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Exercise 9.5 Page: 406

In each of the Exercises 1 to 10, show that the given differential equation is homogeneous
and solve each of them.
1:

(x2 +Xy)dy ( =x +y’ )dx

Solution:

The given differential equation can be written as

dy xz+y2
= e
dx x*+xy M

X’ +y°
LetF(X,y)Zz—

X" + Xy

2 2 y) 2 2 2

NOW,F(&X,&Y): ( X) +( y) :X +y ZlOF(X,Y)

(/lx)2 + (xlx)(/ly) X’ + Xy
This shows that equation (1) is a homogeneous equation.
To solve it, we make the substitution as:

y = VX
Differentiating both sides with respect to x, we get:
d dv

Y ovixt dy

dx dx dx

Substituting the values of v and in equation (1), we get:

dv B X8 (vx)2

V+XdX_X2+X(VX)
dv 1+v?
> V+X—=
dx 1+v
dv  1+12 (1+V2)—C(1+V)
X—= —_ =
dx 1+v 1+v
dv 1-v

X — =
dx 1+v
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Integrating both sides, we get:
—2og(l — v) —v=logx —logk

= V=—2log(1 —V) —logx + logk

=v=log| ———
s X(l—v)2
:>X:10g K 5
x X(l—yj
- X -
=Y g X
x o (x-y)
kx Y
= ———=¢"
(x-v)

-y
= (X — y)2 = kxe*

This is the required solution of the given differential equation.

Solution:
The given differential equation is:

_X+y

'

=-Z="""

Now, (ﬂ,X,ﬂ,y) = AX, Ay S ﬂ,OF(X,y)
X

AX

Thus, the given equation is a homogeneous equation.
To solve it, we make the substitution as:

y =VX

— https:fbyjus.com
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Differentiating both sides with respect to x, we get:

Substituting the values of y and d—yin equation (1), we get:
X

dv x4+ vx
V+X—=
dx X

Integrating both sides, we get:
v=logx+C

:>X:10gx+C
X
= y=xlogx +Cx

This is the required solution of the given differential equation.

3.
(X —y)dy(—x +y)dx =0

Solution:
(X —y)dy (—x +y)dX =0
Yy _x+y 1)
dx x-y
LetF(x,y)ZX—i_y
X—-y
AX+Ay xX+y .
- F(Ax,Ay) = = =AF
(X’ y) AX—Ay X-—y (X’y)

Thus, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y =vX
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Ln=Lw)
:>—y=V+xd—V
X dx

Substituting the values of y and d—yin equation (1), we get:
X

dv x+vx 1+v
V+X = =

dx x-vx l-v

dv 1+v I+v—-v(-v

X—=——-V=

dx 1-v 1-v
dv  1+v?

= X—=
dx 1-v
—I_V dV:d—X
(1+v2) X

1 1 dx

= ——-— |dx=—

I+v: 1-v X
Integrating both sides, we get

tan”' v —%log(l + vz)zlogx +C

2
—tan”| ¥ —llog 1+(zj :lzlogx+C
x) 2 X
2 2
—tan| ¥ —llog X +2y jzlongrC
x) 2 X
-1l Y _l 2 20 2| _
= tan - 2[log(x +y) logx ]—1ogx+c
1| Y 1 2 2
=tan"'| = |==log(x* +y’ )+ C
< )=Rlee(x*+y)

This is the required solution of the given differential equation.

4:
(x2 -y’ )dx + 2xydy =0

Solution:
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The given differential equation is:

(X2 ~-y’ )dx +2xydy =0

(2 2
Ly eey)
dx 2Xxy
_(Xz_yz)
Let(x,y) =——
2xy
() -() | -(x*-¥)
S F(AX Ay) = = =A"F
( X’ y) { 2(/1x)(/1y) 2xy (X’y)

Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y = VX
d d
d—X(Y)—d—X(VX)

Z>—y=V+X£
X dx

dv v -1
V+X—=
dx 2v
dv v -1 v —1-2v?
o _— — V=
dx 2v 2v
1+ v
_ dv (V)
dx 2v
2
Vde=—d—X
1+v X

Integrating both sides, we get:

log(l + Vz):—logx +logC = logg
X
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—=1+v=

2
:{1+y—2}:g
X X

=x’+y =Cx
This is the required solution of the given differential equation.

