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Class XII : Maths
Chapter 9 : Differential Equations

Questions and Solutions | Exercise 9.4 - NCERT Books

Question 1:

¥+ xv)dv=(x*+ v )dx
(¥ o)y = (2" +7)

Answer

The given differential equation i.e., (x* + xy) dy = (x* + y?) dx can be written as:

dv  x'+)7

= w1
v X +xy { }
Let F{x._v} = 1 urd

X 4xy

Now. F/(2x.4y)= {jj}x];;[j;{l\} - :‘ ::.1 =4 F(x)

This shows that equation (1) is a homogeneous equation.
To solve it, we make the substitution as:
Yy = VX

Differentiating both sides with respect to x, we get:

id

Substituting the values of v and dx in equation (1), we get:
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dv X ()
VX —=——
dv x° +x{1-‘x]
dv 14+
= Vt+r—=
l+v
. - l+v" ) =v(l14v
::wx{h:l-H —v:( ) (1+v)
v 1+v 1+
dv 1=v
r—=—
de 1+v
(1+v) dx
= | — |=dv=—
kl—vJ X
:}[2—|+‘u]d‘|=d‘c
l—v X
3
:‘}L;_]]Qﬂl'zﬂ
l—v x

Integrating both sides, we get:
—2log(1-v)-v=logx—logk

=v=-2log(l1-v)-logx+logk
k
=v=log| ——
Ln—v]']

V
——=log
x i

; kv
::J—:Iog ]
x

= [.1.‘ = 1] = kxe *

This is the required solution of the given differential equation.

Class X1l MATH www.esaral.com 2



https://www.esaral.com/seo-pdf-android
https://www.esaral.com/seo-pdf-ios
User
Rectangle


*‘e’Sa ra | JEE | NEET | CLASS 8 - 10 Download eSaral APP [

Question 2:

Xty
X

J_.l

Answer

The given differential equation is:

,_ Xty
x

dy x+y

—=— Al
- dx x [ }
Let F(x.y) = )

X
" Ax+ Ay x+y

Now, F{Ar. ),y] = = =4 F[Jr. _1‘}

Ax x
Thus, the given equation is a homogeneous equation.
To solve it, we make the substitution as:
y = vx
Differentiating both sides with respect to x, we get:

Yyt

dx dlx
Q
Substituting the values of y and dx in equation (1), we get:
dv x+wx

V+x—=
dx X

el
= v+x—=1+v
dx

Integrating both sides, we get:
v=logx+C
1
= ~=logx+C
X
= y=xlogx+Cx

This is the required solution of the given differential equation.

Class X1l MATH www.esaral.com 3
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Question 3:

(x=y)dv—(x+y)dx=0
Answer
The given differential equation is:

(x=y)dv—(x+y)dx=0

& _x+y (1)
dx x-y
X+ y
Let F{x, v)= .
et F(x.v) y

Ax+Ady x+yv
o F(AxAy)= )\.‘—Ai' = \.‘—'1-' =A"F(x.y)

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

y = vx
o o
:‘E(J]—E{W}
dv v
= =yt r—
k" dy

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

dv x+1=x_1+1'

Vhx—= =
dy x—we 1—-vw
\d\=_1+1' 1J_|+1’—t'{|—1rj
de 1—v l—v
dav 14y
y—=
e 1=
I-v m.-zﬁ
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Integrating both sides, we get:

] ‘ 4
tan”™' v—?lng{H 1] =logx+C

=5 tan”’ (i]—llugll +££] ]=lng:r+C
| X 2 x

T R
= Lan"‘ J']— : lr.ig[Jl +;} ]:lugx+[‘
X 2 X

— tan”' [f] —%[log[r"’ +y* }— log x* ] =logx+C

= tan '[lJz llog[.rj +y')+C
¥ \ !

X

This is the required solution of the given differential equation.

