (4, 2) and (8, 2)

= J(4—8)2+ (2— 2)2 = 2ae



= /(—4)?+ (0)? = 2ae

= 16 = 2ae
= 4 = Zae
4

=5 =ae

= ae=2
{-e=2}
=ax2=2
=a=1
=sa’=1

b? = a%(e? - 1)

= b =1{(2)*-1)
=b=1(4-1)

=b*=3

The equation of hyperbola:

(x—x,)? B (v —y1)? _

a2 b2 =1
- (X—é)z_(y—z)z 1
1 3

- (X—é)z_(:-’—z)2 1
1 3

- 3(x—6)—-(y—2)% _ 1
5 —

=3(x—-6)72—-(y—2)*=3

=3(x24+36-12x) - (y2 + 4 -4y) =3

=3x2 +108-36x-y2-4+4y-3=0

=3x2-y2-36x+4y +101=0

Hence, required equation of hyperbola is 3x2 - y2 - 36x + 4y + 101 = 0

7 D. Question

Find the equation of the hyperbola whose

28
vertices are at (0. = 7) and foci at [ 0_:—]

3
Answer

. . . 28
Given: Vertices are (0, = 7) and foci are (O,i ?)
To find: equation of the hyperbola

Formula used:



The standard form of the equation of the hyperbola is,
XE 2

2z L= -1

az b2

Vertices of the hyperbola are given by (0, £b)

Foci of the hyperbola are given by (0, £be)

Vertices are (0, =£7) and foci are (O,i?)

Therefore,

28
b=7'andbe=?

; 28
Xe=—
= e 3
4
=ea=—
3

aZ = b%(e?-1)

(e b= 7ande =
- = all E—3

, 49(16—9)
= 3% =
9
2 49><7

= a’t= —

a 9
= a’ _3B

9

¥ ¥
2 ot
X? yQ
T3 g
9
9}{2 yQ
=»-——"—=-1
343 49
9x? — 7y*?
= =-1
343

= 9x2 - 7y? = -343

=9x2-7y2 +343 =0

Hence, required equation of hyperbola is 9x2 - 7y2 + 343 = 0
7 E. Question

Find the equation of the hyperbola whose



vertices are at (£6, 0) and one of the directrices is x = 4.
Answer
Given: Vertices are (£ 6, 0) and one of the directrices is x = 4
To find: equation of the hyperbola
Formula used:
The standard form of the equation of the hyperbola is,

2 2

Vertices of the hyperbola are given by (xa, 0)

The equation of the directrices: x = J_rz

Vertices are (+ 6, 0) and one of the directricesis x = 4

Therefore,

a
a=6and-=4
e

6
=2—-=4
e
6
=e=7
3
=e=3

b2 = a2(e? - 1)

o emis -3
~d = ban E—z

=b* = (6)2[@2 - 1]

b2 36( _4)
= = [
4
b2 36><5
= = —
4

= b2 =45

The equation of hyperbola:

= 5x2 - 4y2 = 180



=5x2-4y2-180=0

Hence, required equation of hyperbola is 5x2 - 4y2 - 180 = 0
7 F. Question

Find the equation of the hyperbola whose

foci at (= 2, 0) and eccentricity is 3/2.

Answer
Given: Foci are (2, 0) and (-2, 0) and eccentricity is%
To find: equation of the hyperbola

Formula used:

The standard form of the equation of the hyperbola is,

(x—x)° (y—y))?
a2 b2

= 1 where centeris (x,,v;)

Center is the mid-point of two foci.

Distance between the foci is 2ae and b2 = a2(e? - 1)

The distance between two points (m, n) and (a, b) is given by \f‘:m —a)Z+(n—b)2

Mid-point theorem:

Mid-point of two points (m, n) and (a, b) is given by

(m +an+ b)
2 ' 2
Center of hyperbola having Foci (2, 0) and (-2, 0) is given by

-5
-
=(0,0)

The distance between the foci is 2ae, and Foci are (2, 0) and (-2, 0)

= (2+2)2+ (0— 0)2 = 2ae

= J(4)?+ (0)2 = 2ae

= n"ﬁ: Zae

= 4 = 2ae

=ax—-—=2



be 16 (3)2 .
= = — — —_
9 |\2
b2 16(9 1)
= =—|—-—
9 \4
b2_16(9—4)
P Tg9\ T,
b2 16(5)
= =—|-
9 \4
20
ra—
=bh =3

The equation of hyperbola:

(x—x,)* (y—y1)? -1
a2 bz

x-0* G-0* .
16 20
9 9

9x? 9y?

=1
716 20

45x% — 36y°

1
80

=

= 45x2 —36y% = 80
= 45x2 -36y2-80 =0

Hence, required equation of hyperbola is 45x2 - 36y2 - 80 = 0

8. Question

Z{
Find the eccentricity of the hyperbola, the length of whose conjugate axis is — of the length of the transverse
axis.

Answer

Given: the length of whose conjugate axis is‘EL of the length of the transverse axis

To find: eccentricity of the hyperbola

Formula used:

The standard form of the equation of the hyperbola is,
2 2

X

~-5=1

az b2

Length of the conjugate axis is 2b and length of transverse axis is 2a



According to question:

2b 3 2
=— X 2a
4
b 3
= — = —
a 4
bz 9
= — = —
a2 16
We know,
b2
e = 1+a—2
:L+9
== —
16
16 +9
=e= 16
25
=eg= |—
16
5
= e=—
4

Hence, the eccentricity of the hyperbola isﬁ—i

9 A. Question

Find the equation of the hyperbola whose

the focus is at (5, 2), vertices at (4, 2) and (2, 2) and centre at (3, 2)
Answer

Given: Vertices are (4, 2) and (2, 2), the focus is (5, 2) and centre (3, 2)
To find: equation of the hyperbola

Formula used:

The standard form of the equation of the hyperbola is,

(x—x)° (y—y))?
a2 b2

= 1 where centeris (x,,v;)

Center is the mid-point of two vertices

The distance between two vertices is 2a

The distance between the foci and vertex is ae - a and b? = a%(e? - 1)

The distance between two points (m, n) and (a, b) is given by \f‘:m —a)Z+(n—b)2

Mid-point theorem:

Mid-point of two points (m, n) and (a, b) is given by

(m+an+b)
2 "2



The distance between two vertices is 2a and vertices are (4, 2) and (2, 2)

=J(4—2)2+(2—-2)2=2a

~ @07 =2

=:-\."E=2E1
=2=12a
=a=1

The distance between the foci and vertex is ae - a, Foci is (5, 2) and the vertex is (4, 2)

=,J(5—-4)?2+(2—2)2=ae—a
- JAFFOP = a(e— 1)

=\1l=1(e—1)

=21=e-1
=e=1+1
=2e =2

b2 = a(e? - 1)