> | O

5:
Xzﬂ—x2 — 2y +Xxy
dx

Solution:
The given differential equation is:
d
Yy — 2y +Xxy
dx
dy x*>-2y’>+xy
—= 3 (D)

dx X

2 2
Let F(x, y) =~ 23'2 Xy

(2x)’ ~2(4y)' +(A)(Ay) _x*-2y*+xy _,
(ZX)Z - yz 2 =4 F(X,y)

X

- F(Ax,Ay) =

Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y = VX
dv
=Y ovix
X dx

Substituting the values of y and d_y in equation (1), we get:
X

v+xﬂ: x’ —2(VX)2 +x.(VX)
dx x’

:>V+Xd—V=1—2V2+V
dx

:>Xd—V:1—2V2
dx
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1-2v*  x
1 dv dx
= = =—
21 2 X
—=V
2 ]
1 dv dx
:> _ - | = —

&)~

Integrating both sides, we get:

—=+V
11 log 2 =10g|x|+C
22><L L—V
V2 W2
Ly

| \/5 X
= lo =]log|x|+ C
22 1y gl

NI
X—I-\/Ey

-1 log =log|x|+C
22 T x =2y

This is the required solution for the given differential equation.

6:
xdy — ydy = {x* + y*dx
Solution:

xdy — ydy =+/x* + y*dx
= Xdy:[y+ »\/XZ +y’ }dx
ﬂ_ y + »\/xz + y2

™ - (D
’ 2 2

Let F(X,y):y+ X2 Ty
X

https:fbyjus.com
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AX X
Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

- F(Ax,Ay) = = A"F(x,y)

y =vX
d d
=5 (w)

:>—y:v+xd—V
X dx

Substituting the values of v and d_y in equation (1), we get:
X

dv VX + X +(vx)2

> V+X—=
dx X
:>v+x((11—vzv+\/1+v2
X
dv dx
= =—

Ji+v? X

Integrating both sides, we get:

log‘v +V1+V

2
:>logz+,1’l+y—2 :10g|Cx|
X %

y+4x2 +

X

:>y+\/x2+y2 =Cx?

This is the required solution of the given differential equation.

=log|x|+logC

= log =log|Cx|

7:

e A

Solution:
The given differential equation is:
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i) r o pon() oo )
P9 i ) O

" ()l )

LetF(x,y)=

- F(Ax,4y)

Jreol)eol)p
o))

=" F.(X, y)
Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y = VX
dv

=Y ovixt
X dx

Substituting the values of y and d—yin equation (1), we get;
X

dv (xcosv + szinv).vx
V4 X— =

dx (VX sinv — XCOSV)X
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2 .
dV VCOSV + Vv sinv
= V+X

dx VSInV —CoSV

2 .
dv _vcosv+visinv
= X— - -V
dx VSINV — COSV

2 2
dv vcosv+ v sinv—v sinv+vcosv
= X— = :
dx VsSinv —CcosvVv

dV 2vcosv

dX  vsinv —cosv
VsSInvV —cosv 2dx
= dv=—+

VCOSV X
( 1] 2dx
=|tanv—— |dv=——
\% X

Integrating both sides, we get:
log(sec v) —log v =2log x + log C

= lo g(sev j—log(Cx )

:(secv) O
v

= secv =Cx*v

:sec( j Cx’.
X X
:>sec( j Cxy
X
:»cos(l):L:l.L
x) Cxy C xy

= xycos(zj =k (k = l)
X C

This is the required solution of the given differential equation.

