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Class 12 Linear Differential Equation
Class 12"

Q.1) Solve the DE (x + y) % =1.

Sol.1) dy _ 1
dx x+y

dy
>—=x
dx +y

>y =
dy x=Yy
. . dx
Comparing with oy +Px=20
HereP =—-1&60 =y
LF.=e /1% = ¢7¥
Solution is given by
x.(I.F.)=[6(U.F.)dy+c
s>x.eV=[yeV+c
vyl _ 12
= x.e Y= fl._ldy+c

s>x.eY=—yeV+[eVdy+c

>x.eY=—ye VY —eV+c
>xeV=—-eV(y+1)+c
=>x=—(y+1)+ce¥ ans.

Q.2) Solve the D.E. x% —y=(x+De™;y(1)=0

Sol.2) Divide by x
d_y — X — x_ﬂe_x

dx x x
Comparing with Z—z +Py=280

1 xX+1 —
HereP = —=and @ ==—.e™*
X X

1
[.F.= el3¥ = g=logx = glogx™* = 1
X

Solution is given by
y.(I.LF)=[6.(I.F)dx+c
I_x#l,=x1
Sy.-=[—e ¥ -dx+c
Yo ((Eel)e-
=>;_f(x+x2)e *dx + ¢

Yy _ -x 1 -x 1
:;x—fe .xdx+fe Sdx+c

1 e™™ 1 e™

y_1 1

x  x (-1) x2°(-1)

Yo _le ¥ [Ze¥dx+ [eFdx+c
x x2 x2

Y

X

dx + fe‘x.x—tdx +c

=
x
=

1 _
=—=-e*+c
X

Copyright © www.studiestoday.com All rights reserved. No part of this publication may be reproduced,
distributed, or transmitted in any form or by any means, including photocopying, recording, or other
electronic or mechanical methods, without the prior written permission.

Downloaded from www.studiestoday.com


http://www.studiestoday.com/

Downloaded from www.studiestoday.com

Q StudiesToday...

Putx =1andy =0

:>0=—e_1+c:>c=§
o X — _le_x +l
X X e
= y = —e™* + xe~lis the required solution  ans.
Q.3) Show that the D.E. is homogeneous D.E. & also find the particular solution.

(x+y)dy+((x—y)dx=0;y =1whenx =1

Sol.3) We have, (x + y)dy + (x —y)dx =0

dy _ —(xmy) _yox (i)
dx x+y x+y U
Here f(x,y) = %
Ay-2
fx.2y) = ﬁ
Aly—x)
fOx,y) =30

fQx, ) = 2°f (x., )

Clearly function is homogeneous function of degree 0

~ D.E. is a homogeneous D.E.

Puty = vx

Diff. w.r.t. x,d—y =v+ xdv
dx dx

-~ equation (i) becomes

xdv vVX—X
vVt——=
dx

dx 1+v
xdv —(w?+1
- — ( )

dx 1+v
1+v

v2+1
Interpreting both sides
1+v dx
= f1+v2 dv = — x
Separate :
> [ ! dv + [ ——=dv = —log|x|

1+v2 1+v2

dv = — i—x ........ (separately variables)

Put1+v2=t;vdv=%

-1 Trat _ _
= tan v+2f — = log|x|
= tan"lv+ %loglv2 + 1| = —log|x| + ¢
= 2tan"! v + log|v? + 1| = —2log|x| + 2¢
= 2tan"1 v + log|v? + 1| + log|x|? = 2¢
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Replace v by%
-1(Y y? 2| —

= 2tan (x) +log|(x2 + 1).x | = 2c
-1(Y 2 2| —

= 2tan (x) + log|x* + y*| = 2¢

Putx =1landy =1

= 2tan"1(1) +log(2) = 2¢

=2 (%) +log(2) = 2¢

= 2c= §+ log 2

Solution is given by

s 2tan! G) + log|x? + y?| = %+ log 2 ans.

Q.4) Show that D.E. is homogeneous & also find the initial value problem
(x? + xy)dy = (x? + y?)dx given y(1) = 0

dy _ x2+y?

Sol.4) We have,

dx x2+xy

Here f(x,y) = Ty

12x2+12y2

ffQx,Ay) = 2°.f (x.,y)

Clearly function is homogeneous of degree 0

x%+y?

~ D.E. is homogeneous D.E.

