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HOMOGENEOUS DIFFERENTIAL EQUATIONS (XII, R. S. AGGARWAL)

EXERCISE 20 (Pg. No.: 961)

In each of the following differential equations show that it is homogenous and solve it
1. xdy= (x + y)afx
Sol. xdy=(x+y)dx

253

(x+ y) and x both are homogeneous function because both function having 1 degree

x £y . . .
:L ] of a homogenous differential equation
X

=(x:yJ ...... (i)

Let y=a4%

&
dx
L

&

From equation (i) and (ii) (ﬂ] = v+xﬂ
x dx

Putting y = wx
x+J;:v+x£d_v-
X
x(1+ '
(1) o @
x
dv
I+v=v+x—
dx

Integrating on both side we get Idv = I;lcdx Q% Q
togf]s O
v=log| x|+( ‘\\\ @
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HOMOGENEOUS DIFFERENTIAL EQUATIONS (XII, R. S. AGGARWAL)

Sol.

Putting y =wx

i:log| x|+c

x

= log|x|+cx

(xz —yl)ctr+2xajf =0

(x:—yz)dx+21ydy=0

On separating variables we get (x" —y*)de+2xydy =0
2xydy=—(x3 —y:)dx

Q: _(x:_sz
dx 2xy

- (Jr2 - yg] and 2xy both are homogenous function because both function having 2 degree

5
=--2———— of a homogeneous diff equation

dy

Diff on the both sides we get — =:.v£ + x-‘f’l
dx  dx

dx
L A 4 ... (i)

dx dx
From equation (i) and (i)

()

2xy

=V4+ X
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Integrating on the both side, we get

I(l+v )dv I

e i

Let (l + vz-') =

Diff on the both sides wrt v
0+2v= %

2v=£
dv

=2
2y

2 ?x-z-‘-’-——j-—dx

) o P
o
loglt] = —log|x|+¢
log|1+vzlz—]0g|x+c|

togft++7] gl =e N ,’\\QQ
log|(1+v3)(x)|:logc @ Q
(l-t-vl)xzc \(&6 Q
Putting v =2 [1+y—j]x=c %

X X
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HOMOGENEOUS DIFFERENTIAL EQUATIONS (XII, R. S. AGGARWAL)

y]_

+y’=cx
3. Xdy+y(x+y)de=0
Sol. x*dy+y(x+y)dc=0
On separating variables we get
x*dy=y(x+y)dx
ﬂ _ —y(x +y)
dx 5
& _~(9+7)
dx x’
- f Xy + y:) and x* both are homogeneous function because both function having 2 degree

of a homogeneous diff equation

Diff on the both sides wir. to x
8 .9 0
dx de¢  dx
9 =v+ xﬂ ...... (ii)
dx dx
From equation (i) and (ii)
~(9+57)
—_— =Vt Xx—

X dx
Putting y =wx

__(x(vx)1+ vle) a8

d
_ 2) = Sl
(v+v )=v+x @

—v—y’ ~v=r§xi %&(b %-
—(vz + 2v) = x% Q &Q
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(v2 +2v) Ty
dv 1

v(v+2) T x
Integrating on the both sides, we get
dv 1
—=|-—d
j'v(v+2) J' x
dv 1
—_—=|
Iv(v+2) Ix

P o o
Tv(v+2) v w2

1 A(v+2)+ Bv
v(v+2) v(v+2)
1=A(v+2)*RBv
Putting v=-2
1=A4(-2+2)+B(-2)
1=0+B(-2)

I1=-2B

I
2

Putting v=0
1=A4(0+2)+B(0)
1=24+0
o
2
Putting the value of A and B in equation (iii)

)

1 A2 " 2 _lxl_lx 1

v(v+2)_ v ve2 2 v 2 v+2
av 1

——=—|—dx

Iv(v+2) J.Jr

110l 1
2 v 2 v+2

1¢1 1 1 1
Ej;dv_ijv+2dp:_"‘;dv

1 1
Elogl v|—510g{ v+2|=—log|x|+c

1
dv = —J';dx
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HOMOGENEOUS DIFFERENTIAL EQUATIONS (XII, R. S. AGGARWAL)

lIog =—log|x|+c
2 v+2
Putting v=y/x
1, [ ylx
—lo =—log|x|+logc
2 g_y;‘x-f-Z:I g|| .
log P ak =-2log|x|+2loge
y+2x
4
log| —Z }:—log]leﬂogc:
| y+2x
log Y -‘+log|x2|=log(:3
| y+2x
Y 3 2
lo ( x |=loge
of| 25 |-
VX 5 5
log[ ]x“ =loge”
vx+2x
Putting V==
x
/ s e
—_(y x)x x" |=loge”
(y;"x)x+2x

log

i‘ = ]ogc2
y+2x

y=c*(y=#2x)

(x=p)dy—(x+y)dx=0

(x—y)dy—(x+y)dx=0

On separating variables we get (x—y)dy = (x+ y)dx

dy _ (x+y)
de (x-y)

(x+y) and (x—y) bothare homogenous function because both function having 1 degree

