Downloaded from www.studiestoday.com

QStudiesToday

Class 12 Linear Differential Equation
Class 12"

Q.1) Solve the D.E.
ydx + xlogydy —xlogx dy —2xdy =0

Sol.1) We have, y dx + x dy(logy —logx) — 2xdy = 0
= ydx +xdy.log(%) —2xdy =0
= dy(x log% —2x) = —ydx

AR A (i

E = - xlog(%)—Zx .......

It is a homogeneous D.E.

N R in eq. (i
Puty—vx=>dx—v+ ™ putin eq. (i)

xdv —vx
Vt+——=
dx xlog v—2x
dv -v
Sv+x—=
dx logv-2
dv _  -v
dx logv-2
xdv _ —v-vlogv+2v
dx logv-2

xdv _ v-vlogv

dx logv-2
xdv _ —v(logv-1)

dx logv-2
logv-2 _  dx
v(logv—1) T x
Interpreting both sides
f logv-2 —_ dx
v(logv-1) X

Putlogv—1=t

~dv =dt
f%dt = —log|x]|
=f1—%dt= —log|x|
>t—logt=—logx+c
=logv—1—logv—1=—-logx+¢c
= =c+1

=
log logv-1

Replace v by%

Y —
:logW—c+1

y
= loglogv—l =c+1
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Yy — ,Cc+1
= I 7, =e
og *
=2 4 ectl

st

Sy=0q (log (g) - 1) ; where ¢; = +e*1is the required general solution ans.

Q.2) Solve the D.E.
(xe% + y) dx = xdy;y(1) =1

Sol.2) 2
We have, gy _ xexty . (i)
dx x

Note: it is not homogeneous function D.E.
Puty = vx

; el
Diff. w.r.t. x, 1 = VT putis eq.(i)

xdv _ xeV+vx

dx x

xdv
Sv+—=e"4v
dx

=X _ v
dx
> e vdy =%
X
= [—e ¥ =log|x| + ¢
= eV +loglx| = —c

Replace v by%

Yy
e x+loglx| = —c
Putx=1andy =1
=>e 1 +logll| =—c

1 . .
=-=-—c put in above equation

Y 1. . .
= e x + loglx| = ~is the required solution ans.

Q.3) X 2 _ 2 X =
Solve the D.E. xylog (y) dx + (y x“log (4)) dy=0
SO|3) x — (v2 _ 42 X
We have, xy log (y) dx (y* —x*log (y) dy
ax _ ~(v7-x10g(3))
dy xylog(g)
It is a homogeneous D.E>
Putx = vy
. dx _ o ydv
Diff. w.r.t Vigg=V + i
(2 12,2
=>‘U+Ldv= (y2-v%y?logv)
dy vy2logv
—(1—-12
=>‘U+Ldv= (1-v?logv)

dy vlogv
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dv —-(1-v%logv
yav _ —( g)_v

dy vlogv
ydv _ —1+v?logv-v?logv
dy - vlogv
ydv -1
dy - vlogv
—-d
= vlogv dv = TY
d
=>fvlogvdv=—f7y
v? 1 v?
= —— [ —dv=—
logv.~ fv —dv log|y|
v? 1
= 7logv.—5fvdv = —log|y|
v? v?
= —logv ——-= —logly| + ¢

2
= v?logv — v? = —2logly| + 2¢
Replace v by%

1 (x?

= ;—zlog (g) - E(F) —2logly| + 2¢

= ;—Z(log (g) - %) +logly?| =2¢c  ans.

Reducible To Variable Separate Form (Put bracket = v)

Q.4) Solve the D.E.

.1 Q):
sin (dx xX+y

Sol.4) We have, sin™? (%) =x+y

ay _ .
=— = sin(x + y)
Putx+y=v

Diff. w.r.t x,1 + 27 &
dx

dy _dv
dx dx
dv
&——1=sinv

dx

dv .
> —=1+sinv

dx

dv
= f1+sinv = fdx
f 1 % 1-sinv

dv
dx

dv = [dx (Rationalize)

1+sinx 1-sinv

1-sinv
= dv =x
f cosZv

= [sec?v —tanv.secv.dv = x

= tanv —secv=x+c¢

Replace vby x +y

~ tan(x + y) — sec(x + y) = x + c is the required solution ans.

Q.5) Solve the D.E.
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(x+y)?E=a?

