Solution of Different Types of
Differential Equations

4 Marks Questions

1. Find the particular solution of the differential

equation j—y =1+ x+y+xy giventhaty=0
X

when x = 1. All India 2014

Given differential equation is

-Oizht X A=y Xy
X
= 9 a4 +y 0+
dx
- Y sty L0
dx _

On separating variables, we get

dy = (1+ x) dx Wi

1+vy)
On integrating both sides of Eq. (ii), we get

jmdy j1+x)dx



2
= Iog|1+y|=x+3(2—+C L) (D)

Also, given thaty =0, when x=1.
On substituting x =1,y =0 in Eq. (iii), we get
1
I0g|1+0|=1+5+C=>C:—§— [-log1=0]
(1)

Now, on substituting the value of C in Eq.
(it1), we get

2

3

logfi+y|=x+2-2

gli+yl o
which is the required particular solution of
given differential equation. (1)

2. Find the particular solution of the differential

equation x L y + X cosec (y) =0 or
dx X

o I +cosec(z) =0, given that y =0, when
dx x X

x=1 ‘All India 2014C, 2011; Delhi 2009



Given differential equation is

xﬂf» -+ xcosec(x) =0
dx X
= Q—X+cosec[z)=0
dx x X

Above equation can be written as

dy =Y _ cosec (Z] «x:{1)
dx x

X
which is a homogeneous differential equation.

On puttingy = vx,

- iid

=V+X vinEq (i), we get
dx dx R
dv  vx VX
V+ X—=— — cosec| —
dx x X
v
= V+X— =V — COSECV
X
v dv — dx
— X —=—Cosecv — (1)
X

cosecv X
On integrating both sides, we get
c dv i dx

—
—

= CosecCyv - X

. . e dx [ 1 . ]
= |sinvdy= | -— =sinv

N cosec Vv
= —cosv=-log|x|+C

,: '.'Isinxdx:— cosx + C

and_[ldx=log|x|+C]
X



On putting v = X, we get
X

y

~ cos; =—log|x|+C
= cosZ=+([og|x[-—C)
X
o -1
= == cos (log|x]-C)
X%
= y =xcos '(log|x|-C) ...(i) (1%)

Also, given that x =1 andy =0.
On putting above values in Eq. (ii), we get
0 =1cos™ (log|1]- Q)
=> cos0°=0-C
= 1=0-C
=5 C=-1
y = xcos” '(log| x|+1) (1%)

which is required solution.

3. Solve the differential equation

x logx 3—}’ +y= £ log x. Foreign 2014; Delhi 2009
X X



Given differential equation is

(xlog x) - 2y +y= - log x
dx X
On dividing both sides by x log x, we get
ﬂ_}_ y _2logx_2 (i

dx xlogx x%logx x?

which is a linear differential equation of first
order and is of the form

OY - Py=t) ..(ii)
dx |
On comparing Eqs. (i) and (ii), we get
i andQ = £ (1)
x log x x?

f11 W ol
IF= e Xlogx  _ gloglogx

— =

forJ' : dx:::putlog'x:t::»ldx:dt
x log x X

.'.j%dt=log|t|:logglogx|

log x s X]

(1)

Now, solution of above equation is given by
yxIF=[(QxIF)dx+C ...(iii)

= IF =log x [-e



On putting IF=log x and Q =—g5 in Eq. (iii),
X

we get
2
log x = | — log x dx
el

= yiogx=|ong%dx
X

_j(%(logx}-jf-z-dedx

[using integration by parts]

=5 ylogx=logx-2(— %]

2 s 2f 1
= ylogx=—"logx—|=|——|dx
X dxy X
= ylogx=—£|ogx+'—23dx
X i
ylogxz—glogx—-%+C (1
X X

which is the required solution.
4. Find the general solution of the differential
equation (x — y) a¥ . X+ 2y.
' ax
Delhi 2014C; All india 2010



Given differential equation is

(x—y)$=x+2y

dx
- ﬂ=x+2y ' (1)
dx Xx-y

which is a homogeneous equation.
On putting y = vx

= gz=v+xg—y- (i)

dx dx

in Eqg. (i), we get

dv x+2vx _1+2v
V+ X =

dx  x-wx  1-v
dv 14+ 2v o By ey
= —v=
dx 1—v 1—-v
dv 1+ v+ v2
= B P O
dx 1—-v
= *;———dv dx
vi+v+1 X
On integrating both sides, we get
1— dx
.[ o2 - Y (1)
+v+1 X
= I=log|x]|+C (i)
where, l=j~3-1——vdv
vi+v+1l
Let 1—v=A--9-’-(v2+v+1)+B
dv
= 1-v=AQv+1)+8B

On comparing coefficients of v and constant
term from both sides, we get

2A=-1 = A=—% and A+B=1

=>—l+B=1 = B=1+1:> B=E
2 2 2
So,wewritel-v=—%(2v+1)+§»

1 3



~l@v+D+ 3

Then,l=j--—22 2 dv
vi+v+1 |
= =-..l _&dv{.i[#
29vi+v+1 27vi+v+1
1
= I=——Elog|v2+v+1|
+_3_ dv
2 v2+v+1+-!----1~
4
%:—]—-dv:rputvz+v+l=t
vi+v+1

Qv+ 1) dv=dt

B = loglt]+c =log|v? +v+1] +c
t

i

1 3 dv
=l=——log|v?+v+1+=
- log] | ZJ( ])2 :
v+ | +
2 4
5 p (1)
=>!=—-1-Iog|v2+v+1|+-‘[ = ;
2 2 1\2 [ﬁ]
b%m]+ 3
2 2
=>l=—%log|v2+v+1|
1
3 1v+2
+ =X tan”~ +C
V3|3
2




= I=—%Iog1v2+v+1|

4 _1(2\/ + 1)
+—=tan | ——|+C
V3

On putting v = X, we get
X
2
ool Y il 3 1'33{”
I=—=—logl—=+=>+1++3 tan” +C
2 g]x2 X J3
[-.'yzvx.'.v—z}
X
2 2
::Iz—llo |y +X¥+X!
x|
il 2y +x
+\/§tan1[ )+C
V3x

On putting the value of I in Eq. (iii), we get
2 2
_;Iog|y ikt K ! + @tan”’[2y+ X)

| & V3x

=log|x|+C
which is the required solution. (1)
5. Find the particular solution of the differential

equation {x sin’ (_}’_] - y} dx + xdy =0, given
X

thaty = 3[:- when x = 1, All India 2014C



Given differential equation is

[x sinz(y) - y] dx + xdy =0
X

. 2l Y
— XSIn | —
dy ’ (x)

= = cexld)
dx X
which is a homogeneous differential equation.
Puty:vx=>ﬂ=v+§-oiin Eq. (i), we get
dx dx
vx — xsin?| 22
dv X
Vo R
dx X
v o 4 .2
= V4+X—=V-—5iN"V = X—=-5in“v
dx dx
2 dX
== cosec vdv=—— (1)
X

On integrating both sides, we get

'[cosecz vdv+j.%=0
X
=  —cotv+log|x|=C

:»—cot(z)+log|x|:(f ['.'sz} (1)
X X



Also, given thaty = %, when x =1.

On putting x=1and y = E in Eq. (ii), we get

- cot[E) +log1=C
4

= C =-1 [ cotE—I] (1)
4

On putting this value of C in Eq. {ii), we get
-cot(X]+ log|x|=1
| X

=5 1+ log| x— Cot(z) =0
X

which is the required particular solution of
given differential equation. (1)

6. Find the particular solution of the differential
equation
dy  x(2logx +1)
E);_siny+ycosy
¥=1 Delhi 2014

, given thaty = 12[" when



Given differential equation is
dy _ x2logx+1)

dx siny+ycosy

On separating the variables, we get
(siny +y cosy) dy = x(2 log x + 1) dx
=sinydy +y cosydy =2xlog xdx + xdx (1)
On integrating both sides, we get
Jsinydy+ J’y cos vy dy
o

=2j|;]<|c|rgxdx+jxdx

:>—Cosy+[yjcosydy

_ j{ diy () | cosy dy} dy]
=2/l d dl T scth e X
= OSXIX X—j{&(ongx x} x]-k;

| (1)
:>—cosy+y5iny—jsinydy

2 2 2
X 1 x X
=2|—logx— ——rdx|+—

= — COSy +ysiny+ Cosy

2 X
=x“logx~ | xdx+—
gx~ | :

2 x2

; 3 X
= siny=x"logx——+—+C
y y g > )



= ysiny=x’logx+C L) ()

Also, given thaty = g, when x =1

On puttingy = g— and x =1in Eq. (i), we get

g sin (-725) =% log (1) +C

= o L '.-sinE=1,I0g1:0
2 2

On substituting the value of C in Eqg. (i), we
get

y siny = x° Iogx+§

which is the required particular solution. (1)

7. Solve the following differential equation
2 dy 2
x“—1) = +2xy = .
( ) dx d  w
Delhi 2014; All india 2014C




* Flrstly, divide the given differential equat:on by
= (x*=1) to convert it into the form of linear
dlfferential ‘equation and then solue it |

Given differential equation is

(x2—1)g~z+2xy=

dx X° -1
On dividing both sides by (x> —1), we get
dy L 2X g 2
de  »=1" =1
which is a linear differential equation. (1)
On comparing with the form g—}’i + Py =Q, we
X
2X 2
get P= )=
x2 =1 (3* —1)*
2x
j ——— dx
R =~ (1)

2 _
Iogix 1|_X _-I

put x —1—t:>2xdx—dtlnj > 1dx then

dx = | -dt =logt = log(x* =1
_‘[ %=1 '[t °
Hence, the required general solution is
y-IF=[ QxIFdx+C

x (x> =1 dx+C (1)

2 -
=y -1 = e

=  yx*-1N=] 22 dx + C

x° =1



=  yix*-1)=log -llye
x+1
1 1 X—a
dx=—Io
|: Ixz—az 2a gx+a}

which is the required differential equation. (1)

8. Find the particular solution of the differential
equation e*y/1 - y? dx + y dy =0, given that
X

y =1, when x=0. Delhi 2014



Given differential equation is
e Ji—y2 dx+Ldy=0
X
= e J1-y2 dx="dy
X
On separating the variables, we get
dy = x e’dx (1)

|-

On integrating both sides, we get

j\h__dy:jxe"dx

On putting 1— y2 =t=-ydy= %'t-_in LHS, we

get

Jz_fdt :;us;t dx

= %[2ﬁ]=xj‘e"dx—] [%(X)J‘e"dx]dx
= 1!1—y2:xe"—-J‘ede ['.'t:1—y2]

(1)
= JiI-y?=xe*—e*+C (D)

Also, given thaty =1, when x =0

On puttingy =1and x =0 in Eq. (i), we get
1-1=0-¢€e"+C

= C=1 [ e =1](1)

On substituting the value of C in Eq. (i), we

get
JI-y2 =xe*—e* +1

which is the required particular solution of
given differential equation. (1)



9. Solve the following differential equation

dy

cosec x logy e +x%y? =0. Delhi 2014
¥

e

|%> Ftrstly, separate the varlables, then lntegrate by

;= using integration by parts.

