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4 .
Determine order and degree(if defined) of differential equation ‘—{/—% +sin(y")=0
ax

Answer

"
4

oy g e

‘—'}-f-Sln(_\‘ )=0

dx :

= y"" +sin(y")=0

The highest order derivative present in the differential equation is y™' . Therefore, its

order is four.

The given differential equation is not a polynomial equation in its derivatives. Hence, its

degree is not defined.

Determine order and degree(if defined) of differential equation ‘1~’~‘5_\- =)

Answer

The given differential equation is:

Y +5y=0

The highest order derivative present in the differential equation isy! Therefore, its order is

one.
'

' - - Y . .
It is a polynomial equation in y . The highest power raised to” is 1. Hence, its degree is

one.



http://www.eduinput.com/

Class XII Chapter 9 - Differential Equations Maths

4

Cida\ 2,
Determine order and degree(if defined) of differential equation Lii—\ &3‘\-"/1—'? =
dt ) at”
Answer
£ o \." 2.
LN SR
\ (lr J (1]’
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&
The highest order derivative present in the given differential equation is - s . Therefore,

dr
its order is two.
d’s ds
. . e and g s
It is a polynomial equation in dt dr  The power raised tow,——;— is 1.
ar
Hence, its degree is one.
. . ) . .  (d*y) {(dy
Determine order and degree(if defined) of differential equation [— + COS| T 1=0
 ax” ) \ax )
Answer
"/ /_ 2 \‘ 2 ", 1 8 \"
‘ ‘ + COS| Do
\dx™ ) \dx )

/

1"y
The highest order derivative present in the given differential equation is ‘/ . Therefore,
dx

its order is 2.
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The given differential equation is not a polynomial equation in its derivatives. Hence, its

degree is not defined.

dy A
--/ = cos3x +sin3x
. . . . . ax’
Determine order and degree(if defined) of differential
equation
Answer
d’y .
e = 08 3x + Sin 3x
dx’
d’y A .
=5 ———c0s3x—-sin3x=0
dx

{ ’
The highest order derivative present in the differential equation is {) ‘ . Therefore, its
ax’

order is two.

"y "y
It is a polynomial equation in ‘I‘ and the power raised to ‘I‘ is 1.
ax’ ax’

Hence, its degree is one.

Determine order and degree(if defined) of differential equation
(") + (") +() 4y =0

Answer

(") +(0") +()+ ¥ =0
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The highest order derivative present in the differential i equation is

Therefore, its order is three.

y", y",and '
The given differential equation is a polynomial equation =~ ’ in.

The highest power raised to y"is 2. Hence, its degree is 2.

Determine order and degree(if defined) of differential equation »" +2) "+ =0
Answer

Y+2y"+y'=0

The highest order derivative present in the differential equation isy" . Therefore, its

order is three.
‘M

]
It is a polynomial equation in 3" " and y' . The highest power raised to’ is 1. Hence, its

degree is 1.

Determine order and degree(if defined) of differential equation '+ y=¢"

Answer

'

y+ty=e
=y'+y-e' =0
The highest order derivative present in the differential equation is '. Therefore, its order

is one.
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The given differential equation is a polynomial equation in y"and the highest power

raised to J'is one. Hence, its degree is one.

v +(y) +2y=0
Determine order and degree(if defined) of differential equation

Answer
y'+(y ): +2y=0

»

The highest order derivative present in the differential Y equation is

Therefore, its order is two.

V" and )
The given differential equation is a polynomial equation in and the highest

power raised to y" is one.

Hence, its degree is one.

Determine order and degree(if defined) of differential equation y"+2y"+siny =0
Answer

Y'+2y' +siny =0

The highest order derivative present in the differential equation is ¥" . Therefore, its

order is two.

This is a polynomial equation in+ and.} and the highest power raised to y" is one.
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Hence, its degree is one.

The degree of the differential equation

ey (
i(l 2 ’ +(d‘ ’ +8 ml—|+l—0
\ dx” ) dx ) i
(A) 3(B) 2 (C) 1 (D) not defined

Answer
£ 2.\ (
d vy dy
— ’+(— +>nt—|+l—0
\dx® ) \dx) dx )

The given differential equation is not a polynomial equation in its derivatives. Therefore,

its degree is not defined.

Hence, the correct answer is D.

The order of the differential equation

2x° d_'l' -3 2 +y=0
dx” dx is

(A) 2 (B) 1 (C) 0 (D) not defined

Answer
,d'y dy
2x°—=-3—=—+y=0
dx” dx

l ’
The highest order derivative present in the given differential equation is (/‘ . Therefore,
ax’

its order is two.
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Hence, the correct answer is A.

y=e +1 Y =y'=0
Answer
y=e" +I1

Differentiating both sides of this equation with respect tox, we get:
dy d

ﬁ dx

=)y =é (1)

(:(" +|)

Now, differentiating equation (1) with respect tox, we get:
d s d .
(¥)=—(¢)

:;.\—' dx

L4 X
=>)'=e
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Substituting the values of V' and "
as:

W= " =()=R.H.S.
y' -y =¢-e =0=RH.S in the given differential equation, we get the L.H.S.

Thus, the given function is the solution of the corresponding differential equation.

y=x+2x+C V' =2x-2=0

Answer

y=x"+2x+C
Differentiating both sides of this equation with respect tox, we get:

= :/—I\( X +2x+ (‘)

= y'=2x+2

Substituting the value of."’in the given differential equation, we get:

LLHS. =V —2x—2=2x+2-2x-2=0= R.H.S.

Hence, the given function is the solution of the corresponding differential equation.

y=cosx+C( : Y +sinxy =0

Answer
y=cosx+C

1 %
y =(—(cos.\'+(')
dx

= )y =—sinx
' Differentiating both sides of this equation with respect to
X, we get:
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Substituting the value of."' in the given differential equation, we get:

V'+sinxy=-sinx+sinx=0 LH.S.= =R.H.S.

Hence, the given function is the solution of the corresponding differential equation.

f > : Xy
y=Al+x’ : y=—
[+ x°
Answer
I
y=v1+x’

Differentiating both sides of the equation with respect to x, we get:

3 Z ‘ \."'m )

dx \

, | d . )
Y = —(1+x
T 201+ d\'( )

2x
y' = :
21+ x"
, x
-" = - .\V
\/|+.\"
=y =—" _xJl+x°
+Xx°
, X
— AT —
1+ x-
, Xy
=)y =——
1+ x°
“*L.H.S. = R.H.S.

Hence, the given function is the solution of the corresponding differential equation.
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y=Ax : X' =y(x#0)
Answer
y=Ax

Differentiating both sides with respect tox, we get:
d

v =—(Ax

V' =—(Ax)

=y'=A

Substituting the value of ¥'in the given differential equation, we get:
LHS.=xy'=x-A=Ax=y=R.H.S.

Hence, the given function is the solution of the corresponding differential equation.

YT
y=xsinx DXV =y+xx -y (x#0andx> yorx<—y)
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Differentiating both sides of this equation with respect to
X, we get:

Answer
y=Xxsinx

'

V= i(.\rs;in x)
dx

= ' =sin \i(\) +X- 2 (sinx)
I\ dx

= y' =sinx+ xcosx
in the given differential equation, we get:
’
Substituting the value of}
L.H.S.=xy"=x(sinx + xcosx)
= xsinx+x’ cosx

O T
=y+x -vl=sin"x

/

TR
YHX\y —x°

=R.H.S.

I

Hence, the given function is the solution of the

corresponding differential equation.

. y©
xy=logy+C 1 Y =——(xyz1)
l—xy
Answer
xy=logy+C

Differentiating both sides of this equation with respect to x, we get:
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d d -
—(xy)=—(logy
gl ) = \108y)
d dv 1dy
p— .l"—‘*(.\')*'.\"“"‘ =
dx dy  ydx

I ’
=S y+xy'=—y
"

=y +xyy' =)y
=(xy=1)y' =-)"

' V
=)y ==
[ —xy

“L.H.S. = R.H.S.

Hence, the given function is the solution of the corresponding differential equation.

y—Ccosy=x : (ysiny+cosy+x)y'=y
Answer
y—Cosy=x (1)

Differentiating both sides of the equation with respect tox, we get:
(/1‘ d d
———(cosy)=—;(x)
dx dx dx
= V' +siny-y' =1
= y'(1+siny)=1
; 1

=>y=—
1+siny

Substituting the value of 'in equation (1), we get:
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L.H.S.= ()‘sin y4Cos y+ ’\.).‘,'
1

=(ysin y+cosy+y-cosy)x ———
l+siny

= p(l+siny)-
M ») 1+siny

=y
= R.H.S.

Hence, the given function is the solution of the corresponding differential equation.

x+y=tan"'y : VY +y +1=0
Answer
x+y=tan"y

Differentiating both sides of this equation with respect tox, we get:
d dip =

—(x+y)=—>{tan" y

d.\‘( ’ ) d.\‘( ’ )

r I '
=>1+)y'= > | Y
1+ v

:)_]' :—1J=l

— .1"

Substituting the value ofV'in the given differential equation, we get:
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o[ (142)

,"

LHS.=)yy' +y* +1=) +y° +1

==1-y° +‘1"' +1
=0
=R.H.S.

Hence, the given function is the solution of the corresponding differential equation.
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l' Y Y /‘ .
y=Na -xx e(v-u.u) S \% =()(,\' =0)
dx

Answer
y=va' -x°

Differentiating both sides of this equation with respect tox, we get:

dy  dx
Dﬂ = —F— —-l—:‘i(u" —.\'?)

dv Wat-x* dx
o o)

S
2\Va® —x

dy
Substituting the value ofzin the given differential equation, we get:

3 dy -X
LHS.=x+y—=x+Va —x" x———

ax \;'u: =¥
=X—-X
=0
= R.H.S.

Hence, the given function is the solution of the corresponding differential equation.

The numbers of arbitrary constants in the general solution of a differential equation of

fourth order are:

Page 15 of 157



Class XII Chapter 9 - Differential Equations Maths

(A)0(B)2(C)3 (D)4
Answer

We know that the number of constants in the general solution of a differential equation

of order n is equal to its order.

Therefore, the number of constants in the general equation of fourth order differential

equation is four.

Hence, the correct answer is D.

The numbers of arbitrary constants in the particular solution of a differential equation of

third order are:

(A)3(B)2(C)1 (D)0
Answer
In a particular solution of a differential equation, there are no arbitrary constants.

Hence, the correct answer is D.
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a b
Answer
'_\: 4 l =1
a b
Differentiating both sides of the given equation with respect to x, we get:
I ldy
1.1 5
a bdx

Again, differentiating both sides with respect to x, we get:

0+—y"=0
b’
1

= —=p"=0
b’

= y"'=0

Hence, the required differential equation of the given curve is V" = 0.

Page 17 of 157



Class XII Chapter 9 - Differential Equations Maths

¥ =a(b’-x)

Answer
= u(/f —.\‘?)

Differentiating both sides with respect tox, we get:

2y—=a(-2x)
dx
= 2)y =-2ax
= W' =-ax (1)

Aaain. differentiatina both sides with respect tox, we get:
yey'+w'=-a

:>(y'):+.|;1":—u A2}
Dividing equation (2) by equation (1), we get:

(VY +»"  -a

’

»y —ax
="+ _\-(_r'): -w"=0

This is the required differential equation of the given curve.
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v=ae +bhe”

Answer

b = ae’* +be (1)

Differentiating both sides with respect tox, we get:

y' =3ae’ —2be™* .{(2)

Again, differentiating both sides with respect tox, we get:

V' =9ae’ +4be .(3)

Multiplying equation (1) with (2) and then adding it to equation (2), we get:
('luch +2be™ l)+(:3ucﬂ” —2bc ) =2y +)"

X

3 '
= Sae” =2y+y
’

i 2Y+Y
= ae’ =

5
Now, multiplying equation (1) with equation (3) and subtracting equation (2) from it, we
get:
(3(1(;’:' +3be™* )—(3(16“ —2be™* )= 3y-y

X

= She ™ =3y-y

Substituting the values of ae’ and be ™ in equation (3), we get:
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2y+y)  (3y—y'
(20+y) ,Gr=))

5 S
. 18y+9y" 12y—-4y
o L

y'=9.

