Class XII Chapter 9 - Differential Equations Maths

4 -

f% +sin(y")=0
Determine order and degree(if defined) of differential equation dx
Answer
doy: . G %
—+sin(y")=0
ax
= y" +sin(y")=0

The highest order derivative present in the differential equation is . 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

V'+5y=0 answer

The given differential equation is:
y'+5y=0

i

The highest order derivative present in the differential equation is? | Therefore, its
order is one.

r

It is a polynomial equation in' . The highest power raised to! is 1. Hence, its degree
is one.

s X /? :
ﬂ Fi - ds _,

Determine order and degree(if defined) of differential equation* dt ) dt

Answer

/ N ‘
{ ds\ ds

AN . +3 -
\ dt } dt”

=)
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d’s
The highest order derivative present in the given differential equation is dar

Therefore, its order is two.

q’ ’s ds d 2s
It is a polynomial equation in diand . dhe power raised to is dr
Hence, its degree is one.

&y, +cosjl (—j‘~ |=0
Determine order and degree(if defined) of differential equation * s 5

Answer

{32\ £ 47

dy [ dy )
: +cos| — |=0

\dx™ ) \dx )

\ /

d’y
The highest order derivative present in the given differential equation is dx’ .

Therefore, its order is 2.

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

Iy .
- ‘ = cos3x+sin3x
Determine order and degree(if defined) of differential equation ¢¥

Answer

a 5 b
— =08 3x+s8in3x
d
dy = o ,
— ——C083x—5m3ix=0
o’

d’y
The highest order derivative present in the differential equation is‘/f"j . Therefore, its

order is two.
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(/:_1‘ (/:_1‘
It is a polynomial equation in dx” and the power raised to ax” js

1. Hence, its degree is one.

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

() () +()+5* =0

"

The highest order derivative present in the differential equation is- . Therefore,
its order is three.

The given differential equation is a polynomial equation iny">y"and )"

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

Determine order and degree(if defined) of differential equation

'mf-z " 4 ";0
) Yy ) Answer

Y'+2y"+y'=0

"

The highest order derivative present in the differential equation is-* . Therefore,
its order is three.

"

yiandy' rpe highest power raised to" is 1. Hence,

It is a polynomial equation in? >
its degree is 1.

Determine order and degree(if defined) of differential equation

' PR
Y TV=€ Answer

1 X
yty=e

=y +y-e =0
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L

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

order is one.
The given differential equation is a polynomial equation in? and the highest power

r
raised to is one. Hence, its degree is one.

Determine order and degree(if defined) of differential equation

S 7+2 =0
) (-'1 ) ) Answer

VY +() +2y=0

”

The highest order derivative present in the differential equation is* . Therefore,
its order is two.

The given differential equation is a polynomial equation in? and* and the highest

power raised to Y is one.
Hence, its degree is one.

Determine order and degree(if defined) of differential equation

LTI BV o1 %\
T +2Y+S =()
- Answer

Y'+2y' +siny=0

”

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

L

This is a polynomial equation in+ and< and the highest power raised to* is
one. Hence, its degree is one.

The degree of the differential equation

‘ |— +sin| fﬁ +1=0
zl\ J \ dx ) .
is
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(A) 3(B) 2 (C) 1 (D) not defined
Answer

/ 3 \3 ; \ 2 7 \
(d°y) (dyY . (dy

|5 ‘+ +sm;~’+|:0
\ dx” J \ dx J \ 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

I »
34 +y =0

dx’ dx is

252 d’y .
(A) 2 (B) 1 (C) 0 (D) not defined
Answer

pd LV by i
dx” dx
d’y
The highest order derivative present in the given differential equation is dx”
Therefore, its order is two.

Hence, the correct answer is A.
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y=e"+1 Dy —=y'=0
Answer
y=e +1

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

iz & (‘(" +|)
dx dx’
=)y =e" (1)

Now, differentiating equation (1) with respect to x, we get:

d i dyg
I(‘ )= cl\"'(' )

L4 X
= )y =e

Substituting the values of 7 ®"4"in the given differential equation, we get the
L.H.S. as:
Y-y =& - =0=RHS.

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

y=x*+2x+C : Y =2x-2=0
Answer
y= x*4+2x+C

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

Substituting the value of* in the given differential equation, we get:

Y —2x—2=2x4+2-2x-2=0

LH.S. = Tt 2= V= RH.S.
Hence, the given function is the solution of the corresponding differential equation.
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y=cosx+C : Y +sinx=0
Answer
y=cosx+C

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

' = (—/_(_cos x+C)

-—

’

= ) =-sinx
Substituting the value of ! in the given differential equation, we get:
LHS, =V +sinx==sinx+sinx=0_p g

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

— : Xy

y=+a1+x y =—
|+ x

Answer

y= V14X

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

y = — |+.1‘)
21+ dx
2x
1‘ = ) 1
21+ %7
- X
»= o ~
N
. [} X |r 2
=y = —xy]+x
[+~
[} j:
=y'= —- ¥
1+ x°
. Xy
= y'=——
1+ x~
~+L.H.S. = R.H.S.

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

y=Ax  x'=p(x#0)

Answer

y=Ax

Differentiating both sides with respect to x, we get:
d

3 et 2 A
Y =—(Ax)

=)' =A

Substituting the value of ! in the given differential equation, we get:
LHS.=x'=x-A=Ax=y=R.HS.

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

| 5
¥y =xsinx c Xy =y+xyx -y (x#0and x> yorx<—y)

Answer
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y=xsinx

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

Jri= i(.‘csin x)
dx

. d . - ——
= y'=sin .\'-‘—(.\')44 .\'-i—(sm.\')
dx dx
= y' =sinx + xcosx
Substituting the value of ¥ in the given differential equation, we get:
L.H.S.=xy"=x(sinx+ xcosx)
= xSin X+ x° cosx

s e
=y+x -yl-=sin"x

Il
<
+
-

-

—
-

= y+xyy —x°
= R.H.S.

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

. v
xy=logy+( oy ==

(xy#1)
l—xy’

Answer
xy=logy+C

Differentiating both sides of this equation with respect to x, we get:
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o | ‘
—(xy)=—I(locy
L ()= (10g)
d . dv | dv
= 1'-—(_\']4._\’.; =
Tody dy oy odx

L
= y+xy'=—y
”

=y +apy' =y
=(xy—1)y =—»

— B

l—xy

~-L.H.S. = R.H.S.

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

P—Ccosy=x . (ysiny+cosy+x)y' =y
Answer
y—Ccosy=x (1)

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

dv d d
———(cosy)=—r(x)
dx dx dx
=y +siny-y' =1
= y'(1+siny)=1

; 1

:> .1‘ = -
1+sin y

Substituting the value of in equation (1), we get:
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L.H.S.=(ysin y+cos y+x))’
1

= (}'Sin VHCOS Y+ V=CO08 V) x —
' " l4siny

= ¥(1+sin y)-

1+sin y
= ‘],‘

=R.H.S.

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

x+y=tan"' y S Vi A o e S

Answer

x+y=tany

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

I(\ +y)= = (tan” y)

‘ I ;
=>1+y =| = |y
1+

=2y

' _(I+\.’)
o _1‘ [ —"— - -
.‘..

Substituting the value of! in the given differential equation, we get:
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: 1+)
LHS.=yy'+y' +1=)° (7)

+y7 +1
."‘

=] —_\‘: 'f"l': +1
=0
=R.H.S.

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

) > dy : A
y=va -x'xe(-a.a) : x+y—=—=0(y=0)
: dx
Answer
o -
y= Va' =x*

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

dy '

dx  dx (\/“ 3 )

— ﬂ — (u -X )
(h‘ \I(, = \ [4 .\

(Ifl‘

Substituting the value of dx in the given differential equation, we get:

) dy : -X
LHS.=x+y—=x4+va’—x" x

:
dx Va =x°
=X=X

=0
=R.H.S.

Hence, the given function is the solution of the corresponding differential equation
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The numbers of arbitrary constants in the general solution of a differential equation
of fourth order are:

(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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L

a b

Answer

L S

a b

Differentiating both sides of the given equation with respect to x, we get:
I 1dy

1. 1dv_,

a bdx

11,
=>—+—y =0
a b

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

1

—)

b’

—-1 -!7,1"’ =0
b

= y"'=0

0+—y"=0

Hence, the required differential equation of the given curveis? = 0.

¥ = u(/)? —x? )
Answer
P = u(/f —x )

Differentiating both sides with respect to x, we get:

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

Again, differentiating both sides with respect to x, we get:
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Vey'+ o' =-a
=) +»w'=—a .(2)

Dividing equation (2) by equation (1), we get:

= x" + .\'(_r'): -y"=0

This is the required differential equation of the given curve.

y=ae +he”"
Answer
y= ae’ +be** (1)

Differentiating both sides with respect to x, we get:

y'= 3ae’ = 2be " .(2)

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

V' =9ae’" +4be ™ .(3)

Multiplying equation (1) with (2) and then adding it to equation (2), we get:
(2ae™ +2be™ ) +(3ae™ —2bc7 ) =2y + y'

~ 3 '
=>5ae” =2y+y

2y4+y

= ge’* ==
J

Now, multiplying equation (1) with equation (3) and subtracting equation (2) from it,
we get:

(3ae’ +3be™ )~ (3ae™ - 2be™ ) =3y -y’

= She " =3y-)

3y=y'

2x

= he " =

5

Substituting the values of ae” and be ™" i equation (3), we get:
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(2y+)) +4(:3,1' V')
5 5

. 18y+9y" 12y-4y
= =+ 5

=9

=y

3
Oy+35y'
5

o

L

_')1.‘ —

= ' =6y+)

= y'-y'-6y=0

This is the required differential equation of the given curve.

y=e""(a+bx)

Answer

y=e""(a+bx)

Differentiating both sides with respect to x, we get:

y'=2e" (a+bx)+e* b

=)' =e""(2a+2bx+b)

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

we get:

V' =2y=e"(2a+2bx+b)-e" (2a+2bx)

=)' -2 =be”

Differentiating both sides with respect to x, we get:

y'k—2y' =2be™

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

A PR ¢
eyt
y'=-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 to x, we get:

V' =e'(acosx+bsinx)+e’ (—asinx+bcosx)

= = c"'[(“ +b)cosx —(a—h)sin _\']

Again, differentiating with respect to x, we get:

L}

y' =e*[2bcosx—2asinx]

y'=2e"(hbcosx—asinx)
~

} Y ‘
=>-=e (beosx—asinx)

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

y+ ‘? =g [( a+b)cosx—(a-b)sin .\‘J

L4

.“
= y+=—=y
P

’

(4

=>2y+y"=2y

=>1y'-2y'+2y=0

+(2)

y'=¢' | (a+b)cosx—(a—b)sinx ]—c" | —(a+b)sinx—(a—b)cosx |

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. 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’ +_1"' =2ax (1)
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=
\h/_,

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

= x+ ' =a

Now, on substituting the value of a in equation (1), we get:
Xyt =2(x+p)x

= x*+y =22 +2xp

=>2x'+x" =y

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.