Given differential equation is

cosec x logy gy +xy?=0
dx

It can be rewritten as

cosec x logy dy = — x%?
dx

On separating the variables, we get

2
Iogy dy = . I

y> cosec X

On integrating both sides, we get
2

log y
—=~dy=- dx =h=1,..
Iyz d Icosecx 17
where, l,:_['—c%zdy
y

Putlogy=t=>y=e‘,theng¥-=dt
y

L=| te'dt
l

=tj e"dt—_[ [% (tJI e“‘dt] dt

=—te - _[ (—e™Y) dt

(i)

(1)

=—-'t"e" +j eldt=—te ' -e +C,

. Y (i) (1)

|—°-'f =lnogvand o7l = 1-|



and /, = —j

-

.
dx

cosecx

x? sinxdx’

! I

= —xz_[ sinx dx —I

e {(— cos x)

= x2 cos X + 2

et = Al

y]

o
——(x Jsmx dx]d

i) [2 x{— cos x)] dx

X COS X dXx

=x% cos x +2 xjcosxdx

¢ 5o |
—I{a;(x}_[cosxdx} dx
= x2 cosx+2[xsinx—_[sinxdxl

...(iv)
(1)

On putting the values of I, and I, from Eqs.(iii)
and (iv) in Eq. (ii), we get

cosx +2xsinx+2 cosx +C,

1 1
- Ogy——+C1=x2 COS X+ 2x sin X
y y
+2 cos x + C,
1+ |
-(—-l-—o-'c:',’--)f-)-=x2 COS X+ 2Xx sin X
y
+ 2 cos X+ Ly~ Gy
= -(—1—-}—-—19—5—@=x2c05x+2xsinx
| y
+2cosx+C
where, C =C, - C,

which is the required solution of given
differential equation. (1



10. Find the particular solution of the differential
equation x(1 + y?)dx — y (1 + x*) dy =0, given
thaty = 1, when x =0. All India 2014

Given differential equation is

x(1+y?) dx — y(1+ x}) dy =0
= x(1+y)dx=yl+x%)dy
On separatlng the varlables we get

y
dy = d (1)
(1+y?) Y (1+x2> "

On integrating both sides we get
dy
oLrd=] 2

= %Iog|1+y2|=glog|1+x2|+c ()

(1+x

Flet1+y2 =u = 2ydy=du,
then‘[

1 1
d —du=-log|u
1+y = IZU ¥ glul

and let1+ x* =v = 2xdx =dyv,

then J'

1+X

1¢1 1
dx=5j;dv:~2~|0g|vf

Also, given thaty =1, when x = 0. (1)

On substituting the values of x and y in Eq. (i),
we get

—

Liog|1+ MY =Llog|1+©7 +C

2 2
= %logZ =C [ log1=10]
On putting C = 21 log 2 in Eq. (i), we get

1 1 1
—log|1+ v =—log|1+ x| + — log 2
5 g|1+y7 5 g| | > 108



= log|1+y? =log|1+ x?| +log 2 (1)
= log|1+y? —log|1+ x*| = log 2

:>logl ]_',",Zi] =log 2 [ logm — logn = Iog—m«—]
| 14+x7| n
1+y? 5
1+ x°

=5 1+y?=24+2x = y?-2x*-1=0

which is the required particular solution of
given differential equation. (1)

11. Find the particular solution of the differential

equation log [?ﬁ) = 3x + 4y equation, given
X

that y =0, when x = 0. All India 2014



Given differential equation is
log (ﬁ}j) = 3x + 4y
dx

— ﬂ - eSx+ 4y
dx

[-logm=n=e" =m]

= B _ ety M
dx

On separating the variables, we get

1 _ 3
Ed)’—e dx

On integrating both sides, we get
I e Vdy = _[ e¥dx

= = +C ...(D (1)

Also, given thaty =0, when x =0.
On puttingy =0 and x =0 in Eqg. (i), we get

-4(0)  _3(0)
= Y,
4
1_1 0 _ .0
= -—=-+C [re =e =1]
4 3
1 1
= o’ et S i
4 3
-7
C=— (1
12

get

4 3 12
which is the required particular solution of
given differential equation. (1)



12. Solve the differential equation
(1+x9) gif +y= gt X, All India 2014
X

Given differential equation is
1

(1+x2)g—}—,+yze'a”_ g
dx
On dividing both sides by (1+ x?), we get

i

d}/ 1 etan' X
+ L 2
dx (1+x%) 1+ x
It is a linear differential equation of the form

dy
L g Py
dx+YQ

On comparing, we get

tan_1 X

P= and Q =

1+ x?

[I L 2dx:tan”1 x] (1)
1+ x

Then, required solution is

(y-1IF)=[ @Q-IF)dx+C
N b tan_1x_ tan™" x
yetn x| & ——dx+C
. 1+ x
i 82 tan”~! x
= ye = — o+ C
S 2
=  ye™ X=|4+C L)
_ eZtan”x
where, I= - dx
1+ x
Put tan” ' x =t =>-~1+5 dx =dt
1+ x
=J eZldt



= =S = ="
2 2

On putting the value of I in Eq. (i), we get

1

(1)

2tan " x
_._‘| e
y etan X e + C

which is the required general solution of
given differential equation. (1)

13. Find a particular solution of the differential

equation -31 + 2y tanx =sinx, given that
X
y =0, when x = g Foreign 2014

Given differential equation is

ﬂ+2y tan x = sin x

dx

which is a linear differential equation of the

form @ + Py =Q.
dx



On comparing, we get
P =2 tanxand Q = sinx
I e2jtarax ar .. e2 log|sec x| (1

3 ‘2 =
= l0BseC™ [-mlogn=logn™]

= sec’ x [ e'°8* = x]
The general solution is given by
Y-IF=[QxIFdx+C  ..(0) (1)

= y sec? x = | (sinx- sec’ ) dx + C
2 b 5 1
b ysec” % = | sinx -—=—dx +C
- : COS” X
= y sec’ x = [ tanx sec x dx + C
= y sec’ x = secx + C ... (11)

Also, given thaty — 0, when x = g On putting
T, N
y=0andx = r in Eq. (ii), we get

Oxsec? X =sect +C
3 3

=5 0=24+C =2C=-2 (1)
On putting the value of C in Eq. (i), we get

y sec’ X = sec X — 2
=> y = COSX — 2 cos?® x

which is the required solution of the given
differential equation. (1)

14. Solve the following differential equation

X COS (KJ y y cos[)—!-] +x; x #0.
x ) dx X All India 2014C



Given differential equation is

X cos(}f—)& =y cos(z) + X (1)
x ] dx X
which is a homogeneous differential equation.
: dy V.,
On puttingy =vx = —-=v+x—In
dx dx
Eq. (i), we get

dv
X COSV v+xa~— = VX COSV + X
X

dv _ x(vcosv+1)

= v+ X (1)
dx X COSV
dv vcosv+1
= X s —V
adx COSV
dv  vcosv+1-vcosv
= X — =
dx COSV
= de= L .—.¢u':c:svdv=Ej-"'i (1)
dx cosv X
On integrating both sides, we get
j. cosvdv = %
X
= sinv=logx+C (1
— sin(ZJ:logx+C['.'y=vx:>v:}./.jl
X X

which is the required solution of given
differential equation. (1)

15. If y(x)is a solution of the differential equation

(2_“:_5121] o cosx and y(0) = 1, then find
1+y )dx

the value of y (g) Delhi 2014C



Given differential equation is

2 +sinx ) dy
— | == = — Ccos X
1+y ) dx

1
=5 —dy=- __S?S-de (n
1+y 2 +sinx
Now, on integrating both sides, we get
LIPS W J'_CESX_ ch
‘1+y 2 + sinx
=5 log[1+y|=~log|2 + sinx| +logC
" Teer “
for\j ————— dx,let 2 + sinx =t
2 + sinx
= cosxdx = dt,
COS X
then hx = —~-lo t+C
-[2 + sinx -[ o
i zlong + sinx| + C |

= log(1+y) +log(2 + sinx) =logC

= log(1+y) (2 +sinx) =logC

= 1+y) (2 +sinx)=C (D)

Also, given that at x =0, y(0) =

On putting x=0and y =1in Eq. (i), we get
1+1) 2 +sin0)=C

= C=4 (1)

On putting C = 4in Eq. (i), we get
(1+y)2+sinx) =4

- 4
. 1+y= -
2 +sinx
el = 4. -
2 +sinx
4 -2 —-sIinx
= Y= e
2 +sinx
2 — sinx
= gm0 (1)

2 + sinx



16. Solve the differential equation

dy . J (n)_
X —+y=x-cosx+sinx, giveny | —|=1
dx 2
All india 2014C
Given differential equation is
d .
o i Y = X COSX + sinXx
dx
d Sin X
= o AT COR X o —
gx x - X

[dividing on both sides by x]
which is a linear differential equation.