[+ 2= 12ande =13
S a = ane—lz

= b? = (1)*{(2)* -1}
=>b2=1(4-1)

= b?=1(3)

=b*=3

The equation of hyperbola:

(x=%)° G-y)? _
az b2 =1

{ Centre (3, 2)}

. (X—3)2_(y—2)2 -
1 3

_ 33 -G -2)7
- -

1

1

=3(x—-3)7-(y—2)?*=3

=3(x2+9-6x)-(y>+4-4y)=3
=3x2+27-18x-y?-4+4y-3=0

=3x2-y?-18x+4y +20=0

Hence, required equation of hyperbola is 3x2 - y2 - 18x + 4y + 20 = 0

9 B. Question

Find the equation of the hyperbola whose



focus is at (4, 2), centre at (6, 2) and e = 2.
Answer

Given: Foci is (4, 2), e = 2 and center at (6, 2)
To find: equation of the hyperbola

Formula used:

The standard form of the equation of the hyperbola is,

(x— X‘l)z (y— yl)z
a2 B b2

= 1 where centeris (x,,¥,)

Center is the mid-point of two vertices

The distance between two vertices is 2a

The distance between the foci and vertex is ae - a and b? = a2(e? - 1)

The distance between two points (m, n) and (a, b) is given by vf(m —a)2+(n—b)?

Mid-point theorem:

Mid-point of two points (m, n) and (a, b) is given by

(m +an+ b)
2 72
Therefore

Let one of the two foci is (m, n) and the other one is (4, 2)

Since, Centre(6, 2)

(m+4= 6,11+2=2)
2 2
=(m+4=12,n+2=4)
= (m=8,n=2)

Foci are (4, 2) and (8, 2)

The distance between the foci is 2ae and Foci are (4, 2) and (8, 2)

= /(4—8)2+ (2—2)% = 2ae

~ TR (07 = 22

=16 = 2ae
= 4 = 23ae
4
=:-£=ae
= ae=2
{~e=2}
=ax2=2
=:-a=g=1
2



b? = a’(e? - 1)

= b?=1{(2)* -1}
=»b?=4-1

>b2=3

The equation of hyperbola:

(x—x,)? B (v —y1)? _

a2 b2 =1
(x—6)* (y—2)°
= — =1
1 3
3(x—6)*—(y—2)°

=3(x24+36-12x)-(y2 + 4-4y) =3

=3x2 +108-36x-y2-4+4y-3=0

=3x2-y2-36x + 4y + 101 =0

Hence, required equation of hyperbola is 3x2 - y2 - 36x + 4y + 101 = 0

10. Question

If P is any point on the hyperbola whose axis are equal, prove that SP.S'P = CP
Answer

Given: Axis of the hyperbola are equal, i.e.a=Db

To prove: SP.S'P = CP?2

Formula used:

The standard form of the equation of the hyperbola is,

L 4
2 bl
b2

e = 1+3._2
az

=e= (1+—
az

=e=41+1

=e=12

Foci of the hyperbola are given by (+ae, 0)
= Foci of hyperbola are given by (+v2a,0)
S0,5(v/2a,0) and S'(—/2a,0)

Let P (m, n) be any point on the hyperbola

The distance between two points (m, n) and (a, b) is given by \f‘:m —a)Z+(n—b)2



SP = J(m— V2a)2+ (n— 0)2

= SP2 = m? + 2a% — 2y/2am + n?

S'P = J(m ++/2a)2 + (n—0)2

= §'P2 =m? + 2a% + 24/2am +n?

C is Centre with coordinates (0, 0)

CP =, (m—0)2+(n—0)2

= CP* = (m? + n?)?

=CP=m*+n*+2mn% ... ... (i)

Now,

SP2.8'P? = (m? + 2a° + n® — 2y2am)(m? + 2a® + n? + 2v/2am)
= SP2.S'P? = (m* + 2a* + n*)* — [Z\Eam)z

= SP2.S'P? = m* + 4a* + n* + 4a’m? + 4a’n* + 2m?n® — 8a’m*
= SP2.S'P? = m* + 4a* + n* + 4a’n? + 2m?n? — 4a’m?

= SP2.S'P? =m* + n* + 2m*n? + 4a%(a*+ n* —m?)

(a2 =m2-n2}

= SP2.§'P? = m* + n* + 2m*n? + 4a*(m* — n® + n? — m?)

= SP2.S'P? = m* + n* + 2m*n? + 4a%(0)

= SP2.S'P* = m* + n* + 2m*n?

From (i):

= SP2.§'P? = CP*

Taking square root both sides:

= ,/SP2.5'P2 = ,/CP*

= SP.S'P = CP?

Hence Proved

11 A. Question

In each of the following find the equations of the hyperbola satisfying the given conditions
vertices (x 2, 0), foci (£ 3, 0)

Answer

Given: Vertices are (x£2, 0) and foci are (£3, 0)

To find: equation of the hyperbola

Formula used:

The standard form of the equation of the hyperbola is,



2 2
Vertices of the hyperbola are given by (+a, 0)
Foci of the hyperbola are given by (xae, 0)
Vertices are (£2, 0) and foci are (£3, 0)
Therefore,

a=2andae =3

=22xe=3
3
=:-e-2

b2 = a(e? - 1)

[ ammie -3
S d=4d4an 9—2

=:-b2—4(2—1)
- \4
:,bz_4(ﬂ)
B 4
b? 4><5
= = —
4
=b%=>5

The equation of hyperbola:

= 5x2 - 4y2 = 20

=5x2-4y2-20=0

Hence, required equation of hyperbola is 5x2 - 4y2 - 20 = 0

11 B. Question

In each of the following find the equations of the hyperbola satisfying the given conditions
vertices (0, £ 5), foci (0, = 8)

Answer

Given: Vertices are (0, £5) and foci are (0, £8)

To find: equation of the hyperbola

Formula used:



The standard form of the equation of the hyperbola is,
2 2

Vertices of the hyperbola are given by (0, £b)

Foci of the hyperbola are given by (0, £be)

Vertices are (0, £5) and foci are (0, %8)

Therefore,

b=5andbe =28

=5hxe=28
8
=a=—
5

aZ = b%(e?-1)

f-b=sande =]
. = o4dn E—5

2_ 95 (64 1)
= a?= ——
a 25
e (64 - 25)
= 3=
25
2=925x% 39
= a?= —
a 25
=a2 =39

The equation of hyperbola:

¥y
2 b !
XE yQ .
39 25
Hence, the required equation of the hyperbola is ’3‘_: — 3’2'_: - -1

11 C. Question

In each of the following find the equations of the hyperbola satisfying the given conditions
vertices (0, = 3), foci (0, = 5)

Answer

Given: Vertices are (0, £3) and foci are (0, £5)

To find: equation of the hyperbola

Formula used:

The standard form of the equation of the hyperbola is,

XE yQ

2 b !



