Chapter : 20. HOMOGENEOUS DIFFERENTIAL
EQUATIONS

Exercise : 20

Question: 1

Solution:

Xdy = (x + y)dx

dy_x+y

dx ~ x
dy y
dy y

= the given differential equation is a homogenous equation.

The solution of the given differential equation is :

Puty = vx
dy dv
= — = + X —
dx v de
dv VX
=S Vv+x—=1+—
dx
dv 1 2
= de = v v
dv
o X— =
\dx
dx
= dv = —
X

Integrating both the sides we get:

dx
fdv:j—+c
X

v =Inlx] + ¢
Resubstituting the value of y = vx we get

y

= =1Inlx| + ¢

X

y = xIn|x| + cx
Ans: y = xIn|x| + cx

Question: 2

Solution:
(x2-y3)dx + 2xydy =0

dy _yi-x'_y

2
= — = = y)71
dx 2xy 2x

X

(
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=» the given differential equation is a homogenous equation.

The solution of the given differential equation is :

Puty=wvx
dy N dv
= a0 - Vg
+ dv. vx 2vx
TVTER T x (x)
dv v
:>v+::c—:§—(2v)‘L
dv v 1
T¥&x T2 2v

=>x*+y =
Ans: x2 + yZ=cx

Question: 3

Solution:

x2dy + y(x+y)dx=0

dy  y(x +y) y .V
- dx Tk _(; + _xz)
dy y

= the given differential equation is a homogenous equation.
The solution of the given differential equation is :
Puty=wvx

dy 4 dv
::»dx—v de




vy - (29 CLASS24

X x2
dv
2 2
2 X— = V-V -V = —-2v—V
dx
dv dx
= — = ——
2v + v? X

Integrating both the sides we get:

f dv dxJr
2v + v x ¢
i Inlx| + Inc]
= - = =
1+ 2vive 1 mxt e
dv
= [y + 1ol = ol

1 v+ 1-—-1
= Einlv—_—+ T+ 1 + In|x|
v+ 1—1
#lnm + 21

Resubstituting the

= In

Question: 4

Solution:

(x-y)dy - (x + y)dx =0

= the given differential equation is a homogenous equation.

The solution of the given differential equation is :

Puty=wvx
dy dv
L 4+ x—
=’dx v xdx
dv l+E
=2V +X— = —
dx ——
N dv 1+v
=S V4 x— =
dx 1-v
dv. 1+ v 1+v—v+v: 1+ v?

X— v
= dx 1-v 1-v 1—-v




Integrating both the sides we get:

1-v dx
f—ﬂdv: —+cC
1+ v- X

1 v
= f—qdv—J—jdv = In|x] + ¢
1+ ve 1+ ve

In|1 + v?|
2

1

= tan~lv = Inlx| + ¢

Resubstituting the value of y = vx we get

e (2)

In

LY
tan™ 1= — = Inlx] + ¢
( 2
Ly Inly? + X7
= tan'- = ——
X 2
Ans: tap-1¥ = Inly® + x7| +c
X b4

Queslion: 5

Solution:

(x+y)ldy+ (v-2x)dx=0

dy 2x-y 2—%
= — = = 3
dx x+y 142

d
8-

= the given differential equation is a homogenous equation.

The solution of the given differential equation is :

Puty=vx
dy N dv
T ax TV T Y

dv 2-= 27

vixo—- = ==
= dx 1 +Z2 1 +v
X
dv 2-v 2-v—-v—-v>  2-2v-—-v"
= X— = —v = =
dx 1+v 1+ v 1+ v
dv.  2-2v-v*
= X— = —
dx 1+ v
1+ v dx
= ——dv = —
2—2v—v? X

Integrating both the sides we get:

f 1+v dx
———dv = | — +c¢
2—2v—v- X

In|]—2 + 2v + v?]
= — 5 = In]x| + Inlc]

Resubstituting the value of vy = vx we get

2+ 2() + ()

2

In

= In|x| + In|c|
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|[-2x+ 2y +y?|
Ip =Xty ¥yl
Lot CLASS24

2
= y2+2xy-2x2=c¢
Ans: y2 + 2xy - 2x2=c

Question: 6

Solution:

(x2 + 3xy + y3)dx - x3dy = 0

dy x4+ 3xy +y° y y?
=2 T Y 437+ L
dx x2 x  x?
dy y
= f(;)
= the given differential equ equation.

