19. Differential Equations with Variable Separable

Exercise 19A
1. Question

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

o= (1ex?) (145

dx

Answer

d}" s 2 2
E—(l+x (1 + y*)

Rearranging the terms,we get:

dy
1+ y2

_ = (1 + x?)dx

Integrating both the sides we get,

dav
:-j Yy _ J(l + x¥)dx + ¢

1+ y2

3 av M+l
stanly = x + 5+ w5 = tanTly, [am = 3

-3
: X
AnSitan—ly = x + i

2 Ans:. Question

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

dy
xSy
dx
Answer
x“.tf"i — —‘\?4
dx -
dy dx
—y+ x4

Integrating both the sides we get,

dy dx >
_—}’4 = F 2 i
_},—4 +1 _1.—-1 +1 ;
= = g o
=4 ¥ 1 —4 + 1
1 1 -
S —=——+C
3y3 3x3
1 1 »
:)1,—3 + F = 3¢
2=+ == €3¢ =)
X h

3. Question

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



dy
— —X—}" + XV
dx
Answer
dy
e 1+x+y+xy=1+y+x(1+y)
dy
—.= {1 & Y1 +
=~ (L g +a)
Rearranging the terms we get:
dy
=—= (1+ x)dx
L=t 3

Integrating both the sides we get,

dy f N
:J-l_l_y— (1 + x)dx + ¢

=logll +y| = x + x?: + C---(fldTyv = log|1l + y|)

Ansilogll + y| = x + % +c

4. Question

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

dy
_=l_x_,_}r_){y
dx
Answer
dy
>—=1-x+y-xy=1+y—x(1 +y)
dx
dy _
> =0+ yl-x)
Rearranging the terms we get:
dy _
e i (1— x)dx

Integrating both the sides we get,

dy _
:>j1+y—f(1—x)dx +c

2 d
=logll + y| = x—% + ¢ 7= = logll + y])

-

Ans:logll + y| = x—% +c
5. Question

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

(x-1)—=2x"y
dx

Answer

dy p
(I—I)E = 2%%



Separating the variables we get:

dy dx
i - 2-3
Yy -1
dy 2((x-1D@*+x+1)+ 1)
= — = dx
y (x—1)
dy 1
= = 2(1‘2+ x + 1 +—)a‘x
y x—1

Integrating both the sides we get,

dy 1
= ;zfz(,t“"+,t‘+1+—1)dx+c

y =
2x%  2x°
= loglyl = SoEE W 2loglx —1| + ¢
2x?

= log|y| +x% 4+ 2x + 2loglx—1| + ¢

3
Enks s =
NSlogly| = N + x>+ 2x + 2loglx— 1| + ¢

6. Question

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

dy .
- e‘[ + }

dx

Answer

dx

Rearringing the terms we get:
dv

= o A e*dx
ey

Integrating both the sides we get,

dv
:I—J = fexd.X' + €

ey

e Y

= =e* + ¢
—1

S eF+e v =i
Ans:eX +e ¥ =c
7. Question

Find the general solution of each of the following differential equations:
(¥ +e™ )dy—(e" —e™™ Jdx =0

Answer

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

er—eg™
=2dy = ———dx
# g* 4 .e~=



Integrating both the sides we get,

¢*—g™¥
=fdy=f7,dx+c

e* + =
=y =logle* +e ¥ + ¢ {% (e* + e™™) = e* —e™¥)

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

Answer

Given:ﬁ = ¥V 4+ y2p7V

dx

dy
— = e¥(e* + x2
=>dx e V(e x<)

dy "
—— (e* + x%)dx

Integrating both the sides we get:

dy 3
= | — = [(e* + x¥dx + ¢
ey
x>
=>e-"=e”+?+c

x3

Ans:gy — pX¥ 5 Fie

9. Question

Find the general solution of each of the following differential equations:
e?*dx +e?¥ 2 dy =0

Answer

e2Xe - 3Ydx + e?Ye "3*dy = 0

Rearringing the terms we get:

e?¥dx eZ¥dy

e—3x - e—3y

=;.er + 3xdx = eZy + 3ydy

seXdx = - e>Ydy

Integrating both the sides we get:
s J-es"dx B —fes-"dy +c
5x

e e ,
>—=——+

5 5
=eX 4+ e =5¢" =c
Ans: e + g% = ¢
10. Question

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



eXtany dx + (1 - &) sec?ydy =0
Answer

Rearranging all the terms we get:

e*dx sec’y dy

1—e* tany

Integrating both the sides we get:

e*dx sec’y dy
= =—|=—=+c
1—e* tany
log|1 —e*|
= —
—1

= —log|tany| + logc

=log|1 - e¥| = log|tany]| - logc

=log|1 - eX| + logc = log|tany]|

=tany = c(1 - e¥)