Vertices of the hyperbola are given by (0, £b)
Foci of the hyperbola are given by (0, £be)
Vertices are (0, £3) and foci are (0, £5)
Therefore,

b=3andbe=5

=3xe=5
5
=:-e-3

aZ = b%(e?-1)

{--b—3 d —5}
. =a4an 9—3

=a2=16

The equation of hyperbola:

¥y
2 b !
XE 2
Xy
16 9
Hence, the required equation of the hyperbola is ’1‘_: — Y; -1

11 D. Question
In each of the following find the equations of the hyperbola satisfying the given conditions
foci (%5, 0), transverse axis = 8
Answer
To find: equation of the hyperbola
Formula used:
The standard form of the equation of the hyperbola is,
2 2
Length of transverse axis is 2a

Coordinates of the foci for a standard hyperbola is given by (xae, 0)

According to question:



2a=8andae =5

2a =38

16[( =
o)
(

=16

25 — 4)
4
o (21)

4

= b? = 4(21)

=>b2 =284

Hence, the equation of the hyperbola is:

e
XZ YZ
16 84

11 E. Question

In each of the following find the equations of the hyperbola satisfying the given conditions
foci (0, £13), conjugate axis = 24

Answer

Given: foci (0, £13) and the conjugate axis is 24

To find: equation of the hyperbola

Formula used:

The standard form of the equation of the hyperbola is,

XE 2

2 =

az b2

Length of the conjugate axis is 2b

Coordinates of the foci for a standard hyperbola is given by (0, =be)



According to question:
2b = 24 and be = 13
2b =24

b 24
=b=—
2

=>b=12
=b2 =144
be =12

= 12xe=13

13

=pg=—
12

We know,

aZ = b%(e?2-1)

=a’= 144[ ]
b? 144(169 1)
= = [
144
, 169 — 144
=b?= 144( )
b? = 144( )
= 144
= b2 =25

Hence, the equation of the hyperbola is:

¥y
2 gz
2 2
X
Xy
144 25

11 F. Question

In each of the following find the equations of the hyperbola satisfying the given conditions
foci (:3\;';_0), the latus-rectum = 8

Answer

Given: Foci (+3+/5.0) and the latus-rectum = 8

To find: equation of the hyperbola

Formula used:

The standard form of the equation of the hyperbola is,
2 2

X

S-L=t

az b2

Coordinates of the foci for a standard hyperbola is given by (xae, 0)



2b?

a

Length of latus rectum is

According to the question:

2h?
ae = 3V5 and? =8
ae = 3V5
3\;"5
=p=—
a
2
= pc=|—
a
45
2_
= e’ = 2
2h?
— =
8a
b? =—
2
b? =4a
We know,

b2 = a2(e? - 1)

45
= 4a=a {2 1]
a?

2
=:-4a=az(45_a)
32

= 4a = 45 - a2

2a2+4a-45=0
=»a2+9-5a-45=0
=2a(@a+9)-5a+9)=0
=(a+9)a-5=0
=a=-9ora=5

Since a is a distance, and it can’t be negative
=a=>5

=a% =25

b2 = 4a

= b2 = 4(5)

= b2 =20

Hence, equation of hyperbola is:
XE yZ

2 b2l



2 2

xX y
- 1 1

~ 25 20

11 G. Question
In each of the following find the equations of the hyperbola satisfying the given conditions
foci (x4, 0), the latus-rectum = 12
Answer
Given: Foci (x4, 0), the latus-rectum = 12
To find: equation of the hyperbola
Formula used:
Standard form of the equation of hyperbola is,
2 2

Coordinates of the foci for a standard hyperbola is given by (*ae, 0)

Length of latus rectum is 2b°
a

According to the question:

2b?
ae=4and— = 12
a
ae=4
4
=e=-
a
4 2
-e-()
a
16
2_ "~
= e° = 2
2h?
— =12
a
12a
b? = —
2
b? = 6a
We know,

b2 = a(e? - 1)

16
= 6a= a’ {—— 1}
az

2
=:-63=az(16_a)
32

= 6a = 16 - a2

2a2+6a-16=0
=a2+8a-2a-16=0

=ala+8)-2(aa+8)=0



=(a+8)(a-2)=0

=>a=-8ora=2

Since a is a distance, and it can’t be negative,
=2a=2

sal=4

b2 = 6a

= b2 = 6(2)

= b2 =12

Hence, equation of hyperbola is:

1 H. Question

In each of the following find the equations of the hyperbola satisfying the given conditions

vertices (0, £ 6), e =

r\)-Jlr_)I

Answer
Given: Vertices (0, +6), e =§

To find: equation of the hyperbola
Formula used:
The standard form of the equation of the hyperbola is,
2 2
Coordinates of the vertices for a standard hyperbola is given by (0, x£b)
According to question:
b=6=Db%=36

We know,

aZ = b%(e?2-1)




2 _ 36 (16)
= a° = —
9

=>a2==64

Hence, equation of hyperbola is:

11 I. Question

In each of the following find the equations of the hyperbola satisfying the given conditions
foci (0_;@), passing through (2, 3)

Answer

Given: Foci (0,+£4/10), passing through (2, 3)

To find: equation of the hyperbola

Formula used:

The standard form of the equation of the hyperbola is,

X2 2

X ¥y,

az b?

Coordinates of the foci for a standard hyperbola is given by (0, =be)

According to the question:

be =+/10

= b%e? = 10

Since (2, 3) passing through hyperbola:_i_z'_; -1

Therefore,

{ a2 = b%(e?-1)}
4 9

“hEeE-1n b2
4 9
e bz bz |
4 9

L —
“10—bZ b2



4b?—9(10—b?)
(10 — b2)b2

4b? — 90 + 9b? B
(10 —b2)bz

~(90 - 13b2)
~ T (10—-b2)bz

=90 - 13b2 = (10 - b?)b?
=90 - 13b2 = 10b? - b*
=90 -13b2-10b2 +b* =0
=b%-23b2+90=0

= b%-18b2-5b%2+90 =0
= b2(b2 - 18) - 5(b%2-18) =0
= (b2 -18)(b%2-5) =0
=b2=180r5

Case 1: b2 = 18 and b%e? = 10
a2 =b%(e?-1)

= a2 = b2e? - p?
=a2=10-18

»a2=-8

Hence, equation of hyperbola is:

y
=—-+-—=1
10

o »

Case 2: b2 = 5 and b%e?2 = 10
a2 =b%(e?-1)

= a? = b%e? - b?

=a’>=10-5

=»aZ=5

Hence, equation of hyperbola is:
%2 yz

2 b ¢



2 2

x2 y

A
5 10

11 ). Question

In each of the following find the equations of the hyperbola satisfying the given conditions
foci (0, = 12), latus-rectum = 36.