The solution of the given

Integrating b

f dv
1+ 2v + v2

e IT

(v+1)y*+?
. mlx +
2+ 1 nlx|

— r
:>V+1—1n|x]+c
! + In|x|
= =

— +lnlx c

Resubstituting the value of y = vx we get

1
2]

1
= + In|x
Y1 Ixl

+ In|x] = ¢
y + X

Question: 7

Solution:

2xydx + (x2+ 2y2)dy =0




dy 2xy 2

Tax . xf + 2yt ()4 2%

d
-2

= the given differential equation is a homogenous equation.

The solution of the given differential equation is :

Puty=vx

dy N dv
= — =V +x—

dx dx

N dv 2 2v
= V X— = — = —
dx (vx)—l vx 1+ 2v2
X xX

dv 2v 2v + v + 2v3 3v + 2v?
=X = ——— V= P = - P

dx 1 + 2v? 14 2v2 1 + 2v2

1+ 2v? dx
= — dv = ——

3v + 2v3 X

Integrating both the sides we get:

f 14 2v? dx )
———dv=| — + ¢
3v + 2v3 X

In|3v + 2v3| ;
= —— =Inlx] + ¢

3

Resubstituting the value of ¥ = vx we get

n|3¥ + 2¢)1|
= % = Illﬁ.\'l + ¢’

= 3x2y + 2y3=C
Ans: 3x2y + 2y3=C

Question: 8

Solution:

x—z_y 1—22

dy
o
dx

Tx-y 27
X

o i)

- 7
dx X

= the given differential equation is a homogenous equation.

The solution of the given differential equation is :

Puty=vx
dy dv
_— = + —_
ax M
L 1-27
>V 4+ Xx—=— v
d 2-=
X
dv 1-2v
=2 VvV+X— = —

'dx 2—v
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dv 1-—2v 1-2v + 2v—v? 1-v2
SXn T 2oy YT 2oy T Ty CLASS24

2-v dx
= — dv = —
ve—1 X
v—?.d dx
j‘.'2—‘1 V= X
v 4 2 4 dx
= PR — -
v3—1V vz—l‘Jr X

Integrating both the sides we get:

f v d J 2 d dx
- _ _ — — 4
Z e v X ¢
In|v? - 1] 1 jv-1
= —— ><—ln| | = —In|x| + In]|c|
2 2 v+ 1

Resubstituting the value of vy = vx we get

w(@ -1 @)
I (S S N [0

2 %x=In

2 21(¥) + 1

= (y-x)=C(y +x)3

= —In|x| + In|c|

Ans: (y-x) =C(y + x)3

Question: 9

Solution:

dy X -y

dx 3Xy
4 -1

- 5= -G 6
d

T

=> the given differential equation is a homogenous equation.

The solution of the given differential equation is :

Puty=vx
' dv
= d = +:\a
d 1 ‘
vixg = () + ()
d -1
-y 0
dv 3 v —9 + v?
R R O e v
3v dx
= dv = —
v:—9 X

Integrating both the sides we get:

f 3v de
= S dv = | —+ ¢
v —9 X




|
a}mhm=mm+mq CLASS24

Resubstituting the value of y = vx we get
- %m |()Xc)2 . 9| ~ x| + In]c|

= (%2 + 2y2)3 = Cx?

Ans: (%2 + 2y2)3 = Cx2

Question: 10

Solution:

dy — x*+y?

dx 2xy

d -1
w6 G
e

= the given differential

The solution of the g

Integrating bath the side

f 2v d _fdx_l_
DA R S A

2
= Elnlvz —4| = In|x| + In|c|
Resubstituting the value of y = v we get
= In|(z)2—4| = In|x] + In|c|
X

= (x2-y7) = cx
Ans: (X7 -y?) =cx

Question: 11

Solution:

dy 2xy
— = =
dx  x*-y?




dy 2

- o)

= the given differential equation is a homogenous equation.