Ans: tany = c(1 - %)

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:

sec’x dx sec’y dy

tanx tany
Integrating both the sides we get:

sec?x dx sec’y dy

” f Ttanx ‘f “tany
=log|tanx| = - log|tany| + logc
= log|tanx| + log|tany| = logc
=tanx.tany = c

Ans: tanx.tany = c

12. 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

Rearranging the terms we get:

cosxdx  sinydy
(1 + sinx) (1 + cosy)

Integrating both the sides we get:

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




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

Ans: (1 + sinx)(1 + cosy) =c

13. Question

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

{dv
.cog\_}J:a..whereaeRandy=2whenx=0.
Cdx

Answer
&)
cos|l— ] =n
dx
dy _
=2 — cos~la
dx

=dy = cos ~la dx

Integrating both the sides we get:

=>fd__v = jcos‘la dx + ¢

la+c

=Yy = XCO0S"~
whenx=0,y=2
2=0+cC
ECi=12

~y =xcos " la + 2

y~—2

= = cos™1
=

a

y-2
=>COS( )Zﬂ

Vv

Ans: cos( :2) =a

14. Question

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

ﬁ = —4X}’2. it being given thaty = 1 when x = 0.
dx
Answer

Rearranging the terms we get:

dy
yE
Integrating both the sides we get:
dy
y2

= —4xdx

= —f&‘cdx + c




sy 1l=2x2+c
y=1whenx =0

=(1)"1=2(0)2+c

Ans:y =

2x2 +1

15. Question

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

Answer

Rearranging the terms we get:

2x2 + 1
dy = de

1
=dy = 2xdx + 5 dx

Integrating both the sides we get:

1
=:-fdy =f2).’dx+f;dx i ¢

=y = x% + log|x| + ¢

y=1lwhenx=1

21=1%2+1logl +c

21-1=0+c...(logl =0)

=c=0

ny = x% + log|x|

Ans: y = x% + log|x|

16. Question

For each of the following differential equations, find a particular solution satisfying the given condition :
d_\ = v tan x. it being given thaty = 1 when x = 0.
dx -~

Answer

Rearranging the terms we get:

dy
e = tanx dx

dy
= T = | tanxdx + c

=logly| = log|secx| + logc



=logly| - log|secx| = logc
=log|y| + log|cosx| = logc
=YCOSX = C
y=1whenx =0
n1xcos0 =c¢

A=

=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 y+2
Answer

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

Integrating on both sides,

J(_.v + 2)dy = f(x— 1)dx

1"_.2 r2

—+2y=—-x+C
2 T =3

y+4y-x2+2x=2¢C
2. Question

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

dy X

dx (xz +1]
Answer

dy = g 1d.r

Multiply and divide 2 in numerator and denominator of RHS,

_1( 2x a")
Y=z 1™

Integrating on both sides
1 2
Y= E.log(.x‘ + 1)+ €

3. Question

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



d\’ 3
M +X 1_\."'
dx { )( i )
Answer

! dy = (1 )dx
1+:,;2'1‘_(+J‘)“L

Integrating on both sides

1
fl = 'vza‘y = f(l + x)dx

2
-1 = X
= fan _1?=.1+?+C

4. Question

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

(1437

dy
—— X}F
dx
Answer

ld X dx
vy T a1

Multiply and divide 2 in numerator and denominator of RHS,

i _1( 2x d,)
yE T F L

Integrating on both sides

1
logy = E.iog(l + x?) + logC

logy = logy/1 + x2 + logC
=y:= {1 + %2.61
5. Question

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

dv
—+ty=1(y 1)
dx
Answer
dy =1
dx Y

E dy = dx
L.=% =

Integrating on both sides

| " d = [a
TR

=logll—yl=x+C

6. Question



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

Answer

dy 1=¥2
dx 1—2x2

1 1|
—dy = ———dx
J1—vy2 V1 —x2

Integrating on both sides

1 1
fﬁd}f = f—ﬁdﬁf
sin'y = sin"'x + C
= sin"lx + sin"ly = C
7. Question

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

dy 2
X—+ }-’ — }-’
dx

Answer

Integrating on both the sides,

Frendd b
yo-D T )"

LHS:
: | A B
Eet y(v—nd-” =3 5D
1 Ay —1 By
_ 2 = -1 4 B
y(y—1) y (y—1)

1 =A(y—1) + By
1=A4y + By—A
Comparing coefficients in both the sides,

A=-1,B=1



dy = 1+ !
yo-0Y T Ty T -

Jo=n ﬂ (y-u]
[__J+f(}’

—logy + log(y—1)

= log (%1)

1
J —dx
pr

1
f;dx = logx + logC
Therefare the solution of the given differential equation is
J—1
log(JT) = logx + logC

y—1

¥

x.C

y—1 = yxC

=2y =14+ xyC

8. Question

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

Answer

x*(y + Ddx + y*(x—1)dy = 0

x?(y + 1)dx = —y*(x— 1)dy

x2(y + 1dx = y*(1—x)dy

x?. F

_ ¥
(1—*x)dx Ty +1

dy

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

x2—1+1d__y2—1+1d
(1—-x) = y +1 )

-1 +3, _(y2—1)+1
(1—x) = y+1

By the identity,(a® — b2) = (a + b).(a—b)

x+1De-0D +1, Oy + D(y—-1) +1
1-x T Oo+D

dy

Splitting the terms,



1
—(x + Ddx + ——=dx = (y—1)dy +

1
a—n o+rD?