8:

xg—y+sin(z):0
dx X

Solution:



https://byjus.com/?utm_source=pdf+click
https://byjus.com/?utm_source=pdf+click

m BYJU'S  NCERT Solutions for Class 12 Maths Chapter 9- Differential Equations

The Learning App

Xz—y—y+sin(1)=0

X X
:Xg:y—xsin(zj
dx X
y—xsin(yj
N = (1)
" S
y—xsin(yj
Let F(x, y) = X
X
d ﬂ.y—ixsin(iyj y—xsin(yj
y X X 0
o F(Ax,Ay)—= = = A F(x,
( * y)dx AX X (X y)

Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y =vX
d d
o )=5(w)
:>—y:v+xd—V
X dx

Substituting the values of y and d_y in equation (1), we get:
X

dv vx-—xsinv
V+X—=—n———

sinv X

dx
= cosecvdv =——
X

Integrating both sides, we get:

10g|c0sec v — cotv| =—logx +logC = logE
X

= COS ec(lj - cot(zj = g
X X X
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cos Y
1 (Xj _c
sin Y sin Y X
X X
= ){1 — cos[zﬂ = Csin(zj
X X

This is the required solution of the given differential equation.

=

9:
ydx + xlog(z)dy —2xdy =0
X

Solution:
ydx + xlog(z)dy —2xdy =0
X
= ydx = |:2X - Xlog(zﬂdy
X
:?z Y (D)
~ 2x—xlog(yj
X
LetF(X,y)— _
2x—xlog(y)
X
- F(Ax,Ay) = Yo iF(xy)
y y
2(Ax)—(Ax)log| — | 2x-—log| =
(4%) = (Ax) og(lxj X og(xj

Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y =vX
d d
2L (w)
dx dx

:>—y=V+Xg
X dx

Substituting the values of y and d_y in equation (1), we get:
X
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dv VX
V+HX—=———
dx 2x-—xlogv
dv \4
=>V+X—=
dx 2-logv
dv v
> X—=—""-V
dx 2-logv
dv. v-2v+vlogv
=>xX—=
dx 2—logv
Xﬂ_vlogv—x
dx 2-logv
2 —-logv dx

dv=2
v(logv—1) T

:>1+(1_10gv)}d\/:d—x

i V(logv—l)
. ;_l}dvzd_x
| v(logv—1) v X

Integrating both sides, we get:

1 1 1
— dv-[=dv=[—d
-[V(logv—l) Y IVV Ix 3

dv
:jv(logv—l)
= Let logv—-1=t

dt

d
= (1 —1)=—
:>dv(OgV ) dv

1_dt

v dv

—logv=Ilogx +1logC e (2)

dv
= —=dt
\%
Therefore, equation (1) becomes:
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= J%—log\/:logx +logC

X

= logt —log(y) = log(Cx)

= log log(Z] — 1} —~ log(zj =log(Cx)
X X
log(yj—l
= log + zlog(Cx)
ox

= E{log(zj — 1} =Cx
y X
= log(zj -1=Cy
X

This is the required solution of the given differential equation.

10:

[1+eY]dX+eY(1—§]dy=o
y

Solution:

l+e’ dx+ey(1—§]dy:0
y
=l 1+e’ dx:—eY(l—iny
y
o1
e Uy

=— 7 . (1)
d x
Y 1+¢”

https:fbyjus.com
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X
- X
Y

LetF(x,y) = "
1+¢e”
AX AX
_eya(l_ﬂXJ _GM(I_X]
. Ay Y) _ 40
S F(lx,ﬂy): & = x =1 F(X,y)
1+e% 1+e”

Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

X =Vy
d d

jd—y(x)—d—y(w)

=>—=Vv+ dv
dy ydy

X
Substituting the values of x and d—in equation (1), we get:

dv —¢' (I—V)
V+ty—=——-—=
dy I+¢"
dv —-e' +ve'
>y—=——
dy l1+e¢"
dv. —e"+ve' —v-ve'

> V— =
ydy 1+¢"

N dv _ v+e'
ydy I+¢"

:{1+ev}dvz_g
v+e y

Integrating both sides, we get:

-V

https:fbyjus.com
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= log(v + ev):—logy+ logC = longJ
y

X

X . C
=>|—+e’ |[=—
y y
= X+xy’ =c
This is the required solution of the given differential equation.
For each of the differential equations in Exercises from 11 to 15, find the particular
solution satisfying the given condition:

11:
(x +y)dy ( +X —y)dx =0;y =1 when x=1

Solution:
(X +y)dy ( +X —y)dx =0
= (x + y)dy — (x — y)dx

dx X+y
LetF (x,y) = ﬂ
X+y
- F(Ax,dy)= ~(Ax - y) = ~(x-y) = AOF(x,y)

AX + Ay X+y

Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

Yy =VvX
d d

jd—x(y)—d—x("x)

:ﬂ:\wxd—v
dx dx

Avr
Substituting the values of y and Y in equation (1), we get:
d

X
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dv —(X—VX)
vVix—=——~2
dx X + VX
dv v-1
> V+HX—=——
dx v+l1
dv v-1 V—l—V(V—i—l)
— = V=
dx v+1 v+1
dv v-1-v'-v _(1+V2)
= X—= =
dx v+1 v+1
+1
(v1) 4y
1+v X

\% | dx

= 2 + 3 dv=——

I+v" 1+v X
Integrating both sides, we get:

%log(l +v)+tan” v=—logx +k
= log(l + V2)+ 2tan”' v=-2logx + 2k

— log[(1+ VZ)X2:| +2tan"' v=2k

2
= logul + y_zsz} +2tan”' ¥ =2k
X

X

:>log(x2 +y2)+2tan_lzz2k . 2)

X
Now,y=1atx=1

= log2+2tan"'1=2k

:>10g2+2><%:2k

T
= 2 +log2 =2k
Substituting the value of 2k in equation (2), we get:

log(x2 +y’ ) +2tan” (zj = log?2
x) 2

This is the required solution of the given differential equation.

12:
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X dy ( Xy +y’ )dx =0;y =1 wherex =1

Solution:
x*dy + (Xy +y’ )dX =0
= x’dy = —(xy +y’ )dx

_ 2
Ly _clwey)

dx X
_ 2
LetF(x,y)=M
X
AxAy+(Ay) | - 2
F(ix,ﬂy):[ . y+( Y) }: (Xy;l-y )=ZOF(X,y)

2
(4x) X
Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y = VX
d d
&(Y)—&(VX)

:>—y=V+Xﬂ
dx dx

Substituting the values of y and in equation (1), we get:

2
—| X.VvX +(vx

V+Xg= [ ( )]:—V—VZ

dx x*
:xg:—vz—2V=—V(v+2)

dx
o dv &

v(v+2) x
:l_w}dvz_d_x

2_ V(V+2) X
ST P

212 v+2 X

Integrating both sides, we get:



https://byjus.com/?utm_source=pdf+click
https://byjus.com/?utm_source=pdf+click

m BYJU'S  NCERT Solutions for Class 12 Maths Chapter 9- Differential Equations

The Learning App

%[bgv — log(v + 2)] =—logx +logC

X
2

SO A

y+2x X

2
-2y _c .

y + 2Xx
Now,y=1latx=

1
=—=C

1+2
=C* ==

1
Substituting C’ = E in equation (2), we get;

Xy 1

y+2x_3

= y+2x =3x"y
This is the required solution of the given differential equation.

xsin’ (E — yj dx + xdy =0; y%whenx =1
y

Solution:

xsin’ (E— yj dx + xdy =0
y

https:fbyjus.com
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= (D)

X X
Therefore, the given differential equation is a homogeneous equation.
To solve this differential equation, we make the substitution as:

) {zx sin’ [j’y‘ - Ayﬂ ) —[Xsinz (z - yﬂ )

y = VX
d d
jd—x(y)—d—x("x)
:ﬂ:\wxd—v
dx dx

Substituting the values of y and d—yin equation (1), we get:
X

dv —[xsin2 \ Vx:|
V+X—=
dx X

dv 35 .5
:>V+Xd—=—|:S11’1 V—V:|=V—Sll’l \%
X

Vv . 9
> X—=-—-SIn"v
dx

dv dx

sinv dx

dx

dx
Integrating both sides, we get;
—cotv= —log|x| -C

= cosec’dv =—

= cotV=10g|X| -C

= cot(zj =log|x|+logC

X
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= cot(zj =log|Cx| . (2)
X

N y i at x =1
oW, = — =
4

= cot(%) = 10g|C|

= 1=1logC

=C=¢'=¢
Substituting C = e in equation (2), we get:

cot(zj =log|ex|
X

This is the required solution of the given differential equation.