Question 4:

{x: —y? ]d,r+2.r}’ dy =10

Answer

The given differential equation is:
{x: —y? ]d,r+2.r}’ dy =10

O
:}E - 2xy -(1)

Let Fx,v)= _(12—;1)

- F(Ax,Ay)= l“’”z ~(4y) ] i Gt S F(x,7)

2{.?..,\’}{5?,_1'} 2xv

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx

Class X1l MATH www.esaral.com 5
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o o
jdr{*‘:"dx{”}
dv dv
= —=v+ri—

dx dx

dy

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

dv Xt - [1':1.']1
F+LYE_ _|: 2x-(vx) }

dv v =1
vHx—=
e 2y
dv v -1 vi—1-2v7
r—= —v=
o 2y 2y
rﬁ o {1 + 1.=':}
dy 2
v —dv = —ﬁ
1+ X

Integrating both sides, we get:

lng(] +1-‘2): =logx+logC = Ir.‘.igE
x

=1+v =

= l+—|=—
X X

=x +y =Cx

C
.

This is the required solution of the given differential equation.

Question 5:

X Q —x =2y +xy
dx
Answer

The given differential equation is:

Sdr ,
x° @& _ =2y +xy

dv

Class X1l MATH www.esaral.com 6
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X -2yt

& _x -y (1)
el A

]_-_, _12 o
Ln:hf-_(,wc._u--}:'1f =Y A

2

Ax) =2(p) +(Ax)Ay) -2+,

F[A:f,/{_l-'}:[ v) = 2(Ay) +( T){AJ}:; 2_1‘ + ) 20 F (%)

{/’.x}: X
Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
n d:l
= i i
dx dx

aj.'

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

dv x* - Z(wr}: +x-(vx)

Y+x—= ,
e x°
dv
= v+x—=1=2v" +v
ax
v
= x—=1-2
o
dv oy
I-2v x
| v e
—1 . =
21 5 x
—
2
l ey o

IOk

Integrating both sides, we get:

Class X1l MATH www.esaral.com
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l
+v
1 1 i
3 I I+::+g.“':E = log|x|+C
2 —v
V2o 2
1 +}'
1 J2 o ox
= log =log x|+ C
22 |1y i
J2oox

1 X+ 2}'|_
= 2~.,"E log ,\'—\Ey|_lﬂg|x|+t

This is the required solution for the given differential equation.

Question 6:

xdy — ydx = \Jx" + v’ dx

Answer

xdy — ydx = m ellx
= xdy = [}- + m ] dx

dv _ vty (1)
ax X’

Let F(x,y)= YENYEV

1

L F(Ax.Ay)= -

=0 F(x.v)

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

y = vx
o o

:‘E(JJ—E{W}
dv v

= =Vt x—
dx Frks

Class X1l MATH www.esaral.com 8
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dy

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

dv v+ oxt ()

Vix—=

ey X
= V+x v _ v+
dx
dv dx
) =—

Jiev ¥

Integrating both sides, we get:

log|v++1+v*| =log |+ +log C
=log|X+ 142 |= log|Cx
X X
IR -2 + e
= log YNt 7V log|Cx
X

= p4xt 4y =07

This is the required solution of the given differential equation.

Question 7:

: - - N i
J x 0S| i]+_'|-'£iin| J—”J-‘.:a’x: {ysin| X |—xn:un:;[lﬂ»xf{v
X L L x ) x|

N )

Answer

The given differential equation is:

Class X1l MATH www.esaral.com 9



https://www.esaral.com/seo-pdf-android
https://www.esaral.com/seo-pdf-ios
User
Rectangle


Je/Sa ra | JEE | NEET | CLASS 8 - 10 Download eSaral APP [

e e e S B

o )]

* el

e [ ]*“'"[%J}f'
ger=ah
{Aacos( ]+i}*sin[/i"’j]}2_m'

o FAx iy) {)Jmn[)y] inm[ }

e }

= /-]_-'ZI .F(xty}

(1)

|t

-:|v'

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
dy dv
= =yt =—
dx dx

ﬁ

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

Class X1l MATH www.esaral.com 10
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dv [x sV +vrsin 1’}-1‘1‘

:
-
|
|

ey [wrsin v—x L‘r.}:-n'] X

) .
d‘r‘l' VEOsSVY+v sy
S P+ —=—
alx VEINV—COS Y

dv veoosv4vsiny
=y —

o vsinv—cosy

v VCOSV+H1 SNy —v siny +veosy
=y — =

Feky VEIinv—cosy
v 2vcosv

e o — —_—
dr vsinv—cosy

ssinv—cosy| ,  2dx
:>|:‘I S Y —=Cos }d]': X
VCOs v X
{ ] 2y
:>Ltan 1-'——}{!1-‘:—
v X

Integrating both sides, we get:

log(secv)—logv=2logx+logC

= log[ﬂ]= log(sz}
v

:}[SENJ oy
!.l

= secv = Cx’v

v P

= sec('—] =C-x"-—
L X x

¥V
= SeC ‘—1 = Cxy

X

v 1 11
=cos| ~ ==

) Cxpy C xy

:>-t1-'cns['—v]:k [L‘:]—]
X C,

This is the required solution of the given differential equation.