On comparing with the form jy + Py =Q,

X
we get P:l and Q = cosx + 21X
X X
j1 dx :
F=elfP e x = elo®r =
The general solution is given by
y-IF= | Q xIFdx+C (1)
= yx=.x[cosx+ﬂ)dx+(f
’ X
= yxX = [ (x cosx + sinx) dx + C

=> xy = | xcosxdx+ | sinxdx +C
I i

=5 xy:xjcosxdxh-'f[%(x)jcosxdx]dx

+J5inxdx+C



=> Xy =Xsinx+ cosx — cosx + C
=3 xy=xsinx+C
=

y=sin><+(j-l LD
X

Also, given that at x = g; y =1
On putting x = g and y =1in Eq. (i), we get

1=1+C-g-=>C=0 (1)
n

On putting the value of C in Eqg. (i), we get

y = sinx '
which is the required solution of given
differential equation. (1)

17. Solve the differential equation
c;_y + y cotx = 2 cosx, given that y =0, when
X
T ;
X= > Foreign 2014



Given differential equation is
9’}{ +vy cotx=2 cosx
dx

which is a linear differential equation of the

form

dy
— +Py=0Q
dx 4

Here, P = cotx and Q =2 cosx

(= PJI Pax _ e;’ cot xdx _ elogsinx
= [EF=sinx (1)
The general solution is given by

Y xIF= [IFxQdx+C
- ysinx=.-2 sinx cosx dx + C
" ysinx=:sin2xdx+C
- ysinx=—5’§3ﬁ+c ) ()
Also, given thaty = 0, when x = g

On putting x = 127'— andy =0 in Eq. (i), we get

COs2
Osin—== —=4+(C
4
= C—E%;-TE—-O = C+—=0
: 1
C==— (1)
2
On putting the value of C in Eq. (i), we get
: 2x 1
vV SinX = — CO§ — — —
2 2

= 2ysinx+cos2x+1=0
which is the required solution. (1)



18. Solve the differential equation
(x* = yx?) dy + (y? + x’y?) dx = 0, given that
y=1whenx=1 Foreign-2014

Direction (Q. Nos. 19-22) Solve the following
differential equations.

Given differential equation is
(x> —yxAdy + (y? + xy?) dx =0
On dividing both sides by dx, we get

(x2 —~yx2}gz+(y2 +x2y2) =)
dx
= x2(1r—y)g}i+y2(1+x2)=0
dx
= —x2(1—y}d—y=yz(1+xz)

dx



=5 L _—dy=——dx &)
On integrating both sides, we get

_ o 2
e e

ﬂ;j—i—gd}/-—j—;—zdy=_[ffdx+j1-dx (M

On putting y? =t = 2y dy = dt in first integral,
we get

1
— | —+~-=——+X
2= & Y X
1 - .
— —logly*|+—=——+x+C -
2 y X

[rt=y7
Also, given thaty =1, when x =1
On putting y = 1and x = 1in Eq.(i), we get

1 1~
—logh}l+—=—+1+C
2 du 1 1

=5 —21~wlog|1|_+1:-—1+1+C

= =1 [~ log1=0](1)
On putting the value of C in Eq. (i), we get
llu':)g|yz|+l=—1—i~x+1

2 y X

which is the required solution. (1)

19. ¥
g +y sec x = tanx All India 2012C; Delhi 2008C



Given differential equation is
dy :
—L +ysecx=tanx ...(1)
dx

which is a linear differential equation of firét.
order and is of the form

gZ+Py=Q (i)
dx
On comparing Egs. (i) and (ii), we get
P =sec x and Q =tan x (1)

sec x dx
IE = E‘I - elogl sec x + tan x|

P j secx dx = log| sec x + tanx|]

= IF = sec x + tan x m
The general solution is
yxIF=[Q-IFdx+C

y[secx+tanx)=_[tanx-(secx+tan x) dx

=>y(secx+tanx)=jsecxtanxdx+Itanzxdx |
=y (secx + tanx) = 5ecx+_[(sec2x—1) dx (1)

= y(sec x + tanx) = (sec x + tan x) — x+ C
[-.: j sec’x dx = tan x + C]

On dividing both sides by (sec x + tanx), we

get the required solution as

X C
y=1—— + (1
sec X+ tanx secx + tan x

2dy 2
20. 2x = 2xy +y“ =0 Delhi 2012



Given differential equation is

2x2%{—2xy+y2=0
X

dy 2xy—y’ ;
— L= T BT
dx 2x*
which is a homogeneous differential equation.
On puttingy =vx = @=v+ x& in Eqg. (),
dx dx
we get
1 5
v+xc—hf~=2vx 2vx )
dx 2x
dv 2v—-V?
= V+X—=
dx 2
dv  2v—v?
= = -V
dx 2
dv 2v-v?-2v
= X— =
dx 2
dv  —v?
— X —=—-—
dx 2
=5 2—0‘21 i ldx (n
v X

On integrating both sides, we get

2dv — dx
— +C
=1
= 2[v7dv=—log|x|+C
=
= =7 =—log|x|+C
-1
= ﬁz—log]xHC
\'
o X _log|x|+C
[-.-,,:w:w:z]
X
2=ty - 2x =y(-log| x|+ C)
—2X
=3 Y=
—log| x|+ C

which is the required solution.



d > o I
21, Y o145+ y? +x%y?, given thaty =1,

dx
when x = 0. Delhi 2012
 Given differential equation is
(—iX=1+x2+y2+x2y2 (1
dx
=5 l:{1+x2)+y2(1+x2)
dx
= gﬁ:(nxz)(ny?-)
dx
= dy?_ = (1+ x?) dx (1)
T+y

On integrating both sides, we get

jljy;z = I(1+ x?) dx

= tan“y=x+?+C ()

Also, given thaty =0, when x = 2.
On putting x =0 and y = 1in Eq. (i), we get

tan '11=C
=5 tan '(tann/4)= C [ tan-% = 1]
= C=mx/4 (1)

On putting the value of C in Eq. (i), we get

tan”y=x+?+E

| 4
= y=tan|x+ — + —
3 4
which is the required solution. (1)

22, - 1)d_y =1,y=0, when x=2
dx All India 2012



Given differential equation is

x(x2—1)gX=1
dx
” . O
dx  x(x%-=1)
.z dy: 1

dx x(x=1x+1)
[~ a? — b? =(a - b)(a + b)]

dx
= dy =
x(x=Dkx+1

On integrating both sides, we get
dx
dy = +C
I 4 Ix(x—1)(x+1]

=y y=I1+C ...(1)

where, Izj Bx (1
x(x=1x+1)

Let J =é+ & $ 2

xx-Nkx+1) x x-1 x+1

= 1=AKX-1NKX+1)+Bx(x+1)+Cx(x-1)
On comparing coefficients of x* x and
constant terms from both sides, we get

A+B+C=0 ..(11)
B-C=0 .. (iii)
and -A=1
= A=-1
On putting A = —1in Eq. (ii), we get
B+C=1 <)

Now, on adding Egs. (iii) and (iv), we get

2B="1 =5 le
2

On putting B =-;— in Eq. (iii), we get

loc=0 = s -



2 2
' 1 1
A=-1B=—andC=—,
2 2

1 -1 12 T2
=—+ -

then =
x(x-Dx+1 x x-1 x+1

(1
On integrating both sides w.r.t. x, we get

1 -1
| = dx=\{—d
Ix(x—1)(x+1) X jJ-t X
1 ¢ dx 1 ¢ dx
o e |
27 x-=1 27 x+1

= I=—Iog|x|+%Iog|x-—1]+%log\x+l|

On putting the value of I in Eqg. (i), we get
y:—]og\xl+%loglx-1|+~;—log|x+1|+C
.. (V)

Also, given thaty =0, when x = 2.
On puttingy =0 and x =2 in Eq. (v), we get

0=-—|og2+%log1+%log3+C

1 1
C=log2 - —logl1-—log3
= 8 2 B 5 5
= C=log2 - Iog«.@ [ log1=0]
= C—Iong— (1)
3

On putting the value of C in Eq. (v), we get
y:—Iog|x|+%Iog|x—1|

1 2
+ —log|x+ 1|+ log— (1)
7 g| | NE)

which is the required solution.



23. Solve the following differential equation
d
% + ycotx = 4x cosec x, given thaty =0,

i
when x = 5 Delhi 2012C; Foreign 2011

Given differential equation is

d
l+ycotx:4xcosecx

dx

which is a linear differential equation.
On comparing with general form of linear
differential equation of 1st order

gX+py=Q , we get
dx
P=cotxand Q = 4x cosecx (1)
E = edex _ ejcot X dx
_ elogsinx _ i [ elo8X _ X]
= IF = sin x (1)

Now, solution of linear differential equation
is given by

yxIF=[(@QxIPdx+C
On putting IF = sin x and Q = 4x cosec x, we
-get _ |
y X sinx = | 4x cosec x - sinxdx + C

L

. X 1 ;
= ysinx=|4x-——--sinxdx+C
: sin x

= ysinx=-4xdx+C

=  ysinx=2x*+C ORe)!

Also, given thaty =0, when x = g-

On puttingy =0 and x = g in Eq. (i), we get

2 2
0=3 %2t C = C="2
4 2



2

On putting C = — % in Eq. (i), we get

nZ

y sin x = 2x% —~ —

2
=% y = 2x*cosec x — %— cosecx (1)

which is the required solution.