The solution of the given differential equation is :

Puty=vx
dy dv
T VT

dv 2 2
dx ()*‘ () ORI

X

‘dv 2v
= Xax T (v)z—1
2v dv = dx
T w1 T T

Integrating both the sides we get:

2v dx
:fﬂid'v:—J—+c
(v)2—1 X

= In|(v)?—-1] = In|x] + Inlcl

Resubstituting the value of y = vx we get
7y? ,

= [11|(;) = 1| = In|x| + In|e|

= y¥= C(yz + XZJ

Ans: y = C(y? + x2)

Question: 12

Solution:

,d .
= x—& = 2Xy + y°
dy 2xy + y?

- v _ 2 F
dx x?Z
d 2

~E )
d

= % = f(g)

= the given differential equation is a homogenous equation.

The solution of the given differential equation is :

Puty=vx
dy dv
= — =V +xX—
dx dx

v + xd—v = Z(E) + (%)2 = 2(v) + (v)?

dx X

CLASS24
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dv .
= x& =v + (v)
dv dx

= = —
v + (v)2 X

Integrating bath the sides we get:

MO FRE

dv
= f—l = In|x| + In|c|

1
= 2_ =
4+v+(v) L

d
= fw—l% = In|x| + In]c|
(v+3)

Question: 13

Solution:

-1
= — = f[=
X
= the given differential equation is a homogenous equation.

The solution of the given differential equation is :

Puty=wvx
dy N dv
:;dx—v de
dv VX VX Z

V+XE=1+;+(?) —1+v+ (W




|
= xg; =1+v+WP-v=1+ (v)? CLASS24

dv dx

1+ v x

Integrating both the sides we get:

- [ [

= tan v=In|x| +c

Resubstituting the value of v = vx we get
=tan"(y/x) =ln|x| + ¢

Ans: tan " (y/x) =1ln|x| + ¢

Question: 14

Solution:

dv
vy

Integrating both the sides we get:

d d
l=*ffy+(:'
vz y
-1
= < = —Inlyl + ¢

y
y
== Inly| + ¢

=vy=x(n]y|+c)
Ans: y=x(In|y| + c)

Question: 15




Solution:
dy ———s
= xa—y = 2 yz_xz
dy y+2/y?—-x2
= = ="—
X

dx

CLASS24

LWy, (3—()2—1

dx X X
d
- 210

=» the given differential equation is a homogenous equation.

The solution of the given differential equation is :

Puty=vx

Resubstituting the value

:ln(i)+\](i)271=2

Sy+ fyz_xl = C|x|3
Ans: y + fy3 —XZ = C|x|3

Question: 16

Solution:
S yldx + (x2+ xy + y3dy = 0

d«  x" +xy +y°

:}d—y xz

3;1_;2_(1+§+(§)2)
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=> the given differential equation is a homogenous equation.

The solution of the given differential equation is :

Putx=vwvy
dx_ N dv
T;dy ydy
dv v AN
>V +y— —l+—+(—)
Ydy ( w )
N dv 1+1+(1)2)_ 1+ v+ v
SV Yy T v v - v2
dv 1+ v+ v? 1+v+vi+v3
= — = — — =
ydy v v v?
vidv dy
= _ 4=
1+v+v2+y3 ¥

Integrating both the sides we get:

f vidy jdy
= — e — — b
1+v+ x4 v y

Resubstituting the value of x = vy we get

! X
— log— +logx‘——:c
y+x (v =x)
\Y X
Ans: log—= +log‘.\;|—.— =le
V+X (y +x)

Question: 17

Solution:

dy X + 3y
e A

dx X—y
dx 1Y
dy y
a—f(;.)

= the given differential equation is a homogenous equation.

The solution of the given differential equation is :

dv. 1 + 3v 1+3v=v+vl 1+ 2v+v?

