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Exercise 9.3

For each of the following differential equations in Exercise 1 to 10, find the general solution:

dy 1-cosx
1. ==
Q dx 1+cosx

A.1. The given D.E is

ﬂ_ 1—cos X
dx 1+cosX

By separable of variable,

cos2X =1-2sin? x
=2sin’ X =1-cos2X
1—cos X
=dy= dx X
1+ cos X =2sin E:I—cosx
cos2X=2cos’ X —1
ZSin25
=dy= idx
2¢cos’ =
2

= dy = tan’ X dx
Integrating both sides,
dy = [ tan® 2 dx{sec? x =1+ tan
J.y.l.an2 {sec an}

= Yy= I(sec2 g—ljdx

X
tan —
2 _ X+C ¢ = constant

= y=

1
2


hhhty
Text Box
Exercise 9.3

www.toppersguru.com

Www.toppersguru.com

=y= 2tan§ —x+c 1s the general solution.

d
Q2. d_iz’/4_y2 (2<y<I)

A2. The given D.E is
= 4 '4 — y2
= ¥y dx
4-y?

(By separable of variables)

Integrating both sides

j ,_4 y jdx
—s1n1;/—x+c

:%:sin(x+c)

V= 2sin(x i C) is the general solution.

d
Q3. d—i+y:1(y¢1)

dy
N — 4+ = 1
A3. Given, dx y

dy
L =1-y=—(y-1
=5 = y=-(y-1)

By separable of variable,
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Integrating both sides,

dy
) B
= log|y—-1|=-x+c

—X+C

=ly-1=e

=>y-l=te¢

—y=1+Ac where A==€°

Is the general solution.

Q4. sec’ X tan ydx +sec’ y tan xdy = 0
A.4. Given, sec’ X tan ydx +sec” y tan xdy = 0
Dividing throughout by * tan Xtan Y we get,

2 2
sec” Xtan sec” ytan X
ydx+ y

dy=0
tan Xtan y tan Xtan Yy
2 2
sec de+sec ydy=0
tan X tan y

Integrating both sides we get,

sec’ X sec’ Y
'[ dx + j

dy =logc
tan X tan y

fl
= 10g|tan X| +10g|tan y| = logc{j&dx—log‘ f (X)‘}

f(x)

= log‘(tan X+ tan y)‘ =logcC


www.toppersguru.com

Www.toppersguru.com

— tan X tan y= +C 1s the required general solution.

Q5. (ex Jre‘x)dy—(eX —e‘x)dx 0
A5. Given, (€°+e7)dy—(e* —e™)dx=0
= (e"+e)dy=(e"-e)dx

e¥ —e*
e¥+e™*

dx

=dy =

Integrating both sides

= [ay =25 dx{.- j%dx . log|x|}

X +e* )

= y=logle* +e”

+C s the required general solution.

06, %:(1+x2)(1+y2)

A.6. Given, % - (1"‘ X2)<1+ yz)
dy o 1 2 d
:—(Hyz)_( +X* ) dx

Integrating both sides
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j(lf);z)dy =j(x2 +1)dx

= tan”' y _X
an T—?‘FX-FC

3
L X
= tan 1y=?+x+c |

is the general solution.

Q7. Ylog ydx—xdy =0
A.7. Given, Ylog ydx—xdy =0

= ylog ydx = xdy
dy  dx
ylogy X

Integration both sides,

dy  pdx
begy_jx

—

YR

—t=>—=—=—=(dt
Put log Y y . dy y
dt _
Hence, . X

= log|t| =log|X| +log|c| = log|xc|
=1==%XC

:>10gy=axwhere a==C

= Y =e" s the general solution.
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dy
5 S
Q8. X g T 7Y
dy
5 _ 5
AS8. Given, © 0 T 7Y
d dx
= —i/ ==
y X
Integrating both sides
dy dx

= j y~dy = —I x~>dx

y—5+1 X—5+l
= =— +C
(-5+1)  (-5+1)

-1 1.
—4y*  4x*

1 1 . !
= ¥ =t 4c  1is the general solution.