Answer

Given: Foci (0, £12), the latus-rectum = 36

To find: equation of the hyperbola

Formula used:

The standard form of the equation of the hyperbola is,

2 2

L

— =1

az b2

Coordinates of the foci for a standard hyperbola is given by (0, =be)

Length of latus rectum isz?212

According to the question:

2a’
be=12and— = 36

b
be =12
12
=:-e—b
1242
2_ (==
=€ (b)
5 144
= e ZF
2a? 36
=
=:-az=3—6b
2
= a? =18b
We know,

aZ = b%(e?-1)

144
== 18b= b2 {b_Q_ 1}

= 18b = b? (M)
b2

= 18b = 144 - b?

= b2 +18b-144 =0

= b2 +24b-6b-144 =0
=b(b +24)-6(b+24)=0



=(b+24)b-6)=0

=sb=-240orb=6

Since b is a distance, and it can’t be negative
=2b=6

= b2 =36

a?=18b

= a2 = 18(6)

= b? =108

Hence, equation of hyperbola is:

2 2

¥ ¥
AT

2 2

X
=:-——y—=—1

36 108

12. Question

If the distance between the foci of a hyperbola is 16 and its eccentricity isJE, then obtain its equation.

Answer

Given: Distance between foci is 16 and eccentricity is /2

To find: equation of the hyperbola

Formula used:

The standard form of the equation of the hyperbola is,
2 2

The distance between foci is given by 2ae

According to question:

2ae =16

16
=:-a=i
{re=v2}

8
=:-a=w,—E
=a=4/2
=a’% =32
We know,



=b2 =32

Hence, the equation of the hyperbola is:

13. Question

Show that the set of all points such that the difference of their distances from (4, 0) and (-4, 0) is always
equal to 2 represents a hyperbola.

Answer

To prove: the set of all points under given conditions represents a hyperbola

Let a point P be (X, y) such that the difference of their distances from (4, 0) and (-4, 0) is always equal to 2.
Formula used:

The distance between two points (m, n) and (a, b) is given by

\f(m —a)?+(n—b)2

The distance of P(x, y) from (4, 0) is \fI[:X_ 4)2+(y—0)2

The distance of P(x, y) from (-4, 0) is \MX"' 4)2 + (y—0)2

Since, the difference of their distances from (4, 0) and (-4, 0) is always equal to 2

Therefore,

JE+4)2+(—-0)2 - Jx—4)2+(y—-0)2=2

= J(x+4)2+(y—0)2 =2+ ,/(x—4)2+ (y—0)2

Squaring both sides:

S (JGraT =02 ) =(2+ G-+ -02)

N T =)

— 22+ (JG=D2F (y=0)) +4/G= D2+ (y—0)°

= E+42+ ()2 =4+(x-49+ @ +4/x-92+ ()2
SxP+16+8x+y2=4+x2+16 - 8x+y2> +4/(x—4)2 + (y)2
S x2+16+8x+y2—4—x2— 16 +8x—y2 = 4/(x—4) + ()2
= 16x—4=4/(x— 4?2+ (y)?

= 4(4x—1) = 4,/(x— 22+ (y)?

=4x—1=,/(x—4)2 +(y)?

Squaring both sides:



S (x-12 = (VG= D2+ 32)

=16x2 4+ 1-8x = (x - 4)2 + y?

=16x2+ 1-8x=x%+ 16 - 8x + y?
=16x24+1-8x-x4-16+8x-y2=0

= 15x2-y2-15=0

Hence, required equation of hyperbola is 15x2 - y2 -15=0
Very Short Answer

1. Question

Write the eccentricity of the hyperbola 9x2 - 16y2 = 144.
Answer

Given: 9x? - 16y2 = 144

To find: eccentricity(e)

9x2 - 16y?2 = 144

9x? 16y?

= =1
144 144

x* y

|

16 9

XZ y2_1
RORETE

Formula used:
xZ JIII,Z
For hyperbola b 1

Eccentricity(e) is given by,

C ——
e =—,where c = y/a? + b?
a

Here,a=4and b =3
C=\.'42+32

=Cc=16+9

s -5
Hence, eccentricity is 3

2. Question

Write the eccentricity of the hyperbola whose latus-rectum is half of its transverse axis.

Answer



Given: Latus-rectum is half of its transverse axis
To find: eccentricity of the hyperbola

Formula used:

Standard form of the equation of hyperbola is,

X2 2

X ¥,

az b?

Length of transverse axis is 2a

Latus-rectum of the hyperbola is 20°
a

According to question:

Latus-rectum is half of its transverse axis

2b% 1 5
= —=—-x2a
a 2

= 2b? = 32
We know,
b2
e = 1+a—2
b2
= |1+—
=@ e
1+1
= e = —
2
2+1
=e= >
3
=pg= |—
2

Hence, eccentricity is \E

3. Question

Write the coordinates of the foci of the hyperbola 9x% - 16y?2 = 144,
Answer

Given: 9x2 - 16y2 = 144

To find: coordinates of the foci f(m,n)

9x2 - 16y2 = 144

9x% 16y?
= — — =

144 144

X

= — — =1

v
16 9



XZ 3',2
AT

Formula used:
}.'2 },2
For hyperbola i 1:

Eccentricity(e) is given by,

C —
e= g,where c=4a%+b?

Foci is given by (+ae, 0)
Here,a=4andb =3

J42 +32
=c=V16+9

=c=125
ﬁc=5

Therefore,

=ae=4x—-=5
4

Foci: (£5, 0)
4. Question

Write the equation of the hyperbola of eccentricity\E, if it is known that the distance between its foci is 16.

Answer

Given: Distance between foci is 16 and eccentricity is /2

To find: equation of the hyperbola

Formula used:

Standard form of the equation of hyperbola is,
2 2

Distance between foci is given by 2ae

According to question:

2ae =16
16
=3=—
2e
{'-'e= \ﬁ]
8
=a=—
V2



=al=232
We know,

b2 = a(e? - 1)
= b2 =32{(v2)" -1}
= b2 =32(2—1)

=>b2 =132

Hence, equation of hyperbola is:

:xz-y2=32

5. Question

If the foci of the ellipse X . L =1 and the hyperbola i _Y _ i coincide, write the value of b?

