19. Differential Equations with Variable Separable

Exercise 19A

1. Question

Find the general solution of each of the following differential equations:

a(1e2)r?)

dx _
Answer
dy
—— = (1 + x7)(1 + y?
=+ +y?)
Rearranging the terms,we get:
dy
A _ 2 .
= TV? = (1 + X )dl

Integrating both the sides we get,

=:-J- @v__ J-(l + x%)dx + ¢

1+ y?

E ' pltl

dy —
=tan'y = x + x? +c ---(fH"v2 = tan"ly,[x™ =

n+1

x3
AnSitan=ly = x + 3 +c

2 Ans:. Question

Find the general solution of each of the following differential equations:

dy
g
dx
Answer
x“'ﬁ S—
dx -
dy dx
“yt o x4

Integrating both the sides we get,

dy dx ,
$ = F +c
_yt 1 x4t
= — = + c
—4+1 —4+1
1 L
e C
3y3 3x3
11 ,
'].»'_3 + 1—3 = 3c

1 1 ;o
:;4-;: c...(3c" =0)

3. Question

Find the general solution of each of the following differential equations:



dy

_:l_x_}.'_x}r

dx

Answer

dy

E=l+x+y+xy=l+y+x(l+y)
dy

=——=(1+ 1+ x
Iy = L )

Rearranging the terms we get:

dy

=——=(1+ x)dx

1+y ( )

Integrating both the sides we get,

dy N
=:-J-l+y—f(l+1)d1+c

z dy

=:-log|1+y|=x+x?+c---(fl+_v=

logll + y[)

Z
Ansilogll +y| = x + 5 + ¢

4. Question

Find the general solution of each of the following differential equations:

dy
—=1-X+vy—Xxy
dx
Answer
dy
s = l-x+ty-ay= 1+y—x(1+y)
dy
— = (1+ 1—x
== L+ )1-%)
Rearranging the terms we get:
dy
— = (1—x)dx
1+y ( x)dx

Integrating both the sides we get,

dy .
=;-J-l+y = J-(l—x)dx +c
dy

=:-log|l+y|=x—x;+c---(f — = log|1 + y|)

1+v -

. xZ
Ansilogll +yl = x—— + ¢

5. Question

Find the general solution of each of the following differential equations:

(x - 1:|d—1L = 2x’y
dx
Answer

N 3
(1—1)5— 2x3y



Separating the variables we get:

dy 53 dx
Y
v - e

dy 20x— D%+ x + 1) + l)d

v x—1) *

dy 1
= — = 2(I2+I+l+m)d1

Integrating both the sides we get,

dy 1
= —‘=J-2(xz+x+1+—l)dx+c

y X —
2x3  2x?
= logly| = = + - + 2x + 2loglx—1| + ¢
2x3 5
= log|y| ZTJFI + 2x + 2loglx—1| + ¢

_ 2x3
AnSiggly| = = + x%2 + 2x + 2loglx—1] + ¢

6. Question

Find the general solution of each of the following differential equations:

ﬁ = e}; +y
dx
Answer
i = e¥e”
dx

Rearringing the terms we get:

y
=— = e¥dx
ey

Integrating both the sides we get,

%=J-exdx+ c
e~ Y
=:-_—l=ex+c
=e*+eV =¢

Ans:eX +e Y =c
7. Question

Find the general solution of each of the following differential equations:

(e}‘ +e " ')dy—(e}‘ —e ')dx =0

Answer

(eXt e X)dy-(eX-e X)dx=0

e —e™™
=dy = —dx
T ex + e



Integrating both the sides we get,

gX — g%
= J-dy = J-idx +c
- ex + g—*

=y =logle*X+e X +cC (di(gx + e™) = e¥ —e™)
x

Ans:y = logle* + e " X| + ¢
8. Question
Find the general solution of each of the following differential equations:

Answer

Giver'l:E = g¥e™¥ 4+ IQE'_:'V
dx

Integrating both the sides we get:

d
- [ &2 J-(ex + x3)dx + ¢

ey

1.3
= e’ =ex+?+c

9. Question

Find the general solution of each of the following differential equations:
e?2 T dx + eV Ty =0

Answer

e?Xe ~3Ydx 4+ e?Ye “3Xdy = 0

Rearringing the terms we get:

e¥dx e?¥dy

E.—Sx - E—E:IJ
=)er + 3de — _ e2y + 3ydy
=e>Xdx = - e>Ydy

Integrating both the sides we get:
= J-e‘_‘xdx = —J-e‘_‘?dy +c
Sx 5

e> e3>y
=2—=—-——+/
5 5

=e>X 4+ &% =5¢" =¢
Ans: e + &% = ¢
10. Question

Find the general solution of each of the following differential equations:



eXtany dx + (1-e¥)sec2ydy =0
Answer
Rearranging all the terms we get:

e*dx sec’y dy

1—ex tany

Integrating both the sides we get:

J’ e*dx J’SECE}F dy
= =—-|——+c
1—e* tany
log|l —e*
= M = —log|tany| + logc

-1
=log|1 - eX| = log|tany] - logc
=log|l - eX| + logc = log|tany]|
=tany = c(1 - eX)

Ans: tany = c(1 - eX)

11. Question

Find the general solution of each of the following differential equations:

sec?x tan y dx + sec?y tan x dy = 0
Answer
Rearranging the terms we get:

secx dx sec’y dy

tanx tany

Integrating both the sides we get:

secx dx sec’y dy
5| —=—-| —+¢
tanx tany

=log|tanx| = - log|tany| + logc

= log|tanx| + log|tany| = logc

=tanx.tany = c

Ans: tanx.tany = ¢

12. Question

Find the general solution of each of the following differential equations:
cos X(1 + cos y)dx - sin y(1 + sinx)dy =0