dy « ol
—— X
Q9. . S

A9. Gi g = sin_l X
9. Given,

= dy =sin"' xdx

Integrating
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Idy = jsin‘1 xdx
= y=sin"' x| dx—j%(sin‘1 x) [ dx.dx

xdx +c

|
= y=Xsin_1x—I
NS

— Xsin ' X—1+c¢

g J‘ 1 2X dX
0’ ' '
Put 1—X* =t So, —2xdx =dt
_—1+]
2
So, =——j ——J 2dt——% _tl =t
?+1

y = Xsin™' x—(—\/l—x2 )+c
y=xXsin"' Xx++1-Xx*> +cC
Q.10. €” tan ydx +(1 —ex)sec2 ydy =0
A.10. Given, € tan ydx +(1 —ex)sec2 ydy =0

Dividing throughout by (1 —e ) tany we get,

e” tan y . (l—ex)sec2 y
<l—ex)tany (l—ex)tany
_ e dx 4 sec’ y

1-¢* tan y

dy=0

dy=0

Integrating both sides
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—e* sec’ y
= dx + dy =clogc
J.l—ex j tan y y=tlog

:—log‘l—eX

+ log|tan y| =clogc

=log tan): =logc
1-e
_ tan y —c

1—e*

=tany = (1 —e* )C is the general solution.

For each of the differential equations in Question 11 to 12, find a particular solution satisfying
the given condition:

Q11. (x3 + X +x+1)ﬂ:2x2 +X
dx

A.11. The given D.Eis (X’ +x*+ x+1)% =2x* +X

X
IV G2 S S Y
y= X+ X +X+1
Sdy- 2%% + X = 2%% + X g
X (x+1)+(x+1)  (x+1)(x +1)

Integrating both sides we get,

2X° + X
Idy:j(xﬂ)(xz +1)dx

) g A Bx+c
= +
x+1)(x2+1) x+1 x>+1

Let, (

= 2X* +2 = A(X* +1)+(Bx+c)(x+1)
= A’ + A+ Bx* + Bx+Cx+C

=(A+B)x*+(B+C)x*+(A+C)

Comparing the co-efficient we get,
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A+B=2—————— (1)
B+C=1-————— 2)
A+C=0—————— 3)

Subtracting equation (1) — (2), we get

A+B—(B+C): —
—>A-C=1

But from equation (3) A=—C so, we get,

A(-C)-C =1
— -2C =1

—>C:—l
2

&A:_GJJZL
2) 2

And putting value of A in equation (1),

l+B=2
2
4-1

>B=2-——=—-
2

N | —

Putting value of A,B and C in

2X% + X A VIl
(x+1)(x2+1) x+1  x*+1

e
2(x+1) 2\x*+1) 2\ x*+1

Hence, the integration becomes

for=Fagemee (s o T o

X
~+cC
1

1 3 1
=2 =§log(x+1)+zlog(x2 +1)—5tan
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Given, At X=0,y=1

1 3 1
1=—logl+=logl——tan"' (0)+C
Then, " g 4 g ) ( )

“logl=0
=1=0+0-0+C }
tan~ 0-0

=c=1

.". The required particular solution is:

tan ' X +1

NI»—‘

yzélog X+1 +— log(X2+1)

e S e e
[ 1

2log (x+1 +310g(x2+1)}——tan X+1

log(x+1)2 +log(x2 +1) }—%tan_l X+1

_log(x+1)2 (X2 +1)3}—%tan_l X+1

Q12. x(x2 —1)ﬂ=1;y:0 when x =2
dx

A.12. The given D.E. is

d
x(xz—l)d—izl
~ Gy dx

x(x* -1)
Integrating both sides,

e

:y:_[ dx dx+c.

x(xz—l)(x+1)
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1 A B Cc

Let, x(x-1)(x+1) x " x—l+ X +1

1=A(x=1)(x+1)+B(x)(x+1)+C(x)(x-1)
= A(x2 —1)+ Bx* + Bx +Cx* —Cx

= AX® — A+ Bx* + Bx+Cx* —Cx
=(A+B+C)x*+(B-C)x—A

Comparing the coefficient,

-A=1
>A=-1-——--—-"———- (1)
- A+B+C=0——-—————— (2)
= B-C=0
B=C——"—————————— (3)

Putting equation (1) & (2) in (1) we get,

-1+B+B=0
= -14+2B=0
:>B=1=C
2
1 1
1 1 - 9

S0, x(x—1)(x+1) x+x—1 X+1

I U D
X 2(x=1) 2(x+1)

Integrating becomes,
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1 1 1
=|-—d d d
=] X+I2(x—1) X+Iz(x+1) e
:—log(x)+%log(x—l)+%log(x+l)+C
:%[—2log(x)+10g(x—1)+log(x+1)]+c

= %[—log X’ +log(x+1)(x—l)]+c

—llo X1
2 8 NG

+C

Given, Y =O0whenx=2.