% = gi—g of a homogenous differential equation % - % s (1) 60 ;\\'()6
Let y=ww=v= 4 @ O
. o o0
Diff on the both sides w.r. to x (& Q
dy_ de  dv N
E =1 ‘& +X & % %

dv = Q Q
D s - () ‘\’\\O @é
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From equation (i) and (ii)

a2 [
(x-») cx
Putting y =vx
(x+vx):v+x_
(x—wx) dx
x(1+v) dh
x(l-v)m Y&
S -
(1-v)
(1+v) _av
E T
() (1) _ i
v
I+v—v+yv" dy
(I-v)
(l+v3)_ i
(1-v) _xE
(1+v2) v
(I-v)x*dr
d,,_(1+v:)
5_(1—1;)1:
(1=v] o 1
(1+v2)dv_xdx

Integrating on the both side we get
J' ﬂﬁdv ” Ildx
&

(l+v:)

1+v X
1 ip2v . A
j.l+v’ B 1+v2dv—j.;dx @

1 291+ @
tan 'v-—ij%dVZIOgIXI-FC K@ Q&@
Let 1+v' =¢ \(b %_
Diff on the both side w.r. tov 6

dt . Q &Q
0+2v=2 \\\O @(b
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HOMOGENEOUS DIFFERENTIAL EQUATIONS (XII, R. S. AGGARWAL)

diie dt
21#
3 1¢2v dt
tan 'v—— | —x—=log|x|+¢
22 2y

= 1 2
tan v Zj;dr log|x|+c
tan ' v—%logt =log|x|+¢
tan"v—%log|1+v3|=log|x|+c
Y

Putting v=
X

tan"% +‘;— =log|x]+¢

tan~' £ - ]log‘ka—} log|x|+¢
x
tan~ . 210gF£—‘+loglx[+c

s a2
1z—log iy +log|x|+¢
2
2+ 2
tan"' 2 = log], | =2 +log|x|+¢
2
x2+ 2
tan"' 2 =log Y _xxl+e
X X
an " =log N
X
tan ' "Ioglx +y| +¢
-— 1 4

—J-c-=~-i-lo'glx2 +y3|+c
5. (x+y)dy+(y—2x)dx=0
Sol. (x+y)dy+(y—2x)de=0

On separating variables we get (x+ y)dy +(y—2x)dx =0 60 ;\\'CJ
(x+y)dy =—(y—2x)dx %2 (bo
& _-(y-2v) @ Qﬁ
dcx  (x+y)

(y 2x) and (x+y) both are homogeneous function because both functio mgb ee
dy _—(y-2x) dy

de (x +y) of homogenous differential equanon —_—= v— + & \\\@\/
. \Q
N\
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0

x

Diff on the both side w.r. to x
Q=v+xﬁ ... (i1)
dx dx

From equation (i) and (ii)

Let y=wx=>v=

dx (v+1)x

(v+)av 1 .

v3+2v—2_F;dx 60 c’)\\o

Integrating on the both sides we get @

b (:;})2 ’wj_;lc‘ﬁ (&6 Q
v+1 1 %\'

L2l

vV 4+2v-2

TETP M N &P
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HOMOGENEOUS DIFFERENTIAL EQUATIONS (XII, R. S. AGGARWAL)
J' 2x+2

2 —log|x| +¢

Let v +2v—-2=¢
Diff on the both sides w.r. to v

2v+2-0=— ®
dv

dt
2v+2)=—
(2v+2) =2
o dr
T (2v+2)

1¢(2v+2)  ar
2 “(v+2)

= —logM-'-c
—I—Jlldf = —log]xl-&-c

271

%Iog!tlﬂog‘xl-—»c

%Iog|v2 +2v— 2| +log|x|=¢

Putting v= 2

X

Liogl Zoea2 _
2Icng - +21’ 2+log|xl c

+log|xl=é

llog’ y + Zx{#— 2%
2 X

VEg-2c |

log - +log|x| = ¢
o

g y +2x{'—2x
P

log («y' Ty —2x° Jxx

+log|x|=¢

=loge
X

2

(y2 +2xy—2x3)l'~ =

y+2xy-2x=¢

Y +2xy-2¢=c¢ 60 (?;\'\O

6. (x1+31y+y3)cb'—x“’c{y=0 @ &(b
Sol. (Jt2 +3xy+y3)dx:xzaj;=0 @&6 Q
On separating variables we get (Jr2 +3xy+ yl)dx =x’dy 6\' %'

xz@:(x2+3ry+y3)dx Q &Q
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dy _ X +3xy+y°
dx &

(x3 +3xp+ yz) and x* both are homogeneous function because both function having 2 degree

dv ¥’ ; . . .
L i R of a homogenous differential equation

dx X’

243y +y° i
ﬂ:f#’_ e
dx X

Let y:wu:::w:Z
X

Diff on the both sides w.r. to x

dy

—=y—tx—
dcx dec dx
dy

dv ,
—=y+x— .. (11)
dx dx

From equation (i) and (ii)
43+’

dv
= ViE—_=
x dx

Putting y =vx

x* +3x (v )=y’ dv
- =vaAx—
X dx

x* (1+3v+97)

dv
- =V X—
x dx

SN
(l+3v+v )_v+xah_

E43v 44 mm 2D
dx

(1+2v+v3):x'~ddx—v
. dv
(1+v) _xdr

Jr%:(v-z-l)z

dv (v+1)2

dx x @

dv 1 O WO
(v+1) @6 C}'\
Integrating on the both sides we gets 6 &(b

2

dv 1
J (v+1) >
j(v+1)"2 dv=log|x|+c Q &Q
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HOMOGENEOUS DIFFERENTIAL EQUATIONS (XII, R. S. AGGARWAL)

Sol.