Now puty = vx

Diff. w.r.t x,d—y =v+ xﬂ
dx dx

~ equation (i) becomes

xdv  x?4v2x?

vt——=
dx x24vx?
xdv  1+v?
Svt——=
dx 1+v
xdv _ 1+v?
dx ~ 14v
xdv _ 1+v2-v-v?
dx 1+v
xdv _ 1-v
dx ~ 1+v
xdv _ —(v-1)
dx v+l
v+1 —dx .
e ndv = (separately variables)
Interpreting both sides
v+1 dx
JRASy o
v—1 X
Adjustment
v+1-1+1
) dx = —log|x|
v—1
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= f%dv = —log|x|
:f1+ﬁdv= —log|x|
= v+ 2loglv —1| = —log|x| + ¢
Replacevbyi—/
=>§+ 210g|§—1|+log|x|+c
2

y y-x
:>;+log‘(7) .x‘ tc
Putx =1&y =0
=>0+log|ll=c=>c=0
LY -0?| _
.-x+log|—x =0

|(y—X)2 -y
X X

= log

y-x)?* -2
=e x
x|

Y
= (x —y)? = |x| e x is the required solution ans.

Q.5) Find the general solution: (x3 — 3xy?)dx = (y3 = 3x%y)dy

Sol.5) | dy _ x3-3xy?
dx  y3-3x2%y

Clearly the degree of each term in nominator & denominator is same.
It is a homogeneous D.E.

Puty = vx
Diff. w.r.t x;
dy _ ., ¥

=7
dx dx
*. equation (i) becomes
xdv x3-3v2x3
vVt—=—FF7"7—
dx v3x3-3vx3
xdv  1-3v?
SV+—=—
dx v3-3v
xdv _ 1-3v?
dx ~ v3-3v

xdy _ —v'o1
dx ~ v3-3v
3_ _
= v . 3vd — ﬁ
v*—-1 b
Interpreting both sides
fv34—3ud — dx
v¥—-1 X
Separate
v3 v
fv4_1 dv — 3fv4_1 dv = —log|x|
Putvt—1=t¢t Put v2 = zin 2" integral
dt d
v3dv = — vdv =2
4 2
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3 = —
_f___ ZZ 1_ loglxl
:—logltl ——>< =—log|x|+logc
1
—loglv -1 ——lo 2+1| = —log|x| + logc
= log|v* — 1| — 3log |—| = —4log|x| + 4logc
Replace v by =
= log yioxt = logc*
y4—_x4 .x4
= log (;—% = log c*
<y2+x2)
y2+x? 3
= log |(y* — x%). (yZ—xZ) | = log c*
3
= (y2+x2)(y2 ) y x2)3 _C4
(P+y?)
(x2-y2)2
= (x% + y2)? = (x2 — y?)c? is the required solution -ans.
Q.6) Find the particular solution of the D.E.

Gxy+yHdx+ (x> +xy)dy=0,x=18&y=1

Sol.6) We have, (3xy + y?)dx + (x? + xy)dy = 0
ay _ —-(3xy+y?) (i)

dx x2+xy
It is a homogeneous D.E.

Puty = vx
Diff. w.r.t. x,d—y =v+—
dx

-~ equation (i) becomes

vt xdv _ —-Bvx2+v%x?)
dx x2+vx2

dv —(3v+v2)

dy 1+v

xdv  —3v-v?

dx  1+v
xdv _ —3v-v?-v-v?

dx 1+v
xdv _ —(2v%+4v)
dx | v+l
v;l v = —dx (separate variables)
2v4+4v b
Interpreting both sides
f v+1 d_x

SUV+Xx—

v
2v2+4p x

Put2v? +4v =t

(4v + 4)dv = dt
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:>(v+1)dv=%
1pdt _ dx
"4 t x

%long2 +4v = —logx + logc
= log 2v? + 4v = —4logx + 4logc
Replace v be

C4—
= log— + — = log—
2y? +4xy
= log— log( )

[2y2+4xy|
= x2 - x"'

1
= |4xy + 2y?| = ;—2 ans.

Q.7) Find one parameter solution of the D.E.

xcos() (ydx+xdy)—ysm() (x dy — ydx)

Sol.7) xycos( )dx+x cos( )dy—xysm( )dy y sm(Y)