24. Solve the following differential equation
1+ x%) dy + 2xy dx = cot x dx, wherex # 0.

All India 2012C, 2011

Given differential equation is

(14 x?) dy + 2xy dx = cot x dx Pex Ol
= (1+ x?) dy = (cot x — 2xy) dx
On dividing both sides by 1+ x*, we get
e cotx—Znydx
1+ X
dy 2xy _ cotx

L) ()

= + > = -
dx 1+ x 1+ x

which is a linear differential equation of 1st
order and is of the form

dy .
L & Pyi=
™ +Py=0Q (i)

On comparing Egs. (i) and (ii), we get

p- 2x2 and = cot};
1+ x

T+ X

I—Eﬁ( dx
F=e '*%

5 e|0g|1+x2| sy gl (1)

[forj ¥ dx, put1+ x* =t =:>2xdx=dt]

1+x*



[ gi:log|t|=|og|1+x2|+C J
t

Now, solution of linear differential equation is
given by

yxIF= [ (@Q xIF)dx + C
y (14 x%) = ' COU; x (14 x3) dx + C
" 14X
== y(1+x2)= [ cot xdx +C (1)

y (14 x%) = log| sinx| + C

U

[2 _[ cot x dx = log| sin x| + C]
On dividing both sides by 1+ x*, we get
_log|sin x| i C

T 1+ x°
which is the required solution. (D

25. Find the particular soiution of the
differential equation

(1+e*)dy + (1+y?)e*dx =0, given that y = 1,

when x =0. Foreign 2011; All India 2008C

Given differential equation is
1+ e dy + 1+ y9e'dx =0
Above equation may be written as
dy —e” ;
2 = 2X dx (1
1+y° 1+e€




On integrating both sides, we get

d X
'[1+);2 - _'[ 1 +ee2" o

On putting * =t = e'dx = dt in RHS, we get
1

tan" 'y = = dt
) Y '[1+t2
=3 Man'y=—tan 't +C
= tan"'y = —tan (e + C ...(0)

[t =e"[(1%2)
Now, given thaty =1, when x =0.
On putting above values in Eq. (i), we get
tan'1=— tan (€% + C

= tan™ [tan E) = —fan  1+C I el = 1

- L. [tan EJ +C
4 4
=3 LI Y
4 4
= c=L+T o G
4 4

On putting C = g— in Eq. (i), we get

_ _ n
tan”'y = — tan 1ex+-5

_T'E =1 x-.] -1 . x
= y=tan E—tan (e | = cot [tan™ (e")]

- -

[ (1 " _ 1
= cot| cot 1(——) stan” 'x=cot™ '~
e* X

- =

= y=—
eX

which is the required solution. (1%)



26. Solve the following differential equation

d 1 :
(1 + x?) d—y + 2xy = — 5, given that y =0,

X 1+x
when x =1 Foreign 2011
Given differential equation is
(1+x2)$+2xy= ]
dx 14 X2

On dividing both sides by.(1+ x%), we get
dy  2xy 1
dx 1+x* 1+
which is a linear differential equation of the
form

srll]

%+Py=Q i



On comparing Egs. (i) and (ii), we get
2X 1

H= and Q = (1)
1EX° {4 2%
ziz' dx 2
IF= e 1+ x e elog|1+x | (1)
=  IF=1+x [ /98 = x]

— —

'[ zxzdx,put1+x2+t:>2xdx=dt
T+ x

5 %E:Ioghﬁzlogh4—xﬂ

L Fal

Now, solution of linear equation is given by

yxIF=[(QxIF)dx+C ...(iii)
1 2
1+ x%) = x (14 x2) dx + C
Y J(T“' x2)2
1
— (1+ x?) = dx +C
: I1+ x?
= y (1+ x)=tan"'x+C . (iv) (1)

{j ] 3 dx:tan1x+C:l
1+ x

Also, given thaty =0, when x =1
On puttingy =0 and x =1in Eq. (iv), we get

O0=tan "1+ C
=5 0=tan" (tan E) +C [ 1= tan E]
4 4
=5 p=fisg = =2
4 4

On putting C = ? in Eq. (iv), we get

y{1+x2)=tan'1x—%

- tan'x W
1+x2 40+x9)
which is the required solution.

(1)

=




2. Solve the following differential equation

I
Xdy — ydx =/x"+ y“dx. All India 2011
Given differential equation is

xdy — ydx = x> + y*dx

=  (y++x> +y?)dx=xdy
dy _y+y 4y’ o

ﬁ “es

dx X

which is a homogeneous differential equation
because each term have same degree.

On putting y=vx = %=v+xﬁ (1)
dx dx

in Eq. (i), we get

dv v+ X2 +vX° vx+ xqf1+ Vv
+ K= =
X X

dx

=5 v+xg£=v+\/1+v2

X

= >«19{1=1/1~1-v2 = dv =%
dx JI1+v: X

On integrating both sides, we get

dv. _ pdx
I 1+v2_'[x

=  log|v+41+Vv|=log|x| +C

l*.*.":g\/%?= log | x + +/x* + a°|

andj@=|og|x|+c] (1
X

5 [’.*y=vx1
= Iog‘z+1f1+z-,;—izlog|x|+C v

14




[o2 i
= loger e !—Iog|x|:C
o
yHyx +y
X
= log =C
X

m
[ logm —log n=log [w)
n

v +4x2 +y? o€ |: if logy = x, |

' theny = e*

= y+x2+y? =x2. €

sy +Ax+y? = AX? [where, A = €% 1(1)

which is the required solution.

28. Solve the following differential equation -

(y + 3x2) @ =X All India 2011

dy
Given differential equation is

(y+3x2}l?#x = ¥=Z+3x
y X X

5 LY g N1 4 )

dx x



which is a linear differential equation of the
form

g”’y:Q (i)
dx
On comparing Eqs. (i) and (ii), we get
P=:—1andQ=3x (1)
X

1
——dx 1
IF = e.[ X — e—logixi - elogx el
1

=% IF=x"=
¥

Now, solution of linear differential equation is
given by
yx IF=[(@Qx IAdx+C

yx—= [ 3xx L dx )
X X
=5 X=j3dx - Yo+
X X
=5 y =3x* + Cx
which is the required solution. (1)

29. Solve the following differential equation
xdy —{y +2x%) dx =0, All india 2011



Given differential equation is
xdy — (y +2x) dx=0

2
- gg=y+2x
dx X
= 9y’ ¥ - a5 (i) ()
dx x

which is a linear differential equation of the
form

dy

— +Py= wislll
g Q (i)

On comparing Egs. (i) and (ii), we get
P=jandQ=2x (1)

X
1
—- ax

lF=eI-" e 1

X

Now, solution of linear differential equation is
given by

yxIF=[@xIPdx+C

L .(2x><—1~)dx+C
X X
=5 P8 2+ C = L=2x+C
X X
- y =2x% + Cx
which is the required solution. (1)

30. Solve the following differential equation
xdy +(y - x°)dx=0. - All India 2011



Given differential equation is
xdy +(y—x)dx=0

= dy:f'—y
dx X
Ay 2 Y
= dx_x X
dy .Y _ 2 )@
dx X

which is a linear differential equation of the
form

dy .
“7 4 Py= ...(11)
il Q |
On comparing Egs. (i) and (ii), we get
leandQ=:»<2 (1)
X
;
dx
IF=e x =e%8M=x (1)

Solution of linear differential equation is given
by .
yxIF=] (QxIF)dx+C

YR X [ x2 x xdx+C

= yx = [ Xdx + C
5 X C
X
=——+C= y=—+—
- = YmE T
which is the required solution. (1

31. Solve the following differential equation
e’ tany dx + (1 - e*)sec’y dy =0. pelhi 2011



Given differential equation is
e*tany dx + (1— €% sec’y dy =0

X

e sec’y

dx =

d (1
e’ —1 tany 4

=

On integrating both sides, we get

e ¢ secly
J‘ex_1dx_j tanydy

On puttinge* —1=tand tany = z
— e*dx=dt and sec’y dy =dz
dt
[== = (1)
t Z

= Iog|tl=|og|z|+logC_['.‘jldx=|og|x|]
X

= log|e* ~1=log|tany|+logC
= log|e* -1]=log|C -tany]|

[ log m+log n =log mn]

— e*-1=C tany (1)

= tan . jal. =y =tan g 1
TR C

which is the required solution. (1)

32. Solve the following differential equation

(1+ y?) (1 + logx) dx + xdy = 0. Delhi 2011



Given differential equation is
(1+y) (1+logx) dx+xdy=0

1+ log x —dy

= dx = : (1
X 14y
On integrating both sides, we get
J-1+|0gxd - dy2
X “1+y
o (Lo B[ Y an
X X “"1+y
2
=% Iog|x|+“0gx) +C=—tan'y

— -

forj logxdx=>putl0gx:t=>ldx==dt

X X
2 2
.°,Jtdt=-t—+C= (log X +C
: 2 2 A
2
= tan'y= —{Iog|x| + {Iogzx) +C]
(log x)°
— y = tan| - log| x| - = -C
which is the required solution. (1%)

33. Solve the following differential equation

‘:xsin‘?({—] - y} dx + xdy = 0. Delhi 2011C



Given differential equation is

[x sinz(z] - y] dx+xdy=0
X

which is a homogeneous differential equation.
This equation can be written as

[x sinz(z) - y] dx = — x dy
X

y — x sin’ y]

dy X :

= = .. (1)
dx X

On putting y =vx = g=v+xg\—{ in

dx dx

Eq. (i), we get (1
. 2l VX
vX — xsin“| —

dv (X] .3
V+X— = =v—sin“v

dx X



dv

= X—=—sin’v
dx
dv dx
= T X = e (1
sin‘ v X
On integrating both sides, we get
j dv. _ pdx
sin® v X

n dx 1 2
=¥ J'cosecvd\/:—'[_ L ——— = COSeC’v
X[ sin“v
= —cotv=—logx+C

[ j cosec’v dv = — cotv + C] (1)

= = cot '(log x — C) (1)

= y=x-cot (logx-C)
which is the required solution.