Integrating,

f—(x + 1)dx + f(xi 1)dx = f(y—l)dy + f(lel)dy

x2 y?
—(? & ,r) + log|x—1| = (?—y) +log|l + y| + C

x2 g2

=+ +x—y+loglx—1| +logll +y| = C

9. Question
Find the general solution of each of the following differential equations:
2 dV o)
y(1-x*)—==x(1+y?)
dx

Answer

dy = 1; dx

143 —%"

Multiply 2 in both LHS and RHS,

2y 2x
T+ = T ™

Integrating on both the sides,

2y 2x )
J’l + yzd} B fl—x‘zd‘

log(1 + y?) = —log(1—x%) + logC

log(1 + y?) + log(1—x?%) = logC

=1+yH).00-x»)=cC

10. Question

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

Answer

y.logydx = xdx

1
—dx =
X y.logy

dy

Integrating on both the sides,

1 1
f —dx f dy
x y.logy -
LHS:

7 ogx
RHS:



1
f dy
y.logy -

Letlogy =t

So,idy = dt

L
vlogy® T )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(x?2 - x2 y2) dy + y(y2 + x2y2) dx=0

Answer

xx2(1—-y3dy + y.y?(1 + x¥)dx = 0

}(1-yHdy + y*(1 + x¥)dx = 0

1+ x? 1—y?

o i3 V:‘: dy =0

1 1 1 1
—dx + —dx + —dy——-dy = 0
%3 F- ¥3 i 4 y y

Integrating ,

1 1 1 1
f—dx + J--dx + f—-dv—f—dv =C
x* X i aalli y

x-3+1 y—3+1

ﬁ + logx —log}’ 4 —

=

1
T + ~ 2z + logx —logy = C

12. Question

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

Answer

(1—x3)dy = —xy(1—y)dx

Il

(1—-x%)dy = xy(y—1)dx

1 b &

. 1)d‘v =T



Integrating on both the sides,

[so=n% - [iZm¢
yo-0? T J1-2®

LHS:

A B

Yo 5 = gy
1 A(y—-1) By
_dv = +
yiy—-1) ¥ y (y—-1)

= A(y—1) + By

Let

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

1 " 1 N 1
i V e PR . M
yy—1) "~ y (-1)

o= =[5+ o=l
f"d" f( 11)

—logy + log(y —1)

y—1
=lo ( )
g y

RHS:

iz
1—x2 A

Multiply and divide 2
1 2x
E.fl o xzd,\.'
1
—E.log(l —x?) + logC

—logy1—x2 + logC

Therefore the solution of the given differential equation is
=4

log(T) = —logy1—x2 + logC

? log(%{) = logVv1l—x2 + logC

lo g(J ) logy1—x2 +logC

'}'—"
A —x2
S = Vi-xRc
=y = (y—1).Vy1—-x2.C

13. Question



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

(1-x%)(1-y)dx=xy(1+y)dy

Answer
1=%" yd +y) y)
dx =
x (1 -y)
[1 s + y? -
xldx = 1=y 'y

1 y y2
[?—x]dx - [l—y i l—y]d}

Integrating on both the sides,

f[%_x]dx Jl—v ]d’”
”—**] - togx

y—1+1
=f 1-y dy

1y’

y="il
fl—y Y f d}
J-—l.d.}’ -+ J-ﬁd‘.’

-y + log|1—yl

VZ
dv
|55

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

y2-1+1
(1-y)

-1+ 1
(1—3)

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

dy

r

O+ DG-1) + 1
(1)

dy
Splitting the terms,

—(y + 1)dy +

1
1-y dy

Integrating,

[0+ vy [ =55




2
—-(y? + y) + log|y —1]

Therefore the solution of the given differential equation is

2 .3

Iogx—? = —y + log|1—y| —(% 4 y) + log|y — 1]
x2 y?