Answer

Rearranging the terms we get:

cosx dx siny dy
(1 + sinx) (1 + cosy)

Integrating both the sides we get:

cosx dx siny dy N
= c
(1 + sinx) (1 + cosy)




=log|1l + sinx| = - log|1 + cosy| + logc
=log|l + sinx| + log|1l + cosy| = logc
=(1 + sinx)(1 + cosy) = ¢

Ans: (1 + sinx)(1 + cosy) =c¢

13. Question

For each of the following differential equations, find a particular solution satisfying the given condition :

dy
.COS _']:a‘.whereae Randy =2 when x = 0.
Answer
(&)
cos|— | = a
dx
dy
= — -1
T cos - a

=dy = cos ~la dx

Integrating both the sides we get:
= J-d}r = J-cos‘la dx + ¢

=y = xcos la + c
whenx =0,y =2
2=0+c
=2

~y = xcos "la + 2

y—2 -
= = 0§
X

(=)
= COs = a
X

1

a

. y-2y _
Ans: cos( = ) =a
14. Question

For each of the following differential equations, find a particular solution satisfying the given condition :

d_" = _4;(3,-—2‘ it being given thaty = 1 when x = 0.
Answer
Rearranging the terms we get:

dy
— = —4xdx
y

Integrating both the sides we get:

dy

—"2=—J-4xdx+c

y

y~t 4x?
=2—=—-——+c



sy l=2x2+c¢
y=1whenx =0
=(1)"1=2(02+c

=2c=1

1 2
=—-—=2x"+1
y

1
= =
wz 1 Y

1

Ans:y ==

15. Question

For each of the following differential equations, find a particular solution satisfying the given condition :
x dy = (2x% + 1) dx (x # 0), given thaty = 1 when x = 1.

Answer

Rearranging the terms we get:

2x%2 + 1
dy = — dx

1
=:-dy=2xdx+;dx

Integrating both the sides we get:

1
:J-dy = J-Zxder J-;dx +c

=y = x% + log|x| + ¢
y=1whenx=1
~1=12+logl +c
21-1=0+c...(logl =0)
=2c=0

~y = x2 + log|x|

Ans:y = x2 + log|x|

16. Question

For each of the following differential equations, find a particular solution satisfying the given condition :
dy R .
— =y tan X. it being given thaty = 1 when x = 0.

Answer

Rearranging the terms we get:

v
— = tanx dx

y
dy
= 7 = | tanxdx + ¢

=log|y| = log|secx| + logc



=log|y| - log|secx| = logc
=log|y| + log|cosx| = logc
=YyCOSX = C
y=1whenx=0
~1xcos0 =c

c=1

=ycosx =1

=y = 1/cosx

=y = secx

Ans: y = secx
Exercise 19B

1. Question

Find the general solution of each of the following differential equations:

dy x-1
dx v +2
Answer

(y + 2)dy = (x - 1)dx

Integrating on both sides,

f(..v + 2)dy = f(x— dx

_}12 + 2 8 + C
ju— = ——X

2 T T
y2+4y—x*+2x = C
2. Question

Find the general solution of each of the following differential equations:

dy  x
& (x7+1
Answer
dy = ——dx
Y=+ 1™

Multiply and divide 2 in numerator and denominator of RHS,

1( 2x d')
=73z 1

Integrating on both sides

1
y = E.ln:)g(x2 +1)+C

3. Question

Find the general solution of each of the following differential equations:



B (1ex)(1+v?)

Answer

T Vzdy = (1 + x)dx

Integrating on both sides

1
J-l+y2dy = J-(l+;t)d1

P2
-1 . ‘1
= tan y=x+?+c

4. Question
Find the general solution of each of the following differential equations:
(1 +x? ]— =Xy
- dx
Answer
d T ix
v’ Y™
Multiply and divide 2 in numerator and denominator of RHS,
1 i 1 ( 2x i )
—. = —.|———dx
v Y 2 W2+ 1

Integrating on both sides

1
logy = E.log(l + x%) + logC

logy1 + x2 + logC

logy

=y = y1 + x2.C1

5. Question

Find the general solution of each of the following differential equations:

dy
—+y=1(y #1)
dx

Answer
dy_l

dx y

1 dy = d
11—y Y=o

Integrating on both sides

[t fa
1—yy_ *

=logll—y|l =x+C

6. Question



Find the general solution of each of the following differential equations:

Answer

dy 1—y?

dx  J1-—x2

Integrating on both sides

_d
J- J- \,l—]_

sin'y = sin"'x + C

=sin"'x + sin"ly = C
7. Question

Find the general solution of each of the following differential equations:

d’i_-" 9
Nyt }-‘ = }-'-
dx
Answer
—r 24 y = y?
d’x o -
dy 5
X.—— = —
dx Y y
> dy = —dx
ye—y
71 d 1d
Vv = —ax
yy-1) " «x

Integrating on both the sides,

J-v(v 1) J- dx

LHS:
A B
Let .; dv - + =y
1 _Ap-1D By
vy — i y (y—-1

1 =A(y—1) + By
1=Ay + By—4
Comparing coefficients in both the sides,

A=-1,B=1



11,1
yo-0% T Ty T -

fywalfwzkfké+(yinbw

—Eder %dy
J- v J-(."V 1)

—logy + log(y—1)

b

RHS:
1
J-—dx
X
1
J-;dx = logx + logC

Therefore the solution of the given differential equation is

y—1
log(‘ - ) = logx + logC
vy—1
: = x.C
y
y—1 = yxC

=y =1+ xyC

8. Question

Find the general solution of each of the following differential equations:
x2(y+1)dx+y2(x-1)dy =0

