CHAPTER -9
DIFFERENTIAL EQUATIONS
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dv . "
—=—+sin(y")=0
Determine order and degree(if defined) of differential equation dx

Answer

d'y
——+sin(»")=0
dx

= " +sin()")=0

mr

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

Y+5y=0 pnswer

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

’

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

order is one.

’ ’

Y The highest power raised to Yis 1. Hence, its degree

It is a polynomial equation in-

is one.

=0

'ﬁ‘f 5. 0%
dt

Determine order and degree(if defined) of differential equation( dr

Answer

/ .‘\"‘ g2 .
Li ' 1'—3d—',s =0
cdt ) dt
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The highest order derivative present in the given differential equation is dr

Therefore, its order is two.
d s ds ds

Hence, its degree is one.

\ -

{ /.' . | e £y

\ (/—‘ | + oS/ % {=0
Determine order and degree(if defined) of differential equation * Lo W
Answer
{ AI.' " \lj I I‘. ’,l
| =2 | +cos| = 1=0
L 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.

: ‘ =cos3x +sin3x
Determine order and degree(if defined) of differential equation dx

Answer

(/ ‘\ - = -

—— =S 3x +SIn 3x

lll.
(I"l =. .

= i — COS 3x —Sin3x =0
dx

d’y
The highest order derivative present in the differential equation isd-": . Therefore, its

order is two.
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dy dy
It is a polynomial equation in 4*" and the power raised to 4¥ is

1. Hence, its degree is one.

Determine order and degree(if defined) of differential equation
(}'nv ) e ( }vu )] + ( .‘_l ‘)‘l ) -‘.," - 0
Answer

(7)Y +(3") +(»)+y* =0

L

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

The given differential equation is a polynomial equation in y7. " andy"

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

Determine order and degree(if defined) of differential equation

M F
Y2+ =0 Answer

V+2y"+y =0

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

its order is three.

L w
V

;)" and y . The highest power raised to Y is 1. Hence,

It is a polynomial equation in-

its degree is 1.

Determine order and degree(if defined) of differential equation

; ;
S
Y EV=€ Answer

’ X
y+y=e

=y +y-e' =0
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’

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

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

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

Determine order and degree(if defined) of differential equation

3 Sy =1
YY) +2r=0 Answer

" +(}"): +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

P2y sin v =(
VY +2y +sin) }Answer

P2y +siny =0

n

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

(d*y Y dyY . (dv)
\ _\+— +s8in| — [+1=0
\ dx” J \ dx J l\ dx is
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(A) 3(B) 2 (C) 1 (D) not defined
Answer

- 32 _‘nﬂ' _‘\: ( 5\
|d ) \ +(ﬂ +siniﬂ|+I:O

\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

v dy dy
2x " —=—-3—=—+y=0
dx is

s

dx”

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

~

o

vd'y L dy
L 32 =0
dx’ x

d".r
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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v=e"+1 Doy —y'=0
Answer
y=e " +1

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

iy d \

‘_-‘_: x ((J' +])

dx dx’

Y=g (1)

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

dy
l\'("‘ )

4

4(v)=
= _1" =¢"

Substituting the values of ¥ 4" i the given differential equation, we get the
L.H.S. as:
y'—y'=e"—e'=0=R.H.S.

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

y=x+2x+C Dy =2x-2=0
Answer
y=x"+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:

IV
LH.S. = 2x=2=0_pH.s.

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

f—2x-2=2x+2
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v=cosx+C : Y +siny =0
Answer
y=cosx+C
Differentiating both sides of this equation with respect to x, we get:
s adis
V= t—(cos.\'+( )
dx
= Y =—sinx
Substituting the value of ¥ in the given differential equation, we get:
LHS. =V #sinx=—=sinx+sinx=0_p yg

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

f 3 2 xy
y=a1+x" o
I+x
Answer
W= Vi4x7

Differentiating both sides of the equation with respect to x, we get:
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, dy
y = (\l*.\")

(/\
. l l/
¥= e (1427)
2Jl+x' dx
2x
Y =— -
2V +x
’ X
.‘. - f
VI x
’ \ £
=Sy = Vi+x’
| + x
, X
= y'= )
|+ x
y X)
—hy =
|+ x
-+ L.H.S. = R.H.S.

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

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

Differentiating both sides with respect to x, we get:

d
v =—(Ax
: u,_\_( )

=y =A

Substituting the value of ¥ in the given differential equation, we get:
LHS.=x'=x-A=Ax=ypy=RH.S.

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

» ' [ 2 2
y=xsinx Py =ty -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:

y= i(.\'sin x)
dx

: d - (LW
= y' =sinx-—(x)+ X (sinx)
dx dx
=y =sinx+xcosx
Substituting the value of ¥ in the given differential equation, we get:
L.H.S.=xy'=x(sinx + xcosx)

= XSINX+X COSX

- r T o
=p+x -y/l=sin"x

|

<
+
-

3 A 2 2
= y+X/) —x
=R.H.S.

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

’ !
xv=logy+C p Y =———(xy 1)
1| —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)
dy ) cl.\'( '
¢ dyv | dy
= yr—(x)+x: =
cl\' (/.\' ) (l\‘
’ l ’
S V+xy =—y

y
=y +ayy =)
=(xy—=1)y' ==y

‘I-‘
g i i
[ =xy
-+ L.H.S. = R.H.S.

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

Y—COSy=X (vsiny+cosy+x)y' =y
Answer
y—Cosy=x (1)

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

dv d d
———(cosy)=—(x)
dc dx dx
=y +sinyy' =1
= ¥ (1+siny)=1

; 1

D>y =—
[+siny

Substituting the value of ¥ in equation (1), we get:
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LHS.=(ysiny+cosy+x)y
I

| +sin y

=(VSin y+cos v+ y~cos y)x

y(1+siny)- -
1+siny

<y
= R.H.S.

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

Question 9:

x+y=tan'y C Y Yy +1=0

Answer

x+y=tan 'y

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

;—1\(\ +y)= (%(tan' v)

| .
=1+9" =] - |y
7 L|+_\" ’

J o1
_l+_1':

[1-(1+ %)
=y ———1|=1

—B l}zl

Substituting the value of ¥ in the given differential equation, we get:
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3——(:1 + .\-‘:)

."

LHS. =y y'+y +l=y +y° +1

=-1-37+3" +1
=0
=R.H.S.

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

o fy :
y=vNa -xxe(-a.a) A ) ,\’i'—=0(."-¢0)
dx
Answer
p=Aa'=x’

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

D2\ Ji=¥)

de  dx
dy | d iiq- .-q
:>—J\- = —2\/"‘,: = ‘:i;(a' =X )
= ;( -2x)
2Va® —x°
=X
’ V"’(;E —x?
dy
Substituting the value of ;/1- in the given differential equation, we get:
T TR R, o s, 2
Codx Ja© -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)0O(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
xX: Y
—za =1
a b

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

_I...‘,.lﬂ..—o

a bdx

b Ve
=>—+—)=0
a b

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

().»lr"z()
h’
L

=—-3"=0
bh-

= y"=0

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

v=alb'—x)

Answer

v=alb'—x)

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

2y—=a(-2x)
dx
=2y =-2ax
= ' = —ax (1)

Again, differentiating both sides with respect to x, we get:
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Vey'+w'=—a
= (1) + ' =—a v:(2)
Dividing equation (2) by equation (1), we get:

(y) +»"  -a

' —ax
= 0" +x( \) -n"=0

This is the required differential equation of the given curve.

y=ae +he"

Answer

y=ae" +bhe™ A1)

Differentiating both sides with respect to x, we get:

V' =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:
(20(.*" + 2/)0"‘")-4—(‘3(:0"' =2beT ) =2y 4y

= Sae’* =2y +)'

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

(3ae™ +3be ™ )—(3ae™ —2be™ ) =3y~

= She™™ =3y )"

3y—-y

2x

= be =

5

Substituting the values of ae”’ and be ™" i equation (3), we get:
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2y +y 3v—1')
V=9 — )-7-4( =—

5 5

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

- ¥
5 5
. 30v+5y
=) = ——

=y =y =6y=0

This is the required differential equation of the given curve.

y=e"(a+bx)

Answer

v=¢"(a+bx) A1)
Differentiating both sides with respect to x, we get:
¥ =2e" (a+bx)+e’ b

=y =e"(2a+ 2bx+b) +.(2)

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

we get:

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

= )y -2=be" ik
Differentiating both sides with respect to x, we get:
'k -2y = 2be™ (4)

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

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

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

Answer

y=e¢"(acosx+hsinx) (1
Differentiating both sides with respect to x, we get:
yi=¢'(acosx+hsinx)+e’ (—asinx+hcosx)

=5 Yi=me [(u +b)cosx—(a—h)sin .\'] +{2)

Again, differentiating with respect to x, we get:

Y=e' |'(a+h_)cos.\'—(a—h)sinxrloc‘L—(a+b)sin \'—(a—b)cos.t.l
V' =e"[2bcosx—2asin .\']

¥'=2¢"(bcosx—asinx)

; 5
——=¢"(bcosx—asinx) (3)
2

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

V4 ~‘2— =¢' [(a +b)cosx—(a~—h)sin .\'J

=>2y+y" =2y

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

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* =d’.