16 b2 144 81 25

Answer

To find: value of b2

Given: foci of given ellipse and hyperbola coincide

2 2

X y
—+—==1
16 b2
%2 3',2
=>E+b—2= 1
25x?  25y?
=1 _ =
441 81
%2 2
= _}’_21
1B
5 25
%2 2
= y—=1

z Z
(%) 6
Formula used:
Coordinates of the foci for standard ellipse is given by (+c;, 0) where ¢? = a? — b?
Coordinates of the foci for standard hyperbola is given by (+c,, 0) where ¢ = aZ + b3
Since, their foci coincide
= c] =3
= a2— b =aZ+ b3

Herea; =4,b; =b,a, = 2 and b, =

[Ti =)



122 92

2 2
=4*—Db —ﬁ"‘ﬁ
16 — b? 144+81
== — = — e
25 25
16 — b? 225
= — = —
25
= 16— Db*=9
=>b?2=16-9
>bh2=7

6. Question

Write the length of the latus-rectum of the hyperbola 16x2 - 9y2 = 144,
Answer

Given: 16x?2 - 9y? = 144

To find: length of latus-rectum of hyperbola.

16x2 - 9y2 = 144

16x* 9y?

= =1
144 144

———=1
9 16
XE yz
z g

Formula used:

xZ JIII,Z
For hyperbola b 1

Length of latus rectum is 20%
a

Here,a=3and b =4

Length of latus rectum,

2b?
T a

_2><(4)2
==

32
3

7. Question

If the latus-rectum through one focus of a hyperbola subtends a right angle at the farther vertex, then write
the eccentricity of the hyperbola.

Answer

Given: latus-rectum through one focus of a hyperbola subtends a right angle at the farther vertex

To find: eccentricity of hyperbola



Let B is vertex of hyperbola and A and C are point of intersection of latus-rectum and hyperbola

Alae, 1)

B
(fa,0) (ae,0)

Clae, y)

Standard equation of hyperbola is
XE 2

~-5=1

az b2

Since, A and C lie on hyperbola

Therefore
(ae)® i
aZ _b_2=1
aESZ_ﬁ_ 1
a L
2
= ez—i—;— 1
2
yl 2
= b_2= ec—1
=1 yi = b2 (Ez - 1) aer smw aws sws awr ww (i)

As angle between AB and AC is 90°

= Slopepg X Slopegc = -1

Y1 X — i _ 1
ae+a ae+a
iy
:(HE‘FH) =1
:yig =1
{ae+1)}?
From (i):
b%(e?—1) _
=>32(E+ 1)z
a%(e’—1)(e*—1) _

a2(e+ 1)2

{ b2 =a%(e?-1)}



(e?—1)2
T e+ 1)?

=1
= (e?-1)? = (e + 1)
»et+1-2e2=e?2+1+2e
se?+1-2e-€2-1-2e=0
=»et-3e2-2e=0
=e(e3-3e-2)=0
=e(e-2)(e+ 12 =0
=e=0o0r2or-1
But e should be greater than or equal to 1 for hyperbola
>e=2
Hence, eccentricity of hyperbola is 2
8. Question
Write the distance between the directrices of the hyperbola
X =8secH,y=28tan6.
Answer
Given: Hyperbolaisx =8secBandy =8tan 6
To find: equation of the hyperbola
Formula used:
Standard form of the equation of hyperbola is,

2 2
Distance between directrix is given by ?
x=8secBandy =8tan 0

6> andtane =2
= SeCo =— andatang = —
8 8

We know,

sec20-tan20 =1
2 2

- -

X2 3',2
T

Herea=8and b =8

Now,



=g = 1+§
=e=vy1+1
=e=42

Hence, distance between directrix,

Za
T e

_2(8)

V2

=82

9. Question

Write the equation of the hyperbola whose vertices are (x3, 0) and foci at (£5, 0).

Answer

Given: Vertices are (£3, 0) and foci are (£5, 0)

To find: equation of the hyperbola

Formula used:

Standard form of the equation of hyperbola is,
2 2

Vertices of hyperbola are given by (xa, 0)

Foci of hyperbola are given by (xae, 0)

Vertices are (£3, 0) and foci are (£5, 0)

Therefore,

a=3andae=5

=>3xe=5
5
=>e=-
3

b2 = a%(e? - 1)

[ amsmie -3
S d=a4an 9—3

9
. (25—9)
= =
9
16
=b*=9x—



=>b2=16

Equation of hyperbola:

2 2

¥V
2 b2l
z z
X y
S ——
= 16

2 z
Hence, required equation of hyperbola is "? — % =1

10. Question

If e; and e, are respectively the eccentricities of the ellipse X__ + : —1 and the hyperbola E —= =1

18 4 9 4
then write the value of 2e;2 + e,2.

Answer

Given: e; and e, are respectively the eccentricities of the eIIipseﬁ + Y _ 1 and the hyperbola ®_y_ 1
12 4 9 4

To find: value of 2e;2 + e,2

Eccentricity(e) of hyperbola is given by,

C —_—
e, = awhere c=4a%+b?

Herea=3and b =2

C=\|'32+22
=Cc=v9+4
=:-C=\.’E

Therefore,

/13

(1)
For ellipse:

XZ yZ
—+ =1
18" 4

2 2

X
(vig)

y
+§=1

Eccentricity(e) of ellipse is given by,

C —
e, = Ewhere c=4b% —a?

Herea =+/18andb = 2



c= (\,@)2 — 22

=c=+18—4
= c=v14
Therefore,
V14

e, = —
1 V18

14

! 2
=e = (g .. (2)

Substituting values from (1) and (2) in 2e12 + e,2

2612 + 622

2

9

=]

=3
Hence, value of 2e;2 + e;2is 3
MCQ

1. Question

Equation of the hyperbola whose vertices are (= 3, 0) and foci at (= 5, 0), is
A. 16x2 - 9y? = 144

B. 9x2 - 16y2 = 144

C. 25x2 - 9y2 = 225

D. 9x2 - 25y2 = 81

Answer

Given: Vertices are (+3, 0) and foci are (£5, 0)

To find: equation of the hyperbola

Formula used:



Standard form of the equation of hyperbola is,
2 2

Vertices of hyperbola are given by (xa, 0)

Foci of hyperbola are given by (xae, 0)

Vertices are (£3, 0) and foci are (£5, 0)

Therefore,

a=3andae=5

=23xe=5
5

= p=—
3

b2 = a(e? - 1)

[ amsmie -3
S d=a4an E_B

= b* =37 [@2 - 1]

=>b2=9(§—1)
9
2 (25—9)
== 9
=:-132=‘T-J><E
9
=>b? =16

Equation of hyperbola:

= 16x2 - 9y2 = 144
Hence, required equation of hyperbola is 16x2 - 9y2 = 144

2. Question

If e; and e, are respectively the eccentricities of the ellipse L —1 and the hyperbola x_Yy

18 4 9
then the relation between e; and e5 is
A. 3612 + 622 =2

B.e;2 + 2e,2 =

C. 2812 + 622 =3



D. e12 + 3e22 =
Answer

Given: e; and e, are respectively the eccentricities of the eIIipseﬁ + Y _ 1 and the hyperbola ®_y_ 1
12 4 9 4

To find: value of 2e;2 + e,2

Eccentricity(e) of hyperbola is given by,

C —_—
e, = awhere c=4a%+b?