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

x? = 4ay (9
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Yy

X X
Q
vy

Differentiating equation (1) with respect to x, we get:

2x =4ay’

«(2)

Dividing equation (2) by equation (1), we get:

2x  4ay

X day

=S =2)

=>xy'-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.
Answer

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

is as follows:

(1)




Class XII Chapter 9 - Differential Equations

Maths

f L]

Y'Y

Differentiating equation (1) with respect to x, we get:

T?'—T<f;;;':() .“(2)

Again, differentiating with respect to x, we get:

1 yy'+yy

—_—t =)
b- a
I ] (12 o
= —+ \(ll'_+.l:l' ):()
b a
I l [ 12 ”
>—=——(y" "+
b- a'(' o )

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

| 2 » y!
.\'{——‘(('r') + vy )} + L =0
a 4 a”

— —.\‘(_\"): —xy"+ ' =0
= 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-axis is:

2= (1)

¥

L J

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

Y Dans'

2x 2»

-2 =0

a: b
x w

> ——=—=1) .(2)
a- b

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

l _1..“ '_]"-f- _1."_}:"

1_ ‘ =0
a b

I Lir pi, o
=== () +2)

Substituting the value ofdin equation (2), we get:

X [ N2 A
— . + ") === =0
(0 o) 2

= .\'(.1"): +xp = =0

=" +x(yV') -w'=0
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This is the required differential equation.

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:

“+(y-b) =3

= x*+(y=b) =9 D

47
“}f

(8]

Y'Y

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

:>'l‘—l_‘): -
V

Substituting the value of (y - b) in equation (1), we get:
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, [—xY
X +‘ — l =0

:>,rzﬁl+ - ]I,}zf)
(V)

=2 (') +1)=9(y)

=(x*=9)(»') +x* =0

This is the required differential equation.

Which of the following differential equations has” — Getiee

2 ‘ +y=0
A, dx’

Iy

: ‘ -y=0
B, dx’

4Y =0
C. dx’

‘{-I‘ __l — 0
D. dx’
Answer

The given equation is:
y=ce' +ce” (1)
Differentiating with respect to x, we get:

(/-“ LY X
——=(e —C,e
dx

Again, differentiating with respect to x, we get:

as the general solution?
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d*y ?
—=ce +c,e
dx”
d*y
—=y
dx”
d*y
=>——-y=0
dx”

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.¥ = * as one of its particular solution?

d*y 5 dy
— ==X ——+Xy=Xx
A, dx’ dx
d*y dy
——t X——+ XY =X
B. dx’ dx
v L dy
- ‘ S i xy=0
C. dx’ dx
/-‘ 3 i
- ‘ iy xy=0
D. dx dx

Answer

The given equation of curve isy = x.
Differentiating with respect to x, we get:
& (1)

dy

Again, differentiating with respect to x, we get:

d’y _

0 il 2]
dx Y
4%y i
- 1 ,and 2
Now, on substituting the values of v, dx dx from equation (1) and (2) in each of

the given alternatives, we find that only the differential equation given in alternative C
is correct.
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'y s dy ;
a ‘ . +xp=0—-x":14+x-.x
dx” dx
=-—x'+x
=0

Hence, the correct answer is C.
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dy _1-cosx

dv  1+cosx

Answer

The given differential equation is:
dy _l-cosx

dx l+cosx

LA X
2sin”
dy 7 2 X
T =——==fan’
dx 2 X 2
2cos
)
dy ( X
— f‘ sec” ——1 ‘
dx | 2 )

Separating the variables,we get:

dy ‘ sec” :—l ’d.\'

\

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

(" e 0N I
de = ﬂ sec* ——1 |¢/.\‘ = [sec’ ~(/.\'—J</.r
\ / %

-~

X 2
= y=2tan ;—.r+(

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

dy | 3

—=,/4-y" (-2<y<2)
dx !
Answer

The given differential equation is:
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dy P
A 4 -— ‘-‘
dx X ’

Separating the variables, we get:
dy

——

=

NCE

= dx

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

dy
I+F_1: dx
v|4_).v
o ¥ §
=>sin” —=x+C
2

= = =sin(x+C)

9 |

= y=2sin(x+C)

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

iy .

Y yy=1 (v#1)
ax ’
Answer

The given differential equation is:

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

dy

=dx
-y

Now, integrating both sides, we get:
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[ fax

l-v
= log(l-y)=x+logC
= —logC - log (] -y)=x
= logC(1-y) =2

=C(l-y)=€"

| [
=1-y=—e

C

1 .
=y=l-—e"

C

) 1
= v=1+4de " (where 4 = —E)

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

sec’ xtan ydx+sec” ytanxdy =0
Answer

The given differential equation is:
sec” xtan ydx+sec’ ytanxdy =0

sec’ xtan y dx +sec” ytanxdy

0
tan xtan y
sec’x ,  sec’y
= dx+ —dy =0
tan x tan y

sec” x sec’ y
dx = -
fanx tan y

Integrating both sides of this equation, we get:

sec” x sec’ y
J. c‘l.\‘=~j “~dy (1)
tan x tan y ‘
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Let tanx =1+,
d . dt
S.o—(tanx) =
dx dx
; dt
=S80 X = —
dx

—sec xdx=dt

sec’ x ]
Now, J dx'= j—d{.
lanx t

log
1

Li =]

;
log ( tan x)

Py
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| -
\tany )

= lanx =
tan y

= tanxtany=C

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

(c' +e™ )afl'—(c" —e )(/.\‘ =0
Answer
The given differential equation is:
(L"‘ Fe " ‘)d’\' - ( e —-e" )(/.\' =0
:>(e' Fe )dy - ((" =g )dx
=> dy =! L —(17: }d.\'

Le +e

Integrating both sides of this equation, we get:
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o L2 e
e +e

D y= G, —¢ _li+C (1)
e +e '_

Let (e°+e ) = t.
Differentiating both sides with respect to x, we get:

d v 5 dt
———((’ + € ')=—
dx dx
2 .oodt
e - =
dt

= (("' —e"’ )(l\‘ = dt

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

y= J} dr+C

= y=log(r)+C

= y=log(e" +e™)+C

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

dy 2\ f y
——=(14+x")(1+y°
T=(1e2)(1457)

Answer

The given differential equation is:

T=(1e)(1457)

dx
dy
|
Integrating both sides of this equation, we get:

= (l 2 )(/.\‘
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I dy _ '[(I+.\'3:)c/.\'

1+ y*
= tan”' y Id.\' b J’x:d.\‘

]
-
+
L ’ I"d
+
~

=tan"y

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

viog ydx—xdy =0

Answer

The given differential equation is:

viog ydx—xdv=0
= vlog ydx = xdy

dy  dx

viogy x

Integrating both sides, we get:

Idy _ [dx

viogy X

Let logy =t.

d di
log y)=
(l_r( ey) dy
1 df
= —=—
vy dy
|
= —dy=dt

)

(1)

Substituting this value in equation (1), we get:
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di _
t X

= logr =logx+logC
= log(log y)=logCx
= logy=Cx

=Sy =g

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

s dy i
i
dx
Answer

The given differential equation is:

s dy 2
s oy
dx
dy  dx
R T
y X
de dy
> ==t ""; =0
X y

Integrating both sides, we get:

ﬂ + ﬂ‘— =k (where £ is any constant)
X y
= I.\' “dy + J.,\‘ dv=k
X 4 v 4
o> —+=—=k
-4 -4
=Sx 7 4yt =4k
x'+y*=C (C=—4k)

This is the required general solution of the given differential equation.
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(I.“ IR |
—~—=sIn X
dx
Answer

The given differential equation is:

= dy=sin"' x dx

Integrating both sides, we get:
J-ufr = Jsin ' xdx

= = j{'sin L% li)dx

= y=sin"'x- [(_[)u’.\‘— ‘{ ;—!['sin"' \) j.(_l)c.f_r }J’.\'

\ dx

o o0 ' I |
= y=sin x-x-— J- ; =-x |dx
LAl=x )

— y=uxsin ' x+ J Ly Wi
Ji=x- »
Let 1-x* =¢.
d 5 At
=2 (1-x*)=Z
u"r( ] oy
ﬂ

dx

’})‘._

= xdx = —lc.f!
2

i

Substituting this value in equation (1), we get:
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_
= y=xsin"' x++t +C
= yp=xsin" x+y/1-x* +C

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

e"tan ydx+(1—e )sec’ ydy =0
Answer

The given differential equation is:
e'tan ydx+(1—e")sec’ ydy =0
(1-¢")sec’ ydy = —e” tan ydx
Separating the variables, we get:
sec’ y —e"

—dy = —dx
tan y l—e

Integrating both sides, we get:

."SCCI ¥ d:\\: j.l__(,{’th (])

fan v

Let tany =u.

d . du
= —(tany)=—
dy Cody

3 du
= SeCT y=—o
cdy

= sec” vy = du
2
. .[sec V

dut , ;
—dy = j =logu = log(tan y)
tan y i !
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Now, let | —¢" =1.

i{l —€*)= Ll
dx L s
oo
=" =—
iy
= —"dc=4dt

= j 1__‘“L dx = fd.r =logr =log(1-¢")

oI

dy and J €

N

sec™ y

Substituting the values of * tany
= log(tan y) =log(1-¢*)+logC
= log(tan y)= Iog[(‘(l ~e" )J
—tlany = C( ¢’ )

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

' 5 1y "
(.\" X" 4 x+1 ): =2x"+x:y=1whenx=0
\ dx

Answer
The given differential equation is:
dy 3

(.\"‘«'r.r“ +.\'+I)— =2x*+x
\ " dx

dy 2x°+X
dx (.\" +x 4+ x4 I)
2xT +x

(x+1)(x* + 1) -

Integrating both sides, we get:

=dy=

I-e" jn equation (1), we get:
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[ety = I(‘—;')(—\'—')d\ (1)

L 2x° +x A N Bx+C (,,)

et i F—
(x+1)(x7+1) x+1 x7+1

_ 2 +x A + A+ (Bx+C)(x+1)
(x+1)(x*+1) (x+1)(x*+1)

=2x" +x=Ax"+ A+ Bx’ + Bx+Cx+C

=2 +x=(A+B)x’ +(B+C)x +(4+C)

Comparing the coefficients of x? and X, we get:
A+B=2

B+C=1

A+C=0

Solving these equations, we get:
] 3 L =1

A=—, B==and C=—
2 2 2

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

2x% +x | I 1 (3x-1)

=—- +—
(.\‘+I')(.r3+l) 2 (x+1) 2(.\-‘+l)

Therefore, equation (1) becomes:
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27x+1 X+