- X T | (B A

= log|x.(1 —y)?| >3 2y + C

14. Question

Find the general solution of each of the following differential equations:
(y + xy) dx + (x - xy2)dy =0

Answer

y(1 + x)dx + x(1—y?)dy = 0

1+x 1—y2
dx + -
X y

dy =0

1 1
}d,r + 1l.dx + ;d}-‘—ydy =0

Integrating ,

1 1
J';a'x + J-l.dx + J-;dy—fydy =C
2

7

loglx| + x + log|yl —‘% E=of
i

= 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

| D 1-y
;X +—==dy =0
X v

1 1 1 1
—dx + —dx + —dy——dy =0
x2 X yz o oy

Integrating,
1 1 1 1
fx—za’x + f;dx 4 f}?d_v— }—?dy =C
: + log|x]| s logly| = €
= oglx Y oglyl =

X | M |
log|—|=—_+—+C
i 4 x Yy

16. Question



Find the general solution of each of the following differential equations:
2 2 2 2

(x'y-x7)dx+(xy” -y )dy =0

Answer

x3(y—1)dx + y*(x—1)dy = 0

x* y?
dx + ——dy =0
x-11 y~1}

Add and subtract 1 in numerators ,

x2-1+ L +y2—1 ik
=1 = @@= ?
(x2—-1) + 1 (y2—-1) +1
— dx + ———dy
=1 -1 2

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

x+DE-1D)+1., G+Dy-1)+1
-1 T oy

Splitting the terms,

1
(x + Ddx + ——=dx + (y + Ddy +

G-D o-n%
Integrating,
f(‘+1)d‘+f ! d-+f(v+1)d +f L dy =M
AN TS YV U< TR nfh
x2 y2
T FEE loglx — 1] + ' N y + logly—1]

%.(l‘z +y) + (x +y) +logl(x—1)(y—1)]

17. Question

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

x\/1+y3dx+y\h+x2dy =0

Answer

% _dvs—2 _dy=iwn
X y =

Vitaz | JT¥y-

Integrating,

x y
fﬂl 2 x?-dx N I,p‘l + y2 dy
= Cformula:{% (V’l - .r2) 2x : ]

:2.\/1+x2 :\/1 + x2

Ji+x2+ J1+y2=¢C
18. Question

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



d\f . 2
R ex"') +X"e-

Answer

dy .

— = e*.e¥ + x%.¢e¥
P e*.e xX=e
dy

. — g¥fe® 4 Z
T e¥(e x*)

1
— = x -2
pr dy = (e* + x)dx

Integrating on both the sides,
Jldy - J(e*‘r + x?)dx
ey ’ ’
3

—e¥ = e¢* + cll + C
3
x3
il R = c
19. Question

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

dy 3e** +3d™

dx et +e "

Answer

Considering ‘d’" as exponential 'e’

dy 3e?* + 3e**

dx = e* + e*
dy 3e** + 3e**

== s
dx er + =

dy (3e* + 3e*¥).e*

dx ex* + 1

dy 3.e2*(1 + e%¥).e*
dx ex + 1

dy 3x

a = 3.e

dy = 3.e**dx

Integrating on both the sides,

f dy = f 3.e3%dx

e
; —
}—33 4

p = O

31. Question



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

L dy
(cos x )d—' +¢0s 2X =cos 3X
X

Answer

Given: d_y i cos2x " cos3x
cosx cosx

-~ ﬂ __ cos(x+2x)—cos2x
dx cosx

= dy (cosxcos2x—sinxsin2x)—(2cos®x—1)

dx cosx
dy 2sinxcosxsinx

=2 _ pos2x — T 9cosx + secx
dx cosx

= % = c0s2x — 2sin’x — 2cosx + secx
=y= f(cost — 2sin®x — 2cosx + secx)dx
=y = [ cos2xdx — [ 2sin*xdx — [ 2cosxdx + [ secxdx

=y = [cos2xdx — [(1— cos2x)dx — [ 2cosxdx + [ secxdx

in2 v
=y= s"; = — 2sinx — x + log|secx + tanx| + ¢

20. Question

Find the general solution of each of the following differential equations:
3¢* tanydx +(1-¢* )sec® ydy =0

Answer

=3.e*.tanydx = (e* —1)sec’ydy

; e* 5 sec? yd
1 ¥ = y
ex—1 tany Y
1 sec?y
3. 2x—1 dx = e dy
o )
3 ] sec? Y ;
TT=e=™ =~ tany ¥

Integrating on both the sides,

J'B[ ] ]d'_J’seczyd
W= tany Y

d
3.log|1 —e™*| = log|tany| + longOqula:{atany = é—y.seczy}

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 (1+cos2y) 0
dx (1-cos 2x)

Answer

Given: & 4 1*cos2y
dx 1-cos2x

) 2o
ﬂﬁ__z-:'r.-sg.

dx 2sin®x
2.4y 2
= sec’y—= = —cosec’*x
dx
= [ sec?ydy = — [ cosec®xdx
= tany = cotx + ¢