Vv =
dx 1—v 1—v 1—v



1—v dx

S Ty e T CLASS24

Integrating both the sides we get:

1—-v dx
:f—dv —+c

1+ 2v + v2 X
v—1 dx
A T L
1+ 2v + v2 X

In|1 + 2v + v?|

= -1 + 1
3 n|x| nc

Resubstituting the value of y = vx we get

= log|x + y| +

|1 + 2% + &y
= X = —In|x] + Inc

2

Ny

(x+v) )

la BT

Ans:log|x+y| + — =cC

(x+y)

Question: 18

Solution:

= (x* + 3xyH)dx + (y? + 3x"y)dy < 0

= 2
dx

=
dx

dy (x3 + 3xy?) 3xy? ,‘ + 1) 7 yG-*t 1
T Ty + 3xy) 3xiy (v T ox(a
& ; (o) @36 +1)
dy

()

= the given differential equation is a homogenous equation.

The solution of the given differential equation is :

Puty=wvx
dy dv
a =V + X&
12 1
dv vx(3(m]= + 1) (m + 1) 1+ 3% 1
VX = *;m = *"(wp 1) = T3 v Sy
St a b
14 3(v)?
T o3v+ (v)?
dv 1+ 3(v)° 1+ 3w+ 3(v)F 4 (v
X T TwarwE VT 3v + (v)3
1+ 6(v)? + (v)*
B 3v + (v)3
3v + (v)? p dx
Clremr+ Y T T x

Integrating both the sides we get:

v + (v)? dx
oo



l
o1+ 6(v) + (V)]
= . + Inlx| = Inl CLASS24

Resubstituting the value of v = vx we get

m[1+6() + )

+ Inlx| =1
< nlx| = Inic]

syt+rexPy?+xt=cC
Ans:y* + 6x2y2 +x*=C

Question: 19

Solution:

~2-10)
= the given differential

The solution of

-1
= ——In|v]| = In|x] + ¢

Vv

Resubstituting the value of y = vx we get

fln y) In|x] + ¢

Xy loE

Ans:z\/g-q-logy =C
v




Question: 20 CI.ASSZ4

Solution:

dy xy—-y* y y.
el G

x? X X

d
-2

= the given differential equation is a homogenous equation.

The solution of the given differential equation is :

Puty=wvx
dy N dv
= ax =V xdx

VAt X = ——

dv VX VXy2
dx x()

dv .
o oy = gt
xdx v
dvidx
vz X

Integrating both
dv

# 1| -

ol

X
Ans: oy — xc

Question: 21

Solution:
> o 2loe() )
5 % - r(g

= the given differential equation is a homogenous equation.
The solution of the given differential equation is :

Puty=vwvx
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v + xg (log( ) + 1) = v(log(v) + 1)

dv dx
=1 =
vlogv X

Integrating both the sides we get:

:)f f—+c
vlogy

= logl|logv] = log|xc|

= loglv] =

= v =¥

Resubstituting the value

= the given diffe

The solution of the give

Puty=wvx
d dv
= 3 vV + X'&
v + }i;g = E—s‘mg = v —sinv
dx
dv i
= X = —siwv
dv dx
sinv . x

Integrating both the sides we get:

- [T+
SII]V

= ]ogtau(‘—zr) = —log|x] + ¢

Resubstituting the value of y = vx we get




|
= logtan (EY;) = —loglx| + logc CLASS24

:iXtAT{L} =C
2x

Ans: Xtan[l] =C

2x
Question: 23

Solution:

— y
Y y —xcos*(7) _ (g)_mszg)

dx X
d
%)

=» the given differential equat us equation.

The solution of the given

Integrating 1

dv
= =
cosev

= tanv = —In|x| + ¢

Resubstituting the value
¥y

= tan(;) + In|x] = ¢

Ans: tan(%) + In|x| = ¢

Question: 24

Solution:
ndy y
= (XCOS;)& = yCOS; + X

dy ycosf—: + X

dx xcosi
d

= T el
dx X X
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=» the given differential equation is a homogenous equation.