= y= = log(x+1) o J‘—u‘—r—dx——l— ——dx
2 2°x +1 2 Ix*+1
_q 3 2x 1

= log(x+1)+ I T dx——tan" x+(

2 "2 4 ‘x +1 2

== ;()L(\+|) il)g(\"+l)—;tun'\+(
:[ g(x+1)+ slog(\ +l)] 1[;111".\'+C
1 -1 [ = 2
4[ (x+1) (x*+1) ]—ztan x+C «(3)

Now. y =1 whenx =0,

:»l~ll02(l)—v tan "' 0+C
1 1

= ]=- x()—w x0+C
4 2

=E=]

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

l ¢ 2 2 3 l =
_1‘=3{log(.\'+l) (x +I) }—Stan "x+1

Question 12:

\(\ —I)ill—l y=0 when x=2

Answer
: ndy
x(x* -1 =1
o(xf =)
TAN
A S
=% .\'(.\':—l)
=dy= l

x(x=1)(x+ ])d\‘

Integrating both sides, we get:
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I¢(1'= I : dx (1)

x(x=1)(x+1)
1 A B &

e L -(2)
- l o .4(,\'—|)(.\'+l)+B,\-('\-+])_{_(v..\,(_\__l.)
.\'(,\~_I)(:_\‘+l)— -"(-"_])(.\'-Flv)

_(A+B+C)x* +(B-C)x-4
x(x—=1)(x+1)

Comparing the coefficients of xz, X, and constant, we get:

A=-1

B-C=0
A+B+C=0
1 |
B=—and C=—.
Solving these equations, we get 2 2

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

— =4 — -

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

Therefore, equation (1) becomes:
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J‘cb':—j':-d\ + l Jlxl_ld\‘+ l j‘\il(/.\'

= y=-logx+ I()g(\—l)«r log(x+1)+logk

1
2

k' (x—1 |
:>_1'=Ilog|: Z )\+ ]

Now, y=0 whenx=2

gl hm[/":(z")(z*')}

'.,J
o
S

f
= I()Ll

4
=3k*=4
=k :f

o J

Substituting the value of k2 in equation (3), we get:

—4(.\'—1)(.\'+1)1

4(,\‘:—1)

1
2 3x°

ﬂ} =a(aeR);y=1whenx=0

cos[
dx )

Answer
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>

[ dy 1
cos| — |=a

dx )

dy 9
= —=C0S da
dx

= dy=cos” adx

Integrating both sides, we get:

j( =cos ™' a Id.\'
= y=cos ax+C

= y=xcos  a+C w3

Now, y =1 when x = 0.

=1=0-cos"' a+C

= C=1

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

y=xcos a+l

i | | |
=> =CO0S @
X
S
= COS ’ =da
v X )

dy
—=ytanx;y=1whenx=0
dx

Answer

dy
— = ytanx
dx

dy
— —=tanxdx
"

Integrating both sides, we get:
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dy
—= —J-mn v
rll
= log v = log(secx)+logC
=> log v = log (Csecx)

= y=Csecx wlI)

Now, y=1 when x =0.
= 1=Cxsecl
=1=Cxl

=C=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

. v'=e"siny
is? =€ SINX Answer

The differential equation of the curve is:

y'=e'sinx
dy ..
= —=e"sinx
dx

= dy=e"sinx

Integrating both sides, we get:
qur = J( sin x dx (1)

Let] = Ic" sinxdx.

= [ =sinx j{? “dlx — ﬂi(\ll1 x) I(."{f.\.‘ | dx

\ X J
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= [ =sinx:e" — Icos.\--v‘d\'

/ \
= [ =sinx-¢" —{cosx' jv‘aﬁv— _ﬂ i(c:os x): _‘l*c/.\' dxw

\ dx

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

" e"(sin x—cos.x)

2
Substituting this value in equation (1), we get:
e (sinx—cosx)

V= = +C ~(2)

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

e” (sin 0=cos0)
0=— =+

3
o-1
== ( ’}+(_‘
2
:>('.=l
’3
(‘1=]

Substituting 2in equation (2), we get:

¢ (sinx—cosx) 1
rv — - N

2 2
= 2y=¢"(sinx—cosx)+l1

= 2y-l=¢"(sinx-cosx)

- - - -l
Hence, the required equation of the curve is -

xy r‘-l'! =(x+2)(y+2),

For the differential equation finff‘fhe solution curve passing through the point

(1, -1).

2y—1=¢"(sinx—cosx).
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Answer

The differential equation of the given curve is:

dy
xy—=(x+2)(y+2)
dx /
/ \ ( \
f ‘, X+ 2 \
= i : dy = ‘c/.\‘
\ V + 2 \ X /]
f 2 Y ( 72\
D‘ 1-— ;(l}'z‘ 1+ |¢l.\'
\ ¥y +2 J \ X/

Integrating both sides, we get:
( o)
[l

. y+2

—3 J'dy— 2 T:—.'?/‘ _[(/.\‘+ 2."{?/-"

\ \

dy=[1+2 )ax

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

= y—x-C=logx’ +log(y+2)

= yp-x-C= log|:\"‘(‘\'+ 2):]

—
—

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:

y—x+2= log["‘?(-ﬁ-z)q

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

(x,»)

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.

on the curve, the product of the slope of its tangent and y-coordinate of the
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We know that the slope of a tangent to the curve in the coordinate axis is given by
the relation,

&y

dx

According to the given information, we get:
d}‘

y-—=—=x
dx

= ydy = xdx

Integrating both sides, we get:

‘[_\‘c(r = I,\‘ dx

) b

yo X"
= —= +C
D 2

"

=y —x'=2C (1)

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

(—2)5 -0%=2C

2C=4

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 theline
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




Class XII Chapter 9 - Differential Equations Maths

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

y+3

The slope (m1) of the line segment joining (X, y) and (-4, -3) is-“"‘4-

We know that the slope of the tangent to the curve is given by the relation,
dv

dx

dy

. Slope (m, ) of the tangent =

dv
According to the given information:

m, =2m,
({f\f = 2(\"'3)
dx x+4
dy 2dx

y+3 x+4

Integrating both sides, we get:

dy o dx
el

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

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

=E=1

Substituting C = 1 in equation (1), we
get:y+3=(x+4)2

This is the required equation of the curve.




Class XII Chapter 9 - Differential Equations Maths

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).

= —=f
at
(4 ) [.. : 4
=S 2t | =k Volume of sphere = m-}
(l/ \ 3 J L 3
g 4 o dr -
3 dt

= 4’ dr =k dt
Integrating both sides, we get:
4 [rdr =k [di

D4n-i}:k1+C
. ]

dnr” =3 (k sl

= fnr =3k, H<0+C) ()

Now, atf =0, r =

=108n = 3C

= C = 36n
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Att=3,r=6:
:4r|><63=3(k><3+c)

=864n = 3 (3k + 36n)
= 3k = -288n - 36n = 252n

=>k = 84n

Substituting the values of k and C in equation (1), we get:
4nr’ = 3[84m +367r]

= 4’ =4n(631+27)

= r’ =631+27

= = (63t +27)3

I
(6314273
Thus, the radius of the balloon after t seconds is(é" 7) .

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).
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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.

dp [ r )
B e 1
de 100 )

\

dp ” r
— = 7 |¢

p o 100
Integrating both sides, we get:

ILP e B
p 100

=logp= a8 +k
100

=5 p=c""".A (1)

It is given that when t = 0, p = 100.

=100 = ... (2)

Now, if t = 10, then p = 2 x 100 = 200.
Therefore, equation (1) becomes:

200=et"

=200 =¢" -¢'

= 200 = - 100 ( From (2]]
= L"I‘; =2
P
= —=log 2
110 &
= — =0.6931
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Hence, the value of r is 6.93%.

In a bank, principal increases continuously at the rate of 5% per year. An amount ofRs
1000 is deposited with this bank, how much will it worth after 10

("% =1.648)
years * .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.

dp [ 5 )
=>—=|—1\P

de 1100 )
_d_r

de 20

dp dt
= —=—

p 20

Integrating both sides, we get:

/)
J(—p =$ I(ll

l)
.
=logp=—4+C
=P %
1‘. +C
= )= 20 (1)
Now, when t = 0, p = 1000.

=1000 = e“ ... (2)

At t = 10, equation (1) becomes:

‘v(
p=er

= p=e"’ xe"
= p=1.648x1000
= p=1648
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Hence, after 10 years the amount will worth Rs 1648.

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
Sy
dr
dy ;
=> — = ky (where k is a constant)
dt
1y
== = ki

)
Integrating both sides, we get:
dy

—=K |dt
k]
=logy=kt+C s:(1)

Let yo be the humber of bacteria at t = 0.
=>logyo=C

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

log v = kt +log y,
= log y—log y, =kt

X [ = kt

\ Yo/

V \
-] ’ el
\ Yo /

= log

[B)
—

= kt = log

Also, it is given that the number of bacteria increases by 10% in 2 hours.
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110
=Sy=—1J,
“ 71007
y 11 2
= —=— s+~
y, 10 (3)

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

k-Zzlog(!-l-
\ 10

{ ] ] 3\

10 )

1
= k=—log
5 g

Therefore, equation (2) becomes:

(11) (¥ )
—Iogl ?J-lzlog‘:/
2log|
WV .
=m0 (4)
log| 2y
°.._1(),J

Now, let the time when the number of bacteria increases from 100000 to 200000 be ti.
>y =2ypatt=1t

From equation (4), we get:

{ \
v
2log|
2 \ Vo) _ 2log2
(11) (11)
log log |
10 ) 10 )

Iog[:w

Hence, in / hours the number of bacteria increases from 100000 to 200000.
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‘i1‘ X+y:

—~—=¢ I8
The general solution of the differential equation dx

A e +e’=C
B. ¢ +e' =C
c.e "+ =C

D.e +e’=C

Answer
s S
— e = ¢
dx

| -
= —=¢"dx

e’

=e 'dv=e"dx

Integrating both sides, we get:

Jc’ dy = jL"’(/,\‘

-’ =€ +k

=e" +e ' =—k

=e +et =¢ (c=—k)

Hence, the correct answer is A.
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(:.\"’ +xy)dy =(x*+ 7 )dx
Answer

The given differential equation i.e., (x2 + xy) dy = (x2 + y2) dx can be written as:
dv X +)°

AL E (1)
dc x"+x)

Let F(x,y)= =
X* +xy
(Ax)" +(Ay) A+

(Ax) +(Ax)(Ay) X +xy

Now, F(Ax,Ay)- A" F(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

dy

Substituting the values of v and @ in equation (1), we get:
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w2y

" dv x + ()
Cdv o ¥ +x(vx)

dv  1+v°
= V+rx—=
dx 1+
v 1+v {.I“’_)_‘(]““)
= x—= —v=
ar  l+v 1+
dv 1=
X—=
de 1+
(1+v) dx
::>| J=d\‘=—
\ =) X
( 2—1+3) A
:>| |d1'=(
L I—"‘ J A
[ 2 i d
— —_1]4_
R x

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

= v=-2log(l-v)-logx+logk

k
=>V= lOg ——
x(1-v)"
k
= —=log ;
X ( yY
.\‘] |-
L \ b o,
v ke |
= = =log| ——=
x _(,\‘—_1 ) |
kx
= ="'

= (x—y) =kve *

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

The given differential equation is:

, X+y
-1.' —
x
dy x+y
dyx X
Let F(x,y)= i 28
X

Now, F(Ax.Ay)= /\+ &Y TN 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

— =V X—
dx dx

dy

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

Ix
= dv= " -
X
Integrating both sides, we get:
v=logx+C
v 3
= —=logx+C
X
= y=xlogx+Cx
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This is the required solution of the given differential equation.