21. Question

Find the general solution of each of the following differential equations:
, ) X
e’ (l;x" )dy ——dx =0
' y
Answer

X
e¥(1 + x¥dy = ;dx

X
Y ) = ———
er.ydy 1+x2dx

Integrating on both the sides,

:

LHS:

fe-".y dy

By ILATE rule,

d
Y y — Yy — — vy Y v 7
J-e ydy = y.fe dy f[d ()).J’e d}]d}

y.e-"’mJ-e-"’dy

y. eyY —e¥

e¥(y—1)
RHS:

dx

S:

X
1 %
Multiply and divide by 2

IJ’ 2x dx
2) 1T+ 2

1
E.iog|1 + x?|




logy1 + x2

Therefore the solution of the given differential equation is

se¥(y—1) = logy1 + x2 + C

33. Question

Find the general solution of each of the following differential equations:
dy cosxsiny _ 0

dx cos vy

Answer

Given:d—y pa cosxsiny
dx cosy

dy
= — = —cosxtany
dx =

= [ 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 _ [sinydy
1+sinx 1+cosy

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

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

E}_I::ex"‘}' i-¥

dx
Answer
dy : ]
a = e¥X.e¥ + e*.e™V
dy - .
Freie e¥(e¥ + e™)

1
Wd}’ = e*dx

1 )
—ld_v = e¥dx
ey + oy

eV

dy = e¥dx

(e¥)2 + 1



Integrating on both the sides,

d _ I B (. SroliE= S |
/ dy = [e*dx formula: [c{xtan X = }

(e¥)2+1 1422
==tan"'e”? =e* + C
35. Question
Find the general solution of each of the following differential equations:
sin3xdx—sinydy= 0
Answer

3)( = 3sinx—sin3x
4

Using sin

We have,

3sinx—sin3x .
= de —sinydy =0
3 _. sin3x .
= ;smxdx - de —sinydy = 0

sin3x
4

= f%simdx - dx — [ sinydy = 0

3 h |
= ;(—cos.r) +;€0s3x + cosy = k
= 12cosy + cos3x — 9cosx = ¢

23. Question

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

(eY+1)cosxdx + & sinxdy =0

Answer
COSX ey
_ X = dy = 0
sinx ey + 1 -
eY
cotxdx + dy = 0
ey +1 Y
Integrating,
eV
Jcotxdx + f dy = C
ey + 1~

log|sinx | + log|eY + 1| = logC

log|sinx.(e¥ + 1)| = logC

=sinx.(e¥ + 1) = C

36. Question

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

g-siu(x—y):sin(:';—y)
dx

Answer

r

'} i - 1) = <gj r— 1
o +sin(x + y) = sin(x — y)



dy "
e sin(x — y) —sin(x + y)
= g_i = —2sinycosx (Using sin(A+B)-sin(A-B)=2sinBcosA)

= —cosecydy = cosxdx

= — [ cosecydy = [ cosxdx

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

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

dy Xxy+vy
—+——=0
dx xy+x
Answer

dy y(1+x)

dx  x(1 +y)

19 .x
dy + r dx =0

1 1
;dy + ldy + ;dx + ldx =0

Integrating ,

1 y | b
f;dl"l'fld}"Ff;dX +J-de =

logly| + y + log|x] + x =€
=loglxyl + x +y=2C
37. Question

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

g ], g
—cos“ydy +—cos“xdx =0
X y

Answer
Given: %cos2 ydy + %cos2 xdx =0
= ycos?ydy + xcos*xdx = 0
= f(l + cos?)dy +§(1 + cos?)dx = 0 (Using, 2cos?a=1+cos2a)
= ydy + ycos?ydy + xdx + xcos®xdx = 0
= ;’2—2 +Zsin?y - f%zdy
ﬂﬁ+£:n'nzy+&sz+x—2-i-fsin‘*x L
2 2 4 2 2 4
25. Question

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



1-x*dy =x dx

Answer

d L

y = ——=dx

Multiply and divide by 2,
1 2x

dy = -.——dx

: 2 J1—x*
1 2x

dy = = dx
2 J1-(x2)2

Integrating on both the sides,

2x d i ¥
- dx formula: ]—sin™ly =
T X LSinTx 7

[dy = 3.[dy =

|

=y = é.sin‘1 x? + ¢

38. Question

Find the general solution of each of the following differential equations:
dy .3 2 x

— =S11" XCOs™ 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 =t,

= —sinxdx = dt,

So we have,

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

cos®x cosSx

+

ﬂ\’;:_
= 2 5

+xe*—e*+c¢

26. Question

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

dy 2
cosec Xlogy— +x"y=0

dx
Answer
logy 2=
= dy + dx =0
y CSCX
logy

dy + x%sinxdx = 0

Integrating ,



logy
f 5‘} dy + fxz.sinxdx =C

Consider the integral [ 282 gy
y

So, idy = dt

1

tz
F3

(logy)*
2

Consider the integral [ x2 sin x dx

By ILATE rule,

d
J-xz.sinx dx = xzf sinx dx—J’[E (xz)J’ sinx dx.] dx

—x2.cosx — f [Zx. f sinx dx] dx

—xZcosx + Zf[x.cosx]dx

Again by ILATE rule,

d
—x%cosx + Z[x.fcosxdx—f&x.fcosxdx}dx]