L

=)
3 5 P
. 30y+5y
=)y =—
5

= y"'=6y+)’
= y'-y'-6y=0

This is the required differential equation of the given curve.

v=e""(a+bx)

Answer
y=e"(a+bx) (1)
Differentiating both sides with respect tox, we get:
Pl=2e (a+bx)+ e b

:>.1"=c:'(3u+2h.t+/>) .(2)

Multiplying equation (1) with equation (2) and then subtracting it from equation (2), we
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get:

ey

y -2

y=e"(2a+2bx+b)-e" (2a+2bx)
23}

=y -2=be”

Differentiating both sides with respect tox, we get
(4)

'k -2y =2be"

Dividing equation (4) by equation (3), we get:

y' =2y

(8]

V' =2y
= y"'=-2y'=2y"-4y
=y"=4y" +4y=0

This is the required differential equation of the given curve.
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y=e"(acosx+bsinx)

Answer
y=e¢"(acosx+bsinx) (1)

Differentiating both sides with respect tox, we get:

V' =¢"(acosx+bsinx)+e" (—asinx+hcosx)

=y ' =e" [(u +b)cosx—(a—b)sin .\'] «(2)

Again, differentiating with respect tox, we get:

y'=e [:((l+/))COS.\‘—((I—f))SiI'I X joe" —(a+b)sin .\'—(a—b)cos.\'il
V' =e"[2bcosx—2asinx]

' =2¢" (bcosx—asinx)
—>%_c" (beosx—asinx) (3

Adding equations (1) and (3), we get:

Vet ‘? =¢’ [( a+b)cosx—(a-b)sin .\‘]

This is the required differential equation of the given curve.

Form the differential equation of the family of circles touching the y-axis at the origin.

Answer

The centre of the circle touching the y-axis at origin lies on the x-axis.
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Let (a, 0) be the centre of the circle.

Since it touches the y-axis at origin, its radius is a.

Now, the equation of the circle with centre (a, 0) and radius (a) is
(x—a ): +y =a’,

= x>+’ =2ax (1)

A~

Differentiating equation (1) with respect to x, we get:
2x+2y' =2a

= x+y=a

P4yt =2(x+ )

= x4+ =2x"+2xp

=20 +x° =y . : .
i : Now, on substituting the value of a in equation (1), we get:

This is the required differential equation.

Form the differential equation of the family of parabolas having vertex at origin and axis

along positive y-axis.
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Answer
The equation of the parabola having the vertex at origin and the axis along the positive y-

axis is:

X’ = 4ay (1)

Y
\‘ X
- = >
Y'Y

Differentiating equation (1) with respect tox, we get:

2x =4ay’ +(2)
Dividing equation (2) by equation (1), we get:

2x  4ay’

x* day

=5 Xy =2)

=x'=-2y=0

This is the required differential equation.

Form the differential equation of the family of ellipses having foci on y-axis and centre at

origin.
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Answer

The equation of the family of ellipses having foci on the y-axis and the centre at origin is

as follows:

,A+:.‘.;._—_l N (1)
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Maths
Yi
[
X, X
= ol » =
Y'Yy
Differentiating equation (1) with respect tox, we get:
v 2 '
‘-'}‘ :':‘{L =)
b’ h*
X w
—_— = O (2)
b~ a
Again, differentiating with respect tox, we get:
| Y4y
: Yy ‘,\ ) S
b- a
I 7 N
—p e e e (‘l"+.ljl' )=()
b~ a
I Iz »
=>—==—-—\V "+
b- a- ( o )

Substituting this value in equation (2), we get:

\[——]-((s) + _1;\'"‘)} +—”—' =0
a . &

a =
= —.\‘(y'): —x"+ ' =0

= xp"+x(y) - =0

This is the required differential equation
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Form the differential equation of the family of hyperbolas having foci on x-axis and

centre at origin.

Answer

The equation of the family of hyperbolas with the centre at origin and foci along the x-
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axis is:
oy
—— e = | (1)
a” b
Yi
X, X
- 0 bt
Y'Y

Differentiating both sides of equation (1) with respect tox, we get:

2x 2y

- =0
a° b

Again, differentiating both sides with respect tox, we get:

1 v+

= — ———— =)
a b~

= L = bI: ((_1":): +_\j\'")

d

1
Substituting the value of o in equation (2), we get:
X {; ;2 S o
—((y) + " )=-=-=0
() +2)- 2

=x(y) +x" -’ =0
= x"+ .\'(‘\"): -y'=0

This is the required differential equation.
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Form the differential equation of the family of circles having centre on y-axis and radius 3

units.

Answer

Let the centre of the circle on y-axis be (0, b).

The differential equation of the family of circles with centre at (0, b) and radius 3 is as
follows:

5 +('_1'—h)'1 =3

= x> +(y-b)" =9 (1)

e
Y.

(8]

Y'Y
Differentiating equation (1) with respect tox, we get:
2x+2(y=b)-y'=0

=(y-b)y'==x

-X
= y—-b=—
5

Substituting the value of (y — b) in equation (1), we get:
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=9

=+

— .“‘
=R
.\ i

J
/

:>,\'3l‘l+, : ,]:‘)
()

=% ((\) - I.) =9(y')’

= (x’ -9)(y') +x* =0

This is the required differential equation.

Which of the following differential equations has y =¢,e" + ¢,e *as the general solution?

c/,l'i'

(l:J‘

5

Answer C.
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The given equation is:
(1)

Differentiating with respect to x, we get:

—=ce —-c,e"
| 2

dx

Again, differentiating with respect tox, we get:
{- ’
£ ce +ce”

This is the required differential equation of the given equation of curve.

Hence, the correct answer is B.

Which of the following differential equation has y = x as one of its particular solution?

A dy sy
. ——— X =——t XY =X
dx’ dx
B iy +X P, Xy =X
dx’ dx 7
I’y ., dy
(._1 - X" “ +xy= 0
dx dx
/.‘ 5 1
D. fw,-,‘: +x 2y xv=0
dx’ dx
C.Answer

The given equation of curve isy = x.
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Differentiating with respect to x, we get:

dy .
=] 1
dx ()

Again, differentiating with respect tox, we get:

(/:\‘
—==0 il
dx’ ( )

, and : {‘1

dx from equation (1) and (2) in each of

t/:J'
Now, on substituting the values ofy, 1/\

the given alternatives, we find that only the differential equation given in alternative C is
correct.
I’y dy 3
S (—'-+.\'_r=()—.\" d+x-x
dx dx
=—x"+x’
=0

Hence, the correct answer is C.
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dv 1-cosx

dx  1+cosx

Answer
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The given differential equation is:
dy l-cosx

dx l+cosx

Y -
2sin”
dy 7 2 X
ax 2 X 2
2¢cos
2
dy g
=>—= ‘ sec:—-—1 |
dx | 2 /

/
Separating the variables,we get:
7/

3 .
dy .'| sec’

\
\

-1 ' dx
J

o | =

Now, integrating both sides of this equation, we get:

_fd,l-' = ﬂ/scc’ %-l]dx = J‘scc’ '—:dx—'[z/x

\

X :
= y=2tan ;—.\'+(

This is the required general solution of the given differential equation.

dv -

—=,/4-y" (-2<y<2)
dx
Answer

The given differential equation is:
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dy -

— = 4 esz ).-

dx

Separating the variables, we get:
dy

= ———==dx

Now, integrating both sides of this equation, we get:

I.

=x+C

-

= sin”’

o |

y _ . 8
=% =sin(x+C)

= y=2sin(x+C)

This is the required general solution of the given differential equation.

& +y=1(y=1)
dx '

Answer

The given differential equation is:

=dy+ydx=dx
=dy=(1-y)dx
Separating the variables, we get:

& =dx

1=y

Now, integrating both sides, we get:
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-2 = fax

-
= log(l-y)=x+logC
= ~logC~log(l-y)=x
= logC(l-y)=-x
=C(l-y)=e"

- X

1
=1l-y=—e
&

X

1 -
=>y=l-—e¢
C
. ]
= y=1+A4de " (where 4 = -E)

This is the required general solution of the given differential equation.

Question 4:
sec” xtan ydx+sec’ ytanxdy =0
Answer
The given differential equation is:
sec” xtan ydx+sec” ytan xdy =0
sec’ xtan ydx +sec” ytanxdy

= =0
tan xtan y

: 2
S€C X S€c ¥

)
dx+ —dy =0
tan x tan y
sec’ x sec’ y
dx=- ~dy
tan x tan y

Integrating both sides of this equation, we get:
ISCL Ydx = —J.S--“ Yey (1)

tan x tany ~
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Let tanx =1.
d dt
(tanx)=
dx dx
2 dt
=sec  x=—
dx

= sec’ xdx =dt

sec’ x ]
Now, I dx = j— dr.
tan x t

= logt

=log(tanx)

2
€C

B e sec” x
Similarly, j dy =log(tan y).
{

an x

Substituting these values in equation (1), we get:
log(tanx)=—log(tan y)+logC
\

= log(tanx) = log|
\ tan y

= lanx =-
tan y

= tanxtan y=C

This is the required general solution of the given differential equation.

(c?' +e ')((\'—(0' —e™ )(/,\‘: 0
Answer

The given differential equation is:
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(" +e™ ) dy—(e" —e)dx =0

:>(c' +e )(/_1' = (c' —e™ )a’.\'

e —e”
=dy=|— - |dx
Le t+e

Integrating both sides of this equation, we get:

= y= j{‘ € }/_HC (1)
e +e

Differentiating both sides with respect to x, we get:

Let (e*+e™) =t.

d_p ; dt
(e"+e )=—
dx dx
dt
= e —e =-
dt

= ((" —e’ )(l\‘ =dt

y= j}d/ +C

= y=log(t)+C

> y= Iog(e‘ +e ')+(‘
: Substituting this value in equation (1), we get:

This is the required general solution of the given differential equation.

@ :(I i .\':)(1 + ."1)
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Answer

The given differential equation is:

dy >\ "1

e g I \ l"" oo

dx ( T )( 2 )

=Y (142
| 0

Integrating both sides of this equation, we get:

I dy - J‘(IH':)‘]'\'

1+ y°

=tan"' y= Ic/.\' + I.\':d.\'

=tan y=x+—+C

L -
'y I N

This is the required general solution of the given differential equation.

viog ydx—xdv =10

Answer
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The given differential equation is:
viog vdx—xdv=0
= vlog yvdx = xdy

dy  dx

viogy x
Integrating both sides, we get:

[ Q2 (1)

viogy x

Let logy =t.

d (log y) = dt
dy dy
1_d
v dy

|
= —dy=dt

)

Su/bstitut/ing this value in equation (1), we get:
dt ax

I X
= logt =logx+logC
= log(log y)=logCx
= logy=Cx
Cx

= y=e

This is the required general solution of the given differential equation.

s dy 5
S -y
dx

Answer
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The given differential equation is:

s dy g
sy
dx
dv dx
3 .\' -t s
b4 X
de dy
—4+——=0
X !

Integrating both sides, we get:

f{l “ ‘—{—‘— =k (where £ is any constant)
X 3
= I.\‘ “dx + J,\‘ ‘dv=k
xt oy
-4 -4
=x+y* =4k
=Sax iy mE (C=—4k)

This is the required general solution of the given differential equation.

dy .
~—=sIn" X
dx
Answer
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The given differential equation is:
dy .

— =8N X

= dy =sin"' x dx

Integrating both sides, we get:
Id)' - jsin ' xdx

= y= j(sin '.\"I)dx

= y=sin"x- [(1)dx- I{[%(sin" x): J.(I)d\-”d‘.

'

] |
= y=8in"x:x— I ——x |dx
\ \/l =X /

= p=xsin"' x+ - dx el ]
' = )

Let 1-x° =1.