Answer

x2(y + Ddx + y*(x—1)dy = 0

x%(y + Ddx = —y*(x— 1)dy

x2(y + Ddx = y?*(1—x)dy

l.2 2

y
(l—x)dl - y + 1d}r

Add and subtract 1 in numerators of both LHS and RHS,

x2—1+1d_ y2—1+1d
(1-x) =~ y+1 Y

(x*-1+1 ., (-1 + ld
(1—x) * = y+1 Y

By the identity,(a* — b*) = (a + b).(a—b)

x+Dx-D+1  (+Dy-1 +1
(1-x) ' o+ 1D

Splitting the terms,



1
—(x + dx + ——dx = (y—1)dy +

-9 D

Integrating,

J-—(x + 1)dx + J-(xil)dx = J-(y—l)dy + fﬁd}r

x? V2
—(?+ 1) + log|x—1| = (?—v) +log|l + y| + C

x? ,VE
:?+ "?Jr x—y +loglx—1] +logll + y| = C
9. Question
Find the general solution of each of the following differential equations:
. d‘.r" .
(1) B s y?)
- dx

Answer

Y 4 * a4
R — = ———ax
1+ y? Y 1—x2

Multiply 2 in both LHS and RHS,

2y d 2x d
- = ——ax
1+ y? Y 1—x2

Integrating on both the sides,

J’ 2y d J’Zx i
1+ y2 7 1—2™

log(1 + y?) = —log(1—x?) + logC

log(1 + y?) + log(1—x2) = logC

=1+y)a-x)=cC

10. Question

Find the general solution of each of the following differential equations:
ylogydx-xdy =0

Answer

v.logydx = xdx

1 1
—dx = dy
X y.logy -

Integrating on both the sides,

1 1
J-—dx = J- dy
X v.logy -
LHS:
J-ld' = logx
" x = logx
RHS:



1
[
v.logy

Let 1og}: =t

So, 1d_"_w = dt
¥

1 1
J- dy = J-—df
v.logy - t

= logt

log(logy)

Therefore the solution of the given differential equation is

logx = log(logy) + logC

x = logy.C

11. Question

Find the general solution of each of the following differential equations:
x(x2 - x2 y2) dy + y(y? + x2y?) dx = 0

Answer

X x2(1—y3)dy + y.v*(1 + x%)dx = 0

2(1—y3dy + v*(1 + x¥)dx = 0

1+ x? 1—y?

S—dx + s—dy =0

X y
1 1 1 1
—dx + —dx + dy——dy =0
xg X :_VE . V #
Integrating ,

1 1 1 1
J-—adx+J-—dx+J-—3dy—J-—dy= C
X X y y
I_3+1 V_3+1
——— + logx —1 +—=—-=C
341 BTy T g

1 1 _
—ﬁ+—ﬁ+logx—log}'=c

1

1 X
et et 105(_;) = ¢

12. Question

Find the general solution of each of the following differential equations:
(1-x2)dy +xy(1-y)dx=0

Answer

(1-x?)dy = —xy(1—y)dx

(1—x%)dy = xy(y — Ddx

1 X

yo-DP 1™



Integrating on both the sides,

[soov - [

LHS:
A B
Let .; dv - + Y
1 A(V 1) N By
yo-n7 y (y—1)

= A(y—1) + By
=1 = Ay + By— A4
Comparing coefficients in both the sides,
A=-1,B=1

1 g 1+ 1
.V(.v—l)y y (y—-1)

J-V(V 1) J-[ (yi 1)] dy
j__%dy + fﬁdv

—logy + log(y—1)

y

RHS:

[Fercts
1—x2 X

Multiply and divide 2
1 J‘ 2x dx
21—

1
—E.log[l —x2) + logC

—logy/1—x2 + logC

Therefore the solution of the given differential equation is

y—1 —
log(" - ) = —logy1—x2 + logC

- log(?) =logv1—x2? + logC

y —
log(ﬁ) =logy1—x% +logC

v
— = /1 —x2.C

=y = (y—1).1-x2.C

13. Question



Find the general solution of each of the following differential equations:

(1-x°)(1-y)dx=xy(1l+y)dy

Answer
1—x2 y(1 + y)
x = ——dy

X (1-y) -

1 y + y?
[__x D — [ 4y

X 1—y |-

1 y y2
——xldx = |— + —|d
[x [l—y 11—y Y

Integrating on both the sides,

[B-oc- [+ 2
X o 1-y 11—y
LHS:

dy

1'2

f [1 -]d : - 1 :
S~ x|dx = logx —
RHS:

vy y—1+1
J-l—ydy_f 1—vy dy
y—"1 1
J-l—ydy_'_fl—ydy

1
J-—l.dv + J- dy
. l_y .

-y + log|1—y|

yE
J-l—ydy

Add and subtract 1 in numerators of both LHS and RHS,

yEi—1+1

) d
a-yn 7

(v2—1) + 1
-y 7

By the identity,(a* — b*) = (a + b).(a—b)

y+Dy-1+1
(1-¥)

Splitting the terms,

1

Integrating,

f—(:w + l)dy—fﬁdy



V2
—(‘7 + .v) + log|y—1]

Therefore the solution of the given differential equation is

I2 VZ
logx—? = -y + logll—yl—(‘? + y) + log|y — 1]
I2 VZ
— - _ 2 — < _
= log|x.(1 —y)°| I 2y + C

14. Question

Find the general solution of each of the following differential equations:
(y + xy) dx + (x - xy?) dy = 0