=x +)° =2ax (1)
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Ay

s
w

() {a, D)

LA

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

=x+ ' =a

Now, on substituting the value of a in equation (1), we get:

A

X4y =2(x+1')x
=0+ =204 2

= 2x +x" =

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:

¥’ =4ay A1)
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v

4%

A J

Differentiating equation (1) with respect to x, we get:
2x =4ay' +:(2)

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

2y Aday’
X 4day
2 )y
e G A
A
=5 Xy =2y
=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.

Answer

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

.\.y
e e | " (1)
b ’
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= T A2

L\,L‘_.‘ 2 .
b a
= I\ +L( P+ rv"): 0
b~ a Vv n=
| Bopm
:bF——a—_.() =)

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

x[—-L((,v’ )+ )} - l‘—i =0

a- a
= —x( )-"): —xy"+ ' =0
= x"+x( y')1 —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 ) i)
a b

Ya

I O

Y'Y

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

Vor: igmy!
2x 2w
o= _.__,'_ =0
a b
x w
a b

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

Substituting the value of¢in equation (2), we get:
X
b*

= x( VY - =0

2 s
V) | =====0
() +3°)-5

= " +x(y) —p'=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:

x+(y-b) =3
= +(y=b) =9 A1)

Yy

9

0

A7
v

'Y

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

—X
= y=—b=—
;‘l

Substituting the value of (y - b) in equation (1), we get:
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=0

= ((») +1)=9(»)
= (X" —‘)H)")l +x* =0

This is the required differential equation.

Which of the following differential equations has”

dy

+y=0
A, dy

L
D. dx°

Answer

The given equation is:

y=ce' +ce” A1)
Differentiating with respect to x, we get:
& .

=¢e —c,e
dx

Again, differentiating with respect to x, we get:

—_—
=¢€

+C

e

as the general solution?
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d*y )
—==(& +Cse
dx”
d’y
= —==}
dx”
L ST
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 o

—— X=Xy =X
A. dx’ dx

d’y dy

— b X ==+ XY =X
B. dx’ FEA)

v ,dy

Y ol e
C. dx’ dx

I-‘ 5 i

S iy xy=0
D. dx dx
Answer

The given equation of curve isy = Xx.
Differentiating with respect to x, we get:
1y

2o (1)

dx

Again, differentiating with respect to x, we get:

)3

d
— =) ..(2)
l/\
(/ \¥ (ll'
— . and ~-
Now, on substituting the values of y, 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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Iy dy :
= ‘ — X" ¥ x=0—x":l+x-x
ax” dx
=X +X
=0

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

dx  1+cosx

Answer
The given differential equation is:
dy _l-cosx

dx  l+cosx

e -
2sin”
dy b 2 X
'T = = = tan =
ax a X L
2cos’
2
&V (g A
= —= ‘ sect—=-1 |
({.\' \ 2 J
Separating the variables,we get:
foca® )
dy = ‘ sec ——1 |dv
s \ 2 !

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

_fdfl' - J(sc& E—dex = [sec? £dx—'[d.\:
2 - 2

X ;
= y=21tan ;—.\'+(

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

Answer

The given differential equation is:
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dy. =
——=\[4— )
dx
Separating the variables, we get:
dy
— =X

NESS

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

I—d—‘— = Id\'

Ja-y?

s ¥ )
=sin” —=x+C
2

V : =
:>‘;=sm(.r+()

= y=2sin(x+C)

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

iy ;

Lyyp=1(y= 1)

dx '

Answer

The given differential equation is:

dy
dx

=dy+ydi=dx
=dy=(1-y)dx

Separating the variables, we get:

ay =dx

I-y

Now, integrating both sides, we get:
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e dy
- = |dx
fLa
= log(1-y)=x+logC

= ~logC-log(l-y)=x

= logC(l-y)=~x

= C(1-y)=¢"
Dl—)'Z—U -

I L 4
— l':l—ft’

: 1
= y=1+Ade " (where 4 = —E)

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

Question 4:

sec’ xtan ydy+sec” ytanxdy =0
Answer

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

sec” xtan ydx +sec” yvtanxdy

0
tan xtan y

sec’x , sec’y
= 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:

o ik j ciseed 'vdv (1)

tan x tany -~
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Let tanx =1,
d dt
S—(tanx)=
dx clx
- dt
= SC X=—
dx

= sec” xdx=dt

S5¢C X

Now, Jum : dyx = j:—.ll.

= log/r

=log(tan x)

L sec” x
Similarly, j dy =log(tan y).
tan x

Substituting these values in equation (1), we get:

log(tanx)=—log(tan v)+logC

{

(€ )
= log(tanx) = log J
\ tan y

= tanx=——o
tan y

= tanxtan y=C

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

Question 5:

(e' +e' )dy—(c" —¢ ')d.\' = ()
Answer

The given differential equation is:
(e‘ +e™ ) dy - (c —g )dx =0

= (e +e " )dv=(e" —¢")dx

l & —e*

= dy =|- 4~:|dx

Le‘ +e™

Integrating both sides of this equation, we get:
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I dy = J{( :('l':'; }/x +C
e +e

— 8 J‘{c = "llr+(“. (1)
e +e” _r ‘

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

d : 3 dt

(() .‘ e ) o —

dx dx
N |
e - =—
dr

:>(( —e ')af\' = dt

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

y= I}d/ +C

= y=log(r)+C

= y=log(e" +e*)+C

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

dv :(l ;_r:)(l 1 .":)

dx
Answer
The given differential equation is:

dv A 23
d_\ — (_l +x° )(|+_l" )
= l (:“_ 2 (I +.\':)d\'

Integrating both sides of this equation, we get:
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dy x
—— = |14 x" kx
= fep

=tan”' y= Id.\' + I.\':c’/.\’

.
Py 2

=tan' y=x+—+(
2

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

viog ydx—xdy =0
Answer
The given differential equation is:
viog ydv—xdv =0
= vlog ydx = xdy
dy dx
Integrating both sides, we get:

I ([_\' i d_‘ (I)

viog y X

Let logy =t.

d dt
log v)=
d)'( ey) dy
L
v dy
= l(/_r =dt

.‘;

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

t x
= logt =logx+logC
= log(log v)=logCx
= logy=Cx
= p= c'“

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

s dy 5

X ===y
dy

Answer

The given differential equation is:

5 dy 5

" e = Vv
dx )
dv _ dx
W g
L
X 1

Integrating both sides, we get:

dx redy .
—+ |—==4%k (where £ is any constant)
X v

= J..\' ;a-’x+ I_\' ‘dy=k

4 4
x "

ST 42 =k
R
= a7ty =4k
=x"+y*t=C (C=-4k)

This is the required general solution of the given differential equation.
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Question 9:

ay . -
=111 e ¢
dx
Answer

The given differential equation is:

ay. .o
—=sin" X

dx

= dy=sin"' x dx

Integrating both sides, we get:

fdy = I.\ill "xdx

= y= I‘sin Lxel)dx

= y=sin"'x- I(I)d.r—- J1:| %(sin 'x)- I(l)(/.\' ”d\'

!