Herea=3andb =2

J32+22

=Cc=\9+4

=c=113

Therefore,

By = o e e e e e e eeeee (1)

For ellipse:

XZ yZ
41
18 4

2 2

X
(vig)

y
+§=1

Eccentricity(e) of ellipse is given by,

C —_—
e, = awhere c=4a?—b?

Herea =+/18andb = 2

c= (\,@)2 — 22

=c=+18—4

= C= \."ﬁ
Therefore,
V14
e, = —
1 /18

14

=e,= |—



7

Substituting values from (1) and (2) in 2e;2 + e52

2612 + 622

2

9

=]

=3
Hence, value of 2e;2 + e;2is 3

3. Question

The distance between the directrices of the hyperbola x = 8 sec 8, y = 8 tan 6, is

A. 8\6
B. 162
C. 4,\/5
D. 6\"’5

Answer
Given: Hyperbolaisx =8sec6andy =8tan6
To find: equation of the hyperbola
Formula used:
Standard form of the equation of hyperbola is,
X2 2
X ¥,
az b2
Distance between directrix is given by 22
e
x=8secbandy=8tan 0

0=—- dtanf ==
= = _1
sec 3 and tan 3

We know,

sec20-tan20 =1



- -

X2

=:-82 82=1

Herea=8and b =8

Now,
bZ
e = 1+a—2
82
= e= 1+§
=e=vy1+1
=e=42

Hence, distance between directrix,

Za
T e

_2®

V2

= 3\;@
4. Question

The equation of the conic with focus at (1, -1) directrix along x - y + 1= 0 and eccentricity \E is

A.xy=1

B.2xy +4x-4y-1=0

C.x2-y?2=1

D.2xy-4x+4y +1=0

Answer

Given: Equation of directrix of a hyperbola is x - y + 1= 0. Focus of hyperbola is (1, -1) and eccentricity (e)
is 2

To find: equation of conic

Let M be the point on directrix and P(x, y) be any point of hyperbola

Formula used:

i PF PM
= — = =
e PM e

where e is eccentricity, PM is perpendicular from any point P on hyperbola to the directrix

Therefore,

(x—y+1)
(x—1)2+(y+1)2 =2 | ——mu=
v JIZ+ (D)2



(x—y+1)

Vv1i+1

=Jx-1)2+(y+1)2=42

Squaring both sides:

(x—y+1)

V1+1

;

= (Va—D2+(y+ 1)2)2 = (»’5

(VZ)’ (x—y + 1)?

=x-1)+({y+1)?*= 5

:(x—1)2+(y+1)2=w

{~ (a-b)?=a?+ b2 + 2ab}
>x2+1-2x+y2+1+2y=x+y2+1-2xy+2x-2y
>x2+1-2x+yY2+1+2y-x2-y?2+2xy-1-2x+2y=0
=22xy-4x+4y+1=0

This is the required equation of hyperbola

5. Question

The eccentricity of the conic 9x2 - 16y2 = 144 is

A.

Wi e | a

th |

D. 7

Answer

Given: 9x? - 16y? = 144
To find: eccentricity(e)
9x2 - 16y2 = 144

9x? 16y?
= —— =
144 144

Formula used:

2 2
For hyperbola % — % =1

Eccentricity(e) is given by,



C ——
e =—,where c = y/a? + b?
a

Here,a=4and b =3
C=\.'42+32

=Cc=16+9

= c=125
=2>c=5
Therefore,

5
€= 2

s o5
Hence, eccentricity is 3

6. Question

A point moves in a plane so that its distances PA and PB from two fixed points A and B in the plane satisfy
the relation PA - PB = k(k # 0), then the locus of P is

A. a hyperbola

B. a branch of the hyperbola

C. a parabola

D. an ellipse

Answer

We know it by the fact that when difference in distances is constant, it forms as hyperbola
7. Question

The eccentricity of the hyperbola whose latus-rectum is half of its transverse axis, is

A.

@

0
m o | 1o f‘.ﬂ"_‘

D. none of these
Answer
Given: Latus-rectum is half of its transverse axis
To find: eccentricity of the hyperbola
Formula used:
Standard form of the equation of hyperbola is,
2 2

Length of transverse axis is 2a



Latus-rectum of the hyperbola is 2b°

a
According to question:

Latus-rectum is half of its transverse axis

2b% 1 5
= —=—-x2a
a 2

= 2b* = a’
We know,
b2
e = 1+a—2
b2
= |1+—
= e T
1+1
=e= 2
2+1
=ag= |—
2
3
=e= 5

Hence, eccentricity is \E

8. Question

The eccentricity of the hyperbola x2 - 4y2 = 1 is

Answer
Given: x2 - 4y2 =1
To find: eccentricity(e)

x2-4y2 =1



=y
4
X? 2
== — — y =
1 2

Formula used:

2 1-'2
For hyperbola bl 1:
Eccentricity(e) is given by,

C —
e =—,where c = y/a? + b?
a

Here,a=1andb zi

|:=
1+1
=Cc= 2
5
=Cc= |-
4
V5
=Cc=—
€=
Therefore,
V5
_ 2
*=
V5
=a=—
2

Hence, eccentricity is ‘?5

9. Question

The difference of the focal distances of any point on the hyperbola is equal to
A. length of the conjugate axis

B. eccentricity

C. length of the transverse axis

D. Latus-rectum

Answer

This is definition of eccentricity.

Eccentricity is difference of the focal distances of any point on the hyperbola

10. Question



the foci of the hyperbola 9x% - 16y2 = 144 are
A. (= 4,0)

B. (0, = 4)

C.(x5,0)

D. (0, = 5)

Answer

Given: 9x? - 16y2 = 144

To find: coordinates of the foci f(m,n)

9x2 - 16y?2 = 144

9x% 16y?