Answer

y(1 + x)dx + x(1—y*)dy = 0

1+ x 1—y?
dx + —dy =0
X y

1 1
—dx + 1.dx + —dy—vydy = 0
X y

Integrating ,
1 1
J-—dx + J-l.dx + J-—dy—fydy =C
X y
2

v
loglx| + x + logly| —"E =C

2
y
= log|xy| + x—'? =C
15. Question
Find the general solution of each of the following differential equations:
(X2 -yx2) dy + (y2 + xy2) dx = 0
Answer

x2(1—y)dy + y*(1 + x)dx = 0

1+ x 11—y
s—dx + ——dy =0
X y

1 1 1 1
—dx + —dx + —dy——dy =0
IQ x :Vz w :V w
Integrating,
1 1 1 1
f—dI-FJ-—dI-Ff—dV—J-—dV: C
IQ x :Vz w :V w
L + log|x| L log|y| C
: oglx v ogly| =
X 1 1
10g|—| =—-+—-+C
y Xy

16. Question



Find the general solution of each of the following differential equations:

(x*y-x*)dx +(xy? —y* )dy =0

Answer

x2(y—1Ddx + y*(x—1)dy = 0

.VE

dx + ——dy =0
x—ll y—l‘v

Add and subtract 1 in numerators ,

x2—1+1d_+y2—1+1d
G- T - ¥
-1+ 1 -1 +1
(x ) _+(:.v' ) dy
(x—1) (y—1) :

By the identity,(a* — b*) = (a + b).(a—b)

x+DEx-D+1  (y+D-1)+1
(x-1) ! -1

Splitting the terms,

1
dx + (y + D)dy + ——=dy

(x + Ldx + o-D

1
(x—1)
Integrating,

J-(er 1)dx+J-(I7il)dx+J-(y+ 1)dy+fﬁdy=c

2

X v
E—i_ x + loglx — 1] +"E+ y + log|y—1]

202+ ) + (x4 9) + logl(x= Dy =]

17. Question

Find the general solution of each of the following differential equations:

Xyl +y2dx + yvl+x7dy =0

Answer
-2 gy =0

b y =
V1 + x2 J1+ y o
Integrating,

X Vv
[

d j ——— 2x X
= C formula: [— (\fl + xz) = = }
dx 201 + x2 W1 + x2

Ji+x2+ J1+y2=0¢C
18. Question

Find the general solution of each of the following differential equations:



—=¢ +X%¢
dx

Answer

dy

— = e*.e¥ + xt.e”
dx

dy

— = e¥(e* + x?
dx ( )

1
e—vdy = (e* + x¥)dx

Integrating on both the sides,

ex+e‘-‘-’+?=c

19. Question

Find the general solution of each of the following differential equations:
dy 3e** +3d™

& Fier

Answer

Considering ‘d” as exponential ‘e’

dy  3e®* + 3e**
dx ex + g%
dy  3e?* + 3e%¥
dx 1
ex + PES
dy  (3e?* + 3e*¥).e*
dx ex + 1

dy 3.e**(1 + e*¥).e*

dx ex + 1
dy = 3.e3*

dx

dy = 3.e**dx

Integrating on both the sides,

J-dy = J-B.egxdx

E,Ex

-3 +¢
y 3

y=e¥*+(

31. Question



Find the general solution of each of the following differential equations:

dy
(cos X )— +cos 2x =cos 3x
dx
Answer
Given: @ + cos2x _ cos3x
dx cosx cosx
= dy _ cos(x+2x)—cos2x
dx cOSX
: : 2
- @ _ (cosxcos2x—sinxsin2x)—(2cos“x—1)
dax cosx
dy 25inxcosxsiny
=== 082X ———— — 2cosx + secx
dx cosx

dy .
= ol cos2x — 2sinx — 2cosx + secx
X

=y = [(cos2x — 2sin’x — 2cosx + secx)dx
=y = [cos2xdx — [ 2sin’xdx — [ 2cosxdx + [ secxdx
=y = [cos2xdx — [(1— cos2x)dx — [ 2cosxdx + [ secxdx

ind .
=y = s”; =~ — 2sinx — x + log|secx + tanx| + ¢

20. Question

Find the general solution of each of the following differential equations:

3e” tan ydx +(1 —e* ')secz ydy=0

Answer

=3.e*tanydx = (e* —1)sec’ydy

X

LA seczyd
: X = y
ex¥—1 tany -

2 1 p seczyd
Nmm—ldx = y
ex—1 tany

ex
1 sec?y
LT
|1 —e™* tany

Integrating on both the sides,

folii - [
1= = tany Y

d
3.log|1 —e™™| = logltany| + logcformula:{atany = $.sec2}r}

log(1 —e™™)?* = log|tany| + logC
tany = (1—e™)3.C
32. Question

Find the general solution of each of the following differential equations:



dy (l+cos2y)

hat AU Sttt A A '
dx (l-—cos 2x)
Answer
Given: & 4 1*eos2y _ 4
dx 1—cos2x
- @ _ _ 2cosy
dax 2sin%x
ay
= sec’y— = —cosec’x
< dx
= [ sec’ydy = — [ cosec®xdx

=tany = cotx + ¢
21. Question

Find the general solution of each of the following differential equations:

e’ (.1—x2-]d}-' 2ix=0

. }.‘
Answer

X
e¥(1 + x¥dy = ;dx

Integrating on both the sides,

X

LHS:

J-e?.ydy

By ILATE rule,

[eryar =y few-[[Fo[oo]a
es.yay = y. | eay dy?-e“??
y.e»"—J-ede

y.e¥ —e¥

e¥(y—1)

