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Exercise 6.6

Q1. Find an equation of the hyperbola with the given date. Sketch the graph of
each.
i Centre (0,0) , Focus (6,0), vertex (4,0) As: c=ae
Solution
Here a=4 and c=6
From this information we can find b
c? = a? #b? (in hyperbola)
B3 = > a’
= b’=36-16
= b2 =120

From the location of the vertex and focus, we can also determine that the

transverse axis is horizontal (the x term is positive).
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i. Foci (+5,0), vertex (3,0)
Solution
Foci (5,0).(-5.0) Asc = ae
= centreis at (00) andc=5
Also a=3
From this information we can find b?.
¢ =a’+b? (in hyperbola)

B = c? — a2
= b?=25-9
= b? =16

From the location of the vertex and focus, we can also determine that the

transverse axis is horizontal (the x term is positive). The equation is:
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ii. F(2+5vV2,7), F'(2-5vV2,-7)2a=10
Solution

From the centre and foci, we have

a=5and c¢=5y2
As c=aqe
As P =a’+b?
b? = ¢ —a®

= _b2=(5V2)2—-25=50-25

= b? =25

Thus the equation of hyperbola is

(x=2)*  (y+7)% _
25 25

1
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iv. Foci (0, +9), drictrices y = +4

Solution
a
Here c=9 y=3_ =4
Le age =19 a=4de
e .-9.=E=9I
4

e a’ =36

ct=a2+bp? (in hyperbola)

b2 =2 _ a2

= b2 =81-—36
= b? = 45

Required equation is

¥ _L =1 Asfocilies on y-axis
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V. Centre (2,2), horizontal. Transverse axis of length é and eccentricity e =
2.
Solution
Here 2Z2a=6 AS! c=ae
=a=3

b2 =2 — a2
= b’=36—-9=27

Required equation is g - U";—?z = 1 with centre at (2,2).
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vi. Vertices (2, +3), (0,5) lies on the curve.

Solution
2a==6 =a=3

Clear fromthe vertices, equation of hyperbola is

L 1

a? b?

As [0,5) lies on the equation (1) , so

(5)2 7 (0=2)2 _ 1 I 2)

at b2

i SR I L

a? B2
Also from vertices (2,4£3),a=3i.e.a2 =9

Put the value of a? in eq. (2), we have

25 4 4 25
Z—==1 o —=—=1-=
9 b b2 a?
4 25-9 16
Or —=—=— Or PO
b2 k] b2 o

o =2 or p=2
g 4

Substituting the values of a2 and b%in eq. (1), we have
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vii. Vertices (5,-2),(5.4) and one focus (5,-3)
Solution

Centre is the midpoint of vertices, so

c [:E _2;4) = (5,1) as the centre of the hyperbola.

2
From the vertices and centre, we havea=3iea? =9
From focus and centre, we have ¢ = 4
As  cf=a’+p?
= b? =¢? —a
= (b?=(4)2-9
= b?=16—-9
= bi=7

=112 -5
Equation of hyperbola is % — —':th} =
Or -0, )} =1

9 7
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Q2. Find the centre, foci, eccentricity, vertices and equation of directrices.
i. x2-yt=09
Solution

Given equation can be written as

The transverse axis of (1) lies along the x-axis.
Coordinates of centre are (0,0)
Coordinates of vertices are (1+3,0)
Here a=3 b=3 Cc=ae
¢? = a’? + b?, we get
2=949=18 or c=3V2
Foci are (+v2,0).

Equation of directories are x = + :E‘ =xe=i %
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X
ii.

2z
-l e (1)

solution
The transverse axis of (1] lies along the x-axis.
Coordinates of centre are (0,0)
Coordinates of vertices are (+3,0)
Here a=2 b=3 C = ae
c? = a? + b?, we get
=y 2=449=13 or c¢=v13
Foci of hyperbola are (+V13,0).