:>i(l —x:)zﬂ

dx dx
=>-2x= a
dx

|
= xdx = —:dl

Substituting this value in equation (1), we get:
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in”' x4 J- l it
y=xsin" x+ ¢
2t

U
Il

l u |
. I
xsin_ x+—- |(t) 2 dt
SO
|
oo 1 ¢

= y=xsin"' x+—-—+C

- 2 I
S

= y=xsin" x++t +C
. | 2
= y=xsin"' x+Vl1-x* +C

This is the required general solution of the given differential equation.

e’ tan _\‘c/.\'+(l—e‘ )scc: yvdy =0

Answer
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The given differential equation is:

e tan ydx +(1-¢' )sec® ydy =0

(I —-e" )sec: ydy=-e" tan ydx

Separating the variables, we get:

sec” y -’
- (I"' — -
tan y l—e

-dx

Integrating both sides, we get:

_c

J'bet v d_\ -"

tan y —e*
Let tany =u.
d du
= —(tany)=
dy
2 du
—>sec’ y=—o
dy

= sec” ydy = du

sec” y {u
% I —dy = J-‘ =logu = log(tan y)
ity .

Maths
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Now, let | —¢* =1.

d . dr
gt
dx dx
dt
= =
dx
= —e'dv=dt

il

_BT‘ dx = I(’ﬁ =logr =log(1-¢")

l-e

sec” y
tan y

Substituting the values of j dy and J-%d‘ in equation (1), we get:
= log(tan y) =log(1-¢")+logC

= log(tan y)= log[C(l -e" )]

= tany=C(l-¢")

This is the required general solution of the given differential equation.

Question 11:

dy 5

(x*+x7+x+1 }/— =2x"+x:y=1whenx=0
b S dx

Answer

The given differential equation is:

5 dy 5
(.\‘ +x° +x+l); =2x"+x
dx
dy 2x°+x

dx (.\*'1 +x° +x+l)

2X +x
N . A

(x+1)(x7 +1)
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Integrating both sides, we get:

[ty = jmd\ (1)

o PP . , G "'
Lot — 2% v+‘.\ _A4 B.\\+( : -(2)
(x+1)(x*+1) x+1 x"+I
2 +x A+ A+(Bx+C)(x+1)

. - = —
(x+1)(x*+1) (x+1)(x*+1)

=2+ x=Ax" + A4+ B+ Bx+Cx+C

=2 +x=(A4+B)x* +(B+C)x+(4+C)

Comparing the coefficients of x? and x, we get:

A+B=2B
+C=1A+
cC=0

Solving these equations, we get:
] 3 L =1
A=—, BeZand ==
2 2 2
Substituting the values of A, B, and C in equation (2), we get:
2x" +x [ 1 (3x-1)

(.\-+I')(.r3r+l): 2'(.\'+l)+ 2(.\-3~:-l)

Therefore, equation (1) becomes:
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Idl =5 J"_I’-ld\w ; Ii:; :dx

== : log(x+1)+ o —;’L—dr——l- j-——,— ----- dx
2 27x"+1 29x°+1
| 3 % | 1 .
= y=—log(x+1)+ I —dx=—tan" x+(
2 4 “x +1 2
1 3 1
=3 =§Ing(,\+|)+i I()g(r‘ +I)—-Emn Lx+C
1[2 r+l)+)|02(\ +l)} ! tan”' x+C
4 >
l 3 l g -1 . -
1[(\+l) \, *+1) :|—§t‘1n x+C

Now. y=1 whenx =0,

:I=l og(l )—ftan 0+C
. 1 1 G
=S l=—x0-——x0+C
4 2
=C=1

Substituting C = 1 in equation (3), we get:

I 2 2 3 ] -
}':s[log(.\wl) (.\' +I) jl—-glan 'x+1

.

(5]

)
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Question 12:

5 dy
.\'(.\" -1 )~-’~ =1; y=0 when x=2
dx

Answer

.\'(.\':—l)%:l

dx

.\‘(.\':—])
1
x(x=1)(x+1)

Intearatina both sides. we aet:

= dy

= dy dx

I¢(1‘= j.\'(.\‘—ll)(.\'+ l)d\- )
Let I =l’+ i + o A

x(x=1)(x+1) x x-1 x+I
5 I _A(x=1)(x+1)+Bx(x+1)+Cx(x-1)

x(x=1)(x+1)
_(A+B+C)x* +(B-C)x— 4
x(x=1)(x+1)

x(x=1)(x+1)

Comparing the coefficients of x*, x, and constant, we get:

A=-1
B-C=0
A+B+C=0

(5]

Page 48 of 157



Class XII Chapter 9 - Differential Equations Maths

Solving these equations, we get 8=~ and C=

1D | =
19| -

Substituting the values of A, B, and C in equation (2), we get:
] ~1 ] 1

—  _=—+ -

x(x=1)(x+1) x  2(x=1) 2(x+1)

Therefore, equation (1) becomes:
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1 1 1 1 1
I(Ifl'= —jxti\'+ s I.\'— I(ir+ 5 J..\‘+ ld.\'

= y=-logx+ ;I) log(x—1)+ % log(x+1)+logk
o lOg[/;'(.\'-11)(”1)}
2 X

Now, y=0 when x =2,

4
k? X
= log =0
o)
3k?
— =1
4
=3k*=4
=k’ =-:£
D

Substituting the value of K% in equation (3), we get:

[4(x=1)(x+1
‘1’=l|0g (‘ )S‘ ):|
2 i 3x°
[4(x* =1
2 3x°
Question 13:

cos(i) =alaeR);y=1whenx=0
dx

Answer

i

(5]

)
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[ dy ]
COS| — |=a
{

ax

ay -1
= —=C08 a
dx

= dy=cos ™' adx

Integrating both sides, we get:
J‘d,\' =cos ' a Id.\‘

= y=cos  a-x+C

= y=xcos 'a+C {1}

Now, y =1 when x = 0.

=1=0-cos” a+C

=C=1

Substituting C = 1 in equation (1), we get:

-1
y=xcos a+l

y=l -1
=CO0s «a
X
ST
= COS[ - J —=q
X
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dy
— =ytanx;y=1whenx=0
dx

Answer

dy
— = ylanx
dx

dv
—> — =tanxdx
B

Integrating both sides, we get:
1y
I 2w Itan xdx
v‘l
= log y = log(secx)+log C
= log y = log(Csecx)

= y=Csecx (1)

Now, y =1 when x = 0.
= I =Cxsecl
= 1=Cxl1
= L=1
Substituting C = 1 in equation (1), we get:

y = sec X

Find the equation of a curve passing through the point (0, 0) and whose differential
equation is y'=e¢"sinx.

Answer
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The differential equation of the curve is:

' X 2
y'=e simnx

dv .
= —=e¢"'sinx
dx

= dy=¢"sinx
Integrating both sides, we get:
Id}' = I( sin x dx (1)

Let ] = jc‘ sin x dx.

(d
= [ =sinx jc‘d.\'-— ﬂ ‘T(sin x)- Iu'z/x de
\ dx
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= [ =sinx-¢" — jcos.\'-c‘dx

= [ =sinx-e" —{cos.\'- _"c‘u'x— J-Li(cos x)- Ie‘d.\‘]dxw

dx
= I =sinx-¢' —[cos.\'-u' - I(—sin .\')-c‘dx]
= J=e¢"sinx—e cosx—1
=2/ =¢"(sinx—cosx)

_e"(sinx—cosx)

2
-

=/

Substituting this value in equation (1), we get:

8 (sin ,\;— cos x) e -(2)
Now, the curve passes through point (0, 0).

_¢’(sin0~cos0)

2

1(0- 1)

+C

=0= +C

o

1
Substituting C =§ in equation (2), we get:

e"(sinx—cosx) 1
y= + -
] 5 7

-

=2y =e"(sinx—cosx)+1

= 2y-l=¢"(sinx—cosx)

Hence, the required equation of the curve is2y—1=¢' (sin .\‘—cos.\').
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1y ;
For the differential equation xy ‘I'" =(x+2)(y+2).find the solution curve passing
“x

through the point (1, -1).

Answer
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The differential equation of the given curve is:

\ ‘, \‘
ldy = (l + ‘d.\'
X )

Integrating both sides, we get:

3\

{ ~
dy = ﬂ 14— |l.1.\'
\ X

{/
| P
y+2)

= [a,\-—: y+2(/y = [dx+2 j%ax

= y-2log(y+2)=x+2logx+C
= y—x-C=logx” +log(y+2)

::>.1'—.\‘—(’:log[.\‘:(_r+2):] sa(1)

Now, the curve passes through point (1, -1).
= -1-1-C= log[(l):(-nz)“]

= -2-C=logl=0

=C=-2

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

v+ 2-log[ ¥ (342 ]

This is the required solution of the given curve.

Find the equation of a curve passing through the point (0, -2) given that at any point
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( .\'..1')on the curve, the product of the slope of its tangent and y-coordinate of the point
is equal to the x-coordinate of the point.

Answer

Let x and y be the x-coordinate and y-coordinate of the curve respectively.
dy
We know that the slope of a tangent to the curve in the coordinate axis is given by the /\
dx

According to the given information, we get:

dy
y—==x
dx

= ydy =xdx

Integrating both sides, we get:

J‘.\‘ufv J.\' dx

‘,1 -\.3
= e = -
9 | bl

n

=y’ —x*=2C (1)

Now, the curve passes through point (0, -2).

. (-2)2-02=2C

=22C=4
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Substituting 2C = 4 in equation (1), we get:
y2 - X2 =4

This is the required equation of the curve.

At any point (X, y) of a curve, the slope of the tangent is twice the slope of the line
segment joining the point of contact to the point (-4, —-3). Find the equation of the curve
given that it passes through (-2, 1).

Answer
It is given that (x, y) is the point of contact of the curve and its tangent.

The slope (m.) of the line segment joining (x, y) and (-4, -3) 2~
is T
d}‘
We know that the slope of the tangent to the curve is given dx by the

relation,
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: : dy
. Slope (m, ) of the tangent = /~
ax

According to the given information:

m, =2m,
d'\‘ < 2(\‘3)
dx  x+4
dv  2dx
y+3 x+4

Integrating both sides, we get:
I dy _ 2-[ dx
yv+3 x+4

= log(y+3)=2log(x+4)+logC

= log(y+3)log (‘(.\‘-&-4):

= y+3=C(x+4) (1)
This is the general equation of the curve.

It is given that it passes through point (-2, 1).
=1+3=C(-2+4)’

= 4=4C

=C=1

Substituting C = 1 in equation (1), we get:

y + 3 =(x+4)?

This is the required equation of the curve.
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The volume of spherical balloon being inflated changes at a constant rate. If initially its

radius is 3 units and after 3 seconds it is 6 units. Find the radius of balloon after t
seconds.

Answer

Let the rate of change of the volume of the balloon be k (where k is a constant).

= —=K
dt
1(4 ;) . X 4 .
S | -mr’ |=k (\" olume of sphere = — - }
(ll N2y J L 3

4 5 dr
= —n-or: =
3 dt

=4’ dr=kdt

A,

Integrating both sides, we get:
4n J‘l‘:dl‘ =k Iz/r
= 4n ,T =kt +C
D
= 4nr’ =3(kt+C) (1)

Now,attr=0,r=3:

=4nx 33=3(kx 0+ C)

=108n = 3C
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= C = 36n
Att=3,r=6:

>4nx 63=3(kx3+C)

= 864n = 3 (3k + 36n) = 3k

= -288n - 36n = 252n

= k = 84n

Substituting the values of k and C in equation (1), we get:
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4nr’ =3[84nr+36m]
= dnr’ =4n(631+27)

= =63r+27
|
= r=(63t+27)

I
Thus, the radius of the balloon after t seconds is(637+27):.

In a bank, principal increases continuously at the rate of r% per year. Find the value of r
if Rs 100 doubles itself in 10 years (loge 2 = 0.6931).

Answer
Let p, t, and r represent the principal, time, and rate of interest respectively.
It is given that the principal increases continuously at the rate of r% per year.
{9 )
@_(r ],
dt \ 100 /
I v )
— P =[ s |
P 100 )
Integrating both sides, we get:

p 100

= log /):Lr~ +k
100

:p:e'”"AA (l)

It is given that whent = 0, p = 100.
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- 100 = e ... (2)

Now, if t = 10, then p = 2 x 100 = 200.