. I '
=> ¥ =Sin "\'-.\'-f] X |t

\ \'/I
= p=xsin ' x+ I ,l_. dx (1)
Ji—x
Letl-x" =1,
= i(l \) (Ii
dx dx
i
= —=2X LA
dx
|
=> Xdv =——dI
2

Substituting this value in equation (1), we get:
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| l
y=xsin_ x+ I-—.— dt
2Vt

: | '
= y=xsin" X+ I(I’ : dt
|

. 1- 7 .
xsin™ x4+ ——+C
2 1

U
i

= y=xsin ' x+Jr+C

. [ > n
= p=xsin ' x+yl-x" +(

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

Question 10:

e tan ydx +(1—e" )sec’ ydy =0
Answer

The given differential equation is:
e’ tan ydy+(1-e' )sec’ ydy =0

(I -e )secl ydy=-e"tan ydx
Separating the variables, we get:

sec” y —e’
= dy = —dix
tan y [—¢

Integrating both sides, we get:

sec” ) -e'

—— /y: — (l\' l
== (1)

Let tan y =1.

d dn
= —(tany)=
dy dy
2 du
= sec’ y=
dy

= se¢” ydy = du

. jsec- ‘V(I.\' = I‘J" = I()g n= l"g(“‘" _\')
tan y "
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Now, let | -¢" =1.
{
L -(I-—-(" " di
dx ey
dr
ox

= —e'dv=dt

—-‘.’ -

= -4 dt
> [ dx = j =logs = log(l-¢")
3 ' . .

| —¢°

sec” y

dy and I i;d\

Substituting the values of ~ tany
= log(tan y) = log( I-e")+logC
= log(tan y)= l()g[(‘(l —¢ )]

= tany =C(1-¢")

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

Question 11:
5. .2 1y .
(.\' +X 4 X+ I)(T =2x"+x:y=1whenx=0
. Ve
Answer

The given differential equation is:
> 33 fy 5
(x’ +x° +.\‘+I)i =2x"+x
dx

dy 2" +x

E_ (x‘ +x° +.\*+I)

>dy=———F——dx

Integrating both sides, we get:

I-¢" jn equation (1), we get:
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23 +x :
dy = X sifd
J" J.(.\'4-1_)(.\"+l) (1)
lp IO . ” . N
g CEE g A R -(2)
(.\‘+l)(.x"+l) x+1 X+l
N 2x7+x Ax* + A+(Bx+C)(x+1)
(.\'+l)(.\'1+l) (.\'+l')(x"+l}

=2 +x=Ax"+ A+ B + Bx+Cx+C
=2x +x=(4+B)x  +(B+C)x+(4+C)

Comparing the coefficients of x2 and x, we get:
A+B=2

B+C=1
A+C=0
Solving these equations, we get:
.4=—]—, B==and C'=—_—I
2 2 2

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

2" +x e (B3x-1)
(x+1)(x7+1) 2 (x+1) 2(x°+1)

Therefore, equation (1) becomes:
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1 1 I »3x—1
Id}-'= 2 I\'-&-Id\'+ 2 J X +ld\’

=) Iog(\'+l)+ = I »-‘r—-d\'—l —,l clx
2 2x"+1 2x +1
1 3 2x 1 '
=3 log(x+1)+ I T ——tan ' x4+ C
i 4 x +1 2
| 3 B g
:1_51 \'+I)+4100(\' +|) 5 tan” x+(
1 SR,
4[Zlog \+l +3102(\‘ +l)] 2ldn x+C
l l -l =l -
= y= 1{(x+l X% +I ]—itan x+C (3)

Now, y=1 whenx =0,

:I-% g(l)—*mn 0+C
1 I

=|=—x ()——x()+(
-+ 2

=C=1

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

=£[log(.\'+l)3(.\'z +l)3]—%tan"x+l

Question 12:
1 1y
.\'(.\" - I)‘—)— =l; y=0when x=2
dx
Answer

x(.\'2 ~ l)ﬂ= |

dx
dx

.\'(.\':—])
I -
.\'(.\'—l)(x+l)d\

Integrating both sides, we get:

=dy =

= dy




Class XII Chapter 9 - Differential Equations Maths

Ay l =
Ja= I.\'(,\~—l)(_\~+ )" AN
| 4B _C ;
A .\'(.\'—l)(.\'i-l):; ,\'—l+.x'+l' <42)

_A(x=1)(x+1)+ By (x+1)+ Cx(x- 1)

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

Comparing the coefficients of x2, X, and constant, we get:
A=-1

B-C=0

A+B+C=0

B =
Solving these equations, we get

and C =

£ | -
19| —

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

x(x=1)(x+1) T+3(x—l)+ 2(x+1)

Therefore, equation (1) becomes:
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dy=- Iti\' + l l dx + I : dx
J‘ & j I I
X

2:x=1 2%+
:y=—|og.\'+;I()g(,\'—l)+%l()g(x+l)+|0gk
I K (x=1)(x+1) 3
=y= 2log{ . «(3)

Now, =0 whenx=2,

— .Og[k:_(?-—_'),(;wz}

.

72,3
:l«)g['/\ ]:0
4

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

[ 4(x—1)(x+1
l:llog —(‘ )f‘ )]
2 3x
_4(.\'3—1)
p=—log| ———
2 3x
Question 13:

cos(illJ =alaeR);y=1whenx=0

dx

Answer
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i d\'
COS| — |=a
dx

dy =
= —=C0S a
dx

= dy=cos” adx

Integrating both sides, we get:
Idy =cos ™' a Id,\'

= y=cos ax+C

= y=xcos a+C (1)

Now, ¥ =1 whenx = 0.
= 1=0-cos ' a+C
=E =1

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

== =Cc0$  a
X
(-1
= COSL— J =a
X
Question 14:
ay
—=ytanx;y=1whenx=0
dx
Answer
dv
——= ytanx
dx

dy
—> —=tanxdx
‘?

Integrating both sides, we get:
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jﬂ : -Imn X dx

)
= log y = log(secx)+logC
= log y = log(Csecx)

= y=Csecx Wl 1)

Now, y=1whenx =0,

= | = Cxsecl

= |=Cxl

==

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

Question 15:

Find the equation of a curve passing through the point (0, 0) and whose differential
equation

is? =€ SN Answer

The differential equation of the curve is:

y'=e'sinx

v .
= ——=¢"sinx
dx

= dy=e'sinx
Integrating both sides, we get:

Id_\' - Iu sin x dx (1)
Let/ = [e' sinxd.

=> [ =sinx J‘c'tl.\' - ﬂ ‘Il\‘(sin x) Ic'd\ "J.\
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= [=sinx-e' — Icos x-e'dx
. . {d
= [/ =sinx-¢'—|cosx: Ie‘dx— J.L—(cos x)- je‘cl.\-]d.\‘
dx
= ] =sinx-:¢' —[COS.\"L." - I(—sin ,\‘)-e‘d.\’]
= [=e¢"sinx—¢ cosx—/
=2/ =¢" (sinx—cosx)

Fi ¢" (sinx—cos x)
- 2

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

¢ (sinx—cosy)
y=

+C -(2)

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

"

¢ (sin0-cos0)
0= — +

2
1(0-
= 0= ( l)+(
2
:>('=1
2
|
C=

Substituting Zin equation (2), we get:

¢ (sinxy—cosy) |
=~ e
2 2

,“

= 2y=¢"(sinx—cosx)+1

=2y=l=¢' (sinx-cosx)
. . .2
Hence, the required equation of the curve is™

Question 16:

0 2 (5 2) (42,

For the differential equation finff"&he solution curve passing through the point

(1, -1).

y=1=¢"(sinx-cosx).
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Answer

The differential equation of the given curve is:

dy
ay——==(x+2)(y+2)
dx
f S r+ 23
= dv= [ - |</,\'
v r+2) X
f -~ \‘ 4 ~ \
:>[ |- tddy :tl—r ‘d.\'
\ y+ 2 /f ] X/

Integrating both sides, we get:

{ o) \ / Y\
fl1-—= |dv=[[1+= |ax
\ »+2 ) o
| ¢l
=5 J.d,l'—Z —dy = Iclﬂ» 2 [—d.\'
y+2 . X

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

= y—x—C=logx’ +log(y+2)

= p-x-C= I(wg[\'f(\'+ 2):} (1)
Now, the curve passes through point (1, -1).