The solution of the given differential equation is :

Puty=wvx
dy N dv
= — =V + X—
dx dx
dv VX VX
v+ X— =—+ sec— = v + secv
dx X X
dv
= X-— = secv
dx
dv dx
secv X

Integrating both the sides we g

fdv fdx
= |—=|_-tc
secv X

= sinv=In|x|+ ¢

Resubstituting

Solution:

2xy +y2-2

dy 2xy +
Zax T 2x2
dy y

=> the given differential eq

The solution of the given differe

Puty=vx
dy dv
= ax v + xa
N dv  wvx N (vx)*
VIYR T X 2x2
dv  v?
T ¥ T 2
dv 2dx
v x

Integrating both the sides we get:

dv dx
= —=2J—+C
v2 X




= :‘7 = 2nlx| + ¢ CLASSZ4

Resubstituting the value of y = vx we get
—X

= — = 2In|x| + ¢
y

Now,

y=2whenx=1

-1
= = 2In|1] + ¢

N, 2x
== () = Wiogi
2x

ns.y = (l_l—mg‘x[)

Question: 26

Solution:

dy ¥ xsin

= the give ential

The soluti e give

Integrating both the sides we get:

J’ dv fdx
= . =—|—+cC
sin?v X

= cotv = In|x| + ¢

Resubstituting the value of y = vx we get

= cotg) = Inlx| + ¢

y:E whenx=1

4

mw
- cot(;‘) = 1In|1] + ¢




=c=1

CLASS24

Ans: cot(i) = Inlx] + 1
Question: 27
Solution:

dy yQy-x)
LW

dx  x(2y + x)

oy v(2I-1)

d
-2

= the given differential equation is a homogenous equation.

The solution of the given differ

Puty=vx

Integrating both the

- [l (5)o) -

In|v|
=#V+T= —In|x| + ¢

Resubstituting the value of y = vx we get

y

In
y x
p + L
X 2

y=1whenx=1

= = —In|x| + ¢

1+0=-0+c
=c=1

> i-&élogh&y[ =1

-

Ans:%+ élOglxﬂ =1

-—




Question: 28

CLASS24

Solution:
yax¥
= x — —_ =
Xxe y xdx
dy y
= de = y Xex

L @) -

d
~ 1)

=» the given differential equation is a homogenous equation.

The solution of the given differential equation is :

Puty=vx

x we get \\

Now,y(1)=0
= —© = _Inj1] +¢
=c= -1

= log|x|+e V" =1

Ans: log |\| te V¥ =g
Question: 29
Solution:
4 dy
= Xex—y + x& =0
dy y
= — = — X
Xqg = Yoxe
dy y y
& = (;) —ex




dy _ i(%)

ES S
dx X

= the given differential equation is a homogenous equation.

The solution of the given differential equation is :

Puty=wvx

dv
= X— = —e

dx
dv —dx
o - "
ev X

Integrating both the sides we get:

dv dx

s | -=—-|—+c
ev X

= eV = —Inlx| + ¢

Resubstituting the value of y = vx we get

= —e’g) = —In|x| + ¢
Now,y(e) =0

= —e© = —Jnle| + ¢
= =10

= y = - xlog(log|x|)
Ans: y = - xlog(log|x|)
Question: 30

The slope of the
Solution:

It is given that:

dy y y ¥

= dx = ;fcot;ms;
dy y
- = f(;;)

= the given differential equation is a homogenous equation.

The solution of the given differential equation is :

Puty=vx
dy + dv
= — =V X—
dx dx
dv VX VX VX
V+ X— = ——cot—cos—
dx X X X
dv n
= X— = —cotvcosy
dx
dv dx

[
—cotvcosv X

CLASS24



Integrating both the sides we get:

J‘ dv J'dx
= —_— — 4+ cC
—cotvcosv X

= —— =In|x| + ¢
cosv

Resubstituting the value of y = vx we get

= —5 =1Inlx| + ¢
cos=>

T
the curve passes through the point[l,-—
4

-1
= = In|1] + ¢

= secl+ log |)\| =.J5
X

Ans:The equation

CLASS24
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