Class X1l MATH www.esaral.com 11



https://www.esaral.com/seo-pdf-android
https://www.esaral.com/seo-pdf-ios
User
Rectangle


Je/Sa ra | JEE | NEET | CLASS 8 - 10 Download eSaral APP [

Question 8:

xﬁ—}wﬂ:sin[i] =10
o x

i3
Answer
xﬁ—ijsin [i}:{l
dx x
= ﬁ;d—} =y- rsin['—v]
dv T X
V- 'r5in['r]
dv x
;.-'—xsin(%]
Let F{x,v)= !
(v)="—
i_w—ﬁxsin[j"j) _v—xsin(’]'l]
.._ p‘-'[j..x‘/;ru]} E --‘L — ,‘l." — iu . ,"-'{x_ }I]

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

y = VX
o o
:‘E(JJ—E{W}
dv v
= ——=v+r—
dx dx

Q
Substituting the values of y and dx in equation (1), we get:
dv  wy—xsinv
V+Y¥—=——7—
X X

v )
= V+X—=v—5Inv

v
dv dx
sinv x
= cosec vdv = - ﬂ
-

Class X1l MATH www.esaral.com 12
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Integrating both sides, we get:

C
log |cus&:cv—cul V| =—logx+logC =log
X
y [ y ] C
= cosec| — |—cot| — |=—
x X x
|.L.I
COs
l [ X ]
= _ -

1) wl2)
- fra{z ()

This is the required solution of the given differential equation.

S
X

Question 9:

vy +x Iug[ijdj-' —2xdy =10
X

Answer

v+ x Iogti] dy=2xdy=0
X

'
= yelv = |:2.1'—.\' lt)gL b4 ]:| dy
X

:%:+ (1)
€ 2.".'—1'0;_1['})
X

Let F(xy)=— .

2x=xlog (1—]

X
L F(Ax.Ay)= A - F(xy)
z(ﬂ__w;}-[,l_x}lng(j_}) 2_r-1r..g[-‘_']
X X

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

y = vx

Class X1l MATH www.esaral.com 13
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dv_d
E_ci‘c{u}
av
— =Vv+x—
kY dx

Q

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

dv la
P — = —
dv 2x-xlogv
dv v
=S V4+x—=
dv 2-logv
dv v
— -V
e 2- log v
ci"‘- 1.—"1'+'.I0g1
Yo a- log v
ch _viegv—v
ci‘n 2—logv
2-logv _dx

v{logv—l} I_?
1+(1- |Dg1'}]dr i

ds
v(logv—1)

I 1 iy
—— = |dv=—
v(logv=1) v x

¥

Integrating both sides, we get:

L{lny—l} ~[Lav= [

= j’—‘
1-‘{lug v— 1}

Class XII MATH
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= Let logv—=1=t¢
o dr
== —[lpgv=1)=—
dv{ . ] dv
|
voodv
v
::>—1=u’r

Therefore, equation (1) becomes:
it

= r——logv =logx+logC
I

I
= logr - IUg[J—J =log(Cx)

X

P y .

= log Iog['—] - l}— Iog['—] = log (Cx)
x X
]ug['{]—l

= log : =log(Cx)

— -1-
::-illog

'."’I

This is the required solution of the given differential equation.

Question 10:
™y x X
l+e” r:forc-"(l—' }Jf‘f:{]
Loy
Answer
B .ox
1+e” |dx+e' (]——]aﬁcﬂ'
J.‘
Ve i1
=|1+e" |dv=-¢ [l——]a’y
Loy

Class X1l MATH www.esaral.com 15
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=
d - I_l
X ,
—= w1
dv = (]
1+
5
Let F(x,v)= - :
|+ e
2 Ax ) o x
—e“[l—;—'J —e LI——_J
L F(AxAy)=——702 = L0 F (v y)
I +e* 1+e&

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

X =vy
o d
;">— ; = — vy
(=5 ()
dr v
=D —=Vv+y—
dy dy

dx

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

dv e (1—vw
v+ y—= {—]
dy I +¢'
dv  —e' +ve'
o — —— "
dy l+e
dv —¢"+ve’ —v—ve
= y—= .
dy l+e
dv vie
= y—=- -
dy I+e
1+ " dv
=2
v y

Integrating both sides, we get:

Class XII MATH

www.esaral.com
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= 10g(v+e"}:—l0gy+logc = lﬂg[gj
rLI

=|—+te |=—
¥ v

X

= x+ye’ =C

This is the required solution of the given differential equation.