(v+l)'2“]
—2+1
~(v+1) " =log|d+c

1

=log|x]+¢

_(v+l) :log|x|+c
Putting v:i
&
1
——=log'x|+c
¥
x
. =lo: |x|+c
y+x &
-
X
_y+x -log_|x|+c
.. —loglxlzc
y+x
-[log]x|+yiszc
_& &
Iog|x|+y+x =1
x —
log|r|+y+x—c

2xyd+(x* +2)7 )dy =0

2xpdi+(x* 2y )dy =0

On separating variables we get (xz +2 y:)dy =—2xy dx

& __ 2wy

c x*+2y°

»—2xy and x”+2)° both are homogeneous function because both function having 2 degree

—a&: - 2y — of a homogeneous differential equation ﬂ: : 24 - ....(1)
e xXT+2Zy e XT+2y°

Let d}’:v:vr:w:l

X

Diff on the both sides w.r. to x 60 ;\'\O
2okt 523
o N (i) (& Q
dx dx 6\' %‘
From equation (i) and (ii) Q Q

:ny —= v+x£ ’\O é
X +2y dx ‘\\ @
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2w’ dv

©(1+2v° ) dx
=2v

1+2v*

=2v dv

——y=x—

14+ 2v° dx

dv
=vix—
dx

Integrating on the both sides we get

I l+2v

|
2‘. +3 I—;afr

Leﬂ side drv1dmg and multiplying by3

3 l +2v° 3+6v 1

= =—|—dx =—|—dx
3'[ 2v +.) I -[sz +3v}w jx
Let 2v’ +3v=1

Diff on the both sides w.r. to'v

6v* +3wd’, O OQ)
_ dtd‘ __at 6 6)\'\
6v'+3 3+6v°
9
( 3+6V° }h I—dr @K
2v° +3v \ %-
3+6v 6

1 X 3+6v° z_'.-Tlrdx . O
(3+6v*) §\\ @fb

W | =
—,
—
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HOMOGENEOUS DIFFERENTIAL EQUATIONS (XII, R. S. AGGARWAL)

I¢l 1
| o
%logM =—log|x|+¢

%longv“ +3v| = —log|x] g

log| 2y +3v| =—3log|xq+3log|C|

Putting =l
x
3
log 2><£3-+3><Z =-3log| x|+3log|c|
x X
3 2
log M = —3log| x|+3logle|
2
log w +-3'10g|x| =3]0g|c[
x
3 om0 .
tog[ZX 3 | tog|xf =3logl
X
/ 2
log gﬁ%x]xxs =3log|c|

log| 2;1;3+3x3yl=log|c3 l

2y’ +3x°y=c [ i 1. constam]
2y’ +3x°y=¢

3x’y+2y’ =c

Sol. —4+—==

On separating variables we get ﬁ e (ﬂ]
dx 2x—y

o gk
dc 2x-y @
*2y-x and 2x -y both are homogenous function because both function having 1 degree 60 N O

B _2y-x of a homogenous differential equation L (1) @
dc 2x-y e 2x—y

Lety:vx:>v=% ’\(&6 Q

Differentiate on the both sides w.r. tox %
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Putting y =wx
2(wx)-x _

2x—vx
x(2v-1) dv
—_t e x—
x(2—v) dx
2v—1 dv

=p+x—

2—v

2v—1 dv

2-v "v:xa

2v—1-v(2-v)
2-v dx

2v—i-2v+Vv _ @
2-v dx

(vz—l)_xﬂ

(2-v)

dv (v?—ll

x(2-v)

= X r—

(Z—V)dvzldx
CETMAE

Integrat.ing on the both sides we get

Jp
.-

I(v l)(v+l} Tx

) 2-v. A % B

C(v=D)(v+1) (v-1) (v1)
2-v _A(v+1)=B(v-1)

.. (iii)

(v I)(v+1) (v=1)(v+1)
:)2—v=A(v+1)+B(v—l)
Putting v=1

=2-1=A4(1+1)+B(1-1)
=1=24+0 =1=24

e
2

Putting v=-1
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HOMOGENEOUS DIFFERENTIAL EQUATIONS (XII, R. S. AGGARWAL)

2—-(-1)=A4(-1+1)+B(-1-1)
3=0+B(-2)

3=-2B
3

L B=—=
2
Putting the value of A and B in equation (iii)

1) (23
2—vy 2 2 1 1 3 1
= + = ——X

(v—l)(v+l)_(v—l) (v+1) 2 (v=1) 2 [(v+])

1
j(v 1) v+1) j?&
1
-[2 (v 1) Iz (v+1) -f;dr
E-[(v—l) j(v+1 _I_dx

%log[ v—1 |—Elog| v+1|=log|x|+c

Putting v= X
¥
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log (- )'\: ><L2 =log|c|
(y+x) x
(r—x) _
(y+x)
(y—x)=c(y+ x)s
dx  3xy
On separating variables we get G4 = ~(r 4 J
dx 3xy
L
dc  3xy
+ y*—x and 3xy both are homogenous functions because both function having 2 degree
> —x* '
I (i)
dx  3xy

Let .}:'=v:lr:>‘~'~——l
X

Diff on the both sides w.r. to x
dy _dx dv

S = —
dc de  dx

Bopa® (i)
dx dx

From equation (i) and (ii)