(x—y)dv—(x+y)dy=0

Answer
The given differential equation is:

(x=y)dy—(x+y)dx=0

dyv  x+y -
——= = - |
v x-y (1)
Let F(x,y)= Y
T x—y
= Pl i) =22 IV prs 5
' AX—Ay x-—y -

Thus, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = VX
d d

= —(y)=—(wvx
de ) c/.\'( )
dy dv

> ——=y+x—
dx dx

dy

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

Vg X —=
dx x—w 1—
dv 1+v |+\‘—\'(l—\')
xX—= -y = —
de 1—-v l—v
dv 1+v°
= X—=
dce  1—v
=> .I—‘l.(/\'=£
(1+1") x
-r I,— : ](/Vzﬂ
L1+v 1=y X
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Integrating both sides, we get:

, ] ) ;
tan' v——log(1+v* | =logx+C

af>y) 1 yY :
=tan" | = |-—log|1+| = | |=logx+C
\ X p4

/ \X )

£ 2 2
Y 1 X4y :
= lan | J— log . ’: log x+C
X 2 \ X J
{ ‘.\ ] 4 ¢ :
= tan“'| - |——[Iog‘x‘ +y° )—Iog,\"]z log x+C
X ) 2 \
TEAM (.2 2 )
= tan | = |::log(.\‘ +y*)+C
X)) & ' '

This is the required solution of the given differential equation.

(.\"‘ -y )u’.\'+ 2xy dy =0

Answer
The given differential equation is:

[ ¥t =yt ] de+2xy dy =0

dy _("\‘-: B ,1‘: }
- dx 2xy (1)
Lct F(_\'._\’) = _l'r—_‘\]

2xy

= QUS| - e

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

Yy = VX




Chapter 9 - Differential Equations Maths

Class XII
d d
=—(y)=—(wx
dx t/.\‘( )
dy dv
> —=v+x—
dx dx
dy
Substituting the values of y and @ in equation (1), we get:
dv X —(v.\'):
X—=—| —————
dx 2x-(vx)
dv v —1
V+x—=
dx 2v
dv vi-1 vo—1-=2v"
X rm—— — —
dx 2v 2v
o 1)
dx pAl
2v Ix
= ‘,‘d\'=~‘—¥-
1+v X

Integrating both sides, we get:

Iog(l +v7 ) =~logx+logC = log—
) %

=14+ ==
X

—>1—|+"~: —S
a L .\‘ﬁ N X

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

Answer
The given differential equation is:

»dy s :
X —=—=x =2y +xy

dx
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dy _ x*=2y*+xy

(1)

dx ¥

2 0% Ly
Let F(x.y)=2—=2 =%

Y

. Pl 27)= (Ax) 2(;/‘3) (Ax)(Ay) _ x? _2\‘ +3_ o -

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

y = VX
dy dv
== =V4X
dx dx

dy

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

S 29 A2 S (R
v+.\'£:'\ _(\.\)‘+.\ (vx)
dx x°

dv )
= V+x—=1=-2v"+v

dx
dv
x—=1-21
dx
dv dx
1-2v° X
Il dv dx
— . =
2 1 2 X
e
2
| dv dx
— R = =

9

I X
V2

Integrating both sides, we get:
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I
+1
1 ] f2 ‘
5 l log I = log|x|+C
= 2w 5 =
\2 8P4
1 y
! h
2 x
= —log| = log|x|+C
2v2 L ¥
V2 x
1 \+\;‘71'|
= ——log :luu| ’+(‘
242 |x =2y

This is the required solution for the given differential equation.

xdy — ydx = \Jx* + y dx
Answer
xdy— ydx =[x + ¥ dx

= xdy = [_\'+ yxi+y ]d.\‘

‘L" : v+ \f\+\

(1)

dx ¥
Let F(x.y)= L +\7r;+_1" 3
x°
AXHJ(AX) +( Ay afx 92
F(Ax.Ay) vl ¥ +{4y) o2 TN V) =A"-F(x.y)

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

Yy = VX
d d:;
— —(wx
d\‘( d\( )
h .a'v
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dy
Substituting the values of v and dx in equation (1), we get:

[ 2
dv  vxX+ V'_\" +(vx)
X—=

v+

dx X
dv ;
= V+X =v+al+v
dx
- dv  dx
Vi+v X

Integrating both sides, we get:

log|v++1+v|=log .\'l +logC
¥ y I~
= log|=+,/1+—|=log|Cx
x e :
(2P
V+X +y 3
= log|— —| = log |Cx|
x

= y+x*+y* =Cx?

This is the required solution of the given differential equation.

[y ) (Y
{ xcos| = ’ + ysin| =

\ l v . f -‘_ \ ' “_ \
- ydx = 4 }'.s‘ml =~ |- .\'cos' J xdy
X/ X/

Answer

The given differential equation is:
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[1 cus'r Y | + ysin |rr 4 } ] ylx = j ysin | d ] — X CO0S | b2 \\| 1 xedy
I_ X X I II LX) XS J
[
\‘

)
1LU2’J "* |+ V mny - || ¥y

{1 sin| "*J'--Tcusﬂli"‘l\ (1)

dy

u"c

X J
{uusﬂ( -"lbln,l]}l
Let F(x.y)=+—— PR
J(\‘-1|I'I|— ’—\LOH' l]L\
| x|

(- Y . (]
1 Ax cos’ 3 |+ Ay 51nL Fal Ay
A
Ay sm’ ‘~)1.\'.~;in | P Ax
[ AX ) L Ax /]

i

.\‘cos J I Mm| ’l

ol ()

=4 -F{x._]'_]

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

dy

Substituting the values of y and dx jn equation (1), we get:
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dv  (xcosv+vxsinv)-wx
V+x—= : s
dr  (vxsinv-xcosv)-x

dv  veosv+vo siny
= V+Er—=—
lx VSINY —COS ¥
dv veosv+vsiny
r-----——

oy VSINV—COoSv

" dv _ veosv+y sinv—1’sinv+vcosy

friy VSiny —cosy

dv 2vcosy
I——

dr  vsinv=cosy

VEIN ¥ —COs ¥ 2l
== | — |V = —
Y Cos v by
el

X

{ [ i
=:>| tanv—— ‘d\’:
L ‘e

Integrating both sides, we get:

log(secv)—logv=2logx+logC

= log \“c':—‘] - log(Cx")
3 é A

'

= |

\ v

= secy=Cx"y

_— R
Secy 5
’ Cx”

il ¥ % ) ¥
= sec| — ] =C-x"-—

1.." x E
|".> 1
= sec| — ] = Cxy
L x, )
Ea | 1 1
= €05 ]: — =
vx/) Cxy C xy
v ,"" l' .'| J ] \
=5 Xy cos‘ = |=k k=—
X)) \ (_ ¥,

This is the required solution of the given differential equation.
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N\
dy ()
.\';—_\'+,\'sm('— =0

dx \ X J
Answer
dy . ()
xX——y+xsin| - J=O
dx \ X
dy . ()
= X- '-=_\’~-.\'sm[ : J
dx \ X
4 N\
9%}
gy Pe¥sin| )
dy x
L L3 (1)
dx X
)'—.\'sin(’
i X
Let F(x,y)= L,
X
o[ Ay [y
A_\'—A.\'Sm| )’ _v—.\'sm| :
e a \ AX X 3
. F(Ax,Ay)= e 222 = A% F (x,9)

Ax %
Therefore, the given differential equation is a homogeneous
equation. To solve it, we make the substitution as:
y = VX
q
=-—(»)

T dy

d
=—(wx
dx ¢ )

dy dv
—=y+X—

dx " dx

dy

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

dv  wx—xsiny
Ve X—=————
dx X

dv .
= y+x—=y—siny
dx

dv 3 ﬂ

siny X

dx
= cosec vdy = ——

X
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Integrating both sides, we get:

O— . ~ C
log|cosecy —cot 1" =—logx+logC =log :

4
)
ZCOSCC[L-J—~COIL
X,

sl

This is the required solution of the given differential equation.

=

(v
()
ydx+x IouL = |c/y —2xdy =0
x)

Answer

ch 2xdy =0
\ X

' V kY
:}_1-‘(!\'={2.1‘—x10g : ﬂ dy
X,

WX
e (1)
(jl'{\- _v | -
2x—xlog| = |
\ 4‘(- f'l
: y
Let F(.\' y)=——"— =25
2x-x [ug[ il |
VX )
. F(/‘..\‘./‘\J;)= AY —— =0 -F(.T. 1)

2(Ax)- [,h)ln:;\,)_,‘] J_\—lug[\lj

Therefore, the given differential equation is a homogeneous

equation. To solve it, we make the substitution as:

Yy = VX
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Substituting the values of y and @ in equation (1), we get:

dv d \
——=—{(vx)
dx  dx
dy dv
= ——=y+x—
dx dx
dy
dv X
V+X— =
dx 2x-xlogvy
dv !
VX —=
dv 2—logh
dv y
= Xx—= -

dx  2-logvy

dv _v=2v+vlogy
dc  2- logv
dv _viogv-v

dx  2-logv

5
! ,
|

sl X Al %
| v(logv~1) \']” X

Integrating both sides, we get:
1 1 |

—————dv— |—dv=|—dx
J‘1‘(log\"—]) Il’ I.\'

dv ~
= I— —logv=logx+logC
v(logv -1

o
—
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= Let logv-1=1¢

:>i(logv—l)=ﬂ
dv dv
_a
v oodv

= ‘—i‘— =drt

v

Therefore, equation (1) becomes:

dt <
——logv=logx+log(
{
(¥)
= logr—log| = |=log(Cx)
\x)
S s 2
y y .
= log lng['— -1 —lou['— =log(Cx)
\ X ) x
%
lou[’ -1
x :
= log = log(Cx)
v
X
I 3\
Y y
= — logtl—J—l = Cx
) x
‘.\
:l«wg[’—J—l—(\
X

This is the required solution of the given differential equation.