Equation of directories are x = ;|;%1

| =

x=4

m|ﬁ .
L
I
be
I
-
=
w

s0, ¢(0,0)

F(+ae, 0) = F(+V13,0)

Vertices V(za, 0) = V(£+2,0)

yz xi! _
jii. T 1
Solution

The transerve axis of (1) lies along the y-axis.
Coordinates of centre are (0,0)
Here a=4 b=3 € =ae

From ¢ = a? +b?, we get
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= c2=125 or c=5
Fociare (0, +5).

vertices are (0, +4)

Equation of directories are y = j;% =% %

e, LToXog

4 1
Solution

The transerve axis of (1) lies along the y-axis.
Coordinates of centre are (0,0)
Here a=2 b=1 c = ae

From ¢ =a? 4+ b?, we get

e2=44+1=5 or c¢=v5

Foci are (0,+V5).

vertices are (0,+2)

Equation of directories are y = j;% =1 is
-1 1)
v. LMo s (1)
Solution

Wewritex-1=X,y—-1=Yin (1), to have,

v

Fod 00 pemsmawes (2)

2 9

So that it is a hyperbola with centre at x =0,

y =0i.e. the centre of (1)is (1,1)
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the transerve axis of 2 is Y=0

e, Y-1=0is transerve axis of (1).

Here a=+v2 b = 3 so that, we have

c=va? +bZ=+2'+ 9 = +/11,

foci of (2) are x = +V11, y=0

ie. x—2=0 y+2 =45

e. ([1+/11,1) and (1—/11,1)
vertices of (2) are x=+v2, y=0
e, x—1=+1V2 y—1=0
e, x=1++2 y=1
ie. - [1+V21) and (1-v2,1)

Equation of directories are

a
Xx= i;
2
¥—1 = i£
Vit
V2
1+ .
X = =
Vi1
i OB D g e (1)
Solution

If we write x—-2=X,y+2=Yin (1), to have,

2 2
T -
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its centreisatx =0, y=0
lLe. x—2=0 y+2=0
=27 y=-=2 e,  (2.-2)

The transerve axis is vertical and has equation
x=0 x—2=10

.e. x = 2is the transerve axis of (1). Joint equation of asymptotes of (2) is:

A2y gg £auE
e y2= f—ﬁxz ie. ¥ = i%x
Here a=3 b = 4 so that, we have
¢ =vaZ +bZ
=~2%9
= V11
=5
fociof (2) arex =10 y=4%5
e, x—2=0 y+2=45
e. x=2
y=—245

.e. (2,3)and (2,-7) are foci of (1)
vertices of (2) are x=0, y =13
e, x—2=0 y+2=43
e x=2 y=-2%3
e, (2,1)and (2,-5)

Equation of directories are
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y=1%3
9
=}r+2=i§
2 g9
=y == —
y tg

vii. xI-—12x—y2-2yvy+2=0
Solution

Ix?—12x—y*—2y+2=0
P2 —12x—(y2 + 2y) = =2

By completing the square

[(3x) - 260+ (@] =y - 200D + (1)l =-2+4-1
Bx-2—-(y+1)¥ =1
9(;{—%)2 —(y+1)?=1

(“‘5}2 o R 1

1/9 1
2 oalay where ‘x = x— 2 =y+1
1/ 1 P, 3 y=Y
S = \ 2 = =
A= a 13, b 1 b=41

2 _ @TRLAIN_ l?_ o o
. 1/9 1;9_10 a=sll

1
_11(—)_E_ el B
=y 1{}_3_%_{1—&_31.'?

coordinates of centre (0,0)
x=0 y=0

2
H—;—ﬂ :-.»'+1—[]


https://www.perfect24u.com/
https://www.perfect24u.com/

More Notes, Books Fbise Visit Now: www.perfect24u.com

2
C(E..l}
coordinates of foci (1ae, 0)
X = ta, y=10
: 2 1
lLe. x.—§=i§ y+1=10
3 2 1
[.e. X= Ei; Y= -1

2+1
X =

3
1
R=1,§

A(1,-1) A'(1/3,-1)

vili. 4y +12y—-x2+4x+1=0
Solution
4(y* +3y) —(x* —4x) = -1

z N ez el
4(y2+3y+3) - (2 —4x+4)=-1+2-4

4(y+§)2—{x—2}2 =4

2
(F*%} _ (x=2)? =1
(1)? @?