= —— =1
144 144
LI A
16 9
X2 YE 1
42 32

Formula used:
xZ JIII,Z
For hyperbola b 1

Eccentricity(e) is given by,

C ——
e =—,where c = y/a? + b?
a

Foci is given by (*ae, 0)
Here,a=4andb =3
C =4 42 4+ 32

=Cc=+16+9

=c=v25
=2c=5

Therefore,

4 > 5
4

Foci: (=5, 0)

11. Question

The distance between the foci of a hyperbola is 16 and its eccentricity is JE then equation of the hyperbola
is

A X2 4+y2=32

B.x%2-y2 =16



C.x2+y?2=16
D.x%-y?2 =32
Answer

Given: Distance between foci is 16 and eccentricity is /2

To find: equation of the hyperbola

Formula used:

Standard form of the equation of hyperbola is,
2 2

Distance between foci is given by 2ae

According to question:

2ae =16
Sz
Ze
{-.-e= \5]
8
= a=ﬁ
=a=4/2
=a? =32
We know,

b2 = a(e? - 1)
= b2 =32{(v2)" -1}
= b2=32(2—1)

=pb2 =32

Hence, equation of hyperbola is:

=x%-y? =32

12. Question

If e; is the eccentricity of the conic 9x2 + 4y2 = 36 and e, is the eccentricity of the conic 9x2 - 4y2 = 36, then
A e?-e2=2

B.2 <ey2-e;2<3

C. 622—612 =2

D. ey2-e;2>3



Answer

Given: e; and e, are respectively the eccentricities of 9x2 + 4y2 = 36 and 9x2 - 4y2 = 36 respectively

To find: e;2 - 52
9x2 - 4y? = 36
9x? 4y? L
36 36
X? YZ
-2 =1
4 9
X? 2
Xy
22 32

Eccentricity(e) of hyperbola is given by,

C —_—
e, = awhere c=4a%+b?

Herea=2and b =3

C =4 22+ 32

=Cc=v4+9

= C= \.’E
Therefore,

V13 .

I S
2= (1)
For ellipse:

9x2 + 4y? = 36
= z—}:: + z—}: =1

= X;+ 3;—2= 1

= :—j g—j= 1

Eccentricity(e) of ellipse is given by,

C —
e, = Ewhere c=4b% —a?

Herea=2and b =3
C=\f32—22

=Cc=\9—4

=c=15
Therefore,

V5
El = ?...... ser was e wmn sen wes

-(2)



Substituting values from (1) and (2) in 2e;2 + 52

e;? - ey?

NSRS
“\3 2
5

13

9 4

20— 117
T 36

—97

36

= e22 _ e22

97
" 36

Hence, value of 2 < e;2-e;2< 3
13. Question
If the eccentricity of the hyperbola X* - y? sec?x = 5 is {3 times the eccentricity of the ellipse X sec?« +y?

= 25, then x =

AT
6

o
wlAa  &lA

[SER=

Answer

2

Given: e; and e, are respectively the eccentricities of x2 - y2 sec2 o = 5 and x2 sec? a + y2 = 25

respectively

To find: value of a

x2-y?2sec?a=5

=1

3',2

2
V5
secq

(V8)’ (

Eccentricity(e) of hyperbola is given by,



C —
e, = Ewhere c=+a?+b?

Herea=+V5andb = —

Ssecig+ 5
== |——M—
sec2qg

5(sec?a +1)
= = _—
sec2qg

.
5 (cosa+ V)
1

\ cos?a

5 (1 + cosza)

OS2
1
\ CcosZ o

==

= ¢ =4/5(1 + cos?a)

Therefore,
o J5(1+ cos?a)
2= \-'{E

= e, =41+ 0052 U et e et e e e

For ellipse:

x2sec? a + y2 = 25

x’sec’a y

= — =1
25 25
X2 yZ
= 7E +£_ 1
sec2q
XE YE
= c 2+§= 1
(seca)

——+ =1
= (5cosa)? 52

Eccentricity(e) of ellipse is given by,

C —
e, = Ewhere C =+/b% —a?®

(1)



Herea = bcosa andb = 5

c=,/5%—(5cosa)?
—_
=c=,425—-25c08%

— 2501 —cosZo)
= ¢=,/25(1 —cos?a)

= ¢ =51 — cos2a
Therefore,
5V1 —cosZa
BT 5
= e, =1 —COSZ W v veees e v (2)

According to question:

Eccentricity of given hyperbola is /3 time eccentricity of given ellipse

= e, = \3e,

From (1) and (2)

= J1+cos?a = V31— cos?a
Squaring both sides:

=1+ cos? a = 3(1 - cos? a)
=1+ cos?a=3-3cos?a

=3cos?a+cosla=3-1

>4 cosla=2

=:-|:(:-520(=E

2

1

= cosa =7
T
=>(I=E

14. Question

The equation of the hyperbola whose foci are (6, 4) and (-4, 4) and eccentricity 2, is

A (x-1)? _(}-—4)3 _

=1
25/4 75/ 4
g (x4 (y+4)'
25/4 75/ 4
=D -9,

75/ 4 25/4
D. none of these

Answer



Given: Foci are (6, 4) and (-4, 4) and eccentricity is 2
To find: equation of the hyperbola
Formula used:

Standard form of the equation of hyperbola is,

(x— X‘l)z (y— yl)z
a2 B b2

= 1 where centeris (x,,¥,)

Center is the mid-point of two foci.

Distance between the foci is 2ae and b? = a%(e? - 1)

Distance between two points (m, n) and (a, b) is given by

\f(m —a)?+(n—b)2
Mid-point theorem:

Mid-point of two points (m, n) and (a, b) is given by

(m+an+b)
2 72

Center of hyperbola having foci (6, 4) and (-4, 4) is given by

-5
¢
= (1, 4)

Distance between the foci is 2ae and Foci are (6, 4) and (-4, 4)

= J(6+4)2+ (4— 4)2 = 2ae

= ,/(10)2 + (0)? = 2ae

= /100 = 2ae

= 10 = 2ae
10
= =ae
=ae=25
{-e=2}
=ax2=5
5
=a=3
25
=:-az=r



Lp2 = 2o
4

b? 253
=1 = —
~(3)
75
2 _
=b =2

Equation of hyperbola:

(x—x,)? B (v —y1)? _

az b2 =1
(x—1)7 (y—4)°
= 25 — 75 =1
4 4
. . . x-1? y-4)?
Hence, required equation of hyperbola is =z ——7 = 1

4 4

15. Question

The length of the straight line x - 3y = 1 intercepted by the hyperbola ¥ - 4y2 = 1 is

C.g =
q

D. none of these

Answer

Given: A straight line x - 3y = 1 intercepts hyperbola x% - 4y2 = 1
To find: Length of the intercepted line

Formula used:

Distance between two points (m, n) and (a, b) is given by

J(m—2a)2+ (n—b)2

Firstly we will find point of intersections of given line and hyperbola
X-3y=1=x=1+ 3y

x2-4y2=1

=(1+3y)P2-4y?=1

>1+9y?+6y-4y?=1

=5y2 + 6y =0

=y(5y +6)=0

=>y=00r5y+6=0



= y= 001‘—5

Now, x = 1 + 3y

6
=x=1+3(0)orl + 3(_3)

Lorl 18
=Xx=1lorl——
5

1 13

= Xx=lor ——
5

So, Point of intersections are A(1, 0) andB (—1—53 —g)

6. Question



The latus-rectum of the hyperbola 16x2 - 9y2 = 144 is
A. 16/3

B. 32/3

C. 8/3

D. 4/3

Answer

Given: 16x2 - 9y2 = 144

To find: length of latus-rectum of hyperbola.