5 2

) o dv

=V+x—

3xy dx
Putting y = »x

vixr? —x"
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HOMOGENEOUS DIFFERENTIAL EQUATIONS (XII, R. S. AGGARWAL)

vi-1-3v"
3v
-1-2v* dv

=X—

3v dx
—(2v*+1) @

3v dx
—(Zv2 +l) dv

3v dx
—(Zv"‘ + l) v

3ux dx

=
&%

&
dx

3wy

:——dx
yAl +1)

Integrating on the both sides we get

’2v +l}h’ I

Dividing and multi plymg by 4
j’ v =—[a
2vil X
Let 2V +1=¢
Dif on the both sides w.r. tov
4\?4—0:i
v
P
4y
Pl i‘ixi’_:_jldx
4 1 4y X
3¢l 1
—|-dt =—|=dx
4Jr Ix’
3 1
—log|t|=—|—
logl] =-[—

zlog 23; :—Iog|x|+c ngqﬁfb
) gl ey =—log|x|+¢ %\(b %'
' NN
2y° +x° N . O é
3lo = +4log|x|—c .\\\ @
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2% +x%)
log w +Iog|x"|:c
%
2 333
log wxfl =log|c|
X
(2e2)
P
(Zyz+x:)3 =X’
ﬂ,f"‘y:
de 2xy
dy x> +y°
dx 2xy

& _x+y

On separating variables we get
2xy

> x*+y° and 2xy both are homogeneous function because both function having 2 degres

% S homogeneous differential equation
& TR

oS, - ()

dx
Let y = =%
et y=w =Sv==

x

Diff on the both sides wr. to x

Q:\!ﬁ-}-r-‘—i)—?
dc dv dx
Y _om® (ii)
dx dx
From equation (i) and (ii)
2 2
x+y -
2xy
Putting y =wx
x’+vx’ dv
=vV+X—
2x(vx) dx
xl(l-a-vl) 1+v v 1+
3 =V+Xx— =V+x— —= W=
AT o 2v dx 2v
l+v2—2v2_xdv 1-v _ av (]_vz)_d"
2y dx 2y dx 2vx dx

Integrating on the both sides we get I%dv = I —dx
= X

Let 1-v' =1
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HOMOGENEOUS DIFFERENTIAL EQUATIONS (XII, R. S. AGGARWAL)

11

Sol.

Diff on the both sides w.r. to v

0—21»’:i
dv

et
—2v

LAV 4 PR

t -2v x
—log|t|=log|x|+c
—logll—vll=loglx|+c
—logll—v3|—10g|x]=c
~|:log|1*v3|+log|x|]=c
log|1—v2|+log|x|=—c

log|1 - v3|+iog[x| =¢ [ —c=c constant]

Putting v= b
X
log
log
log
-y n
X
2 g
rF=cx
N
& x -y’
& _ 2
dx x‘.’ _yl
On separating variables we get % = 2 L4 5
d x -y

" 2xy and (x3 - yz) both are homogeneous function because both function having 2 degree

Y_ ,ny — of a homogeneous differential equation . 2_xy ...... (1)
o= o @” of
Lety=vx:>v=£ K@ Q&
X \@
Diff on the both sides w.r. to x % %‘

d_ v A&
de dx  dv ‘\\\O @(b
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dy

== v+x% ...... (ii)

From equation (i) and (ii)
2xy

v—v+V :xiv—
dx

(v+v’) v

S BT

1-v* 1
v+ x

Integrating on the both sides we get I e Vs dv= I—l—dx‘
v+Vy X

1-v A(1+v3)+(Bv+c)v
v(I+v2)F v(1+1’3)
1-vV = A+ AV + BV’ +Cv
1+0v—v? = A+ AV’ + BV* +Cv
1+0v—v* =v2(A+B)+Cv+A
Comparing on the both sides proper coefficient
—v' =v'(A+B) Cv=0v A=1
-1=A4A+8B c=0
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HOMOGENEOUS DIFFERENTIAL EQUATIONS (XII, R. S. AGGARWAL)

B=-A-1

Putting the value of A=1 in equation (iv)

B=-1-1

B=-2

Putting the value of A, B and C in equation (iii)
1-v 1 (—2v+0) ( 2v)

V(I+v2)“; 1+v* v 142

jldv—z — dv= lafx
1+v

j'—dv J‘HV dv = J'—afx

Let 1+v: =1
Diff on the both sides w.r. to v
2v=i
dv
-
2v
I—d - —-—x—:log| |+c

logl '—loglt[ = log‘|x|+c
log|v| —logil+ vZ] =log|x|+¢

log -1 logll+
x
y ¥ +y
log|~—logl——= log|x| +c
X x

—{=loglx|+¢

y £+y
log g —log = |—c
X
4 b
log|2 ~1og| ¥ log|e|
X’ X’
log Y < logle| @
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In each of the following differential equations show that it is homogenous and solve it

x“@ ]

12. —==2xp+y°
R Rk

Sol. x*—=—=2xy+y"
; Xy +)

On separable variables we get % = M
e

( 2xy+ yz) and x* both are homogeneous function because both function having 2 degree

. M of a homogenous differential equation
=

2xy+y° .
B Sy @)
dx dx

&
Let y:vx:v:Z
X

Diff on the both sides w.r.to x
dy vdx _dv

—_———
dx dx dx

dy

dv ..
— =vix— s (10D
dx dx '

From equation (i) and (ii)
2xy+y°

2

x
Putting y=vx

2x(vx)+ vy _ v+xﬁ

dv
=vHx—
dx

2>
;-
2vx” +vix’
—_—— =V X
x
x* (2v+v’)