= -1-1-C= log[('l):(—l+2):J

=>-2-C=logl=0

=C==2

Substituting C = -2 in equation (1), we get:
y—x+2= log[\'z(_r+2):]

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

("_"V)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.
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We know that the slope of a tangent to the curve in the coordinate axis is given by
the relation,

dy

dx

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

Y=
dx

= ydy=xdx

Integrating both sides, we get:

.f ydy= J.\' dx

Y 3

P )
= T = e+
2 2
=y x> =2C (1)

Now2 the curve passes through point (0, -2).
A (-2)*-0%=2C

=2C=4

Substituting 2C = 4 in equation (1), we
2 2
get: y"-x"=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
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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-"*‘*-
We know that the slope of the tangent to the curve is given by the relation,

(l'\
dx
. . dh
. Slope (m, ) of the tangent =—
dx
According to the given information:
m, = 2m,
v 2(y+3
dx x+4
dy 2dx
y+3 x+4

Integrating both sides, we get:

by dx
I.\‘(a».’s "21.\%4

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

= log(_\'+3)log(‘(.\'+4):

2

= 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

==

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

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).

= Lh =k
di
d(4_ ) |5 , 4 _;
= —| - |=4k Volume of sphere = —nr
dr\ 3 J L %
4 . odr
= —m3r°-—=k
3 dt

=4t dr=kdt
Integrating both sides, we get:

4 jr:(/r =k \dr

é’(&l 0+C) (1)

?"

=

Now, at f =

=108n = 3C

= C = 36n
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Att=3,r=6:
s4nx63=3(kx 3 +C)

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

=> k= 84n

Substituting the values of k and C in equation (1), we get:
dnr’ = 3[84ns +361|
= 4nr’ =4n(631+27)

=’ =63t+27
|
=> r=(63t+27)

Thus, the radius of the balloon after t seconds is(b £:+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).
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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 o)
dt 100 / £
dp _ [L\
P 100
Integrating both sides, we get:
dp r
’L =— |t
p 100
rt
=logp=—i+k
100

r
A

= p=e™ (1)

It is given that when t = 0, p = 100.
5100 =eX... (2)

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

200 =¢"

= 200 = ¢" - ¢

= 200 =¢" 100 (From (2))
o0 =2

- L log 2

10

&
— 0.6931
10

= r=06931
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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 of Rs

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 )
=—=——\p

dr 1\ 100 )
_P_r

dr 20
L _d

p 20

Integrating both sides, we get:

ip 1
J‘iﬁy :E .[dl

r
:>logp=j—+(

e

+

= p:=g% (1)

Now, when t = 0, p = 1000.
=1000 =e° ... (2)

At t = 10, equation (1) becomes:
|
p=e?

O

= p=e"’ x¢'
= p=1.648x1000
= p=10648
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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
-y
dt
dy ]
= — = ky (where £ is a constant)
at
%
= = = kdr

)
Integrating both sides, we get:

[ f

D k [c/l

-" ¥
=logy=kt+C (1)

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

Substituting the value of C in equation (1), we get:
log v =&t +log v,
=logy-logy, =k

o

— | =kt

\ .‘.n J

s \
Y '
Vo /
o /

= log

= kt = log

Also, it is given that the number of bacteria increases by 10% in 2 hours.
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110
= y=—1y,
T 1007
y 11

= ~(3)

¥, 10

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

{

11
A’-Zzl(n(l!

I())

1 (11)
Dll: l yl -

205,10’

/

Therefore, equation (2) becomes:

3\

p ¥ 4

| 1) y
—log| — |-1 =log| =
2 ".\_m,.] °\y,, J

v A
?.log[ =

\ Yo /

\

=l SNT ~(4)

%)
log|
10

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

=>y=2ypatt=1t1

From equation (4), we get:

5
Zl()g" ‘

Hence, in
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av_ i
— =" 18

The general solution of the differential equation dx

A € +et=C
B. € +e' =C
c.e€ +e"=C

Answer
I,}‘ X ) 2
—_= = e
dx

ay .
=>—=¢e'dx

e
—=e 'dv=e'dx
Integrating both sides, we get:

Ie Ydy = [4;"‘(/.\'

-z +k
=e" +e " ==k
e +e ' =¢ (c=-k)

Hence, the correct answer is A.
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(& +xp)dy = (2" + 7 )dx
Answer

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

X"+

Let F(x,y)= i A
X +Xy
(Ax) +(4y) 4y

Now, F{Ax,Ay) = ‘ g o 2
(Ax) +(Ax)(Ay) X +xp

=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

= P —

dx dx

dy

Substituting the values of v and @t in equation (1), we get:
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dv x’ +(v.\'):

dv  x +x ( = )

dv  14v
=V X— =
de  l+v
v 143 ; (l{-\")—\'(|+\')
e = — .
dy 14w | +v
dv 11—y
de |+
(I+1'] ey
— =dv=—
\ 1=y, X
(2 =]+v dx
— 4 - dv = -
-y x
{ o ] ’
2 dx
:;( —t]m-=—
-y X

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

= v=-2log(l-v)-logx +logk
k
=v=log| ——
x(1-v)

‘v
= —=log

= (x —_v)2

=>{x- ,v): = ke

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

The given differential equation is:

, Xty
.1.’ 3
x
& _xty (1)
dx X
Let F(x.¥)= iz
X

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
d

dy

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

dv  x+vx
V+x—=
dx X

dy
= v+x—=1+v

dx
L
dx
=dv= { 1 2
X

Integrating both sides, we get:

V= lOg.\‘+ &

y _
= —=logx+C
X

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

Question 3:

(x —_r)q’r —(.\‘ - _v)dx =0

Answer

The given differential equation is:

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

dv x+)
—

. = — g
dx x-V ()
LetF(x v)= il
X=)
AT AXF+AY X+¥V 0 =~
o FAx,Ay)= =z etz AT F (2, y)
AX=AY Xx—Y¥

Thus, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = VX

d d
DE(} ')—E(n)

dv dv
—_— 2 y—

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

dv x+w  l+v

dx x-vx l—v
dv_ 1+v ‘_l+1'—v(l—\')

dv 1= 11—
dv 14V
\ —
dx 1=
-3 dx
= dv=—
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Integrating both sides, we get:

: 1 : ) ;
tan '1'—;log(l+\")=logx+(

[l ]—llogll +[ 1‘;7 }:log,\w(_‘

X 2 \ X

=> lan"('y}— l log( ¥ —+;_=‘-'_ ): logx+C
\x/ 2 X
2
|\ J
(

= tan”'

P -

This is the required solution of the given differential equation.

Question 4:
(.r"‘ -y )a’.\'+ 2xydv =0

Answer

The given differential equation is:
(x%=»" )dx+2xy dv=0

(v-¥)

Let Fi{x,v)= =

2xyv
Faxay)=| B2 ) ) F(xy)
2(/\\')(/‘,\‘) 2xy

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
3;(} )‘X(‘-‘)

[
dv dv
—_— — =Vt X—
dy dx
dy
Substituting the values of y and ¥ in equation (1), we get:
v x—(wx A
v+ .\-_‘_‘ - ._(__)
dx 2x-(vx)
dv v =1
V+xr—=
dx 2y
v v -1 v —1-2¢?
=D X——= —y=
dx 2v Al
. (h,‘ i (I + ¥ )
T dy 2v
2 Zh
= ! - dv =~ i
I+v X

Integrating both sides, we get:

5 C
log(1+v")=~logx+logC =log—

X
O
=4y =—
X
T C
2| 1+==|=—
X" X

=>x +)y'=Cx

This is the required solution of the given differential equation.

Question 5:
dv

¥ ==X =2y Xy

dx ’
Answer
The given differential equation is:
ady _

i
dx

-2y  +xy
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&y X =2y ¥xy
e T (1)
dx X

I T

Let F(x.y)= il A

X
(Ax) =2(40) +(Ax)(4y) _x* =20 +xy _
(/'..\'): X

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

s FAx,Ay)=

A F(x.y)

y = VX

dy

=S =Y X —

oy dy

dy

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

dx X

dv >
= Vtx—=1-2v"+v

dx
dv i
= x—=1-2v
dx
dv dx
[=2%* %
| dv dx
2 1 r X
- “‘
ﬂ.
| dx
_—D -
2

dv
£ F Y x
l 2 _“‘
N2/

Integrating both sides, we get:
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| ’
1! V2 e
= I log I 1= log|x|+(
< 2x 0 —y
V2 V2
| )
e ¢
= log V2 x| log \‘|+(‘
. 3 =11 v e
v2 X
] x++2y .
= —— lOg =~ = log|x{+(
2J2 x=N2y

This is the required solution for the given differential equation.