\'\| X \‘\
(l+e-‘de+e-' (l—' ’d_\-‘:()
\ ‘

Y
Answer
Y \ N \_
[I-H?‘ ([\‘+(?'(]—;]l/.l':()
/ (S

( X\ v \.\
:>Ll+e" Jc/.\'z—e' (I—%de

\ Al
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) 'f \- \I
/ —e' | 1=~ ‘
x \ y )
&\ ) (1)
d) '
1+e’
(12|
\ ‘ /
Let F(x,y)= -
| +e'
&0 A (. x)
=€ \|—} | o 4 |—\1
x A \ Ly \ y J A0
. F(Ax,Ay) = L = —~=1".F(x,»)
1+ 1+e’

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

X = vy
d d
—lX)=— ‘r)r
dy ) d_r( y)
dx dv
= —=v+y—
dy d

dx

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

v~ (1-v)

vV y—= ,
dy 1+¢'
dv -e" +ve'
= y—= ——
dy l+e

dv - +ve' —v—ve'
" —

T dy l+e
av v+e
—" — =
dy I+e

[1+¢ } dy
= dv =——

| v+e' y

Integrating both sides, we get:
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{ A\
= log(r+c‘ )=—log y+logC =log

\."/

This is the required solution of the given differential equation.

("’*‘.")(/.."*(v“—.")dl' =0;y=1whenx=1
Answer
(x+y)dy+(x—y)dc=0

= (x+y)dy=—(x—y)dx

L)
dx X+
Let F(x,y)= _("‘_"‘).
£ X+)
o —(Ax=Ay) —(x-») ., .
S FlAx,Ay) = —=—""=A"-F(x,y
( Y) AX—Ay x+y (%)

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

Yy = VX

dy_d

=—(y)= wr
a'.\'(' ) c/,\'( )
dy dv

> ——=V+X—
dx dx

dy

Substituting the values of y and din equation (1), we get:
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dv - ( X—vx }
y I I, T ST
cx X+vx
cf'l-' v—1
= V+X—=—
de v+l
. dl‘ l'—]l )1_]_\,(1,+1')
X—= —y = ; J
dr v+l v+1
dv v—1-v'—v _(I-H"')
X—= =
{i‘f v+ I V4 ]
v+1 e
= ( 1'} dv=— “,_\
14 v ¥
[ Vv 1 (f_‘,\’
= + + > (h‘ = ——
RSP "

Integrating both sides, we get:
1 =
;Iog(l+r' )+tan"' v =—logx+k

=log(1+v*)+2tan" v=—2log x +2k

= log[(]‘f-\‘: )-.\'3:|+31{m 'v=2k

/ 2
1. al
:>log[tl+‘ - ]'.\"}+21un '
x*

5 4 R 4
= log(x*+y* )+ 2tan™' = =2k
X

=2k

= |'=

Now,y=1latx = 1.

= log2+2tan~'1=2k

n
-_'>log2+2x:i=2k

n
=+ log2 =2k

-

(R
~—

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

o BT iy (yi_m a
log(x* + 37 )+2tan”'| = ‘:—;Hog-
X )

This is the required solution of the given differential equation.
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x’dy+(xy+y’ Jde=0;y=1whenx =1
Answer
xidy + (.\j‘ +° )cl\' =0

2 bl
= xdv= —(.\'_r+.r‘ )cl\‘

dv —(.\:1' i _\':)
= dy - .\': | (I)
Let F (x,7) = _("'-"_j )
- F(axdy)= ,[,/1"\-‘/{". +(Ay) J ) _(.\:‘. 3R ) 5.}

(}_.\'): .\')

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

y = VX
d d:;

=—(y)=—(w
dx (» ) dx (‘ ‘)
dy dv

= —=y+Xx—
dx dx

dy

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

A —[A\‘-\:\‘e( \'.\‘)::I i

V+x—= - =—y—v
dx X"
dv
= x—=—p" —2y= -v(v+2)
dx ’
dv dx
v(v+2 X
1| (v+2)—» dx
= — dv=——
2| v(v+2 x




Class XII Chapter 9 - Differential Equations

Maths

Integrating both sides, we get:

1 1 :
:[logv—log(v+3) [=—logx+logC
| [ v ) C
= —log| |=log—
“ f= -~ o
2 \v+2) X
v. (€Y
= =|— I
v+2 Lx)
v
< s (, \2
= A ‘ —
) +2 A X/
X
) &
= =—
y+2x x
Xy %)
~— =" (2)

y+2x

Now, y=1latx = 1.

1
— ="
1+2
= C? =
Ci= I

Substituting 3 in equation (2), we get:

%%y 1
y+2x 3

= y+2x=3xy

This is the required solution of the given differential equation.

/ \

wogf X | |

xsin® | ——y ‘ dx + xdy = 0:_\‘: when x =1
Ly / :
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Answer

i )
{\ sin” L }d\ +xdy =0
I’\ sin’ ' }

2 )
: [.\-sin"l ‘ | - 1}
Let F(x.y)= s S S
: %
—{/’..\"sin:’ = —/‘»._VJ —{xsin:\' X |— y
TR \AY ) \X) 20l )
v F(Ax,Ay)= - = ==A-F(x,»)
AX X

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

y = VX
d
u'.\.( ) c/\(n)
Y, oo O
T dx U dy

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

dv —[.\'sin' V- 1’.\:‘
V+x—=—"— =
dx X

dv .53 "
:>v+.\‘—=—[sm v—v]:r—sm v

dx
ayv v
= X—=—8In"v
dx
dv B (I\
sin” v d\
2 (/.l'
= cosec vdy = ——
X

Integrating both sides, we get:
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—cotv = —log|x|-C
x| +C

= cotv=log

' ]' %
< l =log

= cot .\“ +logC

l l = log |Cx| el 2)

= cot

n
y=—atx=1

Now, 4

= cot| :‘TE \ = log|C|
\ /

= 1=logC

= =e''=e

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

\

4 ‘l'
cot| — | = loglex

\X/

This is the required solution of the given differential equation.

(./\‘ y ( V )

—~_ = 4 cosec| — J =0;y=0 whenx=1

dx x X

Answer

dy vy [(y)

—— —=—4cosec| — ‘ =0

de x LX)
dy vy [y )

T 'C()SCC‘ Tes ‘ .(l)
de x \ X /

. V (»)
Let F(x,y)==—cosec| = J
x \x

< Ay (Ay)
s F(Ax,Ay)=—= cosec‘ :
AX

\AX )

= F(Aix,Ay) =l—cosec[ L.s l =F(x,y)=41"-F(x,y)
X X /

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

as: y = vx
7 S
= —(y)=—(wx
d\'(' ) (/.\’( )
dy dv
e P
dx dx

d)‘

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

dv
V4 X— = V—COosec v
dx
dv dx

COseC v X

: dx
= —sinvdy =—
X

Integrating both sides, we get:

cosv =logx +log C = log|Cx|

Cx| (2)

/ \
v

= cos‘ = ]: log
\ X/

This is the required solution of the given differential equation.

Now, y =0 at x = 1.
= cos(0)=logC
= 1=logC
=C=¢=e

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

"\
cos| — :log(m‘)‘

\ X/

This is the required solution of the given differential equation.
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5 , dy
2xy+y =2x"—=0; y=2 whenx =1
dx
Answer
3 »dy .
2xy+y =2x"—=0(
dx
, dy 3
= 2x" LS 2xy+y°
dx T
dy  2xy+y°
=== = (1)
dx 2x°
. 2xy 417
Let F(x,y)=—=—.
= 2x°

o 2(ax)(Av)+(Ay) 2xy+y° =
o F(Ax,Ay)= (4x)(4y) ( : )*: it -F(x,y)

| 2(Ax) 2%° |
Therefore, the given differential equation is a homogeneous
equation. To solve it, we make the substitution as:
y = VX

il d

— y)=—/(wx
d\‘(') c/_\‘( )
dy dv
> ——=Vy+x—
dx dx

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

3

dv _ 2x(vx)+(vx)

V+X—= =
dx 2%*

dv  2v+vye

= V+ X — = —
dx 2
dv v

DV X— =Vt —
dx 2

2 dx
= —dv=
v X

Integrating both sides, we get:
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341
v :
2-- =log|x|+ C
~2+

2
= -—= Ing|,x" +C
v

= -—=log M +C
41'
x

ax
= -—=log
"

x|+C -(2)

Now, y =2 at x = 1.

=-1=log(1)+C

= C=-1

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

x -1

pis
~=2 < log

.‘.

o
2x

= —=I-log
v

X}

P BN
=>y=—— (x#0,x%e)
1-log _\'|

This is the required solution of the given differential equation.

N\
\

dx - [ x ’
1y

A homogeneous differential equation of the form “ \ "/ can be solved by making the

substitution

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

Answer
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\
\

dx _ [ x

For solving the homogeneous equation of the form dy \J/ , 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)de—(x*+)° )(/)' =0
c ( X' +2y Jdx+2xydy =0

Padv+(x = = )dy =0
D. Vodx ( g ) )(.
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:

Vide+(x* —xy—y')dy=0

dy —y° y°

Y +xp—-xt
= F(Ax,Ay)=—— (“) 3
(Ay) +(Ax)(Ay)—(4x)
A

2 (1 +xy—x° )
...‘ y°
= 2, . 7]
Y FXy=x" )

=A"F(x.y)

Hence, the differential equation given in alternative D is a homogenous equation.
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Exercise 9.6

Question 1:
dy g
——+2y=sinx
dx

Answer

dy :
—+42y=sinx.

The given differential equation is ¢

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

Now, LF =eJ""h :eIM =
The solution of the given differential equation is given by the relation,
¥(LF)= [(QxLF )dx+C

X

= et = jsin x-edy+C (1)

Let ] = Isin_r-e'l’t

= [ =sinx- [e""dv— [If;i(sin x) Je]"dr\]dr
/ dx

olr / &)
= [ =sinx- - r COS5 x>
5 9

dx

e “sinx |
=/=—————|cosx-:

[[?: x _ ﬂ%(ms x): Ie: civ.“ d\}

e'sinx 1 e e
== = cosx-—-— [‘—sm.\‘)-’j

e sinx e cosxy 1. i
== - - J.(sm xe’ )rh‘
2 4 4 :

=% =£(Zsmx—msx]—ll
4 T4

== f=—(2sinx—cosx)
4 4

=I= -‘(Esinx—ms.v]
5
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Therefore, equation (1) becomes:

2x
Ty (-) { . ~
yve =—(2sinx—cosx)+(
5
Lo .
= y=—(2sinx—cosx)+Ce "
5\ .

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

—4+3y=¢™

dx

Answer

% +py=0 (wherep=3and O=e¢"").
dx

The given differential equation is

Now, L.F = e'f'm = eJ’m =™,

The solution of the given differential equation is given by the relation,
_WLF);ﬂQxLFﬁh+C

=5 yet 2 I(( e :)+('

= ye'* = j("'c/.\‘ +C

= ye'' =" +C

> y=e*+Ce™

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

dy v
dx x
Answer

The given differential equation is:

iy ] 5
4 +py=0 (wherep=—and Q =x")
dX A0

I i
Now, L.F =cJ’ =ej" = =y,
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The solution of the given differential equation is given by the relation,
yUFJ:ﬁQxLFﬁh+C

= y(x)= I( x*x)dx+C

= X).= I.\'“d\' +C

v |

X .
=>xy=—+C
4

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

dy
—+secxy = tan \‘ 0<xy<
dx

u|..a

)

The given differential equation is:

Answer

fy
(7~ + py = O (where p =secx and O = tanx)
dx

i.‘il\.' Xux

...".l-q log Y
Now, L.F :r."‘ = ¢’ = @ EBCCTHNS) — goc x + tan x.