2

=V+Xx—
b dx

2 dv
W4y —v=x—

(v2 +v) = x%

dv v +v

dx x
v _ v(v+1) @
dx  x 0 ()
d N
1-'(t'+1) . —E;dx @6 O

Integrating on the both sides we get I - I-—l-dx

v(v+l) X
1 A B %
".v(v+l)=:+v+l ... (iii) Q &Q
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HOMOGENEOUS DIFFERENTIAL EQUATIONS (XII, R. S. AGGARWAL)
I A(v+1)+Bv

v(v+1) v(v+1)
1=A(v+1)+Bv
Putting 1=—-1
1=A(-1+1)+B(-1)
1=0+(-B)
B=-1
Putting v=0
1=4(0+1)+B(0)
A=1
Putting the value of A and B in equation (iii)

1 I
?G?ﬁ=?+é+5

1 I
lramids, o
1 .
[l =l
log|v]—Tog|v+1|=log|x| +¢

Putting v= 4
x

log Z{—log
X

log X‘—log’ﬂ' =log|y+¢
5 x

log

LA =logx|+c
X

= =log| x|+c

=
w =% | +[|= =

log| ——
y+x

:log|x|+c

P4
y+x

log ~log| x| =loge|
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On separating variable we get

&y _X+xy+y

dx %

(xl +xy+ y’) and x* both are homogenous function because both function having 2 degree
L. = m of a homogenous differential equation L d = w wrze L)

dx x dx x°

Let y:w::::w:l
X

Diff on the both sides w.rtox

dy dc _dv

—=y—tx—
dc dx  dx

& = v+xﬂ ..... (ii)
dx dx
From equation (i) and (ii)
2 71
S o
X dx
Putting y=wx

o +x () + vix’ dv
=V+X—

s
=

X

x3(1+v+v:)
_—_—m N —

3

P
3 dv
V4 vEl= v —
dx

5 dv
Vi vy=—1T4]l=x—
dx

dv

V= —
dx
v+l dv
x  dx
dv 1

Integrating on the both sides we get 60 ’\\
& 1 O
f e @

v +1

-:-tan"' %: log|x|+¢

tan"' v =log|x|+¢ Q Q
Putting v =% ‘§O @é
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HOMOGENEOUS DIFFERENTIAL EQUATIONS (XII, R. S. AGGARWAL)

tan”' (Z] =log|x|+¢
X

tan"%:log[.r|+c

T +(J¢'2 —13?)%:0
y:‘+(x'"’—xy)%:0

On separating variables we get (x* -xy)% ——y

L

dc X' —xy

"+ =y and {xz —xy) both are homogeneous function because both function having 2 degree
ﬂ: :yv of a homogeneous differential equation i = :y’ (@)

dx x"—xy dx x —xy

Lety:v;\c:>v:-'Z
x

Diff on the both sides w.r. to x

dy

—=V—tx—

dc dx  dx

From equation (i) and (ii)

Ty— =lr‘+x£—1rE
x—xy dx

Putting y =wx
vy’
x* —x(wx)
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-v __dv
—(v-1) dr
v v
(v-1) dr
dv v
@ x(v-1)

(v_l)dvzldx
v x

[li_..l_]dv :_l.dx

v v X
[1—l]dv=—l-afx
Vv X

Integrating on the both sides we get

J-ppm=Tg
JaJ =

v—log|v|=log|x]+c
B

Putting v==
x

Y _log l\ =log|x|+¢
X

X

X—log%—lggl;d:c
x

X

l_ log'Zx r}':.c
x X

iLlog‘yl =e
X

L
- e+log|yl

y:x{c+10g|y|]
5. x%—y:%b‘: -x
ol. x%:'y;—yzz\fyz-x2 60 c,;\'\c}
On separating variables we get xﬂ =2y =x*+y
= Y
dy 20y -x"+y
& (\@\ ©
(2 y —-x +y) and x both are homogeneous function because . O
D \9’0
e
&

N
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HOMOGENEOUS DIFFERENTIAL EQUATIONS (XII, R. S. AGGARWAL)

% e e homogeneous differential equation
x

dy 2|y'-¥+y )

e e (i

Let y:vx:>v=£
X

Differentiation on the both sides w.r. to x

From equation (i) and (ii)

Z—_M :'p.|.xﬁ
dx

X
Putting y =wx
2V —x* +wx dv
=yt y—=
x

2xVvS =T+ wx dv
- -y

X

x(vﬂvz =1+ v)
—_— Yt x—

% dx
6

2 v3—1+v—v=x9ﬁ—
dx

2 v3—1=xﬂ,—
dx
dv 2V -1
dx x
d:’ :lafx
2yvw -1 &
. . dv 1
Integrating on the both sides we get J' = I—dx
24 -1 X

%Iog v+yv' =1 |zlog'r|-.—c

Puttingv:l 0 ’O
3 RO

%log £+ J;—;—l =log|x|+¢ 6 &(b
B e

llog Xy Y _:xz =Iog|x‘[+c % %-

2 x x Q &Q
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~log|% + “y:r‘zlog|x|+c
X
ilog gy = =log|x|+¢
2 X
log L “):_xb =210g|x|+c
log YN X =Iog|x3|+c
X

log|y +y* —x*| - log|x| = log|*| +¢
log|y+/y* - ¥*| = log| ¥* + x| +logle|
log| y++[y —x* |=log]x’| +log|e|
log|y+[y* —x*| =Tog|* +]
y+dy=s = o