1 27 —1
Then, 0 = 5 10g 22 +C

:>O=llog§+c
2 4

—c=——log>
2%y

.+ The required particular solution is

Q13. cos[%J=a(ae R);y=1when x=0

A13. Given, D.E. is
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Integrating both sides,

jdy = jcosf1 (a)dx
= y=cos™' (a)xX+C

= y=Xxcos ' (a)dx

Given, y=1lat x=0
Then, 1= Ocos™ (a) +C

=c=1

.. The required particular solution is

y=Xcos  a+1
= y-l=Xcos'a

-1 _
:>y—:cos 'a

Q14. %=ytanx;y=lwhen Xx=0
X

O y tan X
A14. Given, dx

= d—y = tan Xdx

y

Integrating both sides we get,
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Jd—;/:ftan xdx

= logy=1log |sec X| +logc
=logy= 10g|C sec X|
= y =c, sec x(where,c, = *c)

As, Y=1at,Xx=0 we have,
1=c sec(0)=c=c=1

.". The required particular solution is Y = S€CX |

Q15. Find the equation of the curve passing through the point (0, 0) and whose differential
equation is y' = e* sin x

1 .
A.15. The given D.E.is Y = e” sin X
dy = e”* sin xdx
Integrating both sides,

Idy = Jex sin Xdx

=y=I1+cC
o j e” sin xdx

A d .

=8§in XIeXdX X j—sm xjexdx.dx
dx

=sin x.e* — J-cos xe*dx

. X X d X
=sin Xe* —< cos x_[e dX—J.—(cosx).II :Ie xdx

dx

=sin x.e* — {cos xe* + Isin xexdx}
=sin x.e* —cos xe* — |

=1+ =¢ (sinx—cosx)
X

= | :%(sinx—cosx)+c
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X

e .
Hence, ¥ = 7(sm X —COSX)+C

When the curve passed point (0,0),

y=0,at,x=0

:>0=%(sin0—c050)+c
eO
=—(0-1)=c
 (0-1)
1
=C=—
2
X
e 1
.". The required equation of the curveis Y~ 7(sm X—cosX)+ 5
=2y =e"(sinx—cosx)+1

= 2y-1=¢"(sinx—cosXx)

Q.16. For the differential equation Xy% =(x+2)(y+2)find the solution curve passing

X
through the point (1,-1)

A16.The Given D.E is

d
xyd—iz(x+2)(y+2)

dy :(X+2)dX
y+2 2

=3 y+2_2dy=[£+£}dx
y+2 X X

:[I—Ljdy:(nzjdydx
y+2 X

Integrating both sides,
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j(l— yiny:j(H%}dydx

= y—2log|y +2| = x+2log|X| +¢
= y—log(y+2)2:x+logx2+c
:>y—x:log(y+2)2+logx2+c

= y—x=log[(y+2)2.x2}+c

A the curve passes through (-1,1) then Y = —2,at,x=1
So, —l-l=log(-1+2)".(1) +c

= -2 =logl+cC
=Cc=-2

.". The required equation of curve is,

y—x:log[(y+2)2 xz]—z

Q.17 Find the equation of the curve passing through the point (0,-2) given that at any point
(x,y) on the curve the product of the slope of its tangent and y-coordinate of the point is equal
to the x-coordinate of the point.

dy
A.17. The slope of the tangent to then curve is &
dy
—y =X
dx y
= y.dy = xdx
So,

Integrating both sides,
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I y.dy = I xdx

2 2
= [ =" e
2 2

=y’ =x" + AWhere, A=2c
As the curve passes through (0,-2) we have,
(-2) =0+ A
= A=4

.". The equation of the curve is

y> =x>+4

Q18. At any point (X, Y) of a curve, the slope of the tangent is twice the slope of the line segment
joining the point of contact to the point (—4, —3). Find the equation of the curve given that it
passes through (-2, 1).