—x2cosx + 2 lxsinx —J-sinx dx]

—x2cosx + 2[xsinx + cosx]

—x%*cosx + 2xsinx + 2cosx

cosx (2 —x2?) + 2xsinx

Therefore the solution of the given differential equation is,

(logy)?
2

+ cosx(2—x2%) + 2xsinx = C

27. Question

Find the general solution of each of the following differential equations:
dx .2 -1 _

ydx+(1+x" Jtan ™ xdy =0

Answer

1
tan~1x. (1 + x2)

1
dx + —dy = 0
y}'

Integrating,



1 | 1
ftan'lx.(l + xz)dl M j}—,dy e
1

Consider the integral [

tan~1x.(1 + x2)

Lettan™'x = ¢

So, ——dx = dt

1+x*

1 1
ftan—lx.(l - .rz)dl - J’;dt

logt

log(tan~'x)

Consider the integral f:%dy

logy

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

tan x.y = C

39. Question

Find the particular solution of the differential equation dy =]+x+v+xv. giventhaty = 0 when x = 1.
dx o

Answer
Given:

dy
ot 1+x)(1+y)

L . -
=’1+v—(1+x)dx

=logly+ 1| = (x +x—:+ c)

=now,fory=0andx =1,

We have,
=0=1+:+cC

=0=—

bl

= logly + 1| =§+x—g

28. Question

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

ld—) = tan_lx
x dx

Answer

dy = x.tan"'xdx



Integrating on both the sides,

fdy = fx tan™! x dx

d
= tan'lex dx — J- [E (tan'lx).J-x dx] dx (by ILATE rule)

e
|

2 -2

¢ 1 X
= tan'lx.——f[ :I_d
y 2 1+ 22 2™

?—tan‘llcx2 1[ ad
y = X5 =3

2
x2 + ldx

2

xe—

L -1, L:_l #1 i i
y = tan"" x. - 2_[{ . ](addlng and subtracting 1)

_xZ

tan~? 3 1”1 : ]d
] = | e g — X
) 2 2 X2+ 1

= @i © 1[ tan"'x] + C

¥= G-z ool ) i

a1 x* 1 4 tan™* x o
) = tan"lx.——-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 + y2) dx-y(1 + x2) dy = 0, given that y = 1 when x
=0.

Answer

2xdx 2ydy

0

1+x2 1+y2

ol log{1+2%) =)
1+y2

2(1+x)=c(1+y?

=y=1x=0
=1 =(2)
ﬂc—_hl

2

=2(1+x)=1+y°
24 =1 =y*
=2x2 1=y
2y=vV2xT+1

29. Question

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

e* I—y:dxfid}f =0
X

Answer



Consider the integral [ e* x dx

By ILATE rule,

fex..x‘ dx = x.fe*’ dx —f [%(x).fe" d,r]dx

Jnr.e”‘—je”‘r dx
x.e* —e*
e*(x—1)

Consider the integral f=d1’

-y
Its value is - /T — y2 as —(,Jl . yz) W 1_} = =
Therefore the solution of the given differential equation is

e*(x—1)- J1-y2 =

41. Question

Find the particular solution of the differential equation log d_) J =3x+ 4y. given that y = 0 when x = 0.

dx

Answer
log (g) =3x+4y
=y=0
=x=0
=% _ L3x, a4y

= = g™ g
dx

= e~ Wdy = e3*dx

g=8Y  g3x

= +c
-4 3

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

Hence, the particular solution is:
= 4e?¥* +3e ¥ =7

30. Question



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

dy 1-cosx
dx l+cosx

Answer
dy 1—cosx
dx 1 + cosx
1—cosx
dy = 1+ cosxdx
_ 1-tan?(3)
cos x can be written as cosx = Taxﬁ(;f_)
1— tan® (%)
= 1+ tanl'i%i
dy = T\ ax
1—tan? (ﬁ)
1+ Y
1 + tan? 5
1 + tan? (%)— (1 — tan? (%))
1 + tan? (%)
dy = T v ax
1 + tan? (f) + (1 - tan? (i))
1+ e ()
= 1 + tan? (%)— 1 + tan® (%)dx
1+ tan?(3) + 1-tan2(3)
2 (X
dy = Zt‘mT(Z)dx

g
= - Al :
dy = tan (z)dx
Integrating on both the sides,
5 4
7 == 7§ (=
fd}. = ftan (Z)dx

f[sec2 (%) - 1] dx formula: {sec’x — tan’x = 1}

¥

x ) gd x\ _ 2(x\ 1
yi= 2.tan (ﬂ—x + CfOFmU|a-{Etan(E) = sec (2).2}
42. Question
Solve the differential equation (x2 - yx?)dy + (y2 + x2y?2) dx = 0, given that y = 1 when x = 1.