Therefore, equation (1) becomes:
Y
200 =¢'"
=200 =¢" -¢'

= 200=¢"-100

=¥ =2
R log 2
10

— L —0.6931
10

= r=06.931

Hence, the value of r is 6.93%.

(From (2))

In a bank, principal increases continuously at the rate of 5% per year. An amount of Rs

1000 is deposited with this bank, how much will it worth after 10 years(e"; = 1.648).

Answer

Let p and t be the principal and time respectively.

It is given that the principal increases continuously at the rate of 5% per year.
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dp [ 5)
=>—=|——|p
de 100 )
TP, P
dr 20
d_di
p 20

Integrating both sides, we get:

"'ﬁ =L dr
p 20

1 X
=logp=—+C
2 )

pa

:;5/):(}3““ (])

Now, whent = 0, p = 1000.

= 1000 = €C ... (2)

At t = 10, equation (1) becomes:

Lo
+(

p=e’
= p=e"" xe"

= p=1.648x1000

= p=1648

Hence, after 10 years the amount will worth Rs 1648.
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In a culture, the bacteria count is 1,00,000. The number is increased by 10% in 2 hours.
In how many hours will the count reach 2,00,000, if the rate of growth of bacteria is

proportional to the number present?

Answer
Let y be the number of bacteria at any instant t.

It is given that the rate of growth of the bacteria is proportional to the number present.

dy
S—=—ay
dr
dy X
= 7 = ky (where & is a constant)
dt
/ y
==~ kdr

)
Integrating both sides, we get:
dy
— =K |dt
e
= logy=hkt+C (1)

Let yo be the number of bacteria att = 0.

=>logyo=C

Substituting the value of C in equation (1), we get:
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log v = kt +log y,

= log y-logy, =kt

F o

= log[ — J =kt
."II /

, \

Vo

= kt = log

\ v /

Also, it is given that the number of bacteria increases by 10% in 2 hours.

110

= y=—yY,

1007
y 11 %
v, 10 (‘)

Substituting this value in equation (2), we get:

\
k-2=105(-1—1]
10,

/]l".

= k=—log
5 g

10

Therefore, equation (2) becomes:

\

%l(\g[::—(;J-l =log

\ .\.‘f' J
AR
Zlog'
Vi
== —\'\’ .(4)

1
'Ug[ 10 J

Now, let the time when the number of bacteria increases from 100000 to 200000 be t;. =

y=2ypatt=1t
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From equation (4), we get:

2log
” Yo,/ 2log2
(1) (11)
log | log J
\ IO ‘ \ IO /
2log?2
Hence, —/l-“ in hours the number of bacteria increases from 100000 to 200000.
log
g| o)
The general solution of the differential equation ‘.i/-.‘.' =" Mis
dx

Page 67 of 157



Class XII Chapter 9 - Differential Equations Maths

A e +e’ =(

x 0 SRR |
B. ¢ +e =C
c.e " +e’"=C

Answer
ﬂ - (Jl-‘ - t)] ()"
dx
ay .
= —=¢"dx

e’

=>e’'dy=e"dx

Integrating both sides, we get:

IU "dy = JL dx
=D - =e +k
e +e ' ==k

=e +e ' =¢ (CZ—/()

Hence, the correct answer is A.
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( X’ +xy)dy = (1 +y7 )dx
Answer

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

dv  x'+)°
< = - i I
dx x +xy 1)
Let F(x,y)= St

E XSy

A +(A) Ry
( ‘-) HAY) x4y =A"-F(x,y)

Now, F(Ax,Ay)=—————+= R
(Ax) +(Ax)(Ay) x +x

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:

dy dv
=+ X
dx dx
N dy . i
Substituting the values of v and —-in equation (1), we get:
dx
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dv X’ +(vx)’

3 .(; .\': + ,\'(\'.\')

dv  1+v°
= VF+FX—=
dx 14y
dv 1+
X—= —v=
dy I+v
) dv _ | =y
Tdx 14w
l+v dx
=| — |=dv=—
I-v, b
2—-1+v dx
=| - - |dv =—
|—v X
2 dx
sy _n]d‘:_
I—v X

Chapter 9 - Differential Equations

Maths

(I+\'1)—\'(I+\-)

| +v

Integrating both sides, we get:

—2log(1-v)-v=logx—logk

= v=-2log(l-v)-

=>v=log| ——=
x(1-v)
y k
=>—=log
Y (v
x| ==
B
C hox
=>==log ;
Y _(.\'—_1')'
kx :
- —=

logx+logk
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This is the required solution of the given differential equation.

Answer

The given differential equation is:

dy x+y

= —= okl
dx X ( )

Let F(x,y)= i £
X

eu Ax+Ay x+y .,
Now, F(Ax,Ay)=——="—==A"F(x.y)
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:

dy dv
— =YX
dx dx
N dy . .
Substituting the values of y and /- in equation (1), we get:
dx
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dv  x+vx
V+X—=
dx X

dv
=>v+x—=1+v

dx
dv
x—=]
dx
dx
= dv=—
X

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

y ]
=~ =logx+C
3

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

(x—p)dv—(x+y)dx=0
Answer

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

dv x+y
i ~(1)
ax x-—y
Let F(x,y)= it o}
X-y
Ax+Ay x+y .,
L F(Ax.Ay)= —=—==A"-F(x,y
( Y) AX=Ay x-y (x.7)

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

y = VX
d d
d\'('l ) - d“(t.\)
dv
b AP el
dx dx

dy
Substituting the values ofy and (/x_
dv x+vwx l+v
V4 X—= -
dx x—-wvx l—-v

dv 1+v I+v—v(l1-v)
Lav -

X—=
de 1—-v l—v
dv 14V
5> X—=
dx  1—-v
]—‘:‘ d\-‘=£
(I + v ) X

Al | Vv dx
= - — — |ldv=—
l+v: =y X

Integrating both sides, we get:

in equation (1), we get:
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_ 1 ) .
tan”' 1'—;log(l+\" J=logx+C

afy) 1 yY >
=tan | = [-=log|1+| = | |=logx+C
X 2 X )

A(¥Y 1, (245 :
= lan '(’- }— ~log| ——— |=logx+C
Xl 2 X

afy) 1 : 3 3 :
= tan '('— ——[Iog(.\"’+_l")—log.\"]=log.\'+(
X 2

This is the required solution of the given differential equation.

Question 4:
(.\': -y )a’.\'+ 2xy dv =0
Answer

The given differential equation is:

(.\‘: -y’ )dx+ 2xy dv =0

:)Z\—'_ 2xy )

Let F(x, ) :_(\"f_‘)

ot | @)=y | (=),
. F(Ax,Ay)= 2 |T 2w =" F(x.,y)

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

y = vX
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d d
= —(y)=—(w=
d.\’(") (/.\‘(n)
v

= V+.
dx dx

dy
Substituting the values of y and :E

dv x* —(\'.\')1
VA —=— ———
dx 2x-(vx)

Integrating both sides, we get:

log(1+v*)=~logx +logC = log 2
. ‘ =

=14+ ==
X

[ \‘3} C
2|1+ |==
X" X

> ) .
=x*+3* =Cx

in equation (1), we get:

This is the required solution of the given differential equation.

Question 5:
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2dy s
X

——x" =2y +Xxy
dx

Answer

The given differential equation is:

%:7‘: - (1)

dx X
2M° L
Let I-'(Ar.\)—‘—"‘,—“
x°
x) =2(Ap) #(Ax)(Ay) x* =207 +ap
F(}..\'./’._\'):(/ x) =2(4Ay) (/\)(/,\):.\ Y +n 1 F(5y)

(Ax) x
Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vX
dy dv
= = Y X —
dx dx
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dy
Substituting the values ofy and I

dv X —2(\:\')? +x+(vx)

dx
v .
x 2 o 1-207
dx
dv _ﬂ
-2y X
| dx
= — = -
2 1 ? X
_—
2
| dv _dx
&)
— -y
N2,
Integrating both sides, we get: in equation (1), we get:
I
+v
1 1 2 4
= l log \/I: = log|x|+C
2o
1 ok
I 2
= log V2 x =log|x|+C
2v2 1 _y
2 X

Y : log = \/5"'|—I(w
22 :-Y—\/E\'|_ &

.

.\'| +C

This is the required solution for the given differential equation.
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Question 6:
xdy — vdx = \Jx* + y  dx
Answer

xdy— ydx = \Jx* + ¥ dx
= xdy = [_r+ yxi+y7 ]dx

dv _ y+x )’
A (1)
ax X
Y
Let F(x,y)=2"Y* T2
X

AX+
5 F(AxAy)=

(

/:,\'):+ Ay : v EY
S+ PP g
AX X:
Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = VX
d d

= — —(wx
d.\’(' ) (/.\‘( )
h dv
—— =y+x—
dx dx
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dy
Substituting the values of v and 7:
dx
dv vx+ \f.\': +( 1‘.\’):
V+HX—= :
dx X
= VA x— = v+ 1+V
dx
dv  dx

i+t X
Integrating both sides, we get:

vyl+v

log =log x’ +logC

y y’
= log|—+,/1+=

V+ {.\': + 1'3
" N p

X

= y+xi+y° =Cx?

This is the required solution of the given differential equation.

= log|Cx

= log = log |Cx]

in equation (1), we get:

Question 7:
{ 25\ {3 ( 3 ) A
[ xcos| 2 ‘+ysinj —‘—1] ydx = ¢ _vsin[l— I|—.\'cos‘ =‘—Jl'.\'d_\*
| \x) Lx ) ] | x) x|
Answer

The given differential equation is:
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o222 o

V 3
.\'COS( = ]+ vsin
dy x

ddx lesin(f)"‘ws(%)

|
==

.éi

lv J }vl
.\'cos(' }+_\'sm('
N X X/
. (¥
ysm[' )
x

=A"-F(x,y)

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

y = VX
d}' dv
==y y=—
dx dx

dy
Substituting the values of y and ‘T in equation (1), we get:
dx
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: dv _ (.\'COS v+ yxsin \') VX

dx ( VX SIN Y — X COS \') "X

dv  vcosv+vo siny

>Vt —=———

dx ysiny—cosvy
dv  vecosv+v siny

=>y—=—-v
dx YSiny—cosy

v _ veos v+ sinv -1’ sinv+veos v

dx VvsSinv—cosy
dv 2vcosy
Y — =

dx vsinv-—cosvy

vsiny—cosy 2dx
= — |ldv=—-—
VCos v

( 1 ) 2dx
= | tanv—— |dv =

v, X

Integrating both sides, we get:

log(secv)—logv=2logx+logC

= log[m)= log(Cx")
v

secy s
= (—] =Gx
v

= secv=Cx’v

X X

V I
:>sec('—]=£~x'~'—

3
= scc('—) =Cxy
X

N [\] 1 (I
= cos| = |= - =
x Cxy C xy

‘F
= .\'ycos('—] =k

-

Maths
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This is the required solution of the given differential equation.