14:
g—z+cosec(ljzo;y=0whenx:l
dx x X
Solution:
g—z+cosec(zjzo
dx x X
:gzz—cosec(zj (D)

dx x X

LetF (x,y) = Y CoSs ec(zj
X X

- F(Ax,Ay)= % — cosec(ﬂj

X Ax
= F(ﬂx,/ly) = cosec(lj = F(X,y) ﬂOF(X,Y)
X X

Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:
y = VX

d d
:>d—x(y)—d—X(VX)
dy dv

=L =v4+x—

dx dx
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Substituting the value of y and d—ln equation (1), we get:
X

dv
V+ X— =—cosecv

dx
dv dx
= — =——
cosecv X
) dx
= —sinvdx = —
X

Integrating both sides, we get:
cosv =logx +logC =log|Cx|

= cos(zJ =log|Cx]| )
X

This is the required solution of the given differential equation.
Now,y=0atx=1.

= cos(0) =1logC
= 1=logC

=C=¢'=¢
Substituting C = e in equation (2), we get:

cos(gj:1og|(ex)|

This is the required solution of the given differential equation.

15:

2xy +y’ —ZXZQ:O;y:2 whenx =1
dx

Solution:

2Xy +y° —2X2ﬂ=0
dx

:>2x23—z:2xy+y2

2
_ 4y 2xy Y
dx 2x
2Xy + y2
2x?

(1)

LetF(x,y) =
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2
2(Ax)(4y) +(4y)” _2xy+y’
2(Ax )2 2x°
Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

- F(Ax,Ay) = =A"F(x,y)

y =vVX
d d
&(Y)—&(VX)
:>—y=V+Xﬂ
X dx

d
Substituting the value of y and d—yin equation (1), we get:
X

ﬂ B 2X(VX) + (VX)2
dx 2x°

dv  2v+v?
S V+X—=

dx 2x°

2
\"

dv
SVHX—=V+—
dx 2
:%dV:d—X
\% X

Integrating both sides, we get:

—2+1
A\Y

-2+1

V+X

2.

:10g|x|+C
— _2 = 10g|x| +C
v

2
_Z _joglx|+C
= v 0g|x|

X

= _2x = 1og|x| +C (2
y
Now,y=2atx=1

= —1=log(1)+C

=C=-1
Substituting C = -1 in equation (2) we get:
2x

——:10g|x|+1
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2xX

:>—=log|x|
Yy
2x
y—m,(xiO,Xie)

This is the required solution of the given differential equation.

16:

A homogeneous differential equation of the form j—x =h (Ej can be solved by making the
Y y

Substitution

A.y=vx

B.v=yx

C.x=vy

D.x=v

Solution:

dx X
For solving the homogeneous equation of the form d_ =h (—j , we need to make the
y |/

substitution as X = vy.
Hence, the correct answer is C.

17:
Which of the following is a homogeneous differential equation?

A.(4x +6y+5)dy —(3y +2x +4)dx =0
B.(xy)dx - (x’ +y’)dy =0

C.(x* +2y* )dx + 2xydy =0

D.y’dx +(x* = xy’ —y*)dy =0

Solution:
Function F (x, y) is said to be the homogenous function of degree n, if F(ﬂx, /IV) = /I'F(X, y)

for any non-zero constant (A).
Consider the equation given in alternative D:

ydx + (x2 —xy’ -y’ )dy =0
dX B _y2 yZ

= = =
dy )(2—)<y2—y2 y2+xy—x2
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2
Let F(X, y) = %
Yy +Xy—X
ﬁ, 2
= F(lx,/iy) = (%y)

(Ay)" +(2x)(Ay) - (2x)
_ /12y2
/Iz(y2 +Xy—X2)

:/10 y2
vy +xy—x°
=/10F(X,y)

Hence, the differential equation given in alternative D is a homogenous equation.
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