Question 6:
xdy — ydx = \Jx* + y  dx

Answer
xdy—ydx = \Jx* + 3" dx
= xdy= [.\‘+ x4y ]d\*

dy _ y+x 4y’

: (1)

dx x

o e
Let /"(x._\')=“ = Rk

AXH4J( A

| -

5 F (AR )=

™

x

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

y = VX
d d

= —(y)=—(wx
2\ )= ()
dy i
—_— = y+X—

¥ (A IRy (R
I SR )
ix
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dy
Substituting the values of v and c/\ in equation (1), we get:

dv v+ ,f.\'l +(wx )‘

dx X

dv 3
DSV X— =y

Integrating both sides, we get:

 a—|
log v+ Jl+v“ =log|x| +logC
v ;
= log|- = log|Cx
I
y+afx’ + 3
= log|————— = log|Cx|
X

= e+ =Cx
v N .

This is the required solution of the given differential equation.

Question 7:

[ () el v |
{xcos| = |+ ysin| = |\ ydv =1 vsm —~j xcos| = | xdy
l LX) \x) ] X Lx /|
Answer

The given differential equation is:
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lxcus[ : J¢ ,\'sini : J} ydy = {,\'sinl» : ]— XCos : ]} xdy

)

| _ x)|
2 : " (1)
* {.\'sin(' )—\'cus[' ][\

fxcos( | ysin( ¥ Ly
Let F(x.y)= At L4 N
l .|'\in‘ 2 ]— l’un( 2 Jl\‘
1 \ X \ X l
J)..\'cus[ M ]+/’.ysin ll AV
o F(Ax.Ay)= S A%
1 l)'sin[ “ J )..\'sin l,)\
1 AX AX

\LO\ = +nm }]

{u.n[ : J[ l’ Ji
=A"F(x.y)

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

y = vX
dy dv
= =Py =—
dy dy

.

Substituting the values of y and dx in equation (1), we get:
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dv  (xcosv+vxsiny)-vx
VHX—= -
de  (vxsinv—xcosv)-x

dv  veosv+vosiny
— Vo Y — —— —
dx VSINY —COS ¥
dv  veosy+y siny
—-_— X = —— -
dx VSINV—Ccosv

(v veosY+ 1 Siny =y Siny +veosy

dx VSINY =Cos v
v 2veosy

= — s —
de  vsSInv-cosy

VSIN Y = Cos ¥ 2dx

Veosy X
1 2dx
= | tanv—— |dv = —
v X

Integrating both sides, we get:

log(secv)-logv=2logx+logC

- ]: log(Cx*)

=22 )=

\ v

secw

— Iog(

= secy =Cx’y

{ ‘t L s “I
:>scc[ '—]=( B R
X x

= sec l Z J =Cxy

L X
») 1 1 1
= cus‘ = =
X J Cxyy C xy
= x_vco.s[ 4 ] =k [& it ]
\ x : o9

This is the required solution of the given differential equation.
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Question 8:
dv )
X——y+Xxsm '—J:O
dx 1 I3
Answer

x dv — y+xsin [ \J =0
dx X
= ( :

- = (1
dx X (1)
y—x qm( EVJ
Let F(x,v)= S
/\—A\Sln(f‘] ‘—\sm( ]
L F(Ax,Ap)= Z bk N ~—L =" F (%)
1 3

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

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

dv  vx—xsinvy
VX —=————

dx X
dy .
= V+Xx—=y—Siny
dx
dv  dx

siny X
dx
= cosec vdy = ———
X
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Integrating both sides, we get:

£

C
lcosecy —cot vl = - =10
log|cosecy —cot \~| =—logx+logC =log :

y ) &
= cosec| — |—cot| = [=—
X X X

ool ]cnf

This is the required solution of the given differential equation.

Question 9:
'd ‘.
vdx+xlog [ = ]dy -2xdy =0
X/
Answer

yix+xlog| 2 l(/_\' ~2xdy =0
x
' ‘ l.
= W= [2\' -.\‘lngl : l I(I_r
\ X/
dy ¥
- ——— - - (l)

743 [y}
2x—Xx lugi = J
\ X

.‘v

Let Fx,v)= s
2x- \|ng' ! ’
L X
s F(Ax,Ay)= - - = . ~=A"-F(x,y)

- A \
2(7x) - (Ax)log| %2 ) 2%- Ing[ 4
X X

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

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

dv  d
= —=—/(wx
dy dx ( )
dy dv
— =yt x—
dx dx
dy
dv X
VHX—=

dv v-2v+viogy
P B o —

dx 2-logv

\__c_l_\_'_\'logv—v

Tdv 2-logy

4 , e

2-logy dr=d—'\

v(logv-1) X

(14 (1-logv :
_ | 1+(-logv) | = _

| v(logv—1) X

[ l | dx
=|——— =

v(logv-1) v X

Integrating both sides, we get:

1 1 l
Im i .“‘— dv= J'T dx

iv X
= J';— logv=log x+logC
v

logv—1)

2
—
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= Let logv—1=1

::>i(l0gv—l)=ﬂ
dv dv
1 dt

- =
voodv

= ﬂ =dt

v

Therefore, equation (1) becomes:

dt ¥
— I— —logv=logx+logC
/

= logr— log(l) =log(Cx)
b3

= log Iog(l —l}—log[iJﬂog(C.\*)
X)) X e
log[":)—l
= log| ——— | = log(Cx)
- .'-\‘
:ﬁ[log(l)—lJ=Cx
vl T\x
= log[l)—l =Cy
X

This is the required solution of the given differential equation.

Question 10:

x x x )
l+e' |dx+e’ [l—' Jd_\-’=0
-‘-

Answer

(l+e" }d.ﬁ-c" (l—l]dl =0

\ 3!
P
1—— |dy
y

:(He‘ )dxz—e-‘ (
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(-2
Ay y
S LW (1)
dy ;
1+e
X f % A\
—e’ [ ==
§ ' V)
Let F(x,¥)= ==
| +¢'
Ax A tX Y \
¥ AX : X
—e (l—}~J —e |x— J
- ) ‘. v -4
r(/t‘A".); ::4) - = - 3 ——A F(\ V)
I+e® I+

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

X = vy
d d :
= (x)=—(wy
dx dv
= — =yt p—
dv T dy

dv

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

v _=¢'{1-v)

v+ ot
dy l+e
v -e' 4 ve
=) = e
dh l+e

dv  —e " +ve'—v—ve

T dy l+¢'

dav vie
= y—=— ——

dy I+e¢

r . A

| 1+¢ dv

| — |dv=—"

| vie' ¥

Integrating both sides, we get:
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= log(v+e')=—logy+logC = log( CJ

'\.v
Jx 016
=>|—+e' |=—

= x+ye’ =C

This is the required solution of the given differential equation.

(.r + ‘\-)(/_p + ( xX—y )Ll)e =(): y= Iwhenx=1
Answer
(x+)dy+(x—y)dv=0

= (x+y)dy=—(x—y)dx

e ~r=y] ()
dx X+ y
Let F(x.y)= “x=y)
X+
s F(AxAy)= _(_/"Y_A"‘-) = —(x-y) =A"-F(x,y)
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
DI(} Y d.\'(n)

dy dv
—_—=y+y—

dx dx

dy

Substituting the values of y and din equation (1), we get:
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dv  —=(x=wx)
V4 X—m=
dy X+VY
dv  v-=1
=S VP N—=—
dx v+l
dv  v=1 v=l=v{v+l)
= X—= ——y = :
dy v+l v+l
dv v-l-vi-y —(1+v)
=5 X =- — = -
dx v+l v+l

’ l .
:(\ + ‘)‘1‘.:__(/.\

T4y X
:)[ > - l ld\':—dx
7

1+v  1+v

Integrating both sides, we get:

] % z
;log(lﬂ" J+tan"v=—logx+k

= log(1+v*)+2tan™ v=—2log x+2k

= lOg[(l +v:)-.\':]+2mn "y =2k

= log[{” Y J..\-3}+2mn 1Y —op
X’ x

= log(x* + p* )+ 2tan”' ¥ 2k ~(2)
X

(9}

Now, y =1 at x = 1.