.rﬂ—_rfrsin[l] =0
dx x

Answer
dy . V
e -—_1'+.\‘sm[' ‘]z 0
dx X
dy . ()
= x—=y~-xsin| =
dx \ X )

_\'-.\'sin("_ ’
Let F(x,y)= X/
x
> G
/i_\'—i_\'sin( ;“) _\'—.\‘sin| '1’ ]
v F(Ax,Ay)= WA = A= A F(x,)

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

y = VX
d d
=—(y)=—(wx
de ) (/.\'( )
dy dv
—— =y+XxX—
dx dx
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,’.
Substituting the values of y and f/'l in equation (1), we get:
dx

dv  vx—xsiny
VFX—= ————
dx X

dv .
=S V+xX—=v-siny

dx
dv  dx
sinv x
= cosec vdv = - »(-13\—.
v

Integrating both sides, we get:

C
10g|cosecv -cot v‘ =—logx+logC =log
X
y R
= cosec| — —cott'— =—
X x) x

cos( -"J
| x)_ C

EPEGE
- {eee{f-e(l

This is the required solution of the given differential equation.
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Question 9:
"
vdx+x Iog( = )d_v -2xdy=0
X

Answer

)
vdx +xlog ( -

\ X

]cl_r =2xdy =0

A
=>.ydx'= [2.\' -X IOg( Y ﬂ dy
\ X/
= _j‘. PN - (1)
“ 2.\‘—.\‘log( 2 )
x
2
Let F(x,y)=- s
2x=x Iog[ Y )
X
| F(Ax.Ay)= Y e P L (%)
2(/'..\')—()..\')[0-‘.:(/"1‘ J 2x— log( ‘]
Ax X

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

Yy = VX
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ﬂd

=—(wx)
dx  dx
dy dv S ii‘_ ; : .
—~_ —y+y— Substituting the values of y and I in equation (1), we get:
dx dx . ax
dv VX
V+rxr—=——-
dx 2x-xlogv
dv v
D VX —=——
dx 2-logv
av )
x—= -V

dv v-2v+vlogy
P S —
dx 2-logv

2-logv dx
—_— Yy =
v(logv-1) x
(14 (1-logv -
+(1-logv) dvzd\
v(logv-1)

I |

= |
v(logv-1) \'] X

Integrating both sides, we get:
1 1 |

————dv— |—dv= |—dx
-[\‘(Iog v—1) '(1' I.\'

dv )
= |——— = logv=logx+logC w2
f\,(log‘,_l) ogv =log x+log (2)
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= Let logv-1=t¢

:>i(logv—l)=£
dv dv
|
v oodv

= i =dr

v

Therefore, equation (1) becomes:

dt :
——logv=logx+log(
[

y "
= logr—log| = |=log(Cx)
. ".

= log log[l]—l —Iog(l]: log(Cx)
X ) X,

F]
—} =log(Cx)

= log

{
V :
= log '—J—I =Cy
| x

This is the required solution of the given differential equation.
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Question 10:

[1 +e’ ]d.ﬁ—c*' (l R }({v=0
1“,

Answer

[l-(—e-‘ ](/.\‘+e' [l—'—vJ((x,~=0
-"
X N ’\‘
:>[I+e‘ ]dx=—e' (I ——]c{'\'
\ -"

i (1)

(1'1' =
1+e’
: o)
_e-‘{,_
Let F(x,y)= - <.
1+e'
—e® (l—j\] —e’ (l—x}
5 F(Ax,Ay)= s 2/ o : Y - A" F(x.y)
1 +e? l+e’

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

X = vy
d d

= —(x)=—/(wy
dv( ) dy(. )
dx dv
—_— =y P—
dv T dv
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dx

Substituting the values of x and &
v =e'(l1-v -
+ \‘“ = ( )

T dy 1+¢'
dv  —e' +ve'
= y—= ——
dy l+e
dv  —¢" +ve' —v—ve'
=>y-—= .
dy l+e

dv v+e'
= y—=
dy l+e
| 1+¢' dv
—3 dv=——

| v+e' v

Integrating both sides, we get: in equation (1), we get:

= log(v+e' )=—logy+logC = Iog[ C]
. v,

\ ~
[.\' , C
=|—+te [=—
[ |,
=>x+ye' =C

This is the required solution of the given differential equation.
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(x+yv)dv+(x—y)dy=0;y=1whenx=1
Answer

(_\' + ’\‘)(/'\' +(.\'—_\‘)l/.\‘ =)

= (x+y)dy=—(x—y)dx

iz -(x-y)

dx X+

(1)

Let F(x,y)= —(.\'—_r).

xX+)
—(Ax—=A4y) —(x-» ,
s F(Ax,Ay) = ( : r ")= (3 ")=i."-l*'(.\‘.,\‘)
Ax—Ay x+y

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = VX
d d
—(v)=—(wx
de ) (/.\'( )
dy dv
— =y+x—
dx dx

Substituting the values of y and %E in equation (1), we get:
dx
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dv —(x—wx
V+X—= Q
dx X+
dv  v—1
VX -
dx v+l
dv  v-1 v—l-v(v+1)
xX—= —v= :
dx v+l v+1
dv v-1-v'-v ‘(] *"')
" dx v+1 v+1
v+1 dx
= ( ) dv=——
1+v X
v 1 dx
= -+ ~ |dv=——
l+ve 1+v X

Integrating both sides, we get:

e e o

;log(.l+\-' )+tan"' v =—log x+k

= log(1+v*)+2tan™ v=-2log x + 2k

:>lt‘g[(|+\':)~.\'3:|+2mn Yv=2k

i W y
:log{[l% - }.\":|+21£m "= =2k
X’ X

5 : 4y
= log(x* +p*)+2tan™" = =2%k
x

Now,y =1atx = 1.

= log2+2tan”' 1 =2k

n
:>I()g2+2x5=2k

n
=+ log2 =2k

Maths

Substituting the value of 2k in equation (2), we get:

2 2 (Y =
log(.\- +y )+2tan '—J=—+I0g2
: | o

age
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x'dy+(xy+y’)de=0;y=1whenx =1

Answer

x dy+ (.\j‘ +y° )dr =0

= x'dy= —(.\‘_r+ _\'3)cl\'
= ‘5‘: - —(A\'}"j "‘-) (1)
dx X
Let F(x,y)= —(\1+\)
X°
Ax-Ayv+(Ay) —(xv+1?

F(}..\',/i_\‘)=[ : ( L ]= '(\" ?L" -)»=/i"-f'(.\',_r)

(Axy 0

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

Yy = VX
d d

= —(v)=—(wx
de ) (/.\'( )
dy dv
b AP el
dx dx
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dy
Substituting the values of y and ;"“

{x
S —[.\'-\:\'.*(1'.\"):}
VtX—=

. =—y—y’
dx x
dv >
= x— ==y =2y =-vy(v+2)
dx
dh _ dx
v(v+2

in equation (1), we get:
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Integrating both sides, we get:

| ,
;[log v—log(v+ 2)] =—log x+log C

Now,y =1atx = 1.
1 5

= =HEE
1+2

]

=C =
3

2o o]
Substituting C” =§ in equation (2), we get:

1
y+2x 3
= y+2x=3x"y

This is the required solution of the given differential equation.
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Y T
xsin®| —-y ‘ dx+xdy =0, y— when x=1
Ly ), 4

Answer

o 3)
{\' sin” L |- _\'}i\' +xdy =10

x)
o {

5 " xsin’| - ]—yil

dy \ X
=== , (1

dx X ()

|: R ( \‘\' }
-| xsin”| = |-y
X/
Let F(x.y)= - ;
X
O L ; I R
_[/_x.sm“[ T —).,\} —{xsinr' 3 ’_--"J
AY / X Al -
s F(Ax,Ay)= - = X% =A"F(x,y)
Ax X ‘

Therefore, the given differential equation is a homogeneous equation.

To solve this differential equation, we make the substitution as:

Yy = VX
d d

= —(y)=—(w=
d.\‘('l) d.\‘(n)

dy dv
— =yt x=—
dx dx
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dy
Substituting the values of y and :X in equation (1), we get:

dv —[.\‘sin‘ v— r.\']
V+x—=——o =
dx e

(/\’ G ...
=2>V+X—= ‘—[Sln V— \':] =yv-Sm v

dx
dv )
= x—=-sin"v
dx
dv  dx
sin® v dx
2 dx
= cosec vdy = ——
X

Intearatina both sides. we aet:
—cotv = —logl,\"—('

= cotv = log|x|+C

V A
=% col{ - ) =log .\'] +logC
Sy

/
v
= cot| —

]= log|Cx| (2)

\ X

‘__n atx=1
Now, - 47

\
= col[zj = log|C]|

i =N

= l=logC
=>C=¢ =¢

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

v J
cot [ = 1 = log|ex
X ) )

This is the required solution of the given differential equation.
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Question 14:

dy y

Ak

)

—= —= 4 cosec| = J =0;y=0 whenx =1
de x \&2

Answer

NG g

"
—— = === CO0sec

o
B (1
de x \ X ‘ ( )

f ¥ \J
\ X .
2 Ay ( Ay

o F(Ax,Ay)=="—- cosec‘ =
Ax \ AX /

Let F (x,y) =2 —cosec
X

N

= I"(/i.\‘./':_l')=l—cosec Y =F(x,y)=4"-F(x.y)
x LX)

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

y = VX
d d
=—(y)= vy
dx ( ) d.\'( )
dy dv
— =y+Xx—
dx dx
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dy
Substituting the values of y and /‘- in equation (1), we get:
ox

dv
V4 X— = v—COsec v
dx
dv dx
cosec v x

: dx
= —sinvdy =—
X
Integrating both sides, we get:
cosv =logx+log C = log|Cx|

Ny
= cos[ '—) = log
:

Cxl (2)

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

= cos(0)=logC

= 1=logC

=C=¢=¢

cos[ l\] =log (c.\')’
\ X/ Substituting C = e in equation (2), we get:

This is the required solution of the given differential equation.
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) 3 (l\'
2xy+y =2x" ==

0; y=2 whenx=

dx

Answer
2xy+)y° =2x" =0

, dy 2
= 2x  —=2xy+y°

dy

dv 2xy+y°

=== (1)
dx 2x°

2xy+)°

2y°

2(2.\')(2_\) +()1) 2+

2()..\'): 2x*

Let F(x,y)=
s F(Ax,Ay)= =A"F(x,y)

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

Yy = VX
d d

= —(y)=—(wx
de ) cl\'( )
dy dv

—_ —— =V+X—
dx dx

I,
Substituting the value of y and il'l in equation (1), we get:
dx
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dv  2x(vx)+( \'.\'):
o

v+ = =
dx 2%*
2v+vT
S V+x—=
dx 2

dv
=S VA X—=V+
dx

2 dx
= - dv=—
Ve X

|

Integrating both sides, we get:
-2+1
%= =log x|+C
~2+1 ok )

.
= - " =log|x|+C

2
= —% = loglx| +C
.

2x s
= - =log|x|+C 2
.“

2
—

Now,y =2 atx = 1.

= —1=log(1)+C

= C=-1

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

S22 log |x|—1
-‘.

2x |
= —=1-log |.\';
7 .

2x

=y x#0,x#e)

Z l—logf.\'[‘ (

This is the required solution of the given differential equation.
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s

Ix %
A homogeneous differential equation of the form = =h‘ < ]can be solved by making the
dy \ Y )

substitution A. y = vx

B. v = yx
C.x=vyD.
X =V

Answer

Ix
For solving the homogeneous equation of the form —=h
dy \ Y )

, we need to make the

substitution as x = vy.

Hence, the correct answer is C.

Which of the following is a homogeneous differential equation?

A, (4x+6y+5)dv—(3y+2x+4)dx=0
B. (xy)dx—(x'+)° ) dy =0

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

D, Vidx+(x"—xy' =y )dy =0

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:
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v dx +(.\"' —xy—-y )dy =0

dy —-y° V-
= = 3 - 7 o 2 - 2
ax xT—-xy—y ¥y 4+xy—x
. o
Let F(x,y)=— -
V H+xy—x°

> A%)
A2 (.1'7 +.\‘_\'—.\“Y)
I'd 2 \
¥ v ]
SA| —m— 3
\ Y +xy—x" )
=A"F(x.y)

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

dy :
—+42y=sinx
dx

Answer
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dy :
The given differential equation is —;— +2y =sinx.
ax

This is in the form of %+ py=0(where p=2 and 0 =sinx).
dx

Now, L.F =¢3J"'(lt =e s e,
The solution of the given differential equation is given by the relation,
»(LF)= [(Qx1F )dx+C
= ye= Isin x-e*dx+C (1)
Let/ = [sinx-e™.
= [ =sinx _[ dx [[ 4 (sinx) j(""d\\|d\

=S X-|e A = X} 2 . A

| dx )
J2x / 2237\

. € | [S
= [ =sinx- - I COS X~ ldx
2 l 2 |

\ /
e"siny | 5 @y I
= J :T—;[ os.\-je - ﬂ\a(uos.\y It dx‘)|cl\]

e'siny e’cosx | . 2"
B =t I(sm x.e )rl\‘
2 4 4
e’ Becs I
= 1=—(2sinx—cosx)——1
4
Sy E5 .
= 1/ =—(2sinx—cosx)

4
e i,
= [ =—(2sinx—cos x)
5

Therefore, equation (1) becomes:
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ye' =—(2sinx—cosx)+C

(2sinx—cosx)+Ce ™~

This is the required general solution of the given differential equation.

dv 240

—+3y=e"

dx

Answer
dy : 2 ’ s
—-/'— +py=0 (wherep=3and OQ=e¢"").
dx

The given differential equation is

Jaly

Now, L.F = L)J."'“i\ - UJ' -

jx

The solution of the given differential equation is given by the relation,
y(LF.)= [(QxLF.)ds+C

— I(( e )+('

= ye'* = J'(’\'c/.\‘+(‘

= ye'' =" +C

> y=e*+Ce™

This is the required general solution of the given differential equation.

