Hyperbola

Exercise 24

Q. 1. Find the (i) lengths of the axes, (ii) coordinates of the vertices, (iii)
coordinates of the foci, (iv) eccentricity and (v) length of the rectum of each of the
following the hyperbola :
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Answer : Given Equation:
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(i) Length of Transverse axis = 2a = 6 units.



Length of Conjugate axis = 2b = 8 units.

(ii) Coordinates of the vertices = (+a, 0) = (+3, 0)

(iv) Here, eccentricity, e =

(iii) Coordinates of the foci = (+ae, 0) = (+5, 0)

"'lb: %"‘! )
(v) Length of therectum=—"__ _~~ _10.67 units.
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Q. 2. Find the (i) lengths of the axes, (ii) coordinates of the vertices, (iii)
coordinates of the foci, (iv) eccentricity and (v) length of the rectum of each of the
following the hyperbola :
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Answer : Given Equation:
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Comparing with the equation of hyperbola
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a b we get,

a=5andb=2



(i) Length of Transverse axis = 2a = 10 units.

Length of Conjugate axis = 2b = 4 units.

(ii) Coordinates of the vertices = (+a, 0) = (+5, 0)

4 29+ 29

25 25 5

(iv) Here, eccentricity, e =

(iii) Coordinates of the foci = (+ae, 0) = (+./29. 0)

A2

(v) Length of the rectum = 2b —
a

—1.6 units.
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Q. 3. Find the (i) lengths of the axes, (ii) coordinates of the vertices, (iii)
coordinates of the foci, (iv) eccentricity and (v) length of the rectum of each of the
following the hyperbola :

Answer : Given Equation: x2 —y2 =1

Comparing with the equation of hyperbola



X° vy

a~ b° we get,

a=1andb=1

(i) Length of Transverse axis = 2a = 2 units.

Length of Conjugate axis = 2b = 2 units.

(ii) Coordinates of thepvertices = (+a, 0) = (£1,0)

b2 { 1 2
1+— = Jl+-=_[Z =42
a’ 1 \/: \/_

(iii) Coordinates of the foci = (+ae, 0) = (+4/2. 0)

(iv) Here, eccentricity, e =

2

(v) Length of the rectum = = units.

(R

Q. 4 Find the (i) lengths of the axes, (ii) coordinates of the vertices, (iii)
coordinates of the foci, (iv) eccentricity and (v) length of the rectum of each of the
following the hyperbola :

3x2-2y?=6



Answer :

_ ) x2 2
Given Equation: 3x2-2y2=6=> X _¥Y _,
2 3
X2 2
Comparing with the equation of hyperbola — _Y_z =1 we get,
a~ b

a=\/§andb=J§
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(i) Length of Transverse axis = 2a = 2,/2 units.
Length of Conjugate axis = 2b = 2J§ units.

(i) Coordinates of the vertices = (+a, 0) = (1+4/2. 0)

2
(iv) Here, eccentricity, e = 1+b_ = 1+i =‘/§
a’ 'J 2 Y2



(iii) Coordinates of the foci = (+ae, 0) = (i\/g. 0)

"= D)
(v) Length of the rectum = 2b = 6 = 6\/: :3\5 units.
~
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Q. 5. Find the (i) lengths of the axes, (ii) coordinates of the vertices, (iii)
coordinates of the foci, (iv) eccentricity and (v) length of the rectum of each of the
following the hyperbola :

25x2 — 9y? = 225

Answer : Given Equation: 25x? — 9y? = 225 =

2 9
X® y°
= 2!
a~ b
we get,
a=3andb=5
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(i) Length of Transverse axis = 2a = 6 units.




Length of Conjugate axis = 2b = 10 units.

(ii) Coordinates of the vertices = (+a, 0) = (+3, 0)

(iv) Here, eccentricity, e =

(iii) Coordinates of the foci = (+ae, 0) = (i\/3y_4~ 0)

12
(v) Length of the rectum = 2b - E =16.67 units.
3

Q. 6. Find the (i) lengths of the axes, (ii) coordinates of the vertices, (iii)
coordinates of the foci, (iv) eccentricity and (v) length of the rectum of each of the
following the hyperbola :

24x? — 25y2 =600

Answer : Given Equation: 24x? — 25y? = 600 =

2 g)
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Comparing with the equation of hyperbola
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a b~ we get,

a:Bandb:E:_-\/g




(i) Length of Transverse axis = 2a = 10 units.