The general solution of the given differential equation is given by the relation,
y(LE)= [(Qx1LF.)dy+C

= y(secx+tanx Imn x(secx+tanx)dc+C
= y(secx+tanx jsec x tan xdx + Itan' xdx +C

= y(secx+tanx)=secx+ J‘(‘sec" x=1)dx+C

Ja
e
)=s
)

:1(xcc\+lan\ =secx+tanx—=x+C

x

I cos 2xdx

Answer
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n
Let/ = I3 cos 2xdx
]

‘sin2x

{
J.cos 2xdx =
L 2

\
,.:F('\.)

By second fundamental theorem of calculus, we obtain

P | =t 1D |

{sin 2( ] J —sin (_)}
\ 2
[sint —sin 0 |

[0-0]=0

dy 3
x—=—+2y=x"logx
dx

Answer

The given differential equation is:

dy 3
x—+2y=x"logx

dx

dv 2
=>—+—y=xlogx

dx x

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

v A
D pv =0 (where p =

and O = xlog x)
ax

= |

pdx ~dx yhoa 2 y
Now, L.F =c’I =ej' =e 8" = " = X%,

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

= xy= J( x'logx)dx+C

= x’y=logx- [.\"‘d.\' -‘r ;—1( log x)- [.\'1./.\'}1,\%(’
= L ax b

4 14 ] 4\

= x"y=log R ﬂ Sk L[.\'+C
4 \ X 4 J
4
y x'logx |
= xly=2 L3 J..\"*d.\‘+(‘
4 4
5 x'logx 1 x*
=Xy= ———+C
4 4 4

= x'y= 1 (4logx—1)+C

6

l 2 -~ 2
= y=—2x"(4logx—1)+Cx

16

dy 2
xlogx—+y=—logx

dx X
Answer

The given differential equation is:

dy 2
xlogx—+y=—logx
dx X
dy y 2
= —+ = s
dx xlogx x

(¥}

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

dy 2%

—+ py =0 (where p = and 0=—)

dx xlog x x°
Il*-‘\ .[ |l - log{lg )

Now, LF =¢” =™ =™ =logux.

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

7
= ylogx=

~log x (1)
k3
Now. I[

Jd.\' +C

I

\
log .\'Jd_\' =2

&
5

1
log x-— |dx.
X o

Flog.x- J.%(/_\-_ J‘

(1)

\

|
J

o

dx

I%(log x)- j-\l

()]

1
X

|
X

X

[

log .r( -

\

qu X

[
1T

(=]

(1+logx)
X

(/.\‘}

A
J-[; log x ) dx
Substituting the value of "\~ in equation (1), we get:

4
vlogx===(1+logx)+C
x

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

( I+x° )clfl' +2xy dx = cot xdx(x #0)

Answer

(14 x7 )dy +2xy dx = cot xdx

dy
=5 =}
dx

2xy  cotx

l+x° 1+x°

This equation is a linear differential equation of the form:

? Z Ol
(Ah + py =0 (where p = ~and Q= = \:-)
dx 1+ x° 1+ x°

2N h»‘h e n'” -
Now, LF =e/™ = efir® 2 o) _ 14 22,
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The general solution of the given differential equation is given by the relation,

»(LF.)= [(QxLF.)dx +C
= y( | +_\-3) = j“r et \ x(l+.\‘3 )-‘dx-&-(‘

14 x”

= '1'( 14 x° ) = Icot xdx +C

=% _l'(] +x° ) = loglsin x|+C

dy

x——+4 y—x+xycotx=0(x=0)
dx

Answer

Y
x—+y=x+xycotx=0
dx

dy v

= x—+y(l+xcotx)=x
ax ;

§

- —+cot.\'J_r =]
de \x

dv

This equation is a linear differential equation of the form:

dy |
T + py=0 (where p=—+cotx and O=1)
dx x

M (1
ity Sl e og x+log(sin log{vsinx
N Ll ™t g SRR, - o NEIRY

= = xsinx.
The general solution of the given differential equation is given by the relation,
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Y(LF) = [(Qx1F.)dx+C
= y(xsinx)= .f( Ix xsinx)dx+C

= y(xsinx)= I(.\-sin x)dx+C

= y(xsinx)=x J‘sin xdx -~ J.I:i(\) jsin x d.\'] +C
dx

= .1'(.\'sin x)=x(-cosx) Il —cosx)drx+C

= y(xsinx)=-xcosx+sinx+C

—XCOSX sinx C
= - + . % ¥ -
xXsinx  xsinx xsinx
| C
= y=—-cot-x+—+—
X xsinx

(\ H)d"=l
dx

Answer
dy

i |
(\ ‘)d\

This is a linear differential equation of the form:

‘_?_. + px= Q (where pP= -1 and Q = -‘i)

ax

Now, L.F :(’J.M =cj_'# =e "

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

=xe”’ = [(ye”)dv+C

= xe =y J‘Lﬁﬁﬂi(ﬂ J.t’"-' dj\}d\'i C

-
m
Il

=xe " =y(-e")- j[ —e " Jdy+C
= xe " =-ye 4+ f(. *dy+C
=xe'=—ye'—e"+C

= x=-y-1+C¢’

= x+y+1=0Ce’

v dx +( x-y )c/\ =0
Answer
v dx +(.\'—_\-’7 ')d.r =0

= ydx = (_v“ —.\')ufr

dc y-x X
— T —— A“ — —
dy hY y
dx x

—_—t—=y

dv y

This is a linear differential equation of the form:

1y s | 7
ay + pxX = Q) (\\-'here pP= —and Q = ’1.)
dx ¥

. P . 0g
Now, LF = (:'I =e = e

The general solution of the given differential equation is given by the relation,
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x(LF.)= [(QxLF.)dy+C
= xy= _[(11) dy+C

= Xxy= J_rjnf_v +C

1
v
= xy="—+C
3
vo C
> X="—+
a
2 ¥

(x+3)° )i‘— =y(y=0)

dx
Answer
. dy
(x+3y°)==y
dx
dy v
de x+3y°
dc x+3y° x
— . —+3)
dy y v
dx x
= —-—-==3y
dv y

This is a linear differential equation of the form:

(:'\- + pPx = Q (\\hCI‘C l) = ] ilnd Q = 3")
ay Y

Now, L.LF =e¢

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




Class XII Chapter 9 - Differential Equations

Maths

x(LF.)= [(QxLF.)dy+C

dy+C

1,1
= Xx—= .ﬂ( 3yx—
¥ \ ¥ F,
==—=3y+C
-‘:

= x=3y"+Cy

dy : : T
—+2ytanx =sinx; y =0 when x = —
dx 3
Answer

dy

——+2ytan x =sinx.
The given differential equation is ¢x
This is a linear equation of the form:

Iy g
‘; + py=Q (where p=2tanx and Q =sinx)
ax

| Py ‘:l:m Y elx 2 oglsec lug".cc‘ \|
L = o)

Now, I.LF =¢ = =g T =g =sec” X.
The general solution of the given differential equation is given by the relation,

»(LF.)= j(Q % LLF.)dx+C

-

= y(sec’ x) J‘(lsin x-sec” x)dx +C

= ysec’ x = j{w ec.x-tan x v + C
= ysec” x =secx+C L)

y=0 atx:E.
Now, 3

Therefore,

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

= y=0C0sx—2C08 X

y — e ) AR
Hence, the required solution of the given differential equation is? — €05+~ =C08 X.

. o\ dy 1
(I +x° )i+ 2xy = o :v=0whenx=1
+ X"

" dx
Answer
2\ dy
(I+.\"‘)++ 2xy = e
\ dx 1+ x°
dv  2xy |
—— + L. -

2

= -
dx 1+x (| +x° )
This is a linear differential equation of the form:

2x ]

dy

U py =0 (where p = _and Q=—)

C{.\‘ l + X (I + ’\,2 )'
2y ) ,

Now. LF =gJ."""‘ = e,‘[lm" I o R

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

y(LF.)= J.(Qx LF.)dx+C

1

3'1'(1-4».\'3): —‘.,-(H.\': ) dy +C
(»I-+~ X )
. , 1
Nl1+x" )= ~dv+C
:3_1(+\) I+-\__<\+
:>_1‘(l+.\"")-—-lun 'x+C (1)

Now,y=0atx = 1.
Therefore,
O=tan'1+C

T

=S C=—=
4
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; T
C=-—

Substituting 4 in equation (1), we get:
3 T
y(1+x*)=tan™" x--
v(1+%) :

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

dy ; T
——~3ycotx=sin2x;y =2 whenx=—
dx 2
Answer

dy :
——~3ycotx=sin2x.
The given differential equation is ¢x
This is a linear differential equation of the form:

dy :
—+ py =0 (where p=-3cotx and Q =sin 2x)
ax
f f ol ]
Py -3 | cotx 3oglsin 02, an’
NO\\'. I.LF =¢’ =g ™ =¢ S =g B L™ T
sin” x

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

»(LF)= [(QxLE.)dx+C

| . 1 .
= y-——= || sin2x.—— [dx+C
sin” x sin” x

= ycosec x =2 I(col xcosecx ) dx +C

= ycosec x = 2cosec x +C

2 3

= V=- TR :
cosec X  cosec x

= y=-2sin’ x+Csin’ x (1)
Now,

T
y=2atx=—.
’ 2
2=-2+C
=C=4

Therefore, we get:
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Substituting C = 4 in equation (1), we get:
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.
4
At point (%, y), the slope of the curve will be‘/-"'
According to the given information:

dy
——=x+y
dx

dy
=>——y=X
dx

This is a linear differential equation of the form:
dy : ;
—+ py=0 (where p=-1 and Q = x)
dx
J",w.'f-{ Sy j(~ 1)
The general solution of the given differential equation is given by the relation,

»(LF) = [(QxLF.)dx+C

Now, I.F =¢ =@

= ye " = [.\‘c’ ‘dx+C (1)

Now, j,\'c" ‘dy=x ju = ﬂf[/:(\) jc '(/.\}(/.1'.

=—xe " — “—c"‘uf\‘
e

=—¢ '(.\'+l)
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Substituting in equation (1), we get:

ye ' =—¢"(x+1)+C
= y=—(x+1)+Ce’
= x+y+1=Ce -(2)

The curve passes through the
origin. Therefore, equation (2)

becomes: 1 =C
=>C=1

Substituting C = 1 in equation (2), we get:
X+y+l=é'

-,~]:(’.',

Hence, the required equation of curve passing through the originis™ *.