RHS:

|

1+ x2 *

Multiply and divide by 2

IJ' 2x dx
2] T+ 2™

11 1+ x?2
2.(:-g| x|




logy1 + x2

Therefore the solution of the given differential equation is

—e¥(y—1) = logy1 + x2+ C

33. Question

Find the general solution of each of the following differential equations:

dy cosxsiny 0

dx Cos ¥

Answer

Given:? _ _ cOSXSIny

x cosy

ay
= — = —cosxtany
d’x o

= [ cotydy = — [ cosxdx

= log|siny| = —sinx + ¢

34. Question

Find the general solution of each of the following differential equations:
cos X(1 + cos y)dx - sin y(1 + sin x)dy =0

Answer

Given: cosx(1+cosy)dx-siny(1+sinx)dy=0

Dividing the whole equation by (1+sinx)(1+cosy), we get,

= [ cosxdx N [ sinydy
l+sinx l+cosy

= log|1+sinx|+log|1+cosy|=logc
= (1+sinx)(1+cosy)=c
22. Question

Find the general solution of each of the following differential equations:

d_" — e};-l-\ +e* 7y
dx
Answer
dy
g—exe"+e"e“’
dy
a =e*(er + ™)
1
ST dy = e*dx
1
— dy = e*dx
ey + 2
EJ”
dy = e*dx



Integrating on both the sides,

e’ x d 1
_ T dv = - formul :[— 1y = }
I(Sy]2+ ldv _[E‘ dx fo ula dxtan x 1+ x2

==tanleV =e* + C

35. Question

Find the general solution of each of the following differential equations:
sin®xdx -sinydy =0

Answer

3sinx—sindx
4

Using sin3x =

We have,

3sinx—sindx .
= fdx —sinydy = 0
3 . sin3x .
= ;smxdx — de —sinydy =0

sin3dx
4

= _[zsinxdx —f dx — [ sinydy = 0

= z (—cosx) + 1—1200331' +cosy=k

= 12cosy + cos3x — 9cosx = ¢

23. Question

Find the general solution of each of the following differential equations:
(e¥+1)cosxdx + & sinxdy =0

Answer

COSX ey

, x + dy = 0
sinx ey + 1~

EJ”

cotx dx +

dy = 0
eJ’+1y

Integrating,

E‘J-’
cotxderJ- dy = C
J- e-‘-’+1y

log|sinx |+ log|e¥ + 1| = logC
log|sinx.(e¥ + 1)| = logC
=sinx.(e¥ + 1) = C

36. Question

Find the general solution of each of the following differential equations:
dy . .

—+sin(X+y)=sin(x-y)

dx

Answer

dy . .~ .
i + sin(x + y) = sin(x — y)



dy

=20 _ oj o - -
™ sin(x — y) —sin{x + y)

= ? = —2sinycosx (Using sin(A+B)-sin(A-B)=2sinBcosA)
X

= —cosecydy = cosxdx

= — [ cosecydy = [ cosxdx

= —log|cosecy — coty| = sinx +c¢
= sinx+log|cosecy-coty|+c=0
24. Question

Find the general solution of each of the following differential equations:

d'}.’ X}.‘ 1 }.‘
dx xyv+x
Answer

dy y(l+x)
dx  x(1+y)
1+y 1+ x

dy + dx = 0
v X

1 1
;dy + l.dy + ;dx + ldx =0

Integrating ,

1 1
J-—dy+J-1.dy+J-—dx+J-l.dx=C
¥ X

logly|] + v + log|x] + x = C
=loglxy| + x + vy = C
37. Question

Find the general solution of each of the following differential equations:

1 2 1 2
—cos yvdy +—cos“xdx =0
X y

Answer

Given: icoszyder ims2 xdx =0

= yeos?ydy + xcos*xdx =0

= 123 (1 + cos?)dy + ;—( (1+ cos?)dx = 0 (Using, 2cos?a=1+cos2a)

= ydy + ycos?ydy + xdx + xcos*xdx = 0

sin?

2
=L 4 Zgin2y — Zd
2 2 V f 2 V
y: ooy . cos®  x*  x . sin®
= +-gsin’y+ +=+=sin’x + =
2 2 - 4 2 2 4

25. Question

Find the general solution of each of the following differential equations:



l—x“ld}-' =x dx

Answer

Multiply and divide by 2,

i 1 2x dx
Y=
i 1 2x d

= - —dx
y 2\;’1—(1'2)2

Integrating on both the sides,

1 1 2x d 1
= -, = -.——=dx formula: {—sin 'x =
Jay = 5. [ dy = = dx —sinTtx = —

=y = ;.sin‘lxz +c
38. Question
Find the general solution of each of the following differential equations:

dy .3 2 X
— =S5~ XC0s™ X +X¢
dx

Answer

Here we have, y = [(sin®xcos®x + xe*) dx

= [ cos?x(1 — cos?x)sinxdx + [ xe*dx

Taking cosx as t we have,

= cosx =1,

= —sinxdx = dt,

So we have,

=y = [ cos?xsinxdx — [ cos*xsinxdx + [ xe*dx
=y =—[t2dt— [ t*(—dt) + [ xe*dx

COSaX CGS'SX
:}f=——3 +——+xe¥—e*+c
=1

26. Question

Find the general solution of each of the following differential equations:

dy 2

cosec Xlogy—+x"y=0
dx

Answer

logy x?

idv + ——dx =0

y Cs
logy

Tdy + x%.sinxdx = 0

Integrating ,



logy
J- 5 dy + J-xz.sinxdx =C

Consider the integral fk’%dy

Letlogy = ¢
1
So, ;dV = dt
logy
J- dy = J-f. dt
y
tz
2
(logy)?
2

Consider the integral [ x2.sinx dx

By ILATE rule,

d
J-IE.sinxdx = xzj-sinxdx—J-[a(xz)fsinxdx.]dx
—xz.cosx—J-[Zx.J-sinxdx] dx

—x%cosx + Zf[x.cosx]dx

Again by ILATE rule,

d
—x2cosx + Z[I.J-cosxdx —f{ax.fcosx dx}dx]