34. Solve the following differential equation

d
x-5§+ y=x+xycotx=0,x#0. Delhi2011C



Given differential equation is

x@+y—x+xycotx=0,xi0
dx
Above equation can be written as
xd—y+y{1+ Xcotx) =X
dx

On dividing both sides by x, we get
dy (1 + X cot x )
e A Mt iR S

—

ax X y
3\

— fj—y+y(1+c0tx 2] (1) (1)
dx X )

which is a linear differential equation of the
form

%+PV:Q ... (i)

On comparing Eqgs. (i) and (ii), we get

P=l+c0txandQ=1
X

A1
-+cotx|d
IF:EJ-PdX=eJ[X = x] x= eloglx[+logsinx

|: Ildx= log | x| and _[ cotx dx = log|sin x|:|
X



log|x sin x|

=e
[ log m + log n = log mn]
= IF = x sin x (1/2)
yxIF=[(@QxIF)dx+C (1/2)

yxxsinx=_[1><xsinxdx+C

= yxsmx~_[xsmxdx +C

— yxsinx=xjsinxdx

I( (x) - _[smxdx)dx+C

[using integration by parts injx sin x dx]
:yxsinxz—xcosx—I1(— cos x) dx + C (1)
=3 'yxsinx:—xcosx+jcosxdx+(:

= yxsinx=-—xcosx+sinx+C
On dividing both sides by x sin x, we get
—xcosx+sinx+C

y:

X sin x
1 C
— y=-—cotXx+—+ —
X Xsinx
which is the required solution. (1)

35. Show that the following differential equation
is homogeneous and then solve it.

ydx+x|og[ ]dy 2xdy =0
HOTS; All India 2011C



. ? Let the value of? be f(x, y). Now, put x= Ax
. X :

and y=ly and  verify  whether
f(Ax,Ay) = A'f(x, y)ne Z. If above equation is |
satisfied, then given equation is said to be
homogeneous equation. Then, we use the
substltutmn y=uwto solve the equation.

Given differential equation is
f
y dx + x log ]dy 2xdy =0

=% ydx = 2x—x|og( ]]

dy

B 2x—x|og(—)

Now, let f(x,y) =
2x—xlog( )

On replace x by Ax and y by Ay both sides, we
get

(i) (1/2)

>

FOux, Ay) = A =
2ix — Ax log (ly
X )
A |:2x - xlog (VJ
X
=  fOx Ay) = A0 —nY = 1%(x, y)

2x - xlog (y)
X

So, given differential equation is
homogeneous. (1/2)

dv dv



On puttin =V = L =V+X—
P B ¥ dx dx

in Eq. (1), we get

v VX v
YR (w) 2-logv
. 2x—x|0g(-----] &
X
dv v v—2v+viogv
= X—=— — V=
dx 2-logv 2 -logv
dv  —-v+vlogv
= X-—=
dx 2 —logv
. E_ZJEB_V__dV:FE 1
viogv —v X

On integrating both sides, we get
J‘__Z,:l(ﬁ_"_dv— dx

vilogv —-1) X

On putting  logv=t = —1dv:dt
v

Then, Jgt;:dt=10g|x|+c

1
= e =1]dt =log| x|+ C (1
[ )or-tonie »
t—1)2 -t -1
1-t
- +
L
and use‘[ (E + Q) dt
S D it
— log |t -1 -t=log|x|+C

= logllogv—-1-logv=Ilog|x|+C



—1
= log logv

‘zlogix|+C

[ o, [’:’—?ﬂ

logv—1
= Iog%ﬂgv \—

log | x| =

logv — 1'
= log Sl

VX

y
MWl ['.'y:vx:>v_§{:|
Y _

which is the required solution. (1)

36. Solve the following differential equation
(xcos—y- + ysinz]y = (ysinZ — X COS X]x 4 =,
X X X X) dx
All India 2010C



? Firstly, convert the given differential equation
* in homogeneous and then put y=uvx.

—_— .(.j‘_).).zu-k x.d_U
dx dx

Further, separate the variables and integrate it.
Given differential equation is

( y | y)
XCOS=+ysin= |-y
X X

-—(ysinz—xcosx)-xg)ﬁz
X X dx

which is a homogeneous differential equation.
It can be written as

(xcosyakysinz)-y

X X
= ysin}f—x cosy]-x%
. X X dx
X COS (y] +y sin (y)jl Y
dy X X ;
= . =L S — (D)
X (ysinyfxcm) - X
X X
On putting y = VX
= (—szv+ xd—‘-f- in Eq. (i), we get (1)
dx dx

dv  (xcosv + vxsiny) - vx
Vi K — el

dx  (vxsinv — x cosv) - X

dv  vcosv+vZsiny
— e B e 8 e

d vVSinv — COSV

dv  vcosv+visiny
=5 X— = .y

dx VSinv — Cos v

N xdv_vcosv+ v?sinv — v sinv+ v cosv

dx vV Sinv — cosv



(1)

dv 2V COSV
= X o -
dx vsinv—cosv

VSinv — COSV dx
dv=2-—
vV COSV X

On integrating both sides, we get
_[ Vsinv — cosv

dv=2'[g)E

vV COSsV X

. j(vsinv_ Cosv)dv=2j§
X

VCOSY VCOSV

= J(tanv-2)dv=2 [

= log|secv|—log|v|=2log|x|+C (1)
{'.'Itanvdv=log| sec V| andj1dx=log|x|:|
X

= log|secv|—log|v|-2log|x|=C
= log|secv|—[log|v|+log|x|*=C

[ logm" = nlogm]
= log|secv| - Iog’vx2!=C

[-logm + log n = log mn]

N | seczv _C
VX
m
{ log m — log n=log (—-)
n
sec?. vy = VX|
= log A=
Y, 2 nv=Y
” x|
sec ”
= log Xl=(C
Xy

whirh ic tha reciiired caliitinn (1)



L e L e e B L L B B Ay

37. Solve the following differential equation

- xy log (K] dx + [},2 - x*log (’VH dy =0.
X X/]  Delhi 2010C

Given differential equation is

xy log [g) dx + [y?‘ - x*log [i)] dy=0

which is a homogeneous differential
equation. This equation can be written as

xy log (E) dx = [xz log (%) = yz] dy

%

| y
. )

B dx (i)
A Xz log (Y) N )/2
X
Now, put y=wvwx = i)i:v-i-x@ (1)
dx dx
in Eq- (i), we get
2 VX
vx” log| =~
L ( X ) Vv log \V
VAX—= : 2
dx 2 log (V") _ 2 logv—v
X

dv viogv
= N = _

dx—logv—'\/2

dv vlogv-vlogv+Vv v
= X—=n~ - = :
dx logv —v logv —v
2
logv —v dv=gm§ )
Vv X

On integrating both sides, we get
2
_[ logv —v i dx

v X

rlogv . i e cx



=5 J dv—J dv—J""

V X

:>I 3I0gvdv—|og|v| log | x |+C

Using integration by parts, we get
log v J vidv — I [% (log v) - j v‘3dv] dv

=log|v|+log|x|+C
v? 1 v=
:>—Iogv—J——-dv=log|v|+fog|x| +C
v (=2)

= —1|0gv+1jv"3dv=log|v|+ log| x|+ C
2v?

—2

~1 1 v
= —Iogv —-——=log|v|+log| x|+ C
- T g|v|+log|x|
n+1
'.'Ix”dx= +C
n+1
-1 1
= wlogv———log|vx|+C (1
v’ 4v°

[ log m + log n = log mn]



X
[ )/=VX5V:Z:,
X
2 2
—X y X
= —~|og(—)—————=lo +C
27 ) % 8ly|
i
= — LW =log|y|+C
y2 . 4
I !

2

= %[Zlog X)H]Hogly]:—c
4y

A
= x° [2 log (y + 1] + 4y*log|y| = 4y*k
X

[where,k=-C] (1)
which is the required solution.
38. Solve the following differential equation

(x% + 1) -g}f +2xy =2 + 4. AllIndia 2010, 2008
X



Given differential equation is
(x? +1)-3Z+2xy= VX2 + 4
X

On dividing both sides by (x* + 1), we get

9}/_4_ 2xy __«./x2+4 )

dx x2+1  x2+1
which is a linear differential equation of the
form %+Py=Q vaski{)
dx

On comparing Eqs. (i) and (ii), we get

[.2
P 2% sl X“+ 4

X2 +1 X2 +1

_2x

X
Fz=e ¥4+ = glogh?+1]

= IF=x?+1 [ '8 = x] (1)

2

[I X dx=putx’ +1=t = 2xdx =dt
X +1

J‘%: log |t|=log|x? +1|]

Now, solution of this equation is given by
yxIF=[@QxIPdx+C (1

{2
y(x2+'l)=j(x2v+1)' . +4dx_ (1

x2+1




= v +1) = [ {x* + 4dx

= y (7 +1) = [ Yx? + @)% dx

Now, we know that

I x2+a2dx=§\fx2+a2

+a;-log[x+m|+c

% y(x2+1)=2ix/x—2§
+§|og|x+M|+c

:>y(x2+1):§m
+210g|x+ﬁ|+C

which is the required solution. (1N
39. Solve the following differential equation

(x3+x2+x+1) E)‘—y-=2x2+x.
dx HOTS; All India 2010



Ey ) Flrstly, divide gwen equatlon by C+xP 4 x+ 1
5 * then it becomes a variable separable type
| differential equation and then solveit.

Given differential equation is

(x> + x +x+1)gz=2x2+x
dx
dy = 2x*+x

=

X X+ X+ x+1

It is a variable separable type differential
equation.