Answer

x?’(1—ydy+y*(1+x¥)dx=0

=D gy (1) gy g
> § x=

~ [92ay + [0 = 0



ﬂ—i—logy—i-l—xzc

For y=1,x=1, we have,
=2—1—-0-1+1=c¢c

sec=-1

Hence, the required solution is:
=’%+logy+i—x: 1

43. Question

Find the particular solution of the differential equation &* l—y: dx +idy = (). giventhaty =1 when x =

0.

Answer

X

Given:e* /1 — y2dx + fdy = ( Separating the variables we get,

= xe¥dx +—_.==y=5dy =0
Vvi=y

v o s
= [ xe*dx + fﬁdy = 0 Substituting /1 —y2 =t,1 — y2 = t2, —2ydy = 2tdt, We have,

x o X — 2| =
= xe* —e* —-logl\/1-y%| = ¢
For y=1 and x=0, we have,

=20—1—0=c

= Hence, the particular solution will be:-

= xe* —e* —Zlogl/T—yZ|+1=0

44. Question

dy
Find the particular solution of the differential equation — =
dx
Answer
Given: % — *(@logx+1)
dx  (siny+ycosy)

= [ sinydy + [ ycosydy = [ 2xlogxdx + [ xdx
Let f}-‘cosydy = ] Then,

d
f yeosydy = ( f cosydy) y — f (( f yeosydy).——y)dy
And [ xlogx = ([ xdx)logx — [(([ xdx)%fogx)dx
We have,
= —cosy + ysiny + cosy = x*logx — %2 + % +c

For y =—,x = 1 we have,

CRE]

x(2logx+1)

(siny +ycosy)

. given that ¥=

[ =

™ whenx = 1.

(]



T
0+§+0=0+C

£ =

|

= ysiny = x*logx + -
45. Question
. . . dy . .
Solve the differential equation —— = ysin2x. given that y(0) = 1.
dx
Answer
We have,

dy 2
_ r
Iy = Ysin2x

dy )
=2 — sin2xdx

cos2x

=logy = — +c
For y=1, x=0, we have,

C =

LSRN

=logy = %(1 — coSs2x)

= logy = sin®*x

Thus,

The particular solution is:
sin®x

}.':Q

46. Question
. . . dy .
Solve the differential equation (X + 1)_' = 2xv. given that y(2) = 3.
dx ’

Answer
Given: ( y Y _ gy
(x+ de 2xy

dy x
=—==2—dx
v x+1

=logy=[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)2 = 27p2x-4

47. Question

Solve gzx(fllogx—l). given thaty = 0 when x = 2.
dx )



Answer

we have, % = 2xlogx + x, Integrating we get,

y = [(2xlogx + x)dx,

y= J-leogxdx + xdx

2

d X

y= (f 2xdx)logx — J-[(J’ 2xdx) (E logx)] dx + ?i— c
given that y=0 when x=2

2 2
=g 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 ¢ dV y ;
Solve (X 4Lx= —x—l) - =2x- +x.giventhaty =1 whenx = 0.
dx
Answer

we have, (x* +x —x+l)%= 22 4 x,

{ }Given that: y=1 when x=0,

=2(x2+1)(x+ 1):—i =2x%+x

»dy _ _xxea®
dr  (x2+1)(x+1)

-4y _ x(x+)+x% +1-1

dx  (xZ+1)(x+1)
= _t_fl __x x*+1-1
dx x%+1 (x2+1)(x+1)
xdx dx dx
= dy T T LT R T T
241 x4+l (xF41)(x+1)

=fdy=[22 ;[ & _ fﬁdx+_f;%dx

x241 x+1 x241
=2y= %loglx2 + 1| +log|x + 1] +ilog|x2 +1|- gtan“x + iloglx + 1|+
gy o :E:lo,c:,rlmr2 +1| +§loglx +1| —itan*lx +c
For y=1, when x=0, we have,
=0+0—-0+c

=c=1



y =—1log|x -.1|-§10g(x: +1)—tan™" xb+1

|J|._.

(
49, Question

Solve d_‘ =y tan X, given thaty = 1 when x = 0.
dx
Answer

dy
we have, —— = v fan X.
dx

given that: y=1 when x=0
dy

= = =
= ytanx

d »
=2 _ tanx dx

= logy = losecx + ¢
=0=0+r¢
= ycosx = 1 is the particular solution...