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 thetangent
dy

to the curve at (x, y) is dx
According to the given information:

dy
—+5=x+y
dx
dy
——y=x-95
dx

This is a linear differential equation of the form:
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{ = a
e P8 py=0 (where p=—1and Q=x-35)

dx
J';...u B '[( I

Now, LF =e” =e =g

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

=yt = |(\ 5)e"dx+C okl

Now, _[(.\'—5)(' 'd\':(,\'—S)Ie‘d\'—j{;/ (_\._5)'.[0 -(l\.}[\._
(r=5)(e)- (e i

ax
=(5-x)e™ +(-¢™)
=(4-x)e”
Therefore, equation (1) becomes:
ve "=(4-x)e " +C

=>y=4-x+Ce¢’

2
—

= x+y-4=Ce¢’ sl 2

The curve passes through point (0, 2).
Therefore, equation (2) becomes:

0+2-4=ce
>-2=C

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

= y=4-x-2¢
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This is the required equation of the curve.

_d}' ]

X
The integrating factor of the differential equation dx

A e ¥
B. e’

C. X
D. x
Answer

The given differential equation is:

dy ;
X=——y=2x"
dx
dv
> ————=2X
de X

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

e pv =0 (where p=——and O =2x)

dx X

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

Hence, the correct answer is C.

The integrating factor of the differential equation.

' dy

4 is
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1
f bl
B V'_l"—l
1
c. =)
1
l_ v.‘
D. N 2
Answer

The given differential equation is:

dv  wx ay

dx 1-y° - 1-)7

This is a linear differential equation of the form:

{. . ) .
oy py =0 (where p = 2 —and O = a) )
dy - -7

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

e

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).

d’y _ (dvY
—+5x| =

; — | =6y =logx
(|) (/.\-- \ (/,\' /-; > =
/ /‘\"{ T .
] e ’ —4’ ﬂ E +7y=sinx
(iiy dx \ dx )
d'y ; (d’y ) 0
—— = i =]
G dx” | dx” )
Answer

(i) The differential equation is given as:

d’y . (dvY
Sx| — | —6y=logx

dx’ \ dx |
d’y (dy Y

= +5.\“ — | —6y—logx=0
dx” \ dx )

(/:}‘
The highest order derivative present in the differential equation is dx’ . Thus, its order is
d’y
two. The highest power raised to ‘/P‘s: one. Hence, its degree is one.

(ii) The differential equation is given as:

(dyY (dvY :
| —| —4| = | +7y=sinx
\dx ) L dx

+7y-sinx=0

|

( dy J _4 (dy \:

;\ (/.\- \ (”.\. )
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dy
The highest order derivative present in the differential equation is dx Thus, its order is
dy

one. The highest power raised to dx is three. Hence, its degree is three.

(iii) The differential equation is given as:

tf;J’

The highest order derivative present in the differential equation is dx* . Thus, its order
is four.

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.

. v _dy ;
y=ae +be " +x ; x- : +22 —-xy+x =2=0
(i) ax’ dx
: Iy ly :
y=e"(acosx+bhsinx) > ; ‘ _pd¥ 4 2y=0
(i) dx” dx
. d*y :
y=xsin3x 5 2 +9y—6c¢cos3x=0
(iii) dx’
5 s ay :
x =2y logy ; (\ +y° )(—— ~-xy =0
(iv) dx
Answer

-

R =ae" +be " +x°

Differentiating both sides with respect to x, we get:

fit = (IVE{* e’ ) +—/)»£!' e ‘) %—~£{~(.Y1 )
dx de' dx a7 : i
= .8 ae’ —be™ +2x

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

- ‘ =ae* +be™ +2

dx”

dy  d’y
Now, on substituting the values of dx and dx’ in the differential equation, we get:
LL.H.S.

d’y . dy
X—5 4

dx* dx
= .\‘(uc" +be™” +2)+2(uc“ —be™" + 2.\‘)—.\‘(:1&‘\ +be™ +x° )+.\‘: -2

= (u.\‘c" +bxe " + 2.\') +(2u<’ F—2be "+ 4.\')— (u.\‘e"' +bxe " +x’ ) xE—2

=2ae" —2be " +x’ +6x-2
> hH.S. # RH.S.

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

- e" (acosx+bsinx) = ae cosx+be’ sinx

Differentiating both sides with respect to x, we get:

i =q- d (c cos.\']+};.i((,' & \)

dx dx dx )

= i;—‘— = u(‘(n cosx—e*sin _\.')_H)‘((‘L T Cns,\")
dx \ j |
dy A -

:>T :(u+h)c cosx+(b—a)e* sinx
dx

Again, differentiating both sides with respect to x, we get:
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d’y v od oy | d ..
—=(ag+b)—e" cosx|+(b—a)—e ' sinx
dx* ( ) d.\‘( ] [ ) dx ( )
d’ v
= —==(a+b)- [e cosx—e sln\}k(.ﬁ—u][; sinx+e” Lnsx]
d*y
= T= [(ﬂ+!:v (cosx—sinx)+(b—a)(sin \+LUH‘(]:|
dx
== d; J =¢ [m.m x—asinx+bhcosx—hsinx+hsinxy+bcosx—asinx—acos \]
dx”
S U L
=>— :[_\0 (hcosx—asin \):I
dx” '

dy &
Now, on substituting the values of déil%d in€he L.H.S. of the given differential
equation, we get:
d’y . dy

——+2—=—42y
d.\" dx

e'(bcosx—asinx)-2e" [(u+ b)cosx+(b—a)sin \] +2e" (acosx+bsinx)
( osx—2asinx)—(2acosx +2bcosx)
(2 sinx—2asinx)+(2acosx +2bsinx)
=e l:(lh ~2a-2b+2a)cos \:| +e l:( -2a—-2b+2a+ 2b)sin.\‘]
=()
Hence, the given function is a solution of the corresponding differential equation.
(i) ¥ = xsin3x
Differentiating both sides with respect to x, we get:
dy

_d ; X
—— =—(xsin3x) =sin3x+x-cos3x-3
dx d.\'

dy .
= — =sIn3x+3xCcos 3x
dx

Again, differentiating both sides with respect to x, we get:
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dy d,. . d
—==—(sin3x)+3—(xcos3x)
dx® dx dx
L NI = LR
— e i .acos.m‘+o[cos‘»_\w.\-(—sm 3x)-3 |
dx” -
d’y y
= ,,'; =6¢c0s3x—9xsin3x
ax”

(/'J’

Substituting the value of dx’ in the L.H.S. of the given differential equation, we get:

d’y .
—+9y—-6cos3x
dx”

= (6-cos3x—9xsin3x)+9xsin3x —6.cos3x
-0

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

. 2 9, ;
(iv) ¥ =2) log )

Differentiating both sides with respect to x, we get:

d )
2x=2.—= [\ IDg}-"I
dx

) dv * | dyv
=x=|2y-logy —+y -— =
dx y dx

dy

Substituting the value of diry the L.H.S. of the given differential equation, we get:
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(:.rz +‘)EIT: - xy
(2 . x )
:{.2_]! lt]g_\ + ¥ )m = X)

= y* (1+2log y)- v

—_— Xy
y(1+2log y)

=Xy —xy

=

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

Form the differential equation representing the family of curves given by
o o B e b A
(x—a) +2y" =a where a is an arbitrary constant.

Answer

(x—a ): +2y' =a’

= x° +a’ —2ax+ 2'1"‘ =a’

=2y’ =2aqx-x’ (1)

Differentiating with respect to x, we get:

y  g—Ty
5@ _2a-2x
" odx 2
dy a-x
de 2y
) b2 P B

ﬂ _ 2ax-2x -(2)
dx 4xy

From equation (1), we get:

2ax =2y  +x°

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

dv  2y*+x"-2x°

dx dxy
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dy 2y —-x

Hence, the differential equation of the family of curves is given as dx 4xy

Prove that © ¥ e(x +y7)

equation (x*=3xp? e = (" =3x7y) dy

is the general solution of differential

, Where cis a
parameter. Answer

(%*=3%" )dx = (= 3x7y ) dy

L N

dc v =3xy '
This is a homogeneous equation. To simplify it, we need to make the substitution as:
y=wx

d d
_> — -

p)=—(mx
dx ( ) (/.\‘( )
dy dv
——=y4X—
dx dx

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

dv X ~3x(wx)

VoA X— = — -
dx  (vx) —3x°(wx)
dv  1-3v°
DV X—=—
dx v =3v
dv  1-3v
=S X—= —)
dx v =3
dv  1=-3v" —y(v' =3y)
dx v =3
dh Y o
\ —
dc v =3
(v =3y ) dx
= | dv=—




Class XII Chapter 9 - Differential Equations

Maths

Integrating both sides, we get:

b

|- v =3v
4

" l\. l_“

(]

dv=logx+logC’ |

)

(v =3 ) vy = vy
Now, dv= -3
ﬂ. [-v* J j v J -y
(v =3v) . vidv vely
:>” : }dr:fl—af:, where 7, = [ 2% and 1, = [ X
-l\l_r ) -l_" 'I—Y
Let1-v' =1,
i{l ~1‘4}=£
av* v
= 4y’ = i
av
= vdv= —ﬂ
4
Now, [, = . —llugt = —I—In)g(l -v*)
4t - - ' -

And. !::J-nh; :.[ \‘{Lh“:
=)
I.eh"'=p.
-i{’v-‘ _dp
vt T av
\l—di
- v
= v = ip
2
Ll lg]+ﬁ|=llogl+v:
22 l-p 22 | 1-p| 4 1=

Substituting the values of I1 and I2 in equation (3), we get:

=t

»

{3 N\
v =3v 1 3
dv=——log(l1-v')-=log
ﬂ *}J 4°( )4‘In"

\ 1-v

Therefore, equation (2) becomes:

N

lad

)
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1 : v 3 1+ ¥* )
- lug[l —v ] ~=log y - =logx+logC’
: 4 — v
I ~ 14 .
= ——log [I—\') \, =logC'x
4 ' v
1492
= [; -): =(Cx)*
(1-v*)
2y
‘ I+", ‘
)
— P E ,"w - (.v”, 4
[1-5
A

+

(F+r)

: A2 4
.\‘J(,\"—_TJ) C7x

= (,\'3 1) = (A"l('.\"\ £37)

= (2 -3")=C (<" 40"

-
—

4

=xt -y =C(x" +) ]: . where 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:

(.\‘—(l):-i—(}'—(l}::((: (1)
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vh

-

Differentiating equation (1) with respect to x, we get:
dy
de
= (x-a)+(y-a)y' =0

2(x—a)+2(y-a) 0

=>x—a+y -ay'=0

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

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

(x+w' )| (x+w' )| (x+9')
» R “’ } + _\’—‘ "' = "'
1+ )y \ 1+)" ) \ 1+ y

=

N {(;";.‘j)-‘" }: h {.‘1--\‘ }: . { x+3y ]
(1+) 1+ 1+y"

= (x- »\')? P+ (x- '\‘): =(x+ »\:\")?