Sol.5) dy __a® :
We have, prrofiv e SR (i)
Putx+y=v

. dy ﬂ
Diff. w.r.tx,1 + T Ir
4y _av _
dx  dx
~ equation (i) becomes
w_
dx T op2
ST 4y
dx  v?
dv _ a®+v?
dx v2
gy =d
= radv =dx
Interpreting both sides
1]2
fv2+a2 dv = [dx
v2+a?-a?
f—v2+a2 dv = [dx

a2
ﬁfl—mdl?:fdx
:v—aletan‘l(z)=x+c
a a

Replace v by (x + ¥)

= x +y—atan™! (XTTy)x+c
_ -1 x+y . . .
= y = atan (T) + c is the required solution ans.
Q.6) Solve % = cos(x + y) + sin(x + y)
Sol.6) Putx+y=v
: dy _ av
Diff. w.r.tx, 1 + gl
STy
dx dx
av

~——1=cosv+sinv
dx

dv .
:a=1+cosv+smv

1
= f1+sinv+cosv dv = fdx
(Type single sin x, cos x)

1

= 7 5dv =x
2tan; 1-tan<;
1+tan2) 1+tan2
v
1+tan2§

=J

dv =x

1+tan? (g) +2 tan(g)+ 1-tan? (g)
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:f secz(g) d

2(1+tan3)

Put1+tan§= t

sec? (g) .%dv =dt

v=X

:f%:x

:log|1+tan§| =x+c

=>log|1+tan(%)|=x+c ans.

Q.7) Solve the initial problem
(x —y)(dx +dy) =dx —dy;y(0) = -1

Sol.7) We have, xdx + xdy — ydx — ydy = dx — dy
>dy(x—y+1) =dx(1—-—x+y)

dy _ 1-x+y
dx x-y+1
dy _ 1-(x~y)
dx (x—y)+1
Putx —y=v
. d dv
Diff. w.r.t. x,1 — 2
dx dx
d dv
=221 Z
dx dx
dv 1-v
n1-===
dx v+1
_ v+l-14v
T v
dv _ 2v
dx v+l
v+1

=== dv = 2dx
Interpreting both sides
> [2dy =2 [dx

v
=>f1+%dv=2x
=>v+loglvl=2x+¢
>x—y+loglx—y|l=2x+¢
>loglx—yl=x+y+c
Putx =08&y =-1
=>log|l|=0—-1+¢
>0=—-1+c>c=1
~loglx—yl=x+y+1
= |x —y| = e**Y*1 s the required solution  ans.

Variable Separate Form

Q.8) Solve the D.E. (x + 1)% =2¢Y —1;y(0) =0

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



Downloaded from www.studiestoday.com

gStudiesToday_.,‘.

Sol.8) dy _ 2e77-1

We have, —
dx x+1
Separating the variables
dy _ dx
2e7 V-1 _-;:I
Interpreting both sides

vy _ (49x
fZe‘y—l - fx+1

f ey dx

2—-e¥ x+1
Put2 —e¥ =t
—eYdy = dt
eYdy = —dt
= —log|2 — e¥| =log|x + 1| + logc

! | = loglc(x + 1)|

2—eY
| = lc(x + 1)|

Putx =0&y =0

> | =|=lc0+Dl=c=1

1
2_ey| = |x + 1]

=>|x+1D)2-eY)| =1
=>x+1)2—-eY)=4+1

But x = 0,y = 0 does not satisfy the solution
x+1D@2—-eY)=-1
~x+1D2-e")=1
:—f%=log|x+1|

=>log|

=

=

2x+1Y . . .
=y = log (%) is the required solution ans.

Q.9) Y 2 by
Solvethe D.E. y X a(y +dx)

Sol.9 Y 2+ %
) We have, y xo=ay’ta”

dy _ 2
:a(a+x) =y—ay

dy _ -—ay*-y

dx  a+x
Separating variable & interpreting both sides
f dy dx

ay?-y a+x

1 1
:;fyz—_%dy=—log|x+a|
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1 1
= ;fﬁ = —long + a|
v-(32) -(a)
1 1 .
= - X —log [—4*%| = —log|x + a| + logc
ST “2a 2a

= log |%;1| + log|x + a| =logc

|(ay—1)(x+a)|

= log =logc

S [wDe 1)(x+a)| _
(ay Dx+a) _ tc
ay =
= (ay — 1)(x + a) = +acy
= (ay — 1)(x + a) = c;y; where ¢; = tac is the required solution  ans.

Q.10) Solve the initial value problem log (Z—z) =3x+4y;x=0andy =0.

50l.10) | we have, log (%) =3x +4y

dy = 3X+4y
dx
d

= X = 3% oty
dx

> -—-==+
4 3
7
C—__
12
1 _ 1 7
_lo-ay 1o _ 7
4 3 12
1 _ 4e3%-7
=>—-e™W =
4 12

= —3xe™ =4e3¥ -7
= 4e3%¥ = 3¢~ = 7 is the required solution ans.
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