Length of Conjugate axis = 2b = 4\,(8 units.

(i) Coordinates of the vertices = (+a, Q)= (+5,0)

2 = __ -
(iv) Here, eccentricity, e = 1+ b_ = __'_4 = ﬁ =
a’ 25 25 5

(iii) Coordinates of the foci = (+ae, 0) = (+7, 0)

£ _A3 =0 6 units.

(v) Length of the rectum =
a 5

Q. 7. Find the (i) lengths of the axes, (ii) coordinates of the vertices, (iii)
coordinates of the foci, (iv) eccentricity and (v) length of the rectum of each of the
following the hyperbola :
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Answer : Given Equation:
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(i) Length of Transverse axis = 2a = 8 units.

Length of Conjugate axis = 2b = 14 units.

(ii) Coordinates of the vertices = (0, +a) = (0, +4)



(iv) Here, eccentricity, e =

L0 [ a9 65 _Jes
a’ 16 Vie 4
(iii) Coordinates of the foci = (0, +ae) = (0, i\/(%)

(v) Length of the rectum = — 245 units.

2b® 98
a 4

Q. 8 Find the (i) lengths of the axes, (ii) coordinates of the vertices, (iii)
coordinates of the foci, (iv) eccentricity and (v) length of the rectum of each of the

following the hyperbola :
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Answer :
2 2
Given Equation: Y_ _x_ =1
9 27
Comparing with the equation of hyperbola \_1 _x_1 =1 we get,
a~ b~

a=3andb=./27-33



(i) Length of Transverse axis = 2a = 6 units.
Length of Conjugate axisi= 2b = ¢.f3 units.

(ii) Coordinatesiofithewertices = (0, +a) = (0, +3)

(iv) Here, eccentricity, e = l_b_.:\/ ,E: ﬁ;é;:
a’ 9 9 3

(ili) Coordinates of the foci = (0, +ae) = (0, +0)

(v) Length of the rectum = =% _
a

2b° 3 —18 units.
3

Q. 9. Find the (i) lengths of the axes, (ii) coordinates of the vertices, (iii)
coordinates of the foci, (iv) eccentricity and (v) length of the rectum of each of the
following the hyperbola :

3y2-x2=108



Answer :

2 2
Given Equation: 3y2-x2=108= Y _X* _,
36 108
2 x2
Comparing with the equation of hyperbola Y = =1 we get,
a~ b

a=6andb= 108 =63

class24

(i) Length of Transverse axis = 2a = 12 units.
Length of Conjugate axis = 2b = 12./3 units.

(ii) Coordinates of the vertices = (0, +a) = (0, +6)



(iv) Here, eccentricity,e= 1+ = N+—— =f1+3=2

(ili) Coordinates of the foci = (0, +ae) = (0, +12)

£ - & — 36 units.

a 6

(v) Length of the rectum =

Q. 10. Find the (i) lengths of the axes, (ii) coordinates of the vertices, (iii)
coordinates of the foci, (iv) eccentricity and (v) length of the rectum of each of the
following the hyperbola :

5y2 - 9x2 =36
Answer :

yr o x?
Given Equation: 5y2=9x? = 36 = 367 —T=l
3%
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Comparing with the equation of hyperbola ‘% —— =1 weget,

a~ b~

andb=2

6
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(i) Length of Transverse axis = 2a = —= units.

J5

Length of Conjugate axis = 2b = 4 units.

6

NG

b? 4 20 56 12
(iv) Here, eccentricity, e = 1+ — = [1+— =\/1+_ _ J_ _ J_
a’ 36/ 36 6 3

(iii) Coordinates of the foci = (0, +ae) = (0, +

(ii) Coordinates of the vertices = (0, +a) = (0, +

(v) Length of the rectum = ' " = y =
NG



Q. 11. Find the equation of the hyperbola with vertices at (6, 0) and foci at (8, 0).

Answer : Given: Vertices at (£6, 0) and foci at (8, 0)
Need to find: The equation of the hyperbola.