(1\' ) % 2
L =X
de x
Answer

The given differential equation is:
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v ] :
-~ +py=0 (wherep=— and Q =x")
(l'.\' X

l .'.
Now, LLF =cJ‘N =c'j'J =" =y,

The solution of the given differential equation is given by the relation,
»(LF.)= [(QxLF.)dr+C
= ylx)= I( X -.\‘)d\' +C

S J‘.\"Hi\' +C
A

X .
=>xy=—+C
4

This is the required general solution of the given differential equation.

dy ( T
—+secxy=tanx| 0<x< —]
dx \ 2

Answer
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The given differential equation is:
/.
= + py = O (where p =secx and O = tanx)

dx

| Py g | secxdx Jog(secx+tan v

Now, LF =¢’"  =¢ =¢ =secx+tanx.

The general solution of the given differential equation is given by the relation,
y(LF) = [(QxLF.)dx+C

= y(secx+tanx)= Itan x(secx+tanx)dx+C

= y(secx+tanx)= Isec x tan xdx + J'tan’ xdx+C

= y(secx+tanx)=secx+ j.(_sec7 x=1)dx+C
)

= y(secx+tanx)=secx+tanx—x+C

Question 5:

X

.[: cos 2xdx
)

Answer
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n
Let/ = I3 cos 2xdx
]

sin2x
J.cos 2xdx :( e [ F(x)

\ 2 )

By second fundamental theorem of calculus, we obtain

I:F[%]—F(_O)

| T) .
= —{sm 2(1]—sm (_)}
2 2

- %[sinn —sin0 |

|
=5[0-0] =0

§ dy

x—+2y=x"logx
dx

Answer

The given differential equation is:

dy ;
x—=—+2y=x"logx
dx
dy 2
= —+—y=xlogx
dx x

This equation is in the form of a linear differential equation as:

dy 2
—+ py =0 (where p=— and Q = xlog x)
dx x

pdx :J\ ] T o 12 5
Now, LF = c.’I = c"[' = M8 = ol = 2,

The general solution of the given differential equation is given by the relation,
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»(LF.)= [(QxLF.)dx+C
=37 j(\ log x - x° )LI.\'+C

=% % I(.\"' log x)dx +C

Chapter 9 - Differential Equations Maths

= x'y=logx- I.\"‘dx - Il ;—l(log x)- Ix‘dx}b' +C
Ldax

4 1‘4 ( | \"
=>xy=logx:—- —'-—1"-"+C
4 0% 4
4 .
= xly= xlogx 1 J..\"‘d.\'+C
4 4
A loves v -4
. 1 :“I&_l."_+(‘.
T4 a4

=>x’y= %.\'4 (4logx—1)+C

= y=—x"(4logx—-1)+Cx"*
16
Question 7:
dy 2
xlogx—+y==logx
dx x

Answer
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The given differential equation is:

dy 2
xlogx—+y=—logx
dx X
dy ¥ .2

=>—+——=
d¢ xlogx «x

5

This equation is the form of a linear differential equation as:
)

and 0=—)

S

xlogx X

@ + pv =0 (where p =
dx

|
O j’]k-‘\ = _[v”,,g'h _ bog{bogy) _ %
Now, LF =e” =e =e = log x.

The general solution of the given differential equation is given by the relation,
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y(LF)= [(QxLF)dx+C

)
= ylogx= ﬂ( - log.\')dx+(' (1)

\ X

2 I
Now, I( - Iog.\')dx = 2![]0(5 X — )tl\z
- , X

[ | [d |
) oo et oy . By veeese L gL BN 7 S
-Iog\ J-.\': dx hdx(log Y) J-.\"' d\}d\}
=2 lng.\'(— : ]— J( ! -[— I]]a’.\"|
| X X N X
C logx |
=2 - 282 [—x
b

]
(5]
|
=3
o<
| =%
|
| —
—

%
Substituting the value of I{?log.r]dx in equation (1), we get:

7 -~
vlogx===(l+logx)+C
3

This is the required general solution of the given differential equation.
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Question 8:

(I +x° )afv +2xy dx = cotxdx(x#0)

Answer
( 1+ x° )dy + 2xy dx = cot xdx
dy  2xy cotx

=pee=mifs a7
de l+x 1+x

This equation is a linear differential equation of the form:

dy 2x colx
—+ py=0 (where p = -and O= =)
dx 1+ x° 1+ x°
px :i dx tog{l+x7) 3
Now, LF =el™ = efir® 2 ) _ 14 22,

The general solution of the given differential equation is given by the relation,

y(LF.) = [(QxLF.)dx+C

:>,\'(l+_\"‘) = I‘»;:ﬂ ‘_ x(l+.\'3 )ld.\u}-c

= y(1+x° ) - Icot xdx +C

=5 _v(l +x? ) =log|sinx|+C
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Question 9:
dy
x=—+y-x+xycotx=0(x=0)
dx
Answer

dy
x—+y=x+xycotx=0
dx

dy
= x—+ y(l+xcotx)=x
dx

dy ( 1 )
=>——+|—+cotx |y=1
dx \x :

This equation is a linear differential equation of the form:

dy | !
—+ py =0 (where p=—+cotx and O=1)
dx X
-v{“‘"‘ I‘ : s ‘;“‘.\ lU P L+ouisny ol vse 1 .
Now, L.F =e" =e = plorrlonlsing) _ plestxsinn) _ vqinx.

The general solution of the given differential equation is given by the relation,
y(LF) = [(Qx1F.)dx+C
= y(xsinx)= I(lx.\'sin.\')d.\'+(‘
= y(xsinx)= I(.\'sin x)dx+C
= y(xsinx)=x Isin xdx - -‘i(\) Isin x d.\':l +C
dx
= y(xsinx)=x(-cosx)- Il (—cosx)dx+C
= y(xsinx)=-xcosx+sinx+C

—Xcosx  sinx C
+ +

: -‘. = - . .
Xsinx  xsinx xsinx
I C
= y=—cot-x+—+—;
X xsinx

Page 111 of 157



Class XII Chapter 9 - Differential Equations Maths

Question 10:

(.\'+_\')£ =1
dx

Answer

(.\'+_\')£ =1
dx

This is a linear differential equation of the form:

5% +px=0 (wherep=—land O=y)
ax

Now, LF =cI""j‘ =c§_'h =e™,

The general solution of the given differential equation is given by the relation,
x(LF.)= j(Qxl.F.)([\'+C

= xe” = j(_r-e ‘)clfv+C

> xe’ =y- Je‘-‘((\*~j‘{ (;'_(y) Ie"dy}bw(‘

dy

= xe” _\'(—(’“')— I(—c’"")(‘/_\'+(.‘
=xet'=—ye '+ ,[t- ‘dy+C
=>xe'=—ye'-e?+C
=>x=-y—1+Ce¢’

=>x+y+1=Ce’
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v dx +(_.\' -y )cly =0

Answer
vdx +(.\'—-y? ) dv=10

= ydx = (_\’2 - .\')d_r

dc y —-x X
—_— = y—-——
dy v y
dx x

D —t—=y
dy y

This is a linear differential equation of the form:

A - Y
@ px =0 (where p=—and Q= y)
dx y

[
o

J'_,...n I. ! log »

—7] =¢ -

Now, LLF =e¢ =¢ = W

The general solution of the given differential equation is given by the relation,
x(LF.)= [(QxLF.)dy+C

=>Xxy= J()'-_\*)(/,\'+C

—=>Xy= JJ"(/_\’%—C
3
y )
= xy="—+C
v 2
3
y' C
DX = e
~
3
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Question 12:
s\ dy
(.\' + 3‘\")&-:}'(_\‘}0)
"dx
Answer
s\ dy
(x +3y° ) —=y
"dx
dy vy
dx  x+3y°
dv x+3y° x
—_— - =—+23)
dy ¥ ¥
dx x
= —-—=3y
dy y

This is a linear differential equation of the form:
Ix 1

‘/\ + px =0 (where p=——and O =3y)
dy y

oy i ]
; logl — |

) ) - )I,m.r . _[‘ _ i hsy _ 55 _ 1

Now, LF =¢ ¢ e e —.

The general solution of the given differential equation is given by the relation,
x(LF.)= [(QxLF.)dy+C

= .r><l = J‘(3_$'xl}¢(t'+(‘
.1' v"

X ‘
==—=3y+C
9

=x=3y"+Cy
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dy : n
~~+2ytanx =sinx; y =0 when x=—
dx 3

Answer

dy g
The given differential equation is T +2ytanx =sinx,
i

This is a linear equation of the form:

1y 5
= o pv =0 (where p=2tanx and 0 =sinx)
ax

[.‘nl- l:lun valx Mowlsec log| sec” x|
39 4 | ) /

Now, I.LF =¢’'" =e¢ =sec” X,

=¢ =
The general solution of the given differential equation is given by the relation,
y(LF)= [(Qx1F.)dv+C

= y(sec’ \) = j(sin x-sec’ x)dx+C

= ysec’ x = J(scc x-tan x )y +C

= psec’ x =secx +C (1)

Now,V = Datx=

w A

Therefore,

5

0xscc‘£=scc£+(‘
3 3

=0=2+C

=C=-2

Substituting C = -2 in equation (1), we get:
ysec  x=secx—2

= y=C0Sx—2C08 x

Hence, the required solution of the given differential equation is V = C0SX— 2cos” x.
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Question 14:

2 dy 1
(l +x" )1 +2xy=——=;v=0whenx=1
“dx 1+ x°

Answer

W dy
(1+x7 )=+ 2xy = -
dx 1+ x°
dyv  2xy 1
—

dc 1+x° ('l+.\': )

This is a linear differential equation of the form:

dy 2x 1
4 + py =0 (where p = " and OQ=—-7)
dx 1+ x°

(1+x° ):

Axudy B
ndx 3 h",-' 141~ Y
Now, LF = e’j = eJ""-‘ =e ) = I+x.

The general solution of the given differential equation is given by the relation,

y(LE)= [(Qx1F.)dx+C

:_v(l+x:)= ————+(1+x7) [ax +C

(‘] +x° )

:>y(|+.\':)=j. l ~dv+C

|+ x~

= y(1+x° ) =tan"' x+C

(1)
Now,y =0atx = 1.
Therefore,

O=tan'1+C

., X
=C=——
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= T
Substituting C = 4 in equation (1), we get:

,\'(‘1 } .\‘:):tan ' x - j

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

dy :
7 ~3ycotx=sin2x;y =2 whenx =
ax

oA

Answer

dy ;
The given differential equation is -~ 3ycotx =sin2x.
s

This is a linear differential equation of the form:

dy v :
—+ py =0 (where p=-3cotx and Q =sin 2x)
dx
frac _ ] ol 1
Py =3 | cotxd 3ogls ".-'\ O |
Now, LLF =¢’" =e =g lmg Mg T
sin” x

The general solution of the given differential equation is given by the relation,
y(LF)= [(QxLE)dx+C

| . L. .
= y-——= || sin2x.—— |dx +C
Sin” x s’ x

= ycosec x =2 J(col xcoseex ) dx +C

= ycosec x = 2cosec x +C

2 3
= y=- —+ :
cosec x cosec x
asrd U S
= y=-2sin" x+Csin" x (1)

g =) -
NOW,—‘ =Zatx=

o N

Therefore, we get:

2==-2+C

=C=4

Substituting C = 4 in equation (1), we get:
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y=-2sin" x+4sin’ x
= y=4sin’ x-2sin’ x

This is the required particular solution of the given differential equation.

Find the equation of a curve passing through the origin given that the slope of the
tangent to the curve at any point (x, y) is equal to the sum of the coordinates of the
point.