)«'341\55-!-(.152 +Xxy +y3)dy =0

dy y

The given equation may be written as — = -————
X EXYE vV

For checking homogeneous putting # for x and 7y for y.
The given equation remains unchanged so it is a homogeneous equation.

dy dv dv v x? dv v
Put y=vwx, weget, —=V+X— =D V+¥—=——F5———— D VHX—== -
dx dx dx x +xw+vyx dx 1+ vEy
s e B X s G | Piwid | I}w#dv:_jﬁ
dc  l1+viy 1 dx 1+v+v VvV +2v +y
=5 Iﬁf—]—dv —log|x|+logc =5 IV +wrldv—*—lngl |+logc
v(v +2v41) v(v+1)
= I, =-log|x|+loge (1)
] Jv +v+] = v vl ﬁ B " (o @

v(v+l) v(v+1)1_v y+1 (_v+l): 60 ,\\()

:(::“)] - A(w+1);4(-f:1(;+l)+Cv = vl —A(v +2v+1)+b’(v +1,)+C{6 Q&(b
= VvV +v+1=v (4+B)+V (24+B+C)+ 4 %’\(b
Equating co-efficient both side we get,
A+B=1 ) (&Q
24+B+C=1 .(3) \\\ %)
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HOMOGENEOUS DIFFERENTIAL EQUATIONS (XII, R. S. AGGARWAL)

A=1 (4
From (3), A=1 = A+B=1 .. B=0
Putting the value of A, B in equation (3), 2.1+0+C=1 = C=-1 .. A=1B=0,C=-1

= = j[__ —B~+ £ Jdv = [ =logv

v+1 (v+])
=% 11=log[l]+ l e I,:log(l}+ >
X Z+1 x) x+y

X

Putting the value of /, in equation (1), log[y}+L——log|x|+log ¢ o log|y|+ =¢
x+y X+y
(x~y)%=x+3y
dy x+3y

The given equation'may be written as
x=y
For checking homogeneous putting #x for x and 7y for y.

The given equation remains unchanged so it is a homogeneous equation.

dy dv dv x+3wx dv x+3.vx
Put y=w, weget, —=v+x— = v+Xx—= VX —=
dx dx X—vx de x-—w
dv 1+3v v dv_143v—p+y° dv 1+2v+v°
= X—= -— D X—=—— D> ¥—=—
dc 1-v 1 dx 1-v dx 1-v
> [ w= % = J—log]¥|+loge ()
v +2v+1 X
[1 :J.,l;vdv
VvV 2v+l

2 (-
Putting | -v=A—(v" +2v+1)+ B, we ge
g = ) get,
l—v:A(2v+2)+B = 1-v=24v+24+B = 24=-1& 24+B=1
A:—%& B=1-24 = B=1+1 . B=2

A2r+2)+B

=% = -
' -I. v +2v+1

o I-AI 2v+2 I 1

.,_*'—dl’
v +2v+l vo4+2v+1

Put v’ +2v+l=¢r = (2v+2)=% = (v+2)dv=di

. - >
h= 2I:d | v)3+2.v.1+(1):—(1):+1dv 60 C’J\'\
dv = I =— loglv +2v+1|—2— K@ Q

=% L =—%loglv +2v+l|+2_|.

v+1) v+1

()
= 11=—Elog|(v+1): —2$+c = I,:—log|v+1|—%+c 06\ Q%-
S\
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= I, =-log 24 +¢ =1 =-lcg x+y‘_ 2 +c
x b % X X+y
X
Putting the value of /, in equation (1),
2
—log[x+y]— ¥ —logx+loge logl (x+y)|+ =0

x X+y x+y

(x3 +3erz)a',\'+(y3 +3x:y)dy =0
—(x* +30°
The given equation may be written as & =——(—§-——?,—)-
Yy +3xy

For checking homogeneous putting # for x and 7 for y.
The given equation remains unchanged so it is a homogeneous equation.
dy v d —(Jr3 +3x.v3x3)
Put y=vx, we —=y+X— = Vitx—=———"
A 8% dx dx dx vx® +3x7
‘(1"‘3" ) v —1-3v" v dv _(=1-3v'=4' -3y
—_— > r————— = X—=

—_->V+I—— 3 =
v +3w dc v +3v 1 dx Vv +3v

2 4 3
xﬂ 1-6v —v 3_[ Vv 43y o d_x
dx ¥ +3v

vi+6v +1 x

" {
Put v'¥6v° +1=¢ = 4V +12v:£ = (-113+3v)d’v:i
dv 4

= %I% dt=-log|x|+log(c) = %]og[r|=4logxc—loglx|+logc

1 4 2 ol 14_ sy’ ]
=% Zlog|v +6vil|= log|x|+logec = log| =+ =logx'c
¥ x

L6y bt P 2
> log(y x{ )=4logx"c=logx“*c Wx—dyﬂ.=x*‘c

= y +6x’y +xt=¢

(x— oy ) dy =y

: . . dy y
The given equation may be written a_s(x—\/g) dx=ydx = E= x—JE
For checking homogeneous putting 7« for x and 7y for y. @
The given equation remains unchanged so itis a homogeneous equation. 0 ’\O
Put y=vx, we get, —a-"y——\M»Jr—(-{‘i = v+x—dv':— v+xdv — @6 6)\
dx dx dc  x- M dc 1-+lv {b

:>xﬁ= v ¥ - 1rd\.} v—v+v\/_ Il—j_; dv:jé %&® %-

e I & G
1 1 ok
= IVS-Z dv—_[;dv:log|x| — _Uz—log|v|_log|r|+c log|%i0g|x|+c
b
&\é\(\
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HOMOGENEOUS DIFFERENTIAL EQUATIONS (XII, R. S. AGGARWAL)

ol.

ol.