Let, the equation of the parabola be:

[

X

2
}.’

) Y

- b-

d
Vertices of the parabola is at (26, 0)
That meansa=6

The foci are given at (8, 0)

That means, ae = 8, where e is the eccentricity.

= 6e=8 [As a = 6]
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A and B are the foci.



We know that, e = 1+

5

-l
Therefore,
S L
at 3
= 1_b_: :Q [Squaring both sides]
a-'
b* 16 7
a~ 9 9
= b2 :a23
9
-

b2 =36x—-=4x7=28 [Asa=6]
9

So, the equation of the hyperbola is,

[ ]

2 2 2
X 3 -1= X y —1 [Answer]

_;-‘ — — T —
-

T
a“~ b° 36 28
Q. 12. Find the equation of the hyperbola with vertices at (0, #5) and foci at (0, £8).

Answer : Given: Vertices at (0, +5) and foci at (0, £8)



Need to find: The equation of the hyperbola.

Let, the equation of the parabola be:

2 2
Yy X
2

5

— =
a~ b°

Vertices of the parabola are at (0, +5)
Thatmeansa=5

The foci are given at (0, £8)

4

A and B are the vertices. C and D are the foci.

That means, ae = 8, where e is the eccentricity.



= 5S¢ =8 [Asa=5]

8
2 e=—
5
b2
We know that, ¢ = 1+—
a

Therefore,
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2
=1 b_=ﬁ th sides]
a® 25
b _64 39
as 25 25
=:»b2_ 22
25

= b? =25x£=39 [Asa=5]
25

So, the equation of the hyperbola is,
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\—,—X1 =1= L—L:l [Answer]
a~ b~ 25 39

+. /2
Q. 13. Find the equation of the hyperbola whose foci are (£v29.0) and the
transverse axis is of the length 10.

"L ,“"l
Answer : Given: Foci are (£v29.0) , the transverse axis is of the length 10
Need to find: The equation of the hyperbola.

Let, the equation of the hyperbola be:

[ ]

5
X v©
_ = :1

2

~

a b

The transverse axis is of the length 10, i.e., 2a =10

Therefore,a=5

The foci are given at (i—\/ﬁ, 0)

%A and B are the foci.

Nt S
Y

That means, ge = +./29., where e is the eccentricity.

= §a— /:9 [As a = 5]



e =
=

u:%l
\O

We know that,

b2
1+—
a2

Therefore,

LBV
e
=

2
=1+ b_:g [Squaring both sides]
a® 25
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2
29,

as 25

= b2 =25xi=4 [Asa = 5]
25
So, the equation of the hyperbola is,

2 2 2 2
2 Y 1=2 Y _{[Answer]
a® b’ 25 4



Q. 14. Find the equation of the hyperbola whose foci are (15, 0) and the conjugate
axis is of the length 8. Also, find its eccentricity.

Answer : Given: Foci are (£5, 0), the conjugate axis is of the length 8
Need to find: The equation of the hyperbola and eccentricity.

Let, the equation of the hyperbola be:

[

2
X Y
_—'_:]_

2 2

a b

The conjugate axis is of the length 8, i.e., 2b =8
Therefore, b =4

The foci are given at (5, 0)

8

g j Y I - , q —A and B are the foci.

That means, ae = 5, where e is the eccentricity.

We know that,

Therefore,



b' 25

ﬁ a

"
-

25-b*=25-16=9

-0
[l

So, the equation of the hyperbola is,

' 9
Eccentricity, e = ,1 + b_. - \/1_ = :E [Answer]
3

+3./5
Q. 15. Find the equation of the hyperbola whose foci are —3\/‘_' 0) and the
length of the latus rectum is 8 units.



Answer : Given: Foci are :3\5‘0) the length of the latus rectum is 8 units
Need to find: The equation of the hyperbola.