= log2+2tan~'1=2k

:‘>log2+2x§—=2k

i
= -~ +log2 =2k

-

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

3 5 v T
log(x* + 37 )+2tan”'| = | == +log2
x/) 2

This is the required solution of the given differential equation.
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Question 12:

xldv+(xy+)7 Jdv=0:y=1whenx =1
Answer

xidv+(xy+ 7 )de=0

= xldy=—(xy+)")dx

dv —(.1'_1'+_\':)

he ol
- dx X (1)
Let F(x,y)=— (+)

~

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

d d

= —(y)=—(vx
dx v) d.\'(n)
dy dv
—=y+y—
dx dx

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

3 _[.\"\T\:'Y( v.\'):jl

2

VHX—= - et e
dx X"
dv
x—=—p"=2v=—y(v+2)
dx
B dv dx
v(v+2 X
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Integrating both sides, we get:

—[lon v—log(v J —log x+log C

/ 3 \ ~
]—logt 2 J: log(—
¥

=X = &]
.". +2 X
X
y
A
y+2x X
xy ;
—=C" .
y+2x (2)
Now,y=1latx=1
I 2
= ——=C
1+2
2|
= C'==
3
w5 -l
(o=
Substituting 3 in equation (2), we get:
Xy 1
»+2x 3

= y+2x=3x"y

This is the required solution of the given differential equation.

Question 13:

B [y A\ -
.\'sin"'l ——) ’ dx + xdy = O:)'I when x=1
v -

J
b
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Answer

[.\'sin:(", %— .\':|¢iv+xd_\' =0
\Lx )

—’—,\-sin’ ]( & \l —_\‘\‘

IR il 0
dx X
- l:_\'sin"‘ ‘ I]—,\'j|
LCIF(~‘_-_‘.): \ X/ £
- X

A Ax i # S8 1
—{/’.,\'-.s'in"[;j'l 1|—/‘-._1w —{xsin:’ B, |_ v
_ AY ) _ \ Xy ’

soF (Ax Ay)= - = ' 2=4"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 d .
= —(¥)=—(wx)

de'" " dx

dv dv
= ==yt y=—
dv dv

dy
Substituting the values of y and din equation (1), we get:
dv ~|—.\'Sin" \'—1‘,\’]

dx X

(/\' . 2 a8
=2>V+X—= —I:Sln 1‘—\'] =Vv-=Sin v

dx
dv oy
¥ — =—Sin" )
dx
dv  dx
sin® v dx
) dx
= cosec vy = ——
X

Integrating both sides, we get:
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—coty =~logjx|-C
=> coty = log| \" +C
y
\u)l 2 i: log|x| +log C

[y) L
= cot| = J = log |Cx| w(2)
X

x
y=—atx=l
Now, 4

b3
= cot| — [=log|C
[4] g(C]
= 1=logC
=C=¢=¢

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

.v !
cot| — | = logiex
x )

This is the required solution of the given differential equation.

Question 14:
! v { 2y
i———+goseut J =0, y=0 whenx=1
de x X
Answer
dy ¥ V)
—— —— 4 OS¢ ‘— =0
dy x X/
v v i p A )
: f_zl,..-wsecl | (1)
dyx x
)
Let F(x, \)———cosu —J
%X,
g (Ay
F(Ax,Ay)=—"= ~<.ose t—- ]
AX /

= F(Ax, A\)—l—cme (—‘—] F(x,y)=2"F(x.»)
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

d d
3-;(_1)-5(1.\)

ﬂ o v

P4 —

dx dx

dy

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

do
V4 X— =V —COsec v
dy

dv dx

cosec v X
; dx
= —sinvdv = —
X
Integrating both sides, we get:
cosv =logx+log C = log |Cx|

= cos( L]= log|Cx| il 2

‘\-\/

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:
Y

\
cos[ = | =log|(ex )‘
X/

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

Answer

2dy _
dx

0

2xy+ ¥t =2x

, dy )
= 2x ——=2xy+)y"

dx
dv  2xp+y°

5 1)

‘ 2xy+
Let F(x,y)="2 "%
LXK

=
dx

2(x)(Av)+(Ax) 2+ L,
F(/i.\‘.x%_\'):—( ‘)S(;))(“) - \'}):’:l— =A"-F(xy)
L\ AX =

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

y = VX
d d .
= —(p)=—(wx
d\'(} ) d.\'(n)

i v v

=X

dx dx

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

dv 2x (v )+ vx):

v+Xx <
dx x*
dv  2v+v
=SVt X—=
dx: 2
dv v
= Vb X =Vt —
dx 2
2 dx
= —dv=—
Vv X

Integrating both sides, we get:
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2- =log x|+ C
AR -
2 |
=~ =log|x|+(
o
,
= ~-—=logxi+C
\
-\ .
= - 7= = log|x]+ ( «{(2)

.
Now,y =2 atx = 1.
= —I=log(1)+C
=C=-1

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

—'T"\ = log|x| -1

2x
= —=1-log|xi
-‘l ’
2x .
Sy=——"7/ (x20,x#¢)
" 1-loglx|

This is the required solution of the given differential equation.

hY

. ht -4
dy

A homogeneous differential equation of the form ™ Y/ can be solved by making the

substitution

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

Answer
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ik (x)

X ;,L X ’
For solving the homogeneous equation of the form 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+ S5)dy—(3y+2x+4)dx=0
B (.\j\-f)d.t—(.\"‘ 3 )((r =0

c (.\" +2y° )d\' +2xydy =0

Py +(xT =0t =y )dy =0
D. Voelx ( 3! h! )c)
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

3

dv . V-
=5 = 3 = :

-

de X—xy—y Y 4xp—x’
. 3!

Let £ (\\) =
Y oap=x

(42)
(Ay) +(Ax)(Ay)-(Ax)

Aty*

— F(/'._\'.}._}') =

A (1 + .\‘_,,\'—A\‘\)

=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 ;
—+2y=siny

dx

Answer

L 2y =sinx.
The given differential equation is ¢

—d—‘- + py=0(where p=2 and O =sinx).
This is in the form of X

) 2 -
Now, I.F =eJ'M =ej =en

The solution of the given differential equation is given by the relation,
V(LF )= [(QxLF)dx+C
=ye " = Isnn.vg-'"‘d\‘o(' (1)

La/;ﬁmj¢ﬂ

= | =sinx- jo.""d\' - ﬁ ;I‘_(sin x): J‘c""cl\' ‘J‘b;
ol

2% Jr
(4 y ¢
=/ =sinx- - r COS X - dx
p) )

- \ - )

¢ “siny | o Qg 2 o |
== 5 —2-[;0.\\-;(’ —-ﬂ\d—"(t(\h\)"f(' :i\jdx]

p . r ) ’
¢ sy | T i

= =- - -[cus_\'-‘ - I. (—sin x)-- W‘hJ
T R 2

e'sinxy ¢ 'cosxy | ;
== ~ - f(sm.w' kix
2 4 4~

— ] = .‘,':‘ (2sln.t—c0.\'~\')" lil

o ‘.. v

)
—¢,Z.[-_—.
4 4

(2sinx—cosx)

= /= C% (2sin.x - cosx)
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Therefore, equation (1) becomes:

2x
- . -
ye' =—(2sinx—cosx)+C

)

-~
2x

= y=—(2sinx—cosx)+Ce

| -

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

dy 3
—+3yp=¢ "
dx

Answer

[ 2 3
% +py=0 (wherep=3and O=¢"").
dx

The given differential equation is

Now, LF = ejm — eJ’M =¢".