Question 11:

{x+}=}¢{;r+[x—y}a{y =0;y=Iwhenx=1
Answer

(x+y)dv+(x=y)de=0

= (x+2)dy =—(x—7)ds
(o)

= = w1
dx x+y { }
Let F{L_\-‘}z _(x_"!r}.
xX+y
_ X —(Ax=Ay) —(x-») ., _
_‘__lf" ;L'_\ Fl= = :,:1-,"'__.-‘
(4x.47) Ax—Ay X+ (x.7)

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

y = vx
o
:‘E(JJ—E{W}
dv v
= =Vt x—
dx dx

dy

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

Class X1l MATH www.esaral.com 17
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N G
d X+vx
dv v—1
= V+x—=
dy v+l
dv v-1 v—l-v(v+1)
=y = —v=
dr v+l v+1
Tﬁ_r—l—v:—v_'{l'“’:]
T v+1 T
+1 -
L), ds
14w x

U

|i v 1 :| dx
+ — (dy=——
l+v° 1+ x

Integrating both sides, we get:

1 ( 2 [
Elmgll +v }+tan v=—logx+k

=log(1+v* )+2tan""v=—2log x + 24

= lug[{_1+r:]1x:}+2tan 'y

::-I:Jg[(l+i]-.r:]+2mn 1Y _ o
\ x° X

2k

= ]ng(x: +y3]+ 2tan” ':—:=2k -(2)

Now, y =1 atx = 1.
= log2+2tan' 1 =2k
= log2+2x = =2k
4

-2 b log2=2k

2
Substituting the value of 2k in equation (2), we get:
10g{x3+.u3}+2tan '[{]:%Hogl

This is the required solution of the given differential equation.

Class X1l MATH www.esaral.com 18
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Question 12:

x’dy+(xy+y )dv=0;y = whenx =1
Answer

X dv+ (:cj-' +y° }d‘r =0

= x'dy= —[.\jr+ i ] dx

b Aoer)
T ¢ -
Let F(x,v)= w
[A'T'J-V"'U}'}J] —(o+)7)
s F(Ax, Av)= . = . =A" F(x,y
(nan -0 (59

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

y = vx
7l o

:'E{JJ_E{W}
dv dv

= =yt r—
dx dx

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

il

—|:.T-'m-+{vx}':| 1

V+X—= = =—y—3"
v X
rd—v =—v' —2v=—v(v+2)
dx
v el

Class X1l MATH www.esaral.com 19
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Integrating both sides, we get:

%[Iogv - I0g{v+2]] =—logx+logC

::-llcrg[L)—lﬂgE
2 Thlwv+2 X

¥y .
-9

Yin x

X
=2 .C

y+2x o x

Xy .2

L'+2x:{' ~(2)

Now, y =1atx = 1.

1 .
= =C
1+2

::»C::l
3

5 1
Substituting €~ =§in equation (2), we get:
Xy 1

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

Question 13:

[Min2 ['—T—.v}]dx+x{’fy=ﬂ;}!g when x =1

r] /

Class X1l MATH www.esaral.com 20
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Answer

|:.'|: sin’ [] ] —_1} dx + xey =0
.
[ Ly
L —|xsin’| - ]—y
=== X

dx x

Let F(x.y) = _{mn: [ij ] J}

X .
5 - /?..T . ) _Lr" 1"\
=| A -sin ., —Ay| - :rsm“ = |—y
L j'{z,’:‘/{_-‘]‘}: he — '\.‘1/ — P

Ax X

Y

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

y = vx

=2 (3)=5()

dx cx

dv v
= —=V+r=—

dx dx

Q
Substituting the values of y and dx in equation (1), we get:
v —[J:Sirl2 v—m‘]