= dy (x* cos (%) — xy sin () = —dx (2 sin () + xycos (2))

d_y _ (y sm(y)+xycos(y))

dx x2 cos(i) xy sm(D ....... (i
It is a homogeneous D.E.
Puty = vx

- A W e
Diff. w.r.t. x, =V + > put in eq. (i)

xdv  —v?x?sinv+vx?cosv
dx x2 cosv—vx?2sinv
2
xdv _ —(v?sinv+v cosv)
= p X8 1\ SIUAPCOsH)
dx cosv—-vsinv

xdv —v? sinv+v cosv

dx cosv—vsinv
xdv _ —v?sinv—v cos v—cos v+v? sinv

dx cosv—-vsinv
xdv _  —2vcosv

dx cosv—-vsinv
cosv—vsinv _ —2dx

vCcosv - X
Interpreting both sides
N fcosv—vsinvdv _ _zdex

vcosv

:f%—tanv dx = —logx

= logv —logsecv = —logx? + logc

v _ _ 2
p—— logx“ +logc

xy

ﬁ@:C
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= logSec %) x* =logc
Xy
= log o %) =logc

Yy

= xy = clsec (;) ; where ¢! = +c is the required solution ~ ans.

Q.8) Find the particular solution of the D.E.

y) dy _ Xty cos(%)

X COS (; dx xcos(%)

Sol.8) It is a homogeneous D.E.
Puty = vx
xd

. dy _
Diff. w.r.t x, ol + Tx

xdv X+vx cosv

SV —=
dx X Cosv
xdv 1+vcosv
Sv+—=
dx cosv
xdv _ 1+vcosv
dx cosv
xdv _ 14+vcosv—-vcosv
dx cosv
xdv 1
dx cosv
dx

= cosv dv = >
Interpreting both sides
dx
[cosv dv ==
X
= sinv = log|x| + ¢
Replace v by%
Cein (Y —
~ sin (x) loglx| + ¢
Putx=1andy=£

= sin G) =log|1| + ¢

1
= ﬁ =C
~ sin G) = log|x| + % ans.
Qs9) Show that D.E. is homogeneous & solve it 2ye§dx + (y - ZXG;) dy=0
X X
0L9) 1 we have, 2yevdx = — (y - er;) dy =0
x
dx 2ye¥-y .
S T e (1)
ay 2ye¥
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Here f(x,y) = w
2yeY
lee;—ly
fx,Ay) = —=—
2AyeY

_ i (2xe§—y>
A Zyeg
fQx,2y) = 2°f (x, )
Clearly function is homogeneous D.E.
Putx = vy
Diff. w.r.t. y,Z—; =v+ yg—;
-~ equation (i) become

dv _ 2vyeV—y

v+y

dy 2yeV?
dv  2vye¥-1
>V —_—=
+ ydy 2ev?
dv  2e’w-1
_— -V
dy 2eV?
dv _ 2ve¥-1-2v°
dy - 2eV?
dv 1
ydy T 2ev
1d
= eVdy = —==2
2y
Interpreting both sides
1,rd
[evdv=—=-[Z
27y
v 1
>e¥ = —Eloglyl +c

Replace v byg

X
x 1 . . .
> ey = —Eloglyl + c is the required solution ans.

Q.10) Solve the D.E.
Yy

xei—ysin(ﬁ) +x2—i.sin(§) =0;y(1)=0

S0l.10) We have, xe% — ysin (%) + xZ—zsin G) =0
%
d_y _ ysin(%)—xex (|)
dx xsin(%)

It is homogeneous D.E.

Puty = vx

Diff. w.r.t x, 2 = v + x & put in eq. (i)
iff. wrtx, -~ =v+x——Putineq. (i

. xdv _ vxsinv-xe?
SVt =
dx

xsinv
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xdv _ vsinv—e?

SUvV+—= -
dx sinv
xdv _ vsinv—e?
E - sinv -
xdv _ vsinv-e’-vsinv
E - sinv
xdv _ —e¥
E ~ sinv
sinv —dx
ev dv = T
= [eVsinv dv = — % ...... (ii)

Let/ = [e Vsinvdv

. e’V e™?
I =sinv.—— [cosv.—dv

I=—-e"Vsinv+ [eYcosvdv
—v i . e’V
I'=—e™"sinv + cosv.——sinv.—dv
—v e’V . e’V
I'=—e™"sinv + cosv.——sinv.—dv
[ =—e7Vsinv—cosv.e™” —1
21 = —e7V(sinv + cosv)
e’V .
I = —7(smv + cosv)

~ equation (ii) becomes
oV
> (sinv + cosv) = —log|x| + ¢

= e Y(sinv + cosv) = 2log|x| — 2¢

Replace v by%

Yy
=>e x (sin§+ cos%) = log|x?| — 2c
Putx =1andy =0
= e%(sin + cos 0) =log|1| — 2¢
>1l=-2c>c= —%
y

Y. . . . .
e x (smi—/ + cos ;) = log|x?2| + 1 is the required particular solution ans.
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