2x% + x
dy = dx
CAHEx x4t

On integrating both sides, we get

2x% + x
jdy jx3+>< +x+1dx

" “,f 2x% + x &
X {x+1 )+ 1(x+1)

dx

_J- 2x% + X
(x+1) (x* +1)

y = D) (1)
where, !=_[ 2x° +2x dx
(x+1)(x* +1)
Using partial fractions, we get
2x% + X A Bx +C

= .- (i)
xX+1)(x2+1) x+1 X% 41

2x2 4+ x AP+ +Bx+ O (x+1)
(x+1) (x*+1) x+1)(x*+1)

=

= 2x2+x = A +1) + (BXx+C) (x+1)
Now, comparing coefficients of x° x and

SPRIPNE “PRPRIIEY [t SODRURIG Ao ey Y ﬂ:rlﬂr' varm ot



CONSAnt erimn ror putll Siues, we gol

A+B=2 (1)

B+C=1 ...(iv)

and A+C=0 ..(v)
On subtracting Eq. (iv) from Eq. (i), we get

A-C=1 .. (Vi)

On adding Egs. (v) and (vi), we get

2A=1 = A=-1—
2

On putting A = % in Eq. (iii), we get

l+Bﬁ2 =5 B=2~—l=E
2 2 2

On putting B = % in Eq. (iv), we get

E+Cz1 = C=1—§—
2 2
1

= NN
2

On substituting the values of A, Band C in
Eqg. (ii), we get

(1)

3 1

2x% + x V2 +2 2
X+ x2+1) x+1  x2+1

On integrating both sides, we get
_J 2x% + x el 1¢ dx

x+1x*+1) 2 x<41

3 X 1 dx
+ = dx — —
zjx2+1 2Ix2+1

= !=§—Iog|x+1|+%log|x2+l|

—%tan_l x+C (1)

j 2x dx:~putx2+1=t-_"> 2x dx = dt
x“+1



A=

=>de-— then J

1edt 1 -
N LA t:—lo X +1+C
et U g| |

xa+1

On putting above value of I in Eq. (i), we get
1 3 2
=—log|x+ 1+ —log|x” +1
y=>loglx+1+- gl |
—ltan‘1x+C
2

which is the required solution. (1)

40. Solve the followmg differential equation

d
V14X +y Yy +xya-}i=0. All India 2010
X

Given differential equation is

\/1+x2+y2+x2y2 +xy-q~)i=0
dx

= \/(1+x2)+y2(1+x2}— xy(;—y
X
- Jieda+y) =—xy ¥
dx
= \/1+x \/1+y =—xy—

ya- s 1,‘1+x dx (1)

J1+y° s

On integrating both sides, we get

o

2
O - - 3 2 _ 2
n putting 1+y“ =tand1+x" =u

—

X dx
X

= 2ydy =dtand 2xdx =2udu
=4 ydy—g—andxdx udu (D
1
— -u du
'[ J-u -—1

1

= U
g 1!2dt




2J Jué__-l
12 e
— _..l_.t_:_-. w_jijldu (1)
21/2 ™ —1
2
U =1 1
= V2 - _ |4 du — du
- 1
= 1+y? =~ |du- | =——du
[“1+y2=t]
= 1/1+y =—u-—log +C
2 u+l
dx 1 -a
=—lo +C
[ "-xz-—a2 2a_gx+a }
‘] _—
1+y% = 1/1+x-——|og|”J +x° Vi
I\/1+x +1
which is the required solution. (1)

41. Find the particular solution of the diferential

equation satisfying the given

x’dy + (xy + y?) dx = 0, when y(1) =

Given differential equation is

condition
1.
Delhi 2010

x2dy + (xy + y) dx =0

Since, degree of each term is same, so the
above equation is a homogeneous equation.
This equation can be written as

(1

x%dy = — (xy + y*) dx
2
N dy _ —&y+y9)
dx X
On putting y = vx
dy dv
= L =v+X—
dx dx
in Eq (i), we get
dv = wvx?+v?)
VA X— =

e

-(v+v2)



— X—==V—V —V
dx
==p xg-\i:-—-v:g——Zv
dx
o |2 dv ___—dx (1)

vi42v X

On integrating both sides, we get

J' dv o dx
vZ +2v 4
- J‘ dv a dx
vi+2v+1-1 X
= J‘ dv = dx
(v +1)% — (1)° X
- l \V-H 1l——l«c>g|x|-+—C
|v +1+1|
dx 1 Ix— |
=—|lo + C
sz—az 2a g[:~<+a| jl
=% Iog‘ |-— log | x| +C
v +2|
1 )_/ Y = VX
= —logi—%X—=-log|x|+C | vy
2 V+2 ..V:';
X
1 y | G
=  —| = — | +C
5 0g 2] og | x| (i)

Also, given that y =0 atx=1ly=1
On putting x =y =1in Eq. (ii), we get

Iogi————l--log1+C
|1+ 2|



%:—IogHC

1 1
C=—log— [log1=0] (1)
- 2 g3 .

On putting the value of C in Eq. (ii), we get

1 |y] I
—lo =—log|x|+ =log—
2 Bly ¥ 2x Blx|+ 5085
1
= Iogl Y i=—2log|x1+|0g—
ly + 2x] 3
1
= log —— =logx2 + log —
y+2x 3
[ nlogm=logm"]
y 1 1
lo =log — + log—
- gy+2>< gxz 3

[-logm + log n =log mn]

y 1
~* )/-I-Z)r(_3::(2
= y-3xt =y +2x
= y(1 - 3x%) = — 2x

o 2x
y-_33(2—1

which is the required particular solution. (1)

42. Find the particular solution of the differential
equation satisfying the given condition
dy

v y tan x, given that y = 1, when x = ¢
X

Delhi 2010



Given differential equation is

dy
kil M= T |
dx 4
. dy
It can be written as —— = tan x dx (1
¥

On integrating both sides, we get
J G = j tan x dx
Y

= log|y|=log|secx|+C L) (D

[':Jldyz log || andjtanxdx= log | secx|}
Y

Also, given thaty =1, when x=0.

On putting x =0 and y =1in Eq.(i), we get
log 1=log (sec0°) + C

= 0=log1+C [.sec0°=1](1)

=5 L= [-log1=0]
On putting C =0 in Eq. (i), we get the required
particular solution as

log |y| = log | sec x|
y = sec X (1)
which is the required solution.

43. Solve the following differential equation

cos2x 2 4 y = tan x
dx

All India 2009; Delhi 2008, 2011, 2008C
Given differential equation is

cosszﬂ/:tanx
dx
On dividing both sides by cos” x, we get
dy L,y _ fanx

dx cos’x cosix
dV 92 9



= —L 4+ y-sec’ x =tan x - secx (1)

dx
1 2
v ——— = sec’x
COS~ X

which is the linear differential equation of the
form

-(;'—ZA-P)/:Q (i)

On comparing Eqs. (i) and (ii), we get
P = sec’xand Q = tan x - sec’x (1)
IE = EJ sec’x dx _ ptanx

P J sec’x dx = tan x + C] (1)

Now, solution of linear differential equation is
given by
y X Isz(Q X IPdx+C

y x e = I tanx - sec’x - " * dx ...(iii)
On putting tan x =t
=  sec’xdx=dt in Eq. (iii), we get

yetanx -+ E?II dt (1)

= ye" =t | e'dt- j{% (t) j e‘dt] dt

[using integration by parts in _[ te'dt]

= ye™""  =te' - J'T x e'dt
= ye " =te'-e' +C

ye® X = tanx - € — ™ 4 C [+ tan x =]
On dividing both sides by e™"*, we get

vy =tan x — 1+ Ce™ "

which is the required solution. (1



44. Solve the following differential equation

sec x %’f —y=sinx All India 2009C
X
Given differential equation is
dy .
secx — —y = sin X
dx

On dividing both sides by sec x, we get
dy y _sinx

dx secx secx

= gx—ycosx:sinxcosx b}
dx
which is a linear differential equation of the
form gX+Py=Q ... (i)
dx
On comparing Eqgs. (i) and (ii), we get
P = — cos x and Q = sin x cos x (1

IF = e‘[— cos x dx _ e—sinx
[ _[ cos xdx = sin x + C] (1)

Now, solution of above equation is given by
ny:ﬁqumm+c

~- sinx

ye =Isinxcosxe‘5'"" dx

On putting sinx=t =  cosxdx=dt

ye ™ SinX = Eﬁ'tdt (1

=  ye "= IJ e”'dt - | [% o | e_tdt] dt

[using integration by parts]
= ye i = _ et - J1>< (—e Hdt

=—te '+ j e 'dt
= ye =_tel—e'+C
== ye ™ =—sinxe "M - e """+ C
[ sinx =t]
y=—sinx—1+C e’ (1)

which is the required solution.



45, Solve the following differential equation
(xlogx) _‘jy +y=2logx Delhi 2009, 2009C
Given differexntial equation is
(xlogx)ﬁ+y=2 log x
dx

On dividing both sides by x log x, we get

_ S . )
dx xlogx x

which is a linear differential equation of the
form

%; +Py=Q (i)
On comparing Egs. (i) and (ii), we get
P e il ()= (1)
x log x X
(F = ej 'xl_clag"x' o108 l0gx
= log x [ e8X = x] (1)

[I 1 dx-:bputlogx=t:>ldx=dt
x log x X

_[ 1 dx=j%=log\t{=log|logx|:‘

xlog x

Now, solution of above equation is given by
yxIF=[(QxIPdx+C

yxiogxzjglogxdx (1)
| X

= ylogx=|ogx'[%dx

j{ (log %) —-dx]d



[using integration by parts]
— ylogx=logx-2logx—I%Qlogxdx

[‘.'jldx=log|x|+C]
X

=2 v log x = 2 (log X? _zjlqu
= ylogx=2{|ogx)2-2(lOEX) +C
[inj'loﬁdx,. putlogx=t_—_>ldx=dt
X X
2 2
.'.J'tdt:t——=(iog>d +C
2 2

y =2 (logx) — (logx) + n
log x

[dividing both sides by log x] (1)
which is the required solution.