},2 12_ : » - - i
T_T_l where x=x—2 e

Its centreisatx=0 y=0

x—2=0 y+>=0
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The transverse axis id vertical and has equation x =0
e, x-2=0

i.e. x = 2 is the transerve axis of (1). Joint equation of asymptotes of (2) is:

2 2 2 2
YDy e, L=X
1 4 1 4
" 2 4 1 v u i 1
le. yt=_x ie. y==%_x

e y+§= i%(x—-?)
e  x-2y-5=0 and x+2y+1=0

aso a=1 b= 2 sothat, we have

c=vaz+b?z =144 =45
foci of (2) are £ =0 y=+V5
e, (x:2=0 y+-=45

3

e, x=2 y=—-445

2

Le. (2,_3”‘@},(2,"3?‘@) are foci of (1)

2

verticesof (2) are x=10, y= +1

ie. x—2=0 y¥-=11

e, (2,-1/2), (2, -5/2) are vertices of (1)

Equation of directories are
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ol

Sy=—

ix. xZ—-y24+8x—-2vy—-10=0
Solution
X2 —y*+8x—2y—10=0
x*+8Bx—y?-2y=10
(x24+8x+16)—(y*+2y+1)=10+16—-1
(x+4)P2-(y+1)?=25

(+4)?  (y+1)? 1

o - is the equation of hyperbola

For centre

X+4=0 y+1=0

(—4,-1) as the centre

To find eccentricity

Here a?=25 b? =25
7 321-;:2 — 35425 _'50 .,
a 25 25
e =12
vertices x+4=5 y+1=0

Le. x=-4+5 y=-1
x=—4-5 y=-1
thus vertices are (1,-1),(—9,-1).

Foci are given by (tae,0)
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x+4=15/2, y+1=0
x=—4+ 52, y=—1
thus foci are
(—44 5v2,1), (—4 — 5v/2,1),
Equation of directories are

x+4=1%=

5
=2xt+4=+—

V2

=2x=—4+—

V2

X. 9x2 —y2 —36x—6y+18=10
Solution
Ix*—y*—36x—6y+18=10
9x? — 36x —y? — 6y = —18
9(x? — 4x) — (y? + 6y) = —18
9(x2 —4x+4) — (y2+6y+9) =—18+36—9
9(x—2)2—(y+3)32=9

=72 2 i :
nA 12:' > —LH:} =1 is the equation of hyperbola

For centre

x—2=0 y+3=0

(2,-3) as the centre

To find eccentricity
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Here a’=1 b’=9
222 19 g0
a 1
e =10
vertices
x—2=+1 y+3=0

e, x=241 y=-3
x=2+1 y=-3

x=2-1 y=-—3

x=3 y=-3

x=1y=-3

thus vertices are (3,-3),(1,-3).

Foci are given by (tae,0)

x— 2 = +(1)V/10, y+3=0
x =2 ++10, y=-3

thus foci are (2 4+ v10.-3). (2 — v10,-3),

Equation of directories are

a
x—Z—i;
1
Sx—2=+—
10
1
=x=2+—
10

Q3. Llet 0 <a< ¢, F(—c,0) and F'(c,0) be two fixed points. Show that the set of
points P(x, y) such that |PF| — |PF'| = +2a, is the hyperbola.
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:—:—:—i= 1 (where b% = ¢% —a?)
Solution

|PF| — |PF'| = £2a

JE—)Z4+(y—0)2 - J(x+c)2+(y—0)2 =+2a

JE—c)2 +y2 — J(x+c)? +y2 = +2a

Square both sides

x— 2 +y? + (x+ 0% +y? = 2J(x =07 +y2/(x+ O + 7 = 4a’

=  x*4+c?—2xc+y? +x?+c? +2xc+y? <2 x— )2 + y2H(x + ©)? + y?} = 4a?

= 23+ 2y% + 2¢2 — 2 (x% + y? + ¢?)? — (2xc)? = 4a’

= (x2 +y? + ¢?) — 22 = J(x2 + y? + ¢2)? — (2xc)?
Squaring on both sides
x2+yi el +4at -4+ vi ) = (P v+ ) — 4xPe?
a* —aZ(x? +y%+c?) = —x2c?
KZCZ £ azxz it aZF,E = HZEZ ey 34
(c? —a?)x? —a?y? = a?(c? —a?)

(cZ-a?)x? aty?
a2(c2-a?) a?(c2-a?)

Hence proved

Q4. Using problem 3. Find an equation of hyperbola with foci (-5,-5) and (5,5)
vertices (—3v/3,—3+2) and (3v3,3V2).

Solution
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F(-5.-5).F(5.5).P(x.y)
|PF| — |PF’| = £2a

Distance between the vertices

2a = J(,3ﬁ+ 3VZ)" +(3VZ+3V2)°

2a = J(aﬁ)z +(6v2)°

=+72+72=+144 =12

IPF| = /(x+5)2 + (y + 5)2 IPF| = {/(x—5)? + (y — 5)?