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

Sper= j(( o ><e':")+('

= ye'' = J-(?'c/.\‘i.-('

=y =e" +C

= y=e¢ +Ce™

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

Answer

The given differential equation is:
dy 7 1 %
—+py=0 (wherep=— and Q =x")
dx X

J'l
oy
M M UE

=8 =€

pay
Now, L.F = e'[

=X
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The solution of the given differential equation is given by the relation,
;1LR)=ju3xLF.dv+C
= y(x) I( x*x)de+C

=Xy = j-.\"d.\' +C
.
=>x=—+C
4

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

Question 4:

Answer

The given differential equation is:

1y ,
(—;— + py = (where p =secx and O = tanx)
dx

Now; LF: =gl # = ol o ghteeentimns) _ g o
The general solution of the given differential equation is given by the relation,
y(LE)= [(Qx1F.)dx+C

= y(secx+tanx fan\(s-u+lam)d\+(

)=

= y(secx+tanx): f ¢ x tan xdx + Imn“ xdx+C

= y(secx+tanx)=secx+ j(seu x=1}dx+C
)

2‘(%8‘.\4’-[.."]\ =secx+tanx-x+C

Question 5:

X

I 2cos2xdx
)

Answer
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1

m/—‘[ cos 2x dx

2x )
Jlm xdx —i 2% = =F(x)
/

By second fundamental theorem of calculus, we obtain

1=F(§)—F(0)
[g—]—sin ()]

sint —sin0 |

[ -0]=0

B | -

| EEETESTRER T
w
=
19

—

wl—- ul—

x—+42y=x"logx
dx

Answer

The given differential equation is:

dy 5
\~—+71 x logx
dx
dv 2
=>—+—y=xlogx
dx x

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

2

—+ py =0 (where p =— and O = xlog x)
dx X

pdx v Yoo g 32 2
Now, LLF —c[ =eI* =e M =Y = 7,

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

=S xy= J'(.r" log x)dx+C

- - L d 3
=xv=logx- |xdx-| —(logx)- |x'dx kx+C
X7 ) g I (¢ ‘ﬂ_d\,( é\-) I [’ }l

4 { A
= xly= Iog_r-f—— Lg Llr#r—('

\X 4 )

4
.\ X logx
:> .\“." b _i‘

- % j Xdx+C

A ooy 4
= xly=2 8% logx —l-'\—+C
: 4 4 4

~ l 4 -
=S xy=—2x (dlog x—1)+C
V= (4logx—T1)

= y= L.x"(4log,x'—l)+('.r -
16

Question 7:
dy 2
xlogx—+y==logx
dx X
Answer

The given differential equation is:

dy 2
xlogx—+y=—logx
dx X

dy y 2
S

e

dx xlogx x
This equation is the form of a linear differential equation as:

-

and 0=—)

xlogx X

i’l + py=0 (where p =
dx

2743

|
j dr
] 10 logikgy
Now, LF =eI = e — oy

The general solution of the given differential equation is given by the relation,
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(LF) ﬂoul dy+C

5
= vlogx= ﬂ%logx]d.h%‘ (1)
X
Now. I( 2, I(}ﬂ.\‘)d\' = 2! log x- I, de.
.‘.-4 » . .‘_u
=2} log x- h——(loex }d }

Il
)

el L

log x |
B el g
X =g

]
(3]
1

]

=)
|

| w—
\O

S
| -
|
\.[_
o

m'

=——(1+logx)

J-[—._Iog v)d
Substituting the value of "** in equation (1), we get:

5
yvlogxy=-=(1+logx)+C

X

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

Question 8:

( I+x° )dy +2xy dy = cotxdx(x #0)
Answer

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

dv  2xy  cotx
SLECTR

d 1+x° 1+x°

This equation is a linear differential equation of the form:

cot Y

. )
'_d-‘- + py =0 (where p = — 3 and 0=
dx 1+x° +x°

h)glv\"”
B, ol

2¥
pay = 2 s 2
Now. LF = el = ol _ =140,
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The general solution of the given differential equation is given by the relation,

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

= .l'( [+x2 ) = ."‘»]COI x x(vl+_\‘3 )“d.\‘ +C

+x°

= y( 1+x° ) = Icot xdx+C

= y(l+x ) =log|sin x| +C

Question 9:

x——+ p-x+xycotx=0(x=z0)
dx

Answer

‘.‘ N
Xx—+y=x+xycotx =10
dx

dy ,
= x—+y(l+xcotx)=x
dx :
dv (1
= ——+|—+cotx |y=1
de \x

This equation is a linear differential equation of the form:

dy |
——+ py =0 (where p=—-+cotx and O=1)
dx X
.{\';' j‘ rn:ol* “ logr+logfsm y foed ks .
Now, LF =" =¢ = logrrioelin) _ Shtesinn) _ vqinx

The general solution of the given differential equation is given by the relation,
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¥(LF) = [(QxLF.)dx+C
= y(xsinx) = j( Ixxsinx)dx+C
= y(xsinx)= I(.\'sin x)dx+C
. (. d .
= y(xsinx)= .\'Jsm xdx - 11:—(\) jsm xci\'j|+(
dx
= y(xsinx)=x(-cos x) J-I —cosx)dx+C
= y(xsinx)=-xcosx+sinx+C

—XCOSY Sinx C
= y= + -

Xsinx  xsinx xsinx

1
= y=—cot-x+—+—
X Xxsmnx

Question 10:

dy
X+y)—=—=
( )(ir
Answer

(l+\)‘—\-=

=——x=y
dy

This is a linear differential equation of the form:

i?.+p\—Q(\\herep—-l and O =y)

ux
pav f—.i\ _
Now, L.F =eI =@+ " =g,

The general solution of the given differential equation is given by the relation,
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(LF.)= [(QxLF.)dv+C
=D xe¢e ' = .‘.(_l"t' ' )(f}'+(_‘

2xe =y J-v"d\' - J‘[:{/‘,(A")I’A"h}d" +C
et = () [ Y

—=xe =-ye '+ Iv 'dv+C

=xe ' =-ye'-e'+C

= r=-y-1+C¢’

= x+y+1=Ce’

Question 11:
vdx+(x—y")dv=0
Answer

vdx+ (.\'—_v3 )dy =0

= vdx = (y: = .\')({v

dc _y-x_ x
dy ¥ B v
L.
dy }-"

This is a linear differential equation of the form:

.4 + px = Q (where p = land O=y)
dx ¥y

I}"x/& - )J.:""

Now, L.LF =¢ =¢ ="

=

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

= Xy J)'Td_\' +C

=Dxy=—+C
5
| &
> X=2=° 4
3
Question 12:

(.\' +3y° )-:% =y(v=>0)

Answer
sy dy
(x+3y7)==3
dx
dv ¥
dv  x+31°
dy x+3 X
S =—+3)
dy ¥ )
dx x|
———=3
dv y

This is a linear differential equation of the form:

dx = Q (\\‘hcrc p== l and Q = 3'1‘)
dy 3

4

J’(h | ‘
log
1 ~logv y)

& ‘;l:h
Now, L.F :eJ =¢ =g me

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

; \
= XX Y J.( 3yx L ldy+C
) v)

X
=>—=3y+C
-"

= x =3y’ +Cy
Question 13:

dy : :
_l;- +2vtan x =sinx; y=0 whenx =
X

wl s

Answer
dv .
—+2ytanx =sinx.
The given differential equation is ¢

This is a linear equation of the form:

zf;:t + pr =0 (where p=2tanx and Q =sinx)
X

, Py ' 21an xuly 2loglsesa| In;[wc‘. \l
= e’ : ¢ o

Now, I.F =¢ =e =¢ =s5ec” x.

The general solution of the given differential equation is given by the relation,
y(1F)= j((,), LF.)de+C

= y(sec” x) = I(\‘in x-sec” x)dx +C

= ysec” x = |(secx-tan x)ix+C

= ysec” y=secx +C (1)

n
r:()ul\'::

Now, &)

Therefore,

Oxsec’ & =sec X +C
3 3

=0=2+C

=C=-2

Substituting C = -2 in equation (1), we get:
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= y=c0osx—2C08 X

g = o | 2
Hence, the required solution of the given differential equation js? — €05+~ =CO8 X

Question 14:
oy dy ]
(l + x” )1 +2xy=——1y=0whenx=1
dx +x°
Answer
sy dy ]
(1+° )Lﬁ- 2xy = :
\ dx |+ x°
dy  2xy 1
__+ = —

dv 1+x° (142° )

This is a linear differential equation of the form:

dv . 2x 1
—+py=0 (Wherep=——and 0 =—=)
dx 14+ x° (I o~ )
2xudy )
NmMLF:ehh:J““:JM“”:I+f.

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

;“(H X’ ) dy+C

= y(l+2°)= || ——
( ) (I+.\")

::»)'(H—.t"}zf : ~dx+C

+ X

:}-‘(l+x“)=lan"'x+C (1)

Now, y = 0 at x = 1.