Let, the equation of the hyperbola be:

[ ]
[ ]

X v
—_ = =l

S

_H'

a b

The length of the latus rectum is 8 units.

Therefore, ;: 8 = ph? =43 (1)
a

The foci are given at (:3\/5:_0)

| S

-

That means, ae = 3\/5, where e is the eccentricity.

We know that,




Therefore,

[ ]

+b? = 45 [Squaring both sides]
= a2 + 4 =45 [From (1)]

= a’+4a-45=0

= a’+9a—5a-45=0

= (a+9)a-5)=0

So, eithera=5o0r,a=-9

That means, either b = 2,f5 or,b = /36

The value of b=V —36 is not a valid one. So, the b value and its corresponding a
value is not acceptable.

Hence, the acceptable value of ais 5and b is

245

So, the equation of the hyperbola is,



) 2 0 7
X- - i"- -
. Y —1:5\__}_=1 [Answer]

—2_=
a~ b~ 25 20

Q. 16. Find the equation of the hyperbola whose vertices are (+2, 0) and the
eccentricity is 2.

Answer : Given: Vertices are (£2, 0) and the eccentricity is 2
Need to find: The equation of the hyperbola.

Let, the equation of the hyperbola be:

[

2
X“ y
5 6
- b-

=1

a
Vertices are (2, 0), that means, a =2

And also given, the eccentricity, e = 2

A and B are the foci.

We know that, e =

Therefore,




5

= 1+b_,)= 4 [Squaring both sides]

a

[ 3]

|

l
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= b2 =322 =3x4=12 [Asa=2]

So, the equation of the hyperbola is,

[ =)

2 2

X =1=X _y =1 [Answer]
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a
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Q. 17. Find the equation of the hyperbola whose foci are (++/5 0) and the
eccentricity is \E

Answer :

g
Given: Foci are (£4/5.0). and the eccentricity is \/:
3

Need to find: The equation of the hyperbola.

2

[

Let, the equation of the hyperbola be: x_ﬁ _y _

a® b2

The eccentricity,e = [=
3



And also given, foci are (iJE .0)

That means, CIUSSZ4
= a :ﬁ
e
5
a=—f47— 5
= 5 [Ase=_|=]
3 3
= a=A3

b2
We know that, e = |1+ —
a



Therefore,

Q. 18. Find the equation of the hyperbola, the length of whose latus rectum is 4
and the eccentricity is 3.

Answer : Given: The length of latus rectum is 4, and the eccentricity is 3
Need to find: The equation of the hyperbola.

Let, the equation of the hyperbola be:

r2

X
— :1

2
}.'
) Y
- b-

a

The length of the latus rectum is 4 units.

"\

2b?
a

Therefore, —4 = b2 —2a - (1)

And also given, the eccentricity, e = 3

We know that, ¢ =




Therefore,

b2
= ‘,l+— =3
a2

2
= 1+ — =9 [Squaring both sides]

Therefore,

b2 :2a:2xl:l
4 2

So, the equation of the hyperbola is,

x2

32

HI“‘*N

\I“‘

B 7

=1 = 16x°
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—2y? =1 [Answer]



~
Q. 19. Find the equation of the hyperbola with eccentricity ‘E and the distance
between whose foci is 16.

Answer : Given: Eccentricity is \E , and the distance between foci is 16
Need to find: The equation of the hyperbola.

Let, the equation of the hyperbola be:

X

a

-

2

Y
b-

Distance between the foci is 16, i.e., 2ae = 16

And also given, the eccentricity, e =

V2

Therefore,

2a2 =16



Therefore,
2
= l+b—2=\/5
a
=>1+£=2 [ sides] I 24
a2 CIASS
2
S
a

= b2 :a2 =32 [From (1)]

So, the equation of the hyperbola is,

2 2 2
X__Y_:l = x__y_:l = xz_yz =32 [Answer]

2
a’ b2 32 32



Q. 20. Find the equation of the hyperbola whose vertices are (0, £3) and the
eccentricity is ; . Also, find the coordinates of its foci.