Putting the values in (1)

V452 +y+52 - y(x—5?2+(y-52 =12
Square both sides

¥+ 10x+25+y2+ 10y +25+%x2 —10x+ 25+ y2 — 10y + 25—

2/x2 + 10x + 25 + y2 + 10y + 25,/x2 — 10x + 25 + y2 — 10y + 25 = 144

2x% + 2y% + 100 — 2/ (%2 + y2 + 10x + 10y + 50)(x2 + y2 — 10x — 10y + 50) = 144

%2+ y2 +50 — /(x% +y2 + 10x + 10y + 50)(x% + yZ — 10x — 10y + 50) = 72

Let ¥ +y*+50=1t

t —/(t+ 10x+ 10y)(t — 10x — 10y) = 72

Jt+ 10x + 10y)(t — 10x — 10y) =t — 72
Square both sides
(t+ 10x + 10y)(t — 10x — 10y) = t% — 144t + 5184
t? — 10tx — 10ty + 10tx — 100x% — 100xy — 100xy + 10ty — 100y? = t? — 144t + 5184

—100%2 — 100y2 — 200xy = —144t+ 5184


https://www.perfect24u.com/
https://www.perfect24u.com/

More Notes, Books Fbise Visit Now: www.perfect24u.com

By replacing the value of t
—100x% — 100y% — 200xy = —144(x2 + y? + 50) + 5184
—100x% — 100y? — 200xy = —144x° — 144y? — 7200 + 5184
44x* + 44y* — 200xy + 2016 = 0
4(11x2 4+ 11y? — 50xy + 5041) = 0

11x2 + 11y? —50xy + 5041 =0

Q5. For any point on the hyperbola the difference of its distance from the point
(2,2) and (10,2) is é. Find an equation of hyperbola.

Solution
F(2.2), F'(10,2)

Let P(x.y) be any point on the hyperbola

Then J(x— 102 +(y—2)2— J(x—2)2+(y—-2)2=6
Square both sides

X2 —20x+ 100+ y* — 4y + 4+ x? —4x+ 4 +y -4y +4 -
2(x—10)2 + (y—2)3/(x—2)2 + (y — 2)? =36

2x7 +2y% — 24x — By + 112 — 2,/(x2 — 20x + 104 + y? — 4y)(x2 —4x + 8 + y2 — 4y)
= 36

x2 +y? —12x — 4y + 56 — /(x2 — 20x + 104 + y? — 4y)(x? — 4x + 8 + y2 — 4y) = 18

VxZ—20x + 104 + y2 —4y)(x2 —4x+ 8+ y? —4y) =x® +y? —12x — 4y + 38

JIxZ —4x +8 + yZ — 4y) — 16x + 96} (x2 — 4x + 8 + y2 — 4y)
= +y*—4x—4y+8)—8x+30
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let x*+y?—4x—4y+8=t

J(t—=16x+96)t =t — 8x + 30
Again squaring both sides we have
(t—16x + 96)(t) = t2 + 64x% — 16xt + 60t + 900
t? — 16xt + 96t = t* + 64x% — 16xt + 60t + 900 — 480x
—96t + 64x% + 60t + 900 — 480x =0
Dividing by ‘4", we get
16x% —120x—9t+ 225 =10
Replace the value of t, we have
16x2 — 1205 —9(x* + y2 —4x—4y +8) + 225 =0
16x? — 120x — 9x? —9y? + 36x+ 36y — 72+ 225=10

7x? —84x —9y? + 36y + 153 =0

Qé. Two listening posts hear the sound of any enemy gun. The difference in
time is one second. If the listening posts are 1400 feet apart, write an equation of
the hyperbola passing through the position of enemy gun. (velocity of sound is
travel at 10801/sec.

Solution

Let two listening post S and hear the sound of an enemy gun after t and t-

1 seconds respectively.
Since listening posts are 1400 feet apart.
2C = 1400

= C =700
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If P is the position of enemy gun, we have
|PS'| — |PS| = 2a
(1080)t — (1080)(t—1) = 2a
(1080)(t —t+1) = 2a
1080 = 2a

1080
=a =T= 540

using c? =a’ +b? ¢ = ae
(700)? = (540)? + b
b2 = (700)2 + (540)2
= 490000 - 291600

= 198400

; LRy
Thus equation of hyperbola is = 1

2 x

® ¥
291600 198400
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