16x2 - 9y2 = 144

16x% 9y?
=1 —_——= 1
144 144

¥
— =1
9 16

XZ 2
2y
32 42

Formula used:
xZ JIII,Z
For hyperbola b 1

Length of latus rectum is 2b%

a
Here,a=3andb =4
Length of latus rectum,

- 2b?

17. Question

The foci of the hyperbola 2x2 - 3y2 = 5 are

A. (£5+/6.0)
B. (x 5/6, 0)

C. (:\E_,f 6.0)

D. none of these

Answer

Given: 2x2-3y2 =5

To find: coordinates of the foci f(m,n)

2x%2-3y2 =5



Formula used:
2 },z
For hyperbola bl 1:
Eccentricity(e) is given by,
! b?

C
e= g,where c=4az+

Foci is given by (+ae, 0)

Her > db >
ere.a = (candb = (o

2 2
5 N 5
“= 2 3
\
5+5
== |—+—
2 3
15+ 10
=Cc=
6
25
== |—
6
5
= 0=—
V6
Therefore,
5
=
o —NO
5
2
5
=pg= |—
3



5
Foci: (i = 0)
N3

18. Question

a 1
The eccentricity the hyperbola x = _[ T+ _J'Y

A 2
B. \ﬁ
C. :\E
D. 3\5

Answer

i : i =2 1 —
Given: Equation of hyperbola x = - (t + t),y =

To find: Eccentricity of the hyperbola

S+
X=3 t
2X 1
= —=t+—
a t

Squaring both sides:
2x\° 1

~(3) = ()
a t

4x* 1 1
— =t ++2(t (—)
=z © t

2

t2
4x* 1
=§-—2=t + =42

a t2

, 1 ax?
a(t 1)
y=3 t
2 1
a t

Squaring both sides:

(-}

2

4y* 1 1
=>—2='t +t—2—2(t)(¥)

4y? , 1
=>a—2=t +t_2 2

1
=:-t2+t—=—+2.................(2)

[



4x? 2
¥—2=l2+2

4x? 4yt

az  az

XE y2
RETIRPTI

Formula used:
}.'2 },2
For hyperbola i 1:

Eccentricity(e) is given by,

c ——
e =—,where c = y/a? + b?
a

Herea=a,b=a

=,/ (a)? +(a)?
= ¢ =4/2a?

== \ﬁa
Therefore,

\ﬁa
e =—
d

= e = \."'E

Hence, the €ccentricity of the hyperbola is /2

19. Question

The equation of the hyperbola whose centre is (6, 2) one focus is (4, 2) and of eccentricity 2 is
A.3(x-6)2-(y-2)2=3

B.(x-6)2-3(y-22=1

C.(x-6)2-2(y-22=1

D. 2(x - 6)2 - (y - 2)2

1

Answer

Given: Foci is (4, 2), e = 2 and center at (6, 2)
To find: equation of the hyperbola

Formula used:

Standard form of the equation of hyperbola is,

(x—x)° (y—y))?
a2 b2

= 1 where centeris (x,,v;)

Center is the mid-point of two vertices

The distance between two vertices is 2a



The distance between the foci and vertex is ae - a and b? = a2(e? - 1)

The distance between two points (m, n) and (a, b) is given by

J(m—2a)2+ (n—b)2
Mid-point theorem:

Mid-point of two points (m, n) and (a, b) is given by

(m +an+ b)
2 72
Therefore

Let one of the two foci is (m, n) and the other one is (4, 2)

Since, Centre(6, 2)

(m+4= 6’11+2=2)
2 2
=(m+4=12,n+2=4)
= (m=8,n=2)

Foci are (4, 2) and (8, 2)

The distance between the foci is 2ae and Foci are (4, 2) and (8, 2)

= J(4—8)2+ (2— 2)2 = 2ae

= /(—4)?+ (0)? = 2ae

= 16 = 2ae
= 4 = 2ae
4
=:-E=ae
= ae=2
{~e=2}
=ax2=2
=:-a=g=1
2
=a’=1

b? = a?(e? - 1)

= b?=1{(2)* -1}
=>b2=4-1

=b2=3

Equation of hyperbola:

(x—x,)* (y—y1)? -1
a2 bz




| x-6)° -2)7
1 3

_ 36— -2)*
- -

1

1

=>3(x-6)2-(y-2)2=3
Hence, required equation of hyperbola is 3(x - 6)2 - (y - 2)2 =3

20. Question

The locus of the point of intersection of the lines V’EX —y — 4\,’3}._ =( and \E}‘-.x + Ay _4\/? =(isa
hyperbola of eccentricity

Al
B.2
C.3
D.4
Answer

Given: A hyperbola is formed by the locus of the point of intersection of lines
V3x—y—4V/31=0andV3Ax+ Ay —4/3 =0

To find: Eccentricity of the hyperbola

VI + Ay =43 =0 (1)
V3x—y—4/31=0

Multiply by A:

=V Ay 4B 2 =0 (2)
Adding (1) and (2):

V3R + Ay — 43 +V3Ax— Ay — 4322 =0+0
= 2V3x—4/3-4/3)2 =0

= 2v/3Ax = 4V/3 + 4347

= 2/3hx = 4/3(1+ %)

4/3(1+22)
=>2X=——
2\.@;\
2(1+2%)
=2 X=—
X )
2()L+ 1)
=X = —
X )

Now, From (1):

1
@}L(z (}L+i))+ly— 4J3=0

1
= 2\,@;\(;\4-1) + Ay = 4\;@



=:-2{§(1+%)+y=%§
=:-y=4%f§—2\.’§(l+%)
=:-y=4%!§— @1—2;—@
=:-y=%§—2\f§1

1
x=2(l+i)andy=2\,"§(——1)

Squaring both sides:
Xy 2 142 v\ /1
= (E) = ()L'i‘ I) and (2\._."5) = (I_;'L

2

= (E) =A% +i+2(1) G)

2 A2
2 1
=:-—=12+}L—2+2
$P+i=f—mmm4m
A2 4
2
$%=#+ﬁ—umg)
2
=:-12=12+}L—2—2
=:-lz+—=y—2+2 (4)
A2 12

From (3) and (4):

X y

——2="—4+2
4 12
XE y2
_ —— — =
4 12
XE 2
<y
16 48
XE yQ
£ a7
(4v3)

Formula used:

2 },z
For hyperbola b 1



Eccentricity(e) is given by,

c —
e= g,where c=+aZz+b?

Herea = 4andb = 43

c= ()2 +(4v3)°

=Cc=+16+48

== 6d
=2c=28

Therefore,

Hence, eccentricity of hyperbola is 2
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