—x%cosx + 2 [x sinx — J- sinx dx]

—x%cosx + 2[xsinx + cosx]

—x2?cosx + 2xsinx + 2cosx

cosx (2 —x2%) + 2xsinx

Therefore the solution of the given differential equation is,

(logy)?
2

+ cosx(2—x?) + 2xsinx = C

27. Question

Find the general solution of each of the following differential equations:

ydx +(1+X2.)T311_1Xd}’= 0

Answer

1
tan~1x. (1 + x2)

1
dyx + —dy =0
y

Integrating,



1 1
J-tan—lx.(l + xz)dl * J-}dy =¢

Consider the integral [

tan”tx.(1 + x7%)

Lettan™tx = ¢

So, #dx = dt

1+ x2

R S—
tan—lx.(l+x2)l_ t

logt

log(tan™'x)
Consider the integral fidy

logy

Therefore the solution of the differential equation is
log(tan™'x) + logy = logC

tan"lx.y = C

39. Question

Find the particular solution of the differential equation d_" =1+xX+y+xy. giventhaty = 0 when x = 1.

Answer
Given:

dy _
i (1+x)(1+ )

=>d—'v—(1+x)dx

1+_'_u_
xZ
Slogly+1l=(x+7+0)
=now,fory=0and x =1,
We have,
1
=0= 1+E+ c

3
20=—-
2

2
= X3
logly + 1| = —+x—2
28. Question
Find the general solution of each of the following differential equations:

1 dy -1
—.— =tan X
X d

Answer

dy = x.tan"'xdx



Integrating on both the sides,

J-dy = J-x.tan‘lxdx

d
tan™* IJ- xdx — J- [a (tan‘lx).f X dx] dx {(by ILATE rule)

e
Il

[l 5
= Tan X.—— —|.—/—ax
y 2 1+ x2 2
2

can-1 x? 1 J’ .
y =tanlx.——= X
- X2 +1

22

o 1, % 1 [x®-141 . .
y = tan"tx.5 zf[ — | (adding and subtracting 1)

tan™?! X lf[l L ]d
= Tan X, —— = — X
y 2 2 X2+ 1

A2
X
y = tan‘lx.——i[x—tan‘lx] +C

2
can-1 x? 1 . tan~t x L
y =tanlx.———x
- 2 2 2

1 1
=-tan'x(x* + 1) —=x + C
y = 5.tan x (x ) X
40. Question

Find the particular solution of the differential equation x(1 + y?) dx-y(1 + x2) dy = 0, given that y = 1 when x
= 0.

Answer

2xdx  2ydy

=0

1+x2 1+92

- log(1+x%) -0

1+y2

= (1+xH)=c(1+v%)

=2(1+x?) =1+ y?
=2+2xt—1=y?
= 2%+ 1=y’
ﬂ}i’=\."m

29. Question

Find the general solution of each of the following differential equations:

e* 1—}-’2dx—zd}f =0
X

Answer



yV
s i [ — =
e*.xdx + Wdy 0

Integrating,

v
X 4 A - —
J-e xdx + J- mdy C

Y J
Consider the integral [ e*.x dx

By ILATE rule,

J-ex.x dx = I.J-exdx—f[%(x).fexdx] dx

X. ex—J-ex dx
x.e¥ —e*
e*(x—1)

, . y
Consider the integral | =y
'l L

d -2y -y
e 2z — [ /1 —2) = = = =
Its value is - [T —yZ as—(/T—y?) = ;

W 1-p* V132

Therefore the solution of the given differential equation is
e*(x—1)-J1-y2 =C

41. Question

Find the particular solution of the differential equation log

Answer
log (g) =3x+4y

=x=0

dy
= F E,Exeel-y

dx
= e~¥dy = e3¥dx

—4y 3x
(=3 e
=—+cC
—4 3

=>Fory= 0,x = 0, we have

1
> _—~=-4¢
4 3

7
20=——
12

e %Yy g3 7

-4 3 12

Hence, the particular solution is:
=43 1374 =7

30. Question

dy
_J =3x +4vy. given thaty = 0 when x = 0.
Ix )



Find the general solution of each of the following differential equations:

dy l-cosx

dx 1+cosx
Answer

dy 1—cosx
dx 1 + cosx

i 1—cosx
Vv = ———dx
- 1 + cosx

. 1—ta112(£)
Ccosx can be written as cosx = ———&~
1+ tanz(z)

1— tan? ( -

bd] e
——

'_'l.
|
J

1 + tan?

A
=
Il

2
=

1 — tan? (
1+ :
1 + tan?

1 + tan? (%) - (1 — tan’ (%D

1 + tan? (%)

W = 1 + tan? (%) + (:L—t::m2 GD

1 + tan? (%)

B3] =
i Nt

dx

1 + tan? (%) —1 + tan® (%)
1 + tan? (E) + 1—tan? G)

2
dy 2‘5::11;2 (%) i

dx

dy

X
2 (" i
tan (z)dx
Integrating on both the sides,
X
_ 2 (= .
J-d}f = J-tan (Z)d;t

| [sec2 (;—() — 1] dx formula: {sec?x — tan?x = 1}

y

y = 2.tan (;—() —x+C formula:[d%tan (;—() = sec? (f) .E}

2 2

42. Question

Solve the differential equation (x2 - yx2)dy + (y2 + x2y2) dx = 0, given that y = 1 when x = 1.
Answer

2(1—y)dy+y*(1+x3)dx=0

= ':1_2‘?] dy + (Hf}dx =0
v x

=~ [ S2ay+ [ = 0



=>—.1_%—.!o.gry—iJr;»c=r:

For y=1,x=1, we have,
=-1-0-1+1=c

s>c=-1

Hence, the required solution is:
=J%+Iogy+i—x= 1

43. Question
Find the particular solution of the differential equation g* 1_}-'2 dx _Ed}r = (. giventhaty =1 when x =
X
0.
Answer
Given:ex\f 1— vZdx + 2dy = 0 Separating the variables we get,
] L

y _
J1-v? dy =0

= xe*dx +

= [ xe*dx + f%dv = 0 Substituting /T —y2 = ¢,1 — y2 = t2,—2ydy = 2tdt. We have,
12 p ’ p » A "

= xe* —e* — ;logwl -y =c

For y=1 and x=0, we have,

=0-1-0=c

= Hence, the particular solution will be:-
= xex—ex—ilogwl—y? +1=0
44. Question

. . : : , dy  x(2logx+1)
Find the particular solution of the differential equation — = — . given that v =
dx (siny+ycosy) ’

i

when x = 1.

2 A

Answer

. dy x(2logx +1
Given: & _ XClogx+l)
dx (siny+ycosy)

= [ sinydy + [ ycosydy = [ 2xlogxdx + [ xdx

Let f}:cos}:d}r =] Then,

d
f}wosviv==(fcasviv)y-Jf(f}wosviv)-agy)dv
And [ xlogx = ([ xdx)logx— [((J xdx)d%.!ogx)dx
We have,
= —cosy + ysiny + cosy = x*logx — %2 + X; +c

For y =7, x = 1 we have,



m
0+-+0=0+c

=

B2 S

= ysiny = x*logx + g

45. Question

Solve the differential equation d_t' = vsin2x. given that y(0) = 1.
x

Answer

We have,

dy -
— = V5InLX
dx i

ay

= = sin2xdx

cos2x

=logy=———+c
For y=1, x=0, we have,

C =

[N

=logy = 5 (1 —cos2x)
= logy = sin’x
Thus,

The particular solution is:
V= esa’nzx
46. Question

Solve the differential equation (X + 1}d_" = 2Xy. given that y(2) = 3.

Answer
Given: ( x DB _ oy
(x+1) - = 2Xy

dy x
=—==2—dx
v x+1

= Iogy=_[2—ﬁdx

=logy =2x—2log{x+1) +¢c
For x=2 and y=3, we have,
c=3log3-4

Hence, the particular solution is,
= y(x + 1)? = 27p2x—4

47. Question

Solve sz(jlggx—l}_ given that y = 0 when x = 2.



Answer

we have, ? 2xlogx + x Integrating we get,

y = [(2xlogx + x)dx,
V= J-leogxdx + xdx

d x?
¥ = (J- 2xdx)logx — J-[(J- 2xdx) (alogx)] dx + ?+ c

given that y=0 when x=2

-] 2
=’y=leogx—%+%+c

now putting x=2 and y=0,
=0=4log2+c
=c=—4log2

Thus, the solution is:

y = x%logx — 4log2

48. Question

3 2 y dy

Solve (x txtix s 1)_- — 2x* +x_ given thaty = 1 when x = 0.
- Tdx
Answer
we have, ('x3 —xz + X+ l)d—" = -xz +X.
- Tdx
{ }Given that: y=1 when x=0,

= (x*+ l)(x+l)%=2x2+x

z z
:@_ xS +x+x

dr (22 +1)(x+1)

dy  xlx+1)+x%+1-1
—= o __ TS T

dr  (xZ+1)(+1)
dy x x2+1-1
=== dx
dx x4+l (x®+1)(x+1)
xdx dx dx

x2+1 x+1 (xZT+1)x+1)

-1 1 1
d d St B
Ty =Ian i IR [

=y = iloglx2 + 1] +log|x + 1] +i10g|;»f2 +1|— étan‘lx + ;loglx +1|+¢c

=y = zloglx2 +1| +$loglx +1| —itan‘lx +c
For y=1, when x=0, we have,
1=0+0—-0+c¢

=c=1



y=

rd | =

] 2

.

' 3 - _
Jlog|x +1] ——log(xj —1)—tan lx} +1
2 \
49. Question
dy .
Solve = = y tan x. given thaty = 1 when x = 0.
Answer

¥
we have, —— =y tan X.
dx

given that: y=1 when x=0

ay
= — = ytanx
dx -

ay

= = tanx dx

= logy = losecx + ¢
=0=0+c
= ycosx = 1 Is the particular solution...

50. Question
dy 2 :
Solve = = vy~ tan 2x. given thaty = 2 when x = 0.
Answer
we have: d_‘ = }-'2 tan 2x.

Given that, y=2 when x=0

dy
= = =
2

tanZ2xdx
- f@ = [ tan2xdx ...integrating both sides
v:

1 loglsec2x)

=
¥ 2
1
=—-=0+c
2
1
20 =—-
2

= y(1+ logcos2x) = 2 ...is the particular solution

51. Question

Solve d_‘ =vcot2x. giventhaty = 2 when x = T
' 4
Answer

dv
we have ~2 = ycot 2x.