(]

ol.

2\/; y’ X
= ———log|=|=log|x|[+¢c = -2 |— -logy=c¢
8 g | x| Jy gy

2 JE + log | y| =cx*  |Answer given in the book is wrong.]
Y

-dy 2
) e B —
/ Yy =3

xy—y’

X

Q:y_i = %:

X

The given equation may be written as x

For checking homogeneous putting #x for x and 7y for y.

The given equation remains unchanged so it is a homogeneous equation.

dy dv  xvx—vx' dv >
Put y=vx, weget, —=v+x— =D ¥WHx—=——"7"— =D V+X—=V-V¥
dx dx dx x° dx
& dv  cde I 1
= x—= = IF:_I? = -—;:—log|x|+c = ;:Iog|x|—c_
= izlc‘g|4\r|—.f: .L-:Iog;,v]xl—i
y ¥
dy

x g v(log y—logx+1)

‘(log y—logx+1
The given equation may be written as % . y(logy—logx +1)
*

For checking homogeneous putting #x for x and & for y .
The given equation remains unchanged so it is a homogeneous equation.

. vx(log(vr)—logx+1
Pur y=vx, we gei ﬂ:v+x£ =5 p+xﬂ: ( g( ) 2 )
dx dx dx 5

= vfxg=v(logv+longlogx+l) = v+xg=v(logv+1)

= x%:v(logvﬂ} = x%:v logv = Ivlcigvdv:-[ﬁ,;

= log(logv)=log(x)+loge = logv=xc = log(l] —xe = Z=¢% - e
% x
dy ¥ _

x-;;—y+xsin~;—0 0 ,0
N
O &

Given differential equation is x-%—y+x-sin%=0 @ &(b
by Ay oy - & <

. =y—x-sin = sin . (D)

dx X o X X )@ %_

This is of the form % = f[%) OQ

This the given differential equation is homogeneous differential equaﬁp\\\ @fb

\)
N

'


http://cbs.wondershare.com/go.php?pid=5239&m=db

23,

Sol.

Wondershare

Remove Watermark PDFelement

https://millionstar.godaddysites.com/

¥

Let ==v = y=w
x
::'@:v-l-x@
dx dx
From (i)

Vix—=v—ginvy
dx

dv X dx
= X-—=-—8inv — cosecvdv=——
dx X

Integrating both sides we get Icosec vdv=— I &
X

tan§|= ~log|x| +log C,

= log

v
= iog|x|iog tan;l =log (]
= log|x- tan— logC,

i

:xtan[ J C {Let2C,=C

2x

This is the required solution of givendifferential equation
d_ [.Ji]

x‘ﬁ_ = y—Xxcos .

Given differential equation is

T N ©
e e
:)ﬁy-——}i—coszy ..... )
X

This is ofthe forr 2. = f[lj
dx .
Thus the given differential equation is a hamogenous differential equation
i
Let —= *
> &
=SV=VX @ O
= _02 =v+ ,!r-ﬂ K@
oo O
Now, from (i) we have v+ x-% =v—cos’ v 6\' %’

:x-iv-z-coszv ; O
x §\\ @(b
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HOMOGENEOUS DIFFERENTIAL EQUATIONS (XII, R. S. AGGARWAL)

24

Sol.

25.

Sol.

dx
=sec’vdv=——
X

. . 2 dx
Integrating both sides we have ISGC'V dv= —I—
X

= tanv=—log|x|+C

%‘+10g|r]=€

This is the required solution of given differential equation
(xcosljﬂ = [ycosZ] +x
x ) dx '
Find @
dx
xcos(Z)gy— = ycos(ij +x
x ) dx x
¥
ycos[—]ﬂr ;o
iy.:—x,_zﬂectzjzp[z)
dx

¥y x X x
X cos
x

Thus the given differential equation is homogeneous differential equation

= tan

Le’tz-zv
X
= y=vE
BB e
dx dx

Now the differential equation is,

dv
vY+X—=VviSsSecv
dx

cosvdv = &
x
Integrating both sides

dx
j'cos vdv = I—-x—
siny = loglx‘ g

Putting v :*}i&tq =logc @
X

sin% = log|x| + log|c| 60 c’;\\o
sm— = log|ex| K@ Q

Find the particular solution of the differential equation 2xy+ y’ —2x° L5 Oé\ﬁemg n that

y=2 when x=1 Q &Q
Given differential equation is \\\ @

@\
,QQ
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This is of the form Q = f[l)
dx 3

This the given differential is homogeneous differential equation

2

dv dx
o

=y _—vzzloglr|+C
>-Zotoghf+C )

" 2x1
Putting x=1 and y=2 we have wazlogll|+C
= C=-
Putting C =—1 in equation (1) we have