50. Question

Solve d_‘ - \.-2 tan 2x. given thaty = 2 when x = 0.
dx

Answer

dy

we have: 2 — \-‘2 tan 2Xx.
dx

Given that, y=2 when x=0

d 7
=X = tan2xdx
y-

- f% = [ tan2xdx ...integrating both sides

: S log(sec2x)

= — =
y 2
i ¥
=>—-=0+c
2
1
==

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

51. Question

Solve d_‘: ycot 2X. given thaty = 2 when x = E
dx 4
Answer

we have d} = ycot2x,
dx

Given that, y=2 when x=§



dy

= T = ycot2x
d >

=2 — cot2xdx
¥

= fd\—} = [ cot2xdx

log(sin2x)

= IOQ}’ =
= log2 = 0+cC
= Thus, ¢ = log2

v
Vsin2x

The particular solution is :- log = log2

&y = 2v/sin2x

52. Question

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

4

Answer

we have, (1 + x2) sec2 ydy + 2x tany dx = 0,

Given that, y= E when x=1

4
= (1+ x?)sec2ydy + 2xtanydx = 0

sec?y Z2x
=24y + Zdx =0
tany -~ 1+x=

= J-ser: ¥y
tany ~

+[ 1::-? dx =0

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

For y = L;,x =1

We have, 0 + log2 = logc,

c=2,

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

53. Question

(T
Find the equation of the curve passing through the point J 0=
\ 4

+ cos xsinydy =0.

Answer

we have,sinx cosydx + cosxsinydy =0
= sinx cosy dx + cosx siny dy =0

= tanx dx + tanydy = 0

= logsecx + logsecy = logc

= secx secy =cC

A

J whose differential equation is sin x cos y dx



Given that, coordinates of point, (0,)
4

=c=4v2

= secy = V2cosx

sy = cog_l(—l;secx) ...is the required particular solution
- V2

54. Question

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

y X :
=€ SIXx.
dx
Answer

. dv )
Given, &Y _ e¥*sinx
dx

dy = e*sinxdx

= [dy = [ e*sinxdx

[ I I ]LEt I = [e*sinxdx
=] = [e*dx sinx — [([e*dx ).(d—‘isfnx) dx

= | = e*sinx — [ e*cosxdx

=] = e*sinx — [ e*dx cosx = [(Je*dx ).(%cos.‘() dx

= [ = e*sinx — e*cosx — [ e*sinxdx

= 2] = e*sinx — e*cosx

e* sinx—e" cosx

=TT T e

e*sinx — e*cosx
Y= +c
. 2

For the curve passes through (0,0)

[

We have, c ==

J

~ 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., },? =x
5 X

We have, yd}' = xdx

= [ ydy = [ xdx

2

X
==+
2 c

=5/

&[S

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

Thus, the required particular solution is:-



~yi=x%2+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 : % _ 20/+3)

dx x+4
r -> -
- dy _ 2dx
y+3 x+4
dy dx
v+3 x+4

=log(y + 3) = 2log(x+ 4) + ¢

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

~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 r
Given:Z2 _
ar = (7000 %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,

% _(L)ar

p ‘100

ﬂIE:ILdt

P 100

:'Iogp=%+c

rt

“p=eiwn

+C

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)

rii1o) i
p = 2pl =e 100 .€° resll)
Substituting (i) in (ii), we get,
r
= 2pl =et.pl
r
= 2=e1

:"5092=1—rﬂ

=1r =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

at 100 P

23 g
P 100

5t
=logp = el

1

= p = et

+C

Fort = 0, we have p = 1000
1000 = e°

For t = 10 years we have,p B e%. 1000
p = 1000e/?

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 — #77°
3

dv 4 372 dr

a 37 @

. k (constant)

dt
dr
4nrl —=k
mr &7

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

a
- 4nr

=kt+c




Fort=0,r=3andfort =3, r =6, So, we have,

2
- 4n(3)
3

=0+c

=c =361

41(6)3

=k.(3) + 361

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

3
— 4ar

= 84nt + 361

= 4qr® = 2520t + 108«

.3 __ 252at+108m
- 4m

=7
=r3 =63t + 27

=r ={63t +27

Hence, radius of the balloon as a function of time is
~ v = (63t +27)Y/3

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

SO,@ = Cy

dt

Where c is a constant,

Then, solving the equation we have,

dv

2. cdt

)‘?
d r

J—}z fcdt
y

logy =ct +k

Where k is constant of integration
v = got+k
And we have fort = 0, y = 10000,

10000 = e* ...(i)

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

= 110000 = e%¢.(100000) from (i)

=e2¢ =11



= p€ = m

1 1
=c= 5103(1_:;)
When y = 200000, we have,
200000 = e°*.100000
=et=2
= (e°) =2

=tc =log2

vclass24