dy
A18. The slope of tangent is & and slope of line joining line (-4,-3) and point say P(x,y)
y—(-3) _y+3
x—(—4) x+4
242
0. dx X+4
dy 2

dx

= =
y+3 Xx+4

Integrating both sides,
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=l
y+3 X+4
:>log|y+3|=210g|x+4|+10g|c|
:>log|y+3|:log(x+4)2+log|c|
:>log|y+3|:log‘c(x+4)2‘

= y+3=c (x+4) ,where,c, = +c

Since, the curve passes through (-2,1) we get,

y=lLat,x=-2
=1+3=c(-2+4)
=4 =cx4

=c=1

2
. The equation of the curve is Y +3=(X+4)

Q19. The volume of the spherical balloon being inflated changes at a constant rate. If initially
its radius is 3 units and after 3 seconds it is 6 units. Find the radius of balloon after t seconds.

A.19. Let ‘r’ and U be the radius and volume of the spherical balloon.

Then, u _ k,k = constant

i(iﬁﬁj:k

dt\ 3

:>47rr2£= k
dt

= 4zr’dr = kdt
Integrating both sides,
[47rdr = [ kdt

:%M‘B =kt+c

Givenatt=0,r=3

So, 4n(3)* =c
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= C=36m
And, at t=3, =6
So, %(6)3 =3k +367(c=367)

= 2887 —36x =3k

— k= —2532” — 847

Hence, putting value of ¢ and k in,

4
—ar’=kt+c
3 , we get,

gmﬁ =84rt+36x

== i(847r.t + 367[)
4
=r’=63t+27

—r=[63t+27];

Q20. In a bank, principal increases continuously at the rate of r% per year. Find the value
of r if Rs 100 doubles itself in 10 years (loge 2 = 0.6931).

A.20. Let P, r and t be the principal rate and time respectively.

dP
Then, increase in principal at =Pxr%
e p T
dt 100
dP r
==
P 100

Integrating both sides,
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@ _r
P 100

:>10gP:r—t+C
100

LI
=P =g

Given at t=0,P=100

rx0

So, 100=g'®"

= 100=¢e" xe°
:é:mqv&=g

And at t=10,P=2x100=200

ri0

—+cC
So, 200 = !

— 200 =g ¢°

r
ol _ 200 _
100
r
= —=1og2
10 8
r
= —=0.6931
10
= =16198]

Hence, the rate 1s 6.931%

Q21. In a bank, principal increases continuously at the rate of 5% per year. An amount of Rs
1000 is deposited with this bank, how much will it worth after 10 years

(e*° =1.645).
A.21. Let P and t the principal and time respectively.
dP

Then, increase in principal E =Px5%
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aP 5
> —=—
P 100

Integrating both sides,
= dap = j L dt
P 20
= logP = L +C
20
—P=e?

At, t=0,P=1000

e
1000 =e2°
=€ =1000

And at t=10,

So,

10
P=e® —g e

= P =1.648x1000 =1648

P =%1648

Q22. In a culture the bacteria count is 1,00,000. The number is increased by 10% in 2 hours. In
how many hours will the count reach 2,00,000, if the rate of growth of bacteria is proportional
to the number present.

A.22. Let ‘x’ be the number of bacteria present in instantaneous time t.

dx

Then, E X

dx
= E = kx, where, k = constant of proportionality.
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:%:kdt
X

Integrating both sides,

dx
7:jkdt

= logx=kt+cC
Given, at t= O: X=X (say)then,

log X, = C( Initial, x, = lOOOOO)
So, the differential equation is

log x = kt +log X,

= log X —log x, = kt

= logl = kt
XO

As the bacteria number increased by 10% in 2 hours.
The number of bacteria increased in 2hours = 10%>x100000 =10000
Hence, at t=2,

X =100000+ 10000 =110000

OgllOOOO ok
100000
So,
:>k:llog Ej
2 10
| X __11 11 i
Hence, g Z - _5 Ogﬁ X

when, x = 200000, then we get,
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1 11
=—]log—xt
2 %10

200000
100000

log

11
= 2log2 =log| — |xt
g g(m]

2log?2

lo [Hj
8 10

=t= hours

Q23. The general solution of the differential equation % =e* is:
(A)e*+eY=C
B)e*+e¥=C
(C)e*+e"=C
D)e*+e¥Y=C

A.23. The given D.E. is

Integrating both sides,

j%: [etdx
-y

€ x
=—=8" +¢

e’ =-e"—(
—e "’ +e" =c,where,c=—C,

". Option (A) is correct.
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