2 ogl

—2x=ylog|r|—y
=¥ -Zx:y—ylogM
2x

:szg'xl 60 t\\

This is the required solution of given differential equation

26. Find the particular solution of the differential equation {xsm }dx+ xdy =0 ygﬂ Echat

y:% when x =1 OQ &Q
Sol. Given differential equation is {Jnr-sin2 Z—y}dx +xdy=0 0\\\ ®®
x N

Wondershare

PDFelement

©
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HOMOGENEOUS DIFFERENTIAL EQUATIONS (XII, R. S. AGGARWAL)

= xdy = (y-—xsinzzjdx
X

:>ﬁ:£—sin3l sl

X X

This s of the form 2 = f[l)
dx -

This the given differential equation is homogeneous differential equation
Let L=v

X
= y=w

dy dv

==y x—
dx dx

Now, from (ii)

dv .3
V+X-—=v—sin v
dx

dv . B
= x-—=—sin"¥
dx
=> cosec’ v-dv =—sin’ ¥
. . 5 dx
Integrating both sides we have Icosec* v-dv= —I—
£
= —cotv=—log|x]+C
=cotL= log|x|-C
x

Putting x=1 and y=% we have cot%=log|l|—(,'

=1==C
= 0=-1

Putting C =1 in (i) we have cot(lj =log|x|+1
x

This is the required solution of given differential equation

' 2 =
Find the particular solution of the differential equation . = M given that y=1 when x=1
x(2y+x)
For checking homogeneous putting £ for x and ¢y for y.
The given equation remains unchanged so it is a homogeneous equation. @
2vx — s -

Puty=vx,weget,d—y=v+x£ = v+x—@=w = v+x£=2‘r Y 0 s\\g)

dx dx dx  x(2w+x) dc  2v+1 @ @)

5 xﬂ:h}:—v_i = v -2v 5 I2v+ldv=— ﬁ K@ Q&®

de 2v+l 1 Y& el 2v x >
:>v+%logv=—log|x|+c :>X+%log(£j=—log|x]+c 6\' %-
3 x

Y 84

1 1 I 1 .
:>—+—logy——logx+log|x|:c = =+—logy+—log x=¢ \\ (b
¥ 2 2 ¥ 2 2
NS4
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=5 %+%Iog(x y)=e¢ D)

Given, x=1, y=1, %+%Iog(1’l]:c = g=1

LY

Putting the value of ¢ in equation (1), = +%log(ry) =]
¥

28. Find the particular solution of the differential equation (xe"':'” + y)dx =xdy, given that y(l) =0
Sol. Given differential equation is (x-e’"” +y)dx =xdy
a‘.y _ I ¥x y

= += ..
dx # X @)

.

This is of the form 2. = f(z ]
dx x

This the given differential equation is homogeneous differential equation

Let ~'}i=v

X
> y=w

dy . dv

== =vix—
dx dx

dv

Now from (ii) we have v+ X-E =e" +v

=" ee""tr.afvz£
X

Integrating both sides we have
e [
Je o= [
= —e " =log|x+C
= —e”* =log|d*C ... @)
Putting x =1& y =0 in (i) we have
-’ =log(1)+C
=il ==1
Putting C =—1 in (ii) we have .
—e* Zlogll‘l—l 60 Q&\O
=log|x+e > =1 @

This is the required solution of given differential equation K% Q
29. Find the particular solution of the differential equation xe* — y+ xdﬁ =0, QV@V}’ (‘3)%'
fx
Sol. Given differential equation is Q Q

, N
x-e""xwy+x-%=0 0@ ®®
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HOMOGENEOUS DIFFERENTIAL EQUATIONS (XII, R. S. AGGARWAL)

30.

Sol.

dy i
= X-——=y-Xx-e
de
:Qzl—e""" (i)
dx x

Thisis of the form 2 = f{l}
dx ¥

This the given differential equation is homogeneous differential equation

Letl:v
X
= y=w
::»ﬂ:v-l-t\r-ﬂ
dx dx

v

Now, from (i) v+x-ﬂ=v—e
dx

& e
= x—=-e
dx
=¥ —e'"aﬁr:ﬂ
x

Integrating both sides we get —I —e "dv = J'i;-
=e “=log|x|+C

=e " =logld+C ... ()

y(e) =0

s e’ =loge+C

= 1 =l

=T=0

Putting C =0 in (i) we have e ¥ =log|x]

Taking log on both sides —2 = log (log]x|)
x
= y= —xlog(log[xD
This is the required solution of given differential equation

The slope of the tangent to a curve at any point (x,y) on itis given by -)—P—rcot—y—](cosi], where
X oy X x

x>0 and y >0 Ifthe curve passes through the point (1%} find the equation of the curve 0 . O

Since slape of the tangent to a curve at (x,y) onitis Z—[cotlj-cos[l]
x X X

P ol ) el ;
e cot[x] cos[x] e (1Y %

This is of the form %z f[i) N O @

X
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Thus the differential equation is hangogerous differential equation

Letl=v
X

= y=w

dy

av
=y =V —
dx dx

Now from (i) we have

v+x-%:v—cot(v)-cos(v)
dv

= x-—=—CotV:COosV
dx

dx
= secv-tanvdv=———
| %

Integrating both sides we have Isec v-tanvdv = — I e
X

= secv ——log|x+C
=" sec(l] = —log|x|+-C R uil)
X
Since the curve passes through the point (1, %J

o
secL%) =—logll|+C
=2=C
e
Putting (' = J2 in equation we have“-sch—f] +log|x| =2

This is the required solution of given differential equation
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