= (v=y) [ 1+ () | = (x+ )

-

Hence, the required differential equation of the family of circles is

s

(x— y) [I +(_1")::| =(x+p').
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Find the general solution of the differential equation

d, =7

— =0
dc \1-x2 Answer

@, [1=0" _
de \N1-x’

dy 1=y

Integrating both sides, we get:
sin”! y=—sin"' x+C

= sin"'x+sin” y=C

dy
AR

Show that the general solution of the differential equation dx
(x+y+1)=A(1-x-y-2xy), where A is parameter
Answer

dy V' +y+l
e +—' = - — O
dx  x 4+x+1

(h* (.": +\"’I)

= = - L
dx X +x+1
dy —~dx
D 5 : — ]
y +y+l x +x+1
dy dx
=> : - =0

Y+y+l x +x+1

Integrating both sides, we get:

y +y+l

X +x+1

0

is given by
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dy S
j‘y"+y+l+-[_'c:+:r+l =k

v elx ,
= '[ 1" r p==2 + j - r =2 =C
|': l il / |3 r I \_- I:’ 3 XL
(o w’] \+|+y~’J
- ) “a % | ¥
\ - N = = I

' 1 |
2 N V+ - 2 - X+ - )
= Llan = |+ Lan == [ =1
V3 3B J3
9

L2y +1 [ 2x+1
== tan = —— [+ tan =
L V3 V3 2
[ 2pal 2%l
‘ [y =+ == =
= tan”' 3 V3 . £
| (2y+1) (2x+1) 2
"5 B
[ 2x+2y+2
= tan ' V3 —|= J3c
1_(4_1'__ +2x+2y+1 '"" 2
R 3 J
,_ 2v§(x+1+i) \ﬁ(
= tan =
3-dxy=2x=2y-1 2
| i) e
2(1-x—y-2xy) 2

L]

3 "‘ ,+I E_T\' i A
= ‘J’—[’\+‘1 ] :tan(\tt ’:B. whereB:tan(\{ ¢
2{1-x—-y-2xy) 2

38 ]

' J \

2R . :
=S x+y+l= 'B{]—,r_,v—l\‘_v_)

NE)
. 2B
= x+y+1=A4(1-x-y-2xy), where 4 = —
3

Hence, the given result is proved.
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\
\

(0.2
Find the equation of the curve passing through the point * 4 ) whose differential
equation is,

sinxcos ydx+cosxsin ydy =0 5ocvar

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

sin x cos ydx + cos xsin ydy

=9

COSXCOS ¥

= tan xdx + tan ydy =0
Integrating both sides, we get:
log(secx)+log(secy)=logC
log(secx-secy)=logC
=secx-secy=C (1)

N\

I/ T \
1 0,— |.

The curve passes through point \ 4)

~x2=C

—=C=42

On substituting C= ‘/E in equation (1), we get:

[
secx-secy=+2
1

cos y

= secx- =1/2

sec.x
= C0Sy=—=
~

SeCx
cosy =——.

J

Hence, the required equation of the curve is V2
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Find the particular solution of the differential equation

(1+e° )(/."’L(I"““" Je'dx :0, given thaty = 1 when x = 0

Answer

(I +e” :)dy-&-( 1+ 97 b)(”'(/.\‘ =0

dy e'dx
1+ 1+e =
Integrating both sides, we get:
e'dx
tan”' y+ jl+c3‘ =( (1)
Lete" =t=> e’ =1°.
dt
dx

= —(.(." ‘):

= e'dx = dlt
Substituting these values in equation (1), we get:
dt

tan”' y+ I -=C
1+t

=tan' y+tan't=C
=tan”'y+tan”' (¢’ ) 2:(2)

Now, y = 1at x = 0.
Therefore, equation (2) becomes:

tan"' 1+tan'1=C

Substituting “in equation (2), we get:

Gf N X
tan ' v+ tan l(e‘)= -
" VI S
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This is the required particular solution of the given differential equation.

( x

xe* +y°

ye'dx = dy(y=0)

Solve the differential equation N
Answer

; (=
ye'dx=| xe” +y’ ]d_l‘

,dx

=xe’ +y°
dy

(1)

Lete’ =2z

Differentiating it with respect to y, we get:

d dz
¥ |=
dy | dy
< (/ ( X ) (./.'.’
=e! —| —|=—
dv\yv) dy
dx
e a
, dy dz
= e = =— (2
y dy

From equation (1) and equation (2), we get:
dz _
d,l'

= dz= d_l‘

1

Integrating both sides, we get:
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z=y+C
=>e =y+C
Find a particular solution of the differential equation (x=y)(dx+dy)=dv—dy , given

thaty = - 1, when x = 0 (Hint: putx -y =1t)
Answer

(x—y)(dc+dv)=dx—dy
= (x=y+1)dy=(1-x+y)dx

dy l=x+vy

= —= =
dc x-y+1
dy 1-(x-y) (1)
dc  1+(x-y)
Letx—y=t.
d dt
= X=y)=
(/\‘( ) dx
dy dt
—3l =
dy dx
dat
=]-—==
dv  dx

d}‘

Substituting the values of x — y and @t in equation (1), we get:
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| df 1=
dv 1 +1
dlt F 1=
= —=]-—
dx 14+ )

di _(1+1)-(1-1)

E 1+t
di 2
dy 14t
SETA
| dt = 2dx
I
= I 1+- ldf =2dx wil2)

Integrating both sides, we get:
t+ logf! =2x+C

= (x-y)+log|x-y|=2x+C

wd
—

= logjx—y|=x+y+C sl

Now, y = -1 at x = 0. Therefore,
equation (3) becomes: log 1 = 0

-1+C
>C=1

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

log |x —_v] =x+y+1

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

{(’ 2 ) ](/\
Solve the differential equation ¥
Answer
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d_v+ y _e”
d\' \[; \}{;

This equation is a linear differential equation of the form

=

‘,‘_ ] i L’ 2Jx
—+ Py =Q,where P=— and Q=—.
dx A NBY
Now, L.F :e} T W =Y

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

y(LF.) J'(Qx L.F.)dx+C

£ oh \
aE e 2% £
= ye " = —xe dx+C
\ X /4
i 1 ;
= ye = '[?dx+(
|

VX

= ye¥* =2x +C

{ )
2, yeotx =4xcosec x(x=0)
Find a particular solution of the differential equation dx

given that y = 0 when

r

T
xX=—
s
~ Answer

The given differential equation is:

dy
“ 4 ycot x = 4xcosec x
dx

This equation is a linear differential equation of the form
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dy
~+ py = 0. where p=cotx and O = 4x cosec x.
dx
. ',"x-’.l Irn\l kX foglsin x N
Now, LF=e¢’ =e =e¢ - =Sinx

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

= ysinx=4 [.\‘d.\'+ C

. X
= ysinx=4- =t C

= ysinx=2x" +C (1)
T
y=0 atx=—.
Now, 2

Therefore, equation (1) becomes:

0=2%2 4 ¢
4
=5 :~£
2
gt
Substituting 2 in equation (1), we get:

»

) , T
ysinx=2x" -
- £ )

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

(x+1) L =267
Find a particular solution of the differential equation ax , giventhaty =0

whenx =0

Answer




Class XII Chapter 9 - Differential Equations

Maths

1)L = 267
( )c/.\'

dv  dx
2¢" =1 x+1
e'dy dx

=>——=
2—e’ x+1

Integrating both sides, we get:

E"t/\’ - \
_[ —=log/x+1|+logC (1)
2-¢ - :
Let2-e" =t.
d oy dt
“ (2 T )= :
dy " dy
. dt
=> - =—
dy

= e'dt =—dt
Substituting this value in equation (1), we get:

—dt 2
_[— = 10g|x+ I+ log C
t

= —log|r| = log|C (x +1)
|

 -logf2—|=logC(x+1)

= IZ—IL'?‘ =C(x+1)
A T (2)
C(x+1)
Now, at x = 0 and y = 0, equation (2) becomes:
=2-1= 71‘7
=C=1

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




Class XII Chapter 9 - Differential Equations Maths

x+1
—=e =2- 1
x+1
L 2x+2-1
= =E—
xr+1
. 2x+1
— LS
x+1
o
= y=log I Jx=-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 nhumber 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 2009?

Answer

Let the population at any instant (t) be y.

It is given that the rate of increase of population is proportional to the humber
of inhabitants at any instant.

dy
— O .‘
dt
dy ;
=-—==ky (k is a constant )
dt "
)

Integrating both sides, we
get: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:
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log25000=%-5+C
= log 25000 = 5k + log 20000

25000 (5)
bSkzlog( Jzog -
\ 20000 \ 4 )
| (5)
=k =leg — (3)
>, w4 ) )

In the year 2009, t = 10 years.
Now, on substituting the values of t, k, and C in equation (1), we get:
] (5) ;
log y = 10x—log ‘—J+ log(20000)
D 4 )

(5 &
= log y =log 20(,)0(,)><| = ]
\ 4 /

|

X

— 1 =20000x

= |

BN

= y=31250

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

dx — xdv
yx—xdy _

¥ is

The general solution of the differential equation
A. xy =C

B. x = Cy2

C.y=Cx

D.y= sz

Answer

The given differential equation is:

ydx—xdy 0

."

ydx — xdy _0
Xy

= : dx - : dv=0
X y




Class XII Chapter 9 - Differential Equations Maths

Integrating both sides, we get:

Iog‘.\'i ~log|y| = logk
= Ioo =logk
Y
X
=>—=K
-“
1
= y=—x
k

= y=Cx where C =

Hence, the correct answer is C.

£+P =Q,

The general solutlon of a differential equation of the type dy is

w Q, e (/t‘ +C
.ﬂ J 3

fias fre Y, o

o ﬂ Q,« i +C

.\(’J‘! @ 'ﬂ Q, (,I \‘H‘.*

C.
" ol ( A ! dlx \ @
.\‘("[l e ﬂ Qe J dx+C
D. \ /
Answer

7’ < g Ry
2+P\ Q, lSeJ '
The integrating factor of the given differential equation ¢

The general solution of the differential equation is given by,
x(LF.) = J(Qxl.F.)dyH"

= x- c Jp ﬂQe fr h+(

Hence, the correct answer is C.
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2" dy e’ +2x)dx =0
The general solution of the differential equation i +('“ i \-)( : is

A. xey+x2=C

B. xe¥ +y?=C

C.ye¥+x?=C
D. yey +x% = C
Answer

The given differential equation is:

e“dy+ ( ye* +2x ) dx=0

dy
=Y, ye'+2x=0
dx
v .
=24 y=-2xe"’
dx
This is a linear differential equation of the form
dy .
~+ Py=0,where P=1and Q =-2xe™".
dx
if’.l'v '-.1'\ S
Now, [ F=¢’ =¢' =¢

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

= ye' = I(—Z.\'(' Yie' )d.\‘+('

= ye' =— IZ.\‘ dx+C

= ye' =—x*+C

= ye' +x° =C

Hence, the correct answer is C.