4
Answer : Given: Vertices are (0, £3) and the eccentricity is 3

Need to find: The equation of the hyperbola and coordinates of foci.

Let, the equation of the hyperbola be:

9] 9]
). G

=1

2

a b

Vertices are (£3, 0), that means,a=3

A and-B arenvertices.

And also given, the eccentricity, e =

| 4

We know that, e = 1+

Therefore,




= l_b_: = E [Squaring both sides]
9

)

S b2=La?=_x9=7 [Asa=3]
9 9

So, the equation of the hyperbola is,

[ ]
[ 3]

X N _ x}' y2
7

1_'_:]_:.3__

a b 9

=1

[ =

Coordinates of the foci = (+ae, 0) = (+4, 0) [Answer]

Q. 21. Find the equation of the hyperbola whose foci are (0, #13) and the length of
whose conjugate axis is 24.

Answer : Given: Foci are (0, £13), the conjugate axis is of the length 24
Need to find: The equation of the hyperbola.

Let, the equation of the hyperbola be:

] )
y©oox”
-_1_ ) =1
a~ b°

The conjugate axis is of the length 24, i.e., 2b =24
Therefore, b = 12

The foci are given at (0, £13)



A and B are the foci.
That means, ae = 13, where e is the eccentricity.

We know that,

’ b:
a-

Therefore,
b2
a fl+— =13
> a-
) 9]
a-+b-
a =13
= a

= a2 1+ b? =169 [Squaring both sides]

= a?=169-b* =169-144 =25 [Asb=12]



So, the equation of the hyperbola is,

[ ]
[ ]

2 g,

yooxT Ly X

=1 [Answer]

_ _1:.9___

2 2

a b 25 144

Q. 22. Find the equation of the hyperbola whose foci are (0, #10) and the length of
whose latus rectum is 9 units.

Answer : Given: Foci are (0, £10) and the length of latus rectum is 9 units

Need to find: The equation of the hyperbola.

Let, the equation of the hyperbola be:

The length of the latus rectum is 9 units.

2
Therefore, i—g = b? =2a ---- (1)
9|

a v

The foci are given at (0, £10)




That means, ae = 10, where e is the eccentricity.

We know that,

e= 1+b7
\‘ a2

Therefore,
b2
a,’1+_,, =10
= a-
2 2
a“+b-
a—— =10
= a

= a2 + b? =100 [Squaring both sides]

= a? +2a =100, (From. (1]

= 2a%+9a-200=0
= 2a% +25a—16a-200=0

= (2a+25)(a-16)=0

25
So, eithera=16o0r,a=-=—=
9
’ b
That means, either b = gx 16 = 62 or. b= _9x25
2 2x2



9x25

2x2

The value of b =
value is not acceptable.

is not a valid one. So, the b value and its corresponding a

Hence, the acceptable value of ais 16 and b is G\E

So, the equation of the hyperbola is,

[ )
[ )
[ o]

o

X 1 [Answer]

Q. 23. Find the equation of the hyperbola having its foci at (0.£414) and
passing through the point P(3, 4).

Answer : Given: Foci at (0.zv14) and passing through the point P(3, 4)
Need to find: The equation of the hyperbola.

Let, the equation of the hyperbola be:

[
| ]

| %
-

It passes through the point P(3, 4)

So putting the values of (x, y) we get,

9 16
B e e

o 7

b- a~ b°

3

|.J|
J

o0

Foci at (o‘zxfﬁ)

S0, ae =14



b2

a

We know, e = |1+

ST P v
—

= /al_{_b::Jﬁ

= a2:p? =14 [Squaring on both sides]

=a’=14-b* 72
Comparing (1) and (2) we get,

9O 16 _

Y 1
14-b~ b~

ob* =14b% —b* + 224 —16b*
b +11b% -224=0

Solving the equations we get,

by = \{%(—11-—3«,’1 13)




1
by = —\/:(—1 1+3+4/113)

b3 = (—i)\/étl 1+34/113)

by = i\/ém—s\ms)

With the help of any of these values of b we can’t find out the equation of the hyperbola.

* This is the only process we can apply in this standard.