Given that, y=2 when x=§



d
=2 veot2x
Yy -
d
= f = cot2xdx

= [ _ [ cot2xdx

b

log(sin2x)
2

= logy = +c

=log2 = 0+cC
= Thus, ¢ = EOQ‘Z

The particular solution is :- log M% =log2

sy = 2vsin2x

52. Question

Solve (1 + x2) sec2 y dy + 2x tan y dx = 0, given that v = T when x = 1.
4

Answer
we have, (1 + x?) sec2 ydy + 2xtany dx = 0,
. T
Given that, y=— when x=1
4
= (1+ x?)sec2ydy + 2xtanydx = 0

2
FecTy
= ¥

dx =0

2x
dy +
tany - 1+x2

:fseczydy_i_jlix

tany xZ

dx =0

= logtany + log(1+ x?) = logc

For y = E x=1

We have, 0 + log2 = logc,

c=2,

Hence the required particular solution is:-
~tany(1+x%)=2

53. Question

.
Find the equation of the curve passing through the point [ 0__J whose differential equation is sin x cos y dx

+ cos xsiny dy = 0.
Answer

we have, sin x cosy dx + cos x siny dy =0
= sinx cosy dx + cosx siny dy =0

=tanx dx + tanydy =0

= logsecx +logsecy = logc

= secx secy = ¢



Given that, coordinates of point, (OE)

=0 =4/2

= secy = /2cosx

Ly = ggg—l(uiﬁge.gx) ...is the required particular solution

54. Question

Find the equation of a curve which passes through the origin and whose differential equation is

dy .
— =e¢"sinx.
dx

Answer
G' d:l.f X ~

Iven, = = e*sinx

dax

dy = e*sinxdx
= [dy = [ e*sinxdx
[ :[ I ]Let I = [e*sinxdx
=] = [e*dx sinx — [([e*dx ).(d%sinx) dx
= [ = e*sinx — [ e*cosxdx
=] = e*sinx — [ e*dx cosx — [([e¥dx).( d%cosx) dx
=] = e*sinx — e*cosx — [ e*sinxdx

= 2] = e*sinx — e*cosx

_ ¥ sinx—e”* cosx
- 2

=17

+c

e*sinx — e*cosx
.Y = +c
’ 2

For the curve passes through (0,0)

We have, c =

[N

s 2y —e¥sinx + e*cosx =1
55. Question

A curve passes through the point (0, -2) and at any point (x, y) of 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. Find the equation of the curve.

Answer

Given that the product of slope of tangent and y coordinate equals the x-coordinate i.e., V? - x
- X

We have, vdv = ydx

= [ ydy = [ xdx
2 2

For the curve passes through (0, -2), we get c = 2,

Thus, the required particular solution is:-



L yi=x*+4
56. Question

A curve passes through the point (-1, 1) and at any point (x, y) of the 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.

Answer
Given : & _ 20r+3)
dx x+4

dy 2dx
= - —

y+3 - x+4
ay dx
= < = -
y+3 x+4

=log(y+3)=2log(x+4)+¢c

The curve passes through (-2, 1)we have,
c=0,

L y+3=(x+4)°

57. Question

In a bank, principal increases at the rate fo r% per annum. Find the value of r if © 100 double itself in 10
years.

(Given loge 2 = 0.6931)

Answer

. dp T
Given:Z&© _ r_~
at ~ ‘100 %P

Here, p is the principal, r is the rate of interest per annum and t is the time in years.
Solving the differential equation we get,

dp T

—={—)dt

P (100)

=[5 = gt

100

=>Iogp=lr—;0+c

r_t+
p = £1o0 €

=
As it is given that the principal doubles itself in 10 years, so

Let the initial interest be pl (fort = 0 ), after 10 years pl becomes 2pl.
Thus, pl = e® for (t =0)...(i)

r.i1o) .
p=2pl =eoo.ec (i)

Substituting (i) in (ii), we get,
r
= 2pl =er.pl
r
22=e10

=log2 = ﬁ

=r =10log2



=r=6.931
- Rate of interest = 6.931
58. Question

In a bank, principal increases at the rate of 5% per annum. An amount of *~ 1000 is deposited in the bank.
How much will it worth after 10 years?

(Given €95 = 1.648)
Answer
Given: rate of interest = 5%

P(initial) = Rs 1000

And,

dp 5

dc 100 P
p 100

Fort = 0, we have p = 1000
1000 = e®

For t = 10 years we have, p= e7e. 1000

p = 1000e%/2

p = 1648

Thus, principal is Rs1648 for t = 10 years.
59. Question

The volume of a 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 the balloon after t seconds.

Answer
Given:
Volume V _ #7°
3
dav 4 3y dr
ac 37 d
- _ k (constant)
dt
P Ly,
nrs—=
d

= 4nridr = kdt
= [4nridr = [kdt

o 4mr?
3

=kt+c




Fort=0,r=3and fort= 3, r =6, So, we have,

= 4m(3)®
3

=0+c

= ¢ =361

41(6)*
3

=k.(3)+ 361

=k = 84w
So after t seconds the radius of the balloon will be,

2
- 4mr

= 84nt + 361

= 4xr? = 252t + 108n

_ 252mi+108m

4

= 13

=r? =63t+27

=1 =163t +27

Hence, radius of the balloon as a function of time is
~ 1= (63t+27)Y3

60. Question

In a culture the bacteria count is 100000. The number is increased by 10% in 2 hours. In how many hours
will the count reach 200000, if the rate of growth of bacteria is proportional to the number present?

Answer
Let y be the bacteria count, then, we have,
rate of growth of bacteria is proportional to the number present

dy_
dat

Where c is a constant,

So

cy

Then, solving the equation we have,

d
—y=cdt
y
dy
J-;=J-cdr
y
logy=ct +k

Where k is constant of integration

y = gCttk

And we have fort =0, y = 10000,

10000 = e* ...(i)

For t = 2hrs, y is increased by 10% i. e. y = 110000
110000 = e*) gk

= 110000 = e2¢.(100000) from (i)

=p2¢=11



=ef=4/1.1
1 11
=c = ;log(3)
When y = 200000, we have,
200000 = e°*.100000
=pt =7
= (ef)f =2

=tc =log?2

2log2
logt
%9

= [ =

2log2
Hence, t =11

10
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