46. Solve the following differential equation
’ |
xl =y —x tan [_y_ ] All India 2009
dx X

Given differential equation is

xg}f—zy—xtan(z)
dx X

Y
y — x tan [—)
ay X ()

= =
dx X




which is a homogeneous differential equation.
On putting  y=wx

— — =Vv+X— (1)

in Eq. (i), we get
dv_vx-xtanv

vV + X = =v —tanv
dx X
=3 de = - tanv
dx
Vv dx
sy i = - — (1)
tanv X

— cotvdv=— ?ﬁ [ ——1—— —- cotv] (1)
X fanv

On integrating both sides, we get

Jcotvd\/:— o
X
= log|sinv|=—log|x|+C

[°.'jcotvdv=log|sinv\+C]
= log|sinv|+log|x|=C
= log|x sinv|=C
[+ log m + log n=log mn|

!og‘xsinxl—c ['.'sz](l)
X

| X

which is the required solution.

47. Solve the following differential equation

1+ x%) g}’ +y= tan™ x. Delhi 2009
X



The given differential equation is
(1+x2)gX+y=ian"1x
dx
On dividing both sides by (1+ x?), we get
dy . v _ tan”' x

= ...(1)
dx 1+x%2 1+ x?

which is a linear differential equation of the
form

%+PV=Q -..(ii)
dx
On comparing Egs. (i) and (ii), we get
~1
p=—'_andQ="2F (1)
1+ x 14+ x
1
L dx
IF = e'[1+;\<2 = etan"x

[J‘ : 5 dxztan1x+C] (1)
T+ x



Now, solution of above equation is given by
yxIF=[(QxIPdx+C

v x el zj_tﬁ_'l__z’i I N (1)
1+ x
On putting tan™' x =t
L g m
1+ x ‘

in Eq. (ii1), we get

e
yetan X _ t er df
il

= ye“*“_1 %k j e'dt - J {9- (t) j eidt] dt

clt
| [using integration by parts]
=  ye™ *=te' - J1>< e'dt

= ye™ *=te'-e' +C

1 I -
X_ etdl't X % (_

= ye™ Y=tan'x- e
On dividing both sides by glan” ¥, we get
y=tan"'x -1+ Ce” tan™ ! x (1)

which is the required solution.

48. Solve the foliowing differential equation

d_y + y =C0S5 X —Sin X. Delhi 2009

dx



Given differential equation is
dy L :
-—+y=C0SX—SInX (1)
dx

which is a linear differential equation of the
form
. dy

L 4 Py = (i
v y=Q (i)

On comparing Egs. (i) and (ii), we get
P=1andQ =cosx—-sinx (1)
I ol PP f (1)

Now, solution of above equation is given by
yxIF=[@Q xIpdx+C

ye' = | e*(cos x — sin x) dx

= ye' = .ex'cosxdx—je" sin x dx
o
e ye* = [cos X J e’dx
d
~ | {~—(cos x) | e’dx} dx
[ {fpomn fefo
- _[ e’ sin x dx

[applying integration by parts in the first
integral]

= ye* =[e”* cos x —I—sinx-e"dx]
—J-e“’ sin x dx (1)
— ye":e"costr_[ e* sinx dx |
~'[e*sinxdx+(j

= ye*=e"cosx+C

On dividing both sides by e*, we get

y = cos x + Ce™"

which is the required solution. (1)



49. Solve the following differential equation

3_)/ +2y tan x =sin x. All India 2008

X

Given differential equation is
--d—y+2ytanx:sinx ...(1)
dx

which is a linear differential equation of the
form

Y 4py=Q (i)
dx
On comparing Eqgs. (i) and (ii), we get
P =2 tan xand Q = sin x (1)
IF = o J2tanxdx_ 2log] secx|
— elogsec)‘x — Secli' X (1)

Now, solution of above equation is given by

yxIF=[(@QxIF)dx+C
y sec? x = | sinx - sec? x dx
=  ysecix= [t dx (1)

4 cos? x

=  ysec”x=|secxtan xdx

Sin X sin x 1
e : = tan x sec x
Cos“x COSX COSX
2
=9 ysec”x=secx+C
['.'_[secxtanxdx: sec x + C]
1 C
+ .
seCX sec” X

= y = cos x + C cos” x (1)
which is the required solution.
50. Solve the foliowing differential equation

x? 31 = y? + 2xy. All India 2008
X



Given differential equation is
Py

dx

which is a homogeneous differential equation

as degree of each term is same in the
equation.

= y2 + 2Xxy

Above equation can be written as

dy y*+2xy .
A ..(1)
dx X

On putting y = VX
dy “dv

= — =V+X— (D
dx dx

in Eq. (i), we get
dv vix? +2wx?

V+X— = 5 =yvZ +2v
dx X
dv .
= v+x——=v‘z+2v
X
v : v
- x—~=v2+2v—v =3 x—=v2+v
X dx
dv clx
= s i (1)
vo+V X

On integrating both sudes we get

J =]

v2 +v
" J- dv _ @
1 X

VEdrv4 e —

j dv B %
(3)-6)
v+ —| —

2 2
1 1
Vot — —
= 1h:)g--—z1 21 log| x|+ C
25 L SO .
2 | 2 2!

[--f dx = ] |OE!x#aH (M




lv
— lo | . ——] =ik
v+ 1) x|
[ log m — log n=log [E]jl
n
|
Y y = VX
=5 log |—2%~—{=C v
y v=-
L)z N
()
|
= log —--—y———z =il (D
[xy + x°]

which is the required solution.

51. Solve the following differential equation
(x? — y%) dx + 2xy dy =0, given thaty = 1, |
when x = 1. Delhi 2008

Given differential equation is

(x? —y?) dx +2xydy =0

which is a homogeneous differential equation
as degree of each term is same.

Above equation can be written as

S
(x? —yHdx=-2xydy = L A ks ()
dx 2Xy
On putting y =vx = E-i~}1=w,/4—><d—v- (1)
dx dx
in Eqg. (1), we get
‘ dv v&E-x? vi-i
V+X—= - =
dx 2vx2 2v
dv  vi-1
— = —v
dx 2v



- 5% SO — S (1)

2v 2v
2v dx
= = — —
ve+1 X

On integrating both sides, we get
= b, 7 I =

On puttingv? +1=t = 2vdv =dt
J'%E:—-»log|x1+(;

=% log|t|=—log|x|+C

= log|v? +1|+log|x|=C [-t=v’+1]
2

= Iog\y—2+1|+log|x‘|:C .. (i)
X

['.'sz](l)
X
Also, given thaty =1, when x = 1.

On putting x =1and y =1in Eq. (i), we get
log2 +log1=C = C=log2 [.-logl1=0]

On puttingC log 2 in Eq. (ii), we get

y*
x*

} 2 +y2 )|
— Iog\x(v—i——}lzlog2
X

[ log m + log n = log mn]

log {+!ogx—log2

¥y it
=5 iog}x +y‘=|og2:>x2+y2=2x (1)

|

which is the required solution.



52. Solve the following differential equation

dy x(2y ) ify=1 whenx=1
dx  xQy + X' Delhi 2008

Given differential equation is
dy _xQy-x =>9’z_ 2xy — x*

dx  x(2y + x) dx  2xy + x* -l

which is a homogeneous differential equation

because each term of numerator and

denominator have same degree.

On putting y=vx = @=v+xgz (§))
dx dx

in Eq. (i), we get

dv_ 2w’ —x?  2v -1

V4+X—= : -
dx 2vx’+x2 2v+1
dv_2v-1
V+ X
dx 2v+1
dv 2v—1
=3 -
dx 2v + 1
dv By P g
=
dx 2v +1
§v+1 dv=—d—x
2vi —v+1 X

On integrating both sides, we get
2v +1 dx
| ————dv=—[=
2v

: v+ X
= I=—log|x|+C .. (i)
where, [= __I;!_v+1 dv |
2vi —v+1

Let 2v+1:A-g—(2v2—v+1)+B
dv

= 2v+1=A(4v—-1)+B .. (1)
On comparing coefficients of v and constants

from both sides, we get
4A=2



= A=E'and ~A+B=1

= —l+B=1 = B=-—3-
2 - 2

On putting A =% and Bz% in Eq. (iii), we

get

2v+1=-1-(4v—1)+-3— (1)
2 2

On integrating both sides, we get
= I 2v+1 il

2vi —v+1
-1—(4v-—1)+73’—-
::},:-[2 3 2dv
2ve = v+1
‘I —
:>I=—I 24v 1 dv+—%j Zdv
2°2ve —v+1 2°2v" —v+1
:I=l|0g|2v2—v+1|+i_|. idi :
2 hrgE Y.
) 2 2
J jv—‘! dv = put2v? —v+1=t
2" —¥ 4]

thenj%=log|t|=Iog|2v2—v+1|

-

=5 l=%log|2v2—v+1|

= (4v - 1) dv =dt

3 dv
Ll R J S .
2 2 16
dv




=—log|2vZ —v+1+ > J-

)

=5 I=~21~|og|2v2—v+1|+—3~tan"'(4l_—1)

NG

On putting the value of I in Eq. (ii), we get

21 log | 2v? —v +1| + Lf tan“(4v - 1)

N
=—log| x|+ C (1/2)

43_1

e g ‘ 1l+-——tan X
% V7

i

=—log| x|+ C [ putv =~

[7 \

1 2y2 y \ 3 _1(4)/—)(
+1+—-—ta —=

08 X l N7 X))

~log| x| +C i)

Also, given thaty =1, when x =1
On putting x =1and y = 1in Eq. (iv), we get

347 _1[3

1
—log|2|+ — tan ——,—)= log1+C

1 4 mn"(n—g.’—_-\ =CI.log1=0]

—



— LA - T

T \W7)

r -

On putting the value of C in Eq. (iv), we get

()

X

2 [r—
llog [Zy Xy + X ] 347 fan
. 2
347

1
=—log| x| +—=lo 2+—~—-—tan_1f_
g| x| 5 108 = ( ]

3

V7

2v2 — xy + x* s
= Iog( Y ) + log x — log ()"

X2

-

[ 3 4y — X
ERELS
BT (%)

[ tan"' A - tan"'B = tan"(
1+

= log 2y - xy + x)"% - log 2

= 3—‘;-7— tan™’ [(4)( — ) ﬁ}

4x +12y

X

i :Iog(2y2—xy+x)
2 2

= Iog\Fy ;y+x

3J_ ( ﬁ)

X + 3y

2,\1/2

[ 2 2
|Og(2y x2>f + X )= log2y? — xy + x)"2

—log x|

. S

=

Jk B ’
1 2

-




2 2
= log\F/ ;y+x

= ﬂ tan™' [ﬁx e ﬁy]
7

X + 3y

(1/2)

which is the required solution.
6 Marks Questions

53. Find the particular solution of the differential
equation (3xy + y2)dx + (x? + xy)dy = 0,for x = 1
andy =1 Delhi 2013C

Given differential equation is

3x2 + yA)dx + (x* Jaxy)dy 0

It can be rewritten as -)i = —3-)%;—2/— ()]

which is a homogeneous dtfferennXl equation
of degree 2.