V4+x—=
e x

dv s . 7
= V+r—= —I:S]'ﬂ_ V= U:I =Vv—58In" v
dx

(h-' .7
= X—=—-3In" Vv
[

v v

sin v dx
5 v
= cosec vy = ——
X

Integrating both sides, we get:

Class X1l MATH www.esaral.com 21



https://www.esaral.com/seo-pdf-android
https://www.esaral.com/seo-pdf-ios
User
Rectangle


Je/Sa ra | JEE | NEET | CLASS 8 - 10 Download eSaral APP [

—cotv=—log|x|-C

= cotv = log|x[+C

= cot [ 4 ] =log
x

.r| +logC

= cot [l] = log|Cx -(2)
X
y:E atx=1
Now, 4

T
= cot| — |=log|C
[4] #[C
= l=logC
=C=¢=¢

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

cot(i] =log
X

This is the required solution of the given differential equation.

EX]

Question 14:

d. 5 3
@_y +¢{,3¢¢(i] =0; =0 whenx =1
dr  x L

Answer

= F(Ax,Ay)= X_ cosec[lw =F(x.p)=4"-F(x.p)
x )

Therefore, the given differential equation is a homogeneous equation.

Class X1l MATH www.esaral.com 22
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To solve it, we make the substitution as:

y = vx
o o
:'E{J]_E{W}
dv dv
= =yt r—
dr dy

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

dx
dv
V4 Xx— =Vv—cosec v
AN
dv dx
= - =——
COseC v x
. dlx
= —sinvdv=—

X
Integrating both sides, we get:

cosv = log x + log C = log|Cx|

= COS [ l) =log|Cx
X

This is the required solution of the given differential equation.
Now, y = 0 at x = 1.
= cos(0) =logC
= 1=logC
= C=¢=¢
Substituting C = e in equation (2), we get:
cos[l] = log {w:}|
X

This is the required solution of the given differential equation.
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Question 15:
Ly

2xy+3° =2x" = =0; y=2 whenx =1
elx

Answer

2xy+y° =2x° @ _ 0
v

— 2x° ﬂ =2xy +J-‘:
ey

b _2v+y (1)
oy 2x
Dy _l:
Let F(x,y)= XrY

2y

2 }.. 2_ ? ,1 | 2 . 2
o F(Ax,Ay)= (Ax)(2y)+(4y) _2xy+y

: Y2 F(xy)
2(x) 2x°

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

y = vx
il
:'E(J)—E{W}
dv v
= =Vt r—
dx Frks

Substituting the value of y and %in equation (1), we get:
X
v Zx(vx}+(vx]'

dx 2x°
dv v+t

VX

= i,.—;h-' _dx
v x

Integrating both sides, we get:
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4
-2+
2

2.t

—2+1

=log|x|+C

— 2 =|ug|.r|+l:'
v

= —% = |ng|_'c|+C
”

:—E—X:Ing|x|+ff -(2)
¥

Now, y = 2atx = 1.
= ~1=log(1)+C
= C=-1
Substituting C = -1 in equation (2), we get:
L log|x[-1
¥y
= 2:- = I—1ug|x|

-

== Ax#0,xze)

I-log|x

This is the required solution of the given differential equation.
Question 16:

X

]can be solved by making the
}.—‘

h
A homogeneous differential equation of the form o h[
1_:

substitution

A.y =vx
B. Vv = yx
C.x =vy
D.x=v
Answer
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dx x

For solving the homogeneous equation of the form :h[ ], we need to make the
Vv ;
substitution as x = vy. )

Hence, the correct answer is C.

Question 17:

Which of the following is a homogeneous differential equation?
A. [4x+61+ “}a’L - {ly +2x+4)dx =0

B. (xy)dx—(x"+17)dy=0

C. {,1»:i +2y° }u’r+ 2xvdy =0

D. Vdx +(,1.': - =y ]f{v =10

Answer

Function F(x, y) is said to be the homogenous function of degree n, if
F(Ax, Ay) = A" F(x, y) for any non-zero constant (A).

Consider the equation given in alternativeD:
Ve + { X —xy -y }d}' =0

dy -y V'
== = T = 5
dr x —xy—)y Y 4xv—x

y

Let F(x,y)=————-.
Vv —x
. (Av)
= FlAx. Ay)= - 7
)= ) () =)
Ay’

i?{y? +xy—x’)

e
[J-"’ +xy—x J
=A"F(x.y)

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