Answer

Let F (X, y) be the curve passing through the origin.

dy
At point (X, y), the slope of the curve will be dx
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According to the given information:

dy
——=Xx+y
dx

This is a linear differential equation of the form:

%E +py=0 (wherep=-1and O =x)
dx

Now, L.F = cf'm ;cﬁ_m' = g™

The general solution of the given differential equation is given by the relation,

y(LF)= [(Qx1LF.)dx+C

= ye™ = [xe dv+C (1)
Now. J‘.\'c" “dy =x J‘L'" dx — II::([L\(\) It" "vt/.\}u'.\‘.
=—xe ' - J‘—e“‘d\‘

==xe" +(-¢” )
=—¢ " (x+1)
Substituting in equation (1), we get:
ye ' =—¢ " (x+1)+C
= y=—(x+1)+C¢’
= x+y+l=Ce" -(2)
The curve passes through the origin.

Therefore, equation (2) becomes:

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

x+y+l=¢"
- d

Hence, the required equation of curve passing through the origin is ~ TV *1=¢"

Find the equation of a curve passing through the point (0, 2) given that the sum of the
coordinates of any point on the curve exceeds the magnitude of the slope of the tangent

to the curve at that point by 5.

Answer

Let F (x, y) be the curve and let (x, y) be a point on the curve. The slope of the tangent

Iy
to the curve at (x, y) is ‘/
ax

According to the given information:

dy
—+5=x+y
dx
dy
=>——y=x-5
dx

This is a linear differential equation of the form:
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i -
X py=0 (where p=—1and Q=x-5)
dx

Now, L.F =L"[“lh :L’J( e e’
The general equation of the curve is given by the relation,
y(LF)= [(QxLF.)dx+C

— VY A '.(\ ~5)e"dx+C (l)

Now, [(x-5)e '<z\-=(x—5)je"(/x—j{_‘1’ (.\'—5).[1"'(/.\‘}/.\‘.

:(,\'—5)(—0 ‘)— .[(—e ‘)d,\'
=(5-x)e™ +(-¢™)
=(4-x)e”’

Therefore, equation (1) becomes:
ye ' =(4-x)e*+C

= y=4-x+Ce¢’

12
—

= x+y-4=Ce’ 2
The curve passes through point (0, 2).
Therefore, equation (2) becomes:

0+2-4=Ce
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Substituting C = -2 in equation (2), we get:
x+yv—4=-2¢

= y=4-x-2¢

This is the required equation of the curve.

dy 5
The integrating factor of the differential equation ¥ _lx_ y=2x" s
o

A. e B.

D. x

Answer
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The given differential equation is:

dv §
xX——p=2x"
dx
dv vy
= ——==2x
dx x

This is a linear differential equation of the form:

dy 1 ;
& + py =0 (where p=~—and O = 2x)
dx X

The integrating factor (I.F) is given by the relation,

J’j\h

e

Hence, the correct answer is C.

The integrating factor of the differential equation.

.y dx ;
(I—l" 2+_\'.\'=u,r(—l<:1'.\'<‘_l) is
dy
A 1
Tyl
B.
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1
' =1
1
1-°
1
-y
C.
D.
Answer

The given differential equation is:
5y dx

(I—_v' ):+ yvx =ay

‘ “dy

dv  yx ay

de 1-y° 1-y?
This is a linear differential equation of the form:

l-. 4 '
‘l—\+ pyv =0 (where p= : > ) 0= a )
dy

3
-

-3 1-y

The integrating factor (I.F) is given by the relation,

J’,\.‘.

e

f=-3 [ ) vl
L el At )

—3 .4

Hence, the correct answer is D.
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For each of the differential equations given below, indicate its order and degree (if

defined).
L7 5x(2) 6y =toga
(1) d\ i 2
(i) ! (?\ ‘ 24 +7_1':sin X
Q—slnxdl\. \L()
(iii) de )=
Answer

(i) The differential equation is given as:
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-
\ =

d’y _ (dy
—+5x| — | —6y=logx

t{.\' ¥ \ (l’.\' J

= . L4 5.\‘( & ] —6y—logx=0
dx” \ dx )

The highest order derivative present in the differential equation is d/ ‘ . Thus, its order is
ax”

C
two. The highest power raised to ; >
dx

(ii) The differential equation is given as:

)

(dyY ( 21T T ;

l —J —4| = | +7y=sinx

\ (l.\' \ ll’.\'
/ 33 riipind

:ziﬂ -4 ﬂJ +7y—=sinx=0
K_ dx | \ dx

is one. Hence, its degree is one.

ty
The highest order derivative present in the differential equation is = Thus, its order is
dx

one. The highest power raised to »‘-?—‘ is three. Hence, its degree is three.
dx
(iii) The differential equation is given as:

d'y . (dy) s

dx’ dx )

4

"y
The highest order derivative present in the differential equation is (/ + . Thus, its order is
dx

four.
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However, the given differential equation is not a polynomial equation. Hence, its degree

is not defined.

For each of the exercises given below, verify that the given function (implicit or explicit)

is a solution of the corresponding differential equation.

(i) y=ae' +be™" +x°
(i) y=e"(acosx+bhsinx)
(iii ) »=xsin3x

(iv) x> =2y"logy

Answer

-

(i) V= ae +be " +x°

Iy . dy .

X’ ‘ 522 -xy+x =-2=0
dx’ dx

BY 2B oyg

dx” dx

d*

o
T +9y—6¢c0s3x=0
dx”

(.\': +y ) # -xy=0
dx

Differentiating both sides with respect tox, we get:

dy diy iy i
—=ag—|e')+b—(e )+
dx dx ¢ dx

dy . e
—>—=qe¢' —be" +2x

dx

Again, differentiating both sides with respect to x, we get:

d*y . _
—=qe' +be™" +2
dx”
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dy d’y
Now, on substituting the values of <K and ‘h in the differential equation, we get:
L.H.S.
L-’F +2 ‘—ﬁ— —xy+x =2
dx” dx

= .\'(ae' +be™ + 2) + 2((1(' f—bhe + 2.\') - .\'(ue‘ +be™ +x° ) Fx¥ =2
= (u.\‘e" +bye "+ 2.\') - ( 2ae" =2be " + 4.\')—((:.\‘0" +hxe " +x° ) +x'=2

=2ae" —2be” " +x°*+6x-2
7 ()

= L.H.S. # R.H.S.

Hence, the given function is not a solution of the corresponding differential equation.

(ii) v=e"(acosx+bsinx)=ae’ cosx+be"sinx

Differentiating both sides with respect tox, we get:

14 = u-i(c" cns.\‘) +h-i(c‘ Sin.\‘.)

dx dx dx

= % =a(e cosx—e"sin .\")+h-(c‘ sinx+e" cosx)
ax X ' v

= % =(a+b)e’ cosx+(b-a)e'sinx
dx

Again, differentiating both sides with respect tox, we get:
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CI‘—Q =—(sin3x)+3—(xcos3x) 1.\')

dx®  dx dx

d’y
=3Ccos3x+ 1[LOS 3x+x(—sin3x)-3 ] [e sinx+e’ cos \]

dx’
d’y - oy 2o x

= —5 =6c0s3x-9xsin3x In X +cos \')]
dx”
d’y ; : ; ,

= ~I— =e [ucos X—asin { hcosx—bsinx+bsinx+hcosx—asin .\'—acos.\']
ax ¢ ‘_v

Sub;tktutlng the value of ~ , 2 Hn the L.H.S. of the given differential equation, we get:

-))\ll\l"\(‘\_ L S
(/:_1'

—+9y—6¢cos3x
dx®

=(6-cos3x—9xsin3x)+9xsin3x—6cos3x  dy
0 d I in the L.H.S. of the given differential
equation, we_get:
H{ence the given function is a solution of the corresponding differential equation.
ay
Xt = 7\ log y

ax [Ty
Biffet¢htiating bshm.\s)de‘hw\'/\ﬁth refspact toXpwer );‘a'ttx] +2e" (acosx+bsinx)
2yiam g.iz(‘w‘ |0g,--l x+2bcosx)

dc - " - ;

s x+2bsinx)
c=|2v-log vﬂ -:.l.d-r .

SIS YR Y e | [(-2a-2b+2a+2b)sinx |

dy
=>x=——(2ylogy+y)

ax lution of the corresponding differential equation.

_dy X

de  y(l+2logy)
pirrerentiating both sides with respect tox, we get:

dy _d J
% vsin 3x) = sin3x 4V - cos 3x
Sﬂbst:’tu ing the value of ~,_ =% in the L H S. of the given differential equation, we get:
(h' 2 2 2
= —— =sin3x+3xcos3x
dx

Again, differentiating both sides with respect tox, we get:
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oy AT
(. X"+ )d.\' x)

=(2y" logy+y° S — xy
y(1+2logy)
=y*(1+2 Iog_\*)-;— xy
y(1+2logy)
= Xy =Xy
=0

Hence, the given function is a solution of the corresponding differential equation.

Form the differential equation representing the family of curves given by
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RPN P R e . .
(x—a) +2y" =a where a is an arbitrary constant.

Answer
(x=a) +2y" =a
= X" +a’ -2ax+ 2y"= a’

=2y’ =2ax-x’ (1)

Differentiating with respect to x, we get:

2y—=
dx 2
dyv a-x
dv 21
Y Yy — P
i _ 2ax-2x (2)
dx 4xy '

From equation (1), we get:

2ax =2y +x°

On substituting this value in equation (3), we get:

dy 2y +x"-=2x°

dx 4xy
dv  2y°-x’

:> —
dx 4xy

o

. 2 B A
Hence, the differential equation of the family of curves is given as ﬂ =) =X

dx 4xy
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2 3 (2 2\? is the general solution of differential
Prove that ¥ —V = "(-\ +) )
equation(—“‘ _3’\.“,: )a’.\' = (_‘ﬁ _3".3",)‘_{‘. , where c is a parameter.
Answer

(.\"‘ -3x° )d.\- = ( y —3.\"1\’):/}'

dy  x'=3x°
S A A (1)
dce vy =3xy ‘
This is a homogeneous equation. To simplify it, we
need to make the substitution as:

y=vx
d d
—(y)=—(wx
dx ( d.\‘( )
dh dv
< =p4x—
dx dx

dv
Substituting the values of y and “X
dv_ x =3x( vx)’

V4 X—= . -
dx (vx) —3x" (wx)

dv  1-3v
DV+X—=—
dx v’ =3
dv 1-3"
= x—= -1
dx v =3
P —\'(\'3—31‘)
= L AR i ~
dx v =3y
dv 1-v*
Ty o8
dc v =%
(v =3v) dx
= | T |[dv=—
B D X
‘ in equation (1), we get:
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[["' _’)"}(hzlogx+logC’ ()

1=

-

Now: J(“;_i‘id"z_[ vy [ vy

\

L
Letl—=v' =t
'i(l—\‘J):ﬂ

dv dv
= -4 —ﬂ
dv
= v'dh —ﬂ
4

dt

:J'(\.‘ __":\'J(h_: ll _313. where ll :J.I‘_I and I; = [ 3

-y 1=

i
dv vdy

-V 1=y

Now, /, = ———llogr=—l|0g(l—v4)
4t 4 4

And. /, = j it

- J vdv

= o)
Let v’ = p.
. d .\ dp
.d\( ) v
dv
Dl‘t/\‘=f-/‘,—)-
2
—I dp |l+p —l I+\'i
1-p° 2 2 l-p ]—\"

Substituting the values of I: and Iz in equation (3), we get:

- 3
ﬂ ‘l )“ J(Il_—zl()“(l—\ )—Ilog

\ 1=V

Therefore, equation (2) becomes:
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14+ v i
- =logx+log(
_"‘

1 3
—log(1-v*)-=log
4 4

| (147 ) :
_‘"——lng;(l-\") l =log C'x
4 \

»

=9}
a4
1493
:\—2 o ; =(C'x) ?
1—v*)
>34
‘ |+ ) -
% X B |
= Yty
)
-7

=>x -y’ = (.'(.\" +y') , where C=C"

Hence, the given result is proved.

Form the differential equation of the family of circles in the first quadrant which touch

the coordinate axes.