On putting y = VX :>—d—y—v+xg\—/
dx dx

dv 3vx? + v2ix?

in Eq.(i), weget v+ X—=— :

X x? + vx
dv 3v + v
— - -
dx 1+ v _
2 2
- xgl:_[?;v-i-v +v+v} 1)
dx 1+v
dv 2v% + dv 1+ v)dv dx
e = e | = —————=
dx 1+v 2(v2 +2V) X
On integrating both sides, we get
ooty =~ = (i) (1)
2(ve + 2v) X

Again, put vi+2v=27z =Qv+2)dv=dz

=5 (1+v)dv=g2£



Then, Eq. (ii) becomes,
1 dz dx
[1xE-% o
2 A X

- %Iog|2|=—|0glxl+lﬂglc\

4 %{!og\zu 4log|x|]1= log| C|

=% log| zx*|= 4log|C|

= zx* =C*=C, x* =C,

where, c,=C*

= Cwt+2v=C, [putz=v>+2v]

= X" (yz_ + g_}f] =, [putv = Z]...{iii) (1)
xX° X X

Also, given thaty =1for x =1
On putting x =1and y = 1in Eq. (iii), we get

1T 1

Also, given thaty =1for x =1.

So, on putting C, =3 in Eq. (iii), we get

2
Y+ 23 5 B2 =3 M)
X2 X

which is the required particular solution.

54. Show that the differential equation
2ye* ! dx+(y—2xe”‘”’)dy =0 is homogeneous.
Find the particular solution of this
differential equation, given that x=0, when
y=1
HOTS; Delhi 2013



) Firstly, replace x by Axand y by Ay in f(x ) of |
~* given differential equation to check that it is .
homogeneous. If it is homogeneous, then put

x=vyand K ov+ y-qE and then solve.
dy dy

Given differential equation is
2y e’¥dx + (y — 2x e")dy = 0. It can be written

das

dx 2xe™Y ~y

X

skl

2xe; -y

Let F(x,y)=

X

2ye?

On replacing x by Ax and y by Ay both sides,
we get

Ax
2ax e — Ly
F(Ax, Ay) = e
2hy e
xly _
= F(Ax,Ay) = fhers — AT, y)] (1)

A(2ye?)
Thus, F(x,y) is a homogeneous function of
degree zero. Therefore, the given differential
equation is a homogeneous differential

equation. )
To solve it, put x=vy
- gi:v-{—yi\i (1/2)



. . dv 2ve’ -1
in Eq.(i)), we get v+y —=
d 2e"

dv  2ve' —1 2ve' —1—2ve"
:}y — —V =
dy  2é" 2¢”
- 2evdv=—9 (1)

y
On integrating both sides, we get

IZeVdv:#J.(?/ = 2e"=-logly|+C

X
Now, replace v by — , we get

2e* +logly|=C ..(ii) (1%)

Also, given that x =0, wheny =1.

On substituting x=0 and y =1in Eq. (ii), we get
2e” +log|1|=C=C=2

On substituting the value of Cin Eq. (ii), we get
2e"”’+|0g‘y[=2

which is the required particular solution of the
given differential equation. (1)

55. Show that the differential equation

X E’1-§’f-sin(£]+ x——ysin(z]:o is homogeneous.
dx X X

Find the particular solution of this differential

equation, given that x=1, when y=§. Delhi 2013
elhi



Given differential equation is

xdysin(XJ:ysin(z)—x = . N .

dx X X dx x .Y

X

I:dividing both sides by x sin(i)]

Let (x,y):x—;

X sin”.

X

On replacing x by Ax and y by Ay on both
sides, we get

P, Ay =2 1% oly_ 1
A i Y X sin?
AX X
=A% F(x, y)
So, given differential equation is homogeneous.
(2)
On putting y =vx
=3 EfX:v-i-x@in Eq.(i), we get (1)
dx X
% 1
V+X—=V——ro
dx sinv



dv 1 ax

= X—=——— = Ssinvdv=—-—
dx sinv X
On integrating both sides, we get
: dx
annvd\/:— —
| X
= —cosv=—log|x|+C
-_—>—cosy/x=~log\x|+C -.-v=m] (138} .00
X
Also, given thatx=1 wheny = g

On puttingx=1andy = g in Eq. (ii), we get

—cos(;)=—log|11+C

=% -0=-0+C = C=0
On putting the value of C in Eq. (i), we get -

cosY =In x|
» |
which is the required solution. (1%)

56. Find the particular solution of the

differential equation §£+xcoty=2y+y2coty,
y

(y#0), given that x=0, when y:g-.

All India 2013



Given differential equation is

?+xc:o»ty:2y+y2 coty,ly #0)
4

which is a linear differential equation.

On comparing with j_x +Px=Q, we get
¥

P =coty and Q =2y +y* coty
dey _ eJ'col y dy _ elogsiny =siny (1%)

Now, the solution of above differential
equation is given by
x-0h=[Q-(hdy+C

xs.iny=_[(2y+y2 coty) sinydy +C

niF=se

=2J.ysinydy+_[y2 cosydy +C
T

= 2Iysinydy+y2j cosy dy

-—J.[(;/szJ‘cosydy]dy+C
[using integration by partsin second integral]
=2‘[y5inydy+y2 siny—2jysinydy+C
=y?siny+C
= ><5iny=y2 siny+C L) ()

Also, given that x=0, wheny = 325—



On putting x =0 and y =g in Eq. (i), we get

fis : T ‘.l'l:2
0=(—~} sin—+C=C=-— (1/2)
2 2 4

On putting the value of C in Eq. (i), we get
2 2
. 9 | 2 T
xsiny=y smy——4—=» X=y ﬂ-I-cosecy
which is required particular solution of given
differential equation. (2)

57. Show that the differentia! equation
[)csinz[x)—y]dmxdyzo is homogeneous.
X

Find the particular solution of this
differential equation, given that

y=%, when x=1 All India 2013



Given differential equation is

|:x sin’ (X) —yj‘ dx+ xdy=0
X

—xand ¥

dy y —xsin (x) |

- dx - X idl
Yy — X sinz(}i)

Let F(x,y) = A

On replacing x by Ax and y by Ay both sides,
we get

?L[y - X sinz[x]]
FOx, Ay) = X710 (Fix, vl
A X

Thus, given differential equation is a

homogeneous differential equation. (1)
On puttingy = vx::rg}i =V + xg in Eq. (i), we
dx dx
get
| VX — X sinz[w)
dv X
v+ X =
dx X
V . . dv ¢ 2
= V+Xx—=v-sin“v = X—=-sin"v
X dx
= e oy, 2
X

On intergrating both sides, we get
j cosec’vdy + ‘[ 9 g
X

s —cotv + log|x|=C

= | wcot(x)ﬂog]xl:C ['.'sz]...(ii)
X

X

Also, given that, vy = %,when x=1



On putting x =1andy = -E:—, in Eq. (ii), we get

- cot(-ﬁ-] +log|1|=C (2)

= C=-1 [ cotE = 1]
4
On putting the value of C in Eq. (ii), we get
- cot(z] +log|x=~-1
X
= 1+ log| x|- cot[y] =0
X

which is the required particular solution of
given differential equation. (1)

58. Find the particular solution of the differential
equation (tan™* y —x)dy =(1+y*)dx, given that
x=0,wheny =0. | All India 2013

Given differential equation is

(tan”'y — x)dy = (1+ y?) dx
tan”'y—x _dx _ dx_ —x . tan”'y
1+y2  dy dy 1+y? 14y

dx 1 tan”'y
= —+ 5 X= -
dy 1+y 1+y
which is a linear differential equation of first
order. (1
On comparing with 3—5 +Px=Q, we get
Y
-1
P= > and Q= ap ;
1+y 1+y



J.Pd?’ +y =etan' y (1

IF=e

Now, solution of above differential equation is
given by

x-(IA=[Q- IF)dy +C

=€

= £ il Ve vic
1+y
On putting t=tan 'y = dt= ?_dy
1+y

=
i T V=It-etdt+C
=
= x-.e@ V=t-e‘-—j1oe‘dt+C

[using integration by parts]

ta"ﬂ"—t ol wab

= X-e

@Y _tanly —1) e Y £C ..G) (1)

Also, given that, when x=0, then y =0.

On putting x=0,y =0 in Eq. (i), we get
O=(tan'0-T)e™ °+C

= 0=0-1e’+C = 0=0-1-1+C

= C=1 (1
On putting the value of C in Eq. (i), we get

= X-€

-1 ' -1
x-e®" Y=(tan y—1)-e®" Y +1

- - -1
= x=tan 'y —-1+e " ¥

which is the required particular solution of the
differential equation. (1)
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