Answer
The equation of a circle in the first quadrant with centre (a, a) and radius (a) which

touches the coordinate axes is:
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3

(x—a) +(y-a) =d° (1)
YA

Differentiating equation (1) with respect tox, we get:
/ '

2(x—a)+ 2(_\'—u)—(i =0
dx

=(x-a)+(y-a)y'=0
=>x—a+w-a'=0

= x+ ' -a(l+)')=0

Substituting the value of a in equation (1), we get:

[.\‘+_1:1"J i f.\‘+_1_1'" * 7 x+ i

x— +| y- =

{ 1+y" e Y 1+

- (x=y)» N P e 0.
(1+") 1+ 1+

= (x=y) 2 +(x=y) =(x+ ')

-

= (x-y) [I +(3") :I =(x+»')
Hence, the required differential equation of the family of circles is

(x —y)l [] +()"):} = (,1‘+);\"): :
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dy 1-y?
Find the general solution of the differential equation — + ,' — =
de YV1-x
Answer
b [f1-y
Q..F “ - = O
dc V1-x°
v _ J1-)7
dx Vi-x*
dy —dx
= —_— =
-y Al=x
Integrating both sides, we get:
sin”' y=—sin"' x+C
= sin"'x+sin” y=C
Show that the general solution of the differential equation oy + ’1', a3 i

dx
(x+y+1)=A(1-x-y-2xy), where A is parameter

Answer

X +x+1

=(is given by
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dy y +y+l _

oes. -
de x 4+x+1

()

0

dx X+ x+l
dy —dx
Y +y+1 Sl 4x+l
dy dx

= — +— =0
Yy +y+l x +x+1

Integrating both sides, we get:
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j‘ dy +J' dx C

Y +y+l Ixt+x+1 x
:),[ d] :+J- fl-\' 7=C
EECIREEE
2 2 2 2
[ 1
2 05 2 ,x+‘) C
= —tan | —==|+—=tan"| —==|=
V3 V3| V3 NE]
=

= tan ' V3 5 YES

|- dxy +2x+2) +1) 2
L 3
= tan"' 2,\/3("',_.‘,"-"',"” =\ﬁ(
3-4xy-2x-2y-1 B
3(x+y+1) JBC
-1 ol 5 a
= tan ) =

2(1-x-y-2xy

o~

Py

2(l-x—y-2xy)

3]
(39 ]

3(x+y+1) =mn[\/§C

Jz B. where B = tan[ =

-

S>x+y+l= B(l —xy—2xy)

3
5

2B
=>x+y+l=A4(1-x-y-2xy), where A = —=

hJ

Hence, the given result is proved.
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=

]

{ 3\
Find the equation of the curve passing through the point LO.—J hose differential

=

equation is, sinxcos ydx+cosxsin ydy =0
Answer

The differential equation of the given curve is:
$in x cos ydx + cos xsin ydy =0

$in x cos ydx +cos xsin ydy 0

COS X COS ¥
= tan xdx + tan ydy =0

Integrating both sides, we get:
log(secx)+log(secy)=logC
log(secx-secy)=1logC

=secx-secy=C (1)

)
The curve passes through point [UIJ
~x2=C
=C=42

On substituting in equation (1), we get:

secx-secy=+v2

=5 SEC.X =2
COS )
sec.x
=5 COS J = ——
)
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Hence, the required equation of the curve secx
is CoS Y =——.
V2

Find the particular solution of the differential equation
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("H':' ‘)"f"*'("-'.l': Je'dy =0, given thaty = 1 when x = 0
Answer
(l +e” )d_l‘+(l +y° )("(/.\‘ =
dy e'dx
+

- — =0
I+y 1+e™

Integrating both sides, we get:

tan' y+ '[IL-\\»‘(/\ 26 (1)

Lete' =t=e™" =1,

dy; .\ dt

— (e ): —

dx dx
. dt
e =—
dx

= e'dyx=dt

Substituting these values in equation (1), we get:
1t 5
tan”' y+ I @
I+

=tan " y+tan 't=C
= tan 'y+tan” (c ) =C .(2)

Now,y =1 atx = 0.
Therefore, equation (2) becomes:
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tan'l+tan”'1=C

= —4+—-=C

O HI3

Il

(RO T ~ i |

S
Substituting € = - in equation (2), we get:

T
o

tan ' v+ tan : (_e‘ ) =

This is the required particular solution of the given differential equation.
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x

Solve the differential equation ye'dx = [‘ﬁ ) & J"J’(." #0)

Answer
ve'dx = [.\‘c Yy ]d_\‘
] X
. dx :
yve' —=xe' +)
dy

(1)

Lete’ =z.

Differentiating it with respect toy, we get:

d [ += dz
—| e’ —_——
dy )y

= d [.\' dz
=>e —|—|=—
dyly) dy

dx
4 5
e | 2 (% sl 2)
y° dy

From equation (1) and equation (2), we get:
d_:
dy

= dz = d\

=1

Integrating both sides, we get:
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Find a particular solution of the differential equation(x—y)(dx+dy)=dx—dy, given that
y =-1,when x =0 (Hint: putx -y = t)
Answer
(x—y)(dx+dy)=dx—dy
= (x=y+1)dyv=(1-x+y)dx
dy _l-x+y
dv x— v +1

— ﬂ (\ =) )
dx  1+(x-y 1+(x—y)
Letx—y=1
d dt
= x—-y)=
d\‘( ) dx
dh dt
=1 =
dy  dx
dr dv
=1~ —
dx dx

d\‘

Substituting the values of x — y and /
@Y in equation (1), we get:
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| dt 11—t
dx 1+t
dt [l—l}
=>—=]—-| —
dx 141 )
dr (1+t)=(1-1)
=>—=——-
dx 1+t
dt_ 2
dx 141
1+1
= ( —_— 1(1’1 =2dx
r )
]
= | 14+— |dt =2dx w2
« T
Integrating both sides, we get:
t+log|tj=2x+C

= (x-y)+log|x—y=2x+C

—
I
~—

= log|x—y|=x+y+C

Now,y =-1atx =0.
Therefore, equation (3) becomes:
logl=0-1+C

>C=1

Substituting C = 1 in equation (3) we get:

Iogl.\' —_\'| =x+y+1
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This is the required particular solution of the given differential equation.

e it ﬂ I(x#0)
Solve the differential \/; \/- .
equation
Answer

T I

This equation is a linear differential equation of the form

ﬂ+ Py = Q,where P = and O = ¢’

dx T \/— )

[:”J\ I vl_‘l‘ 1.
. . iy VA §
NOW,I.I‘ =¢g- =e " =g

The general solution of the given differential equation is given by,

»(LF.)= [(QxLF.)dx+C

24
205 e 2 ‘
=>)ye = x e |dv+C
VX

= ye'¥* = j—l; dx+C

=y s 2Jx +C
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1y
Find a particular solution of the differential equation ‘/‘ + yeot x =4xcosec x(x=0),
ax

given that y = 0 when x = %

-

Answer

The given differential equation is:

dy
t 3 cotx = 4.\'C()SL’C X
dx

This equation is a linear differential equation of the form

Page 148 of 157



Class XII Chapter 9 - Differential Equations Maths

dy :
=+ py = Q. where p = cotx and Q = 4x cosec x.
dx
. '-,'tl.'.\ ol xidx loelsin .
Now, LF=e’ = (’I =g = SIX

The general solution of the given differential equation is given by,
y(LF)= [(QxLF.)dx+C
= ysinx = J‘( 4xcosec x-sinx)dx +C

= ysinx =4 I.\'d.\‘ +C
. x
= ysinx=4-"—+C

= ysinx=2x"+C (1)

Now,V =0atx=

(SRR

Therefore, equation (1) becomes:

0=2x%_4¢
4
= ( =—£
-

[

B
Substituting € =~->-in equation (1), we get:
. , T
ysinx =2x" —-
- 3

This is the required particular solution of the given differential equation.
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1y :
Find a particular solution of the differential equation (x + l)—‘»/‘l =2¢ " ~1, giventhaty =0
ax

when x = 0 Answer
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(x+ l)ﬂ =2e" -1
’ dx
dy  dx

2¢' -1 x+1

e’ (.lf v dx

2-e’  x+1

Integrating both sides, we get:

Ie. d": =log/x+1|+logC k)
2

2-¢

Let2-¢" =t.

- (E—e'")= i
dy dy

dt

dy

= e'dt = —dt

= —e' =

Substituting this value in equation (1), we get:
—dt ‘ :
IL = log|x+1{+log C
t
= —log|r| = log|C(x+1 )|

= - I()g‘Z -e'

= logi('(.\' + l)|

= > =C(x+1)
1
¢ =) ~2)
Now, at x = 0 and y = 0, equation (2) becomes:
:>2—I=~l;
=C=1

Substituting C = 1 in equation (2), we get:
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2-¢' =——
x+1
—
> € =i
x+1
, 2x+4+2-1
=e’ =
x+1
2x+1
—
x+1
9 P |
.'_,\+|i
= y=log L (x#-1)
Y+1 |

This is the required particular solution of the given differential equation.

The population of a village increases continuously at the rate proportional to the
number of its inhabitants present at any time. If the population of the village was
20000 in 1999 and 25000 in the year 2004, what will be the population of the village in
20097 Answer

Let the population at any instant (t) be y.
It is given that the rate of increase of population is proportional to the number of

inhabitants at any instant.

dy
dr -
dy .
= ——=ky (k is a constant )
dt :
=> ¥, kdt

.‘-

Integrating both sides, we get:
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logy =kt + C .. (1)
In the year 1999, t = 0 and y = 20000.

Therefore, we get:
log 20000 = C ... (2)

In the year 2004, t = 5 and y = 25000.

Therefore, we get:

log25000=4-5+C
= log 25000 = 5k + log 20000

25000 ] N [:)
20000) T\ 4

o]

=S5k = log(

-
5
In the year 2009, t = 10 years.

Now, on substituting the values of t, k, and C in equation (1), we get:

log y = l()xllog( 4J+ log(20000)

\
|
= y=31250

Hence, the population of the village in 2009 will be 31250.

= logy= Iog{ZOOOOx(

J-I'Jv

= y=20000x

J-l'Jl
J—-I’Jl
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v — xdy

The general solution of the differential equation =()is

-"
A. xy = CB. x = Cy?

C.y =CxD.
y = Cx?

Answer

The given differential equation is:

yax—xdy _ 0
."
vdx —xdh ~0
Xy
— l dx l dv=0
X 3%
Integrating both sides, we get:

log|x|—log|y| = logk

= log|—|=logk
-‘.
x
=>—=kK
-“
1
= y=—X
k

: i i}
= y=Cx where C =

Hence, the correct answer is C.
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The general solution of a differential equation of the type %+ Px=0Q,is
_ u’ 37 ﬂ()c’ v }/;+(
b - o e
_ xel’ ﬂ()e /\+C

P lx { = ! dlx \ <
D. .\‘t’P‘l - .ﬂ();(‘p dx+C

Answer
The integrating factor of the given differential é +Px=0Q, is (,J
equation dy

The general solution of the differential equation is given by,
x(LE.)= j(Qx LF.)dy+C
1 i ’."“. 3
:>,\‘-(’II = ﬂ Q,e" : J(/y-l»('
\

Hence, the correct answer is C.

The general solution of the differential equation ¢'dy + ( ve' +2. )c/\ =0is
A. xe¥ + x2=C

B. xe¥ + y>2=C
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C.ye+x2=CD.ye"+x*=C

Answer

The given differential equation is:

e'dy+ (ye" + 2x)d.r =0

dy s
=>e'—+ye' +2x=0
dx
dy _
= —+y=-2x¢"
dx

This is a linear differential equation of the form

dy =y
~+ Py=0,where P=1and Q =-2xe .
dx
[P fix ‘
Now,F=e’ =¢' =¢

The general solution of the given differential equation is given by,
»(LF)= [(Qx1F.)ds+C

=>ye' = .[(‘2.\'(‘ Y.e' )(/.\'+(‘

= ye' =— IZ.\‘ dx+C

= ye* =—x*+C

=>ye +x°=C

Hence, the correct answer is C.
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