Therefore,
O=tan'1+C

—c=-2
4
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: T
s
Substituting 4 in equation (1), we get:
5 n
y(1+x")=tan' x--
p(145°)=tan L

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

Question 15:

dy . s
———3ycotx =sin2x;y =2 whenx =—
dx 2
Answer

dy | .
——3ycotx =sin2x.
The given differential equation is dx

This is a linear differential equation of the form:
dy i S
Fn + py = Q (where p=-3cotx and Q =sin 2x)
dx

by

als . I 255 bow |- 1 |
Slcotxda i wlsin v il FPERR
Now. L.LF =c’j =¢ ! =pTroR ey e
s x

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

¥(LF)= [(QxLF.)dx+C

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

= yeosec’y =2 I(C()l xcosecx ) dy +C

= ycosec x =2cosec x +C

2 3
= y=— . -
Cosec X Cosec x
) Q= r 3
= y=-2sin" x+Csin” x (1)
T
y=2atx=—,
Now, 2

Therefore, we get:
2==-2+C
=C=4
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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.

clf\’

At point (x, y), the slope of the curve will bed’"-

According to the given information:

dy
——=x+¥
dx

dy

= =X
dx
This is a linear differential equation of the form:

f-?-‘ +py=0 (where p=-1 and Q = x)
ax

Now, L.F = (I = uﬁ_”'h = 3™
The general solution of the given differential equation is given by the relation,

»(LF)= [(QxLF.)dx+C

= ye™t = [.u" ‘dv+C (1)
Now. j.rc‘"f/.\' =X "'c dx— rI: “([/“(‘) JL' "’-"}"-"-
=—xe " - I—c" “dy
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Substituting in equation (1), we get:

ye'=—e"(x+1)+C
= y=—(x+1)+C¢’
= 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=¢’

Hence, the required equation of curve passing through the origin is¥ty+l=e’.

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

dy

to the curve at (x, y) is dx

According to the given information:

dy:
—+5=x+)
dx
dy
= ———p=x—5
dx

This is a linear differential equation of the form:
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‘.‘E‘_' +py=0 (where p=—land Q=x-35)
dx

Now, LF = e'['m =e—ﬁ Wag,
The general equation of the curve is given by the relation,
¥(LE)= [(QxLF)dx+C

>yt = |(\ -5)e"de+C (1)
Now, J(,\'—S)e’ ‘de=(x-5) je' = J‘L(/.I\'("._S)'-[UId‘}h'
=(x=5)(-e")- J'(—c Y
=(5-x)e " +(-¢™)
=(4-x)e"’
Therefore, equation (1) becomes:

ye© =(4-x)e"+C

= y=4-x+Ce’

2
—

=>x+y—-4=Ce |
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.

&y

The integrating factor of the differential equation. dx
=X

A. e
B. e’

C_ A
D. x
Answer

The given differential equation is:

dy g
Y——y=2x"
dx
P A
dy X

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

. o pv =0 (where p=—~— and 0 =2x)

dx X

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

I; nic

€
gl

PR =gt o= ( =% ==

X

Hence, the correct answer is C.

The integrating factor of the differential equation.

(I —y* )£+ w=ay(-l<y<l)
dy is

Il

)

[F]
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1
B. V¥ -l
1
C. 1—y*
1
D. JI1-3°
Answer

The given differential equation is:

2 Ll\’

(I -y )— +yx=ay
dy

dv  wx ay

dc 1-y7  1—)7
This is a linear differential equation of the form:
ay

o py=0 (wherep=—— and 0= )
dy L=y e

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

J’, .

€

[ dwper) MEE 0

= | pots
o LE —("’ = =¢ =¢ = —

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).
2y £\
d—'1+5.\' ﬂ} -6y =logx
(I) (/.\’“ \ (’.\'
£ N 7o \2
\ 24 | —4‘ ﬂJ +7y=sinx
(ii) \ dx J \ dx /
4 3 .\‘
4 : —sin[d—': =0
(iii) dx dv |
Answer

(i) The differential equation is given as:

4y - 5.\'( ﬂ} -6y =logx

dx” dx

- d'_l“ - ‘3\( ﬂ] —6y— I()g x=(
dx” \ dx

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

dy

two. The highest power raised to dis one. Hence, its degree is one.

(ii) The differential equation is given as:

(dyY [dl' J" . g
—J —4| — | +7y=sinx
| dx dx

§3 52

:H(ﬂj —4{ ﬂJ +T7y—=sinx=0
\ dx \ dx ’
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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 ;/\ is three. Hence, its degree is three.
(iii) The differential equation is given as:
: T |

dx L dv )

=

d"_I’
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.

, IR d'yv . dy . :
v=ae +he " +x° : X p Pt =Xy X =2=0
(i) ax’ dx
, . 'y . dy _
v=e¢"(acosx+bsinx) 3 2% 42y=0
(ii) dx” dx
- d’y .
y=uxsin3x : ~+9y—-6¢0s3x=0
(iii) dx’
5 3 5 -y dy
x =2y logy 3 (\ + ¥ )— ~xy=0
(iv) dx
Answer

i Y= ae* +be +x°

Differentiating both sides with respect to x, we get:

dy d o d iy 5
— = ag—I{e* +h._ Y e —— |

dx 4 u'.\'(L ) dx ; ) dx ('\ )
= ﬂ =qa¢’ —be" +2x

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

Iy ;
CL - ge* +be +2
dx”

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

d’y . dv 3
Y—5 42— —xy+x -2

Codx? dx

= .\'(ac" +be™” +2)+2(ue" —bhe " + 2.\')—.\'((!&" +he™ +x° )~l~.\'2 -2
= (u.re'" +bye "+ 2.-\‘4) + ( 2ae" —2be " + 4‘.\') - (a.\'(' “tbhxe T+ X ) s

=2ae" —2be “ +x* +6x-2
S H.S. # RH.S.

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

=¢" (acosx+bsinx) = ae’ cosx+be’ sinx

iy ¥
Differentiating both sides with respect to x, we get:

‘_'hl = U‘i(t’j c()s,\")+h-‘—l(¢“ sin .\')

dx dx dx

= ‘_;"_ = (.l((!" cosx—e'sinx)+h '(l" sinx+e’ cosx)
dx |

h ; ]
:% =(a+bh)e’ cosx+(h—a)e sinx
uax

Again, differentiating both sides with respect to x, we get:
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d*y d d ;.
~=(a+bh e cosx)+(bh-a ¢' SIn X
dx’ ( ) d.\‘ ( ) A= )d.r(l )
dy . ‘ - : .
:-T~=(u+h)-(v Cosx—¢ sm.\J+(lx—u)[c sSinx+e cu.\'.\']
ax’ -
II
= ‘l'{ =<"[(u +h)(cosx—simx)+(b—a)(sin .\’+ccv:~.\')—l
ax- -
= (ll' ‘ =¢" [ucus X—asinx+hbcosx—hbsmx+bsinx+bcosx—asinx—acos ,\']
oy
d’ o :
= :’.‘ r[..c (hcm’.\'—umn.\')J
[TAY A

dr“..r dy
Now, on substituting the values of dand inhe L.H.S. of the given differential
equation, we get:
i‘— +2 2y +2y
dx” dx

=2e"(bcosx—asinx)-2e’ [(a+ b)cosx+(b -a)sin.\'] +2¢" (acosx +bsinx)
(

| (2bcos x - 2asinx)~(2acos x +2bcos x)

=e
~(2bsinx—2asinx)+(2acosx +2bsinx)

=¢'[(2b-2a-2b+2a)cosx |+e' [(~2a~2b+2a+2b)sinx |

=)

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

(iii) Y= xsin3x

Differentiating both sides with respect to x, we get:

dy d; . . 3 =
—— =—(xsin3x) =sin3x+x-cos3x-3
dx dx
dv .
= ——=sIn3x+3xcos3x
dx

Again, differentiating both sides with respect to x, we get:
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dy d,. d
= =—(sin3x)+3—(xcos3x)
dv” dx dx '
(l;..‘. -~ -~ -~ - . - -\-"
= —5=3c083x+ :[cos 3x+x(—sin3x)-3 |
dx”
d’y " :
= —5 =06c083x—9x8in3x
dx”

dy

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

d’y

—'—1 +9y—6¢cos3x

dx”

=(6-cos3x—9xsin3x)+9xsin3x —6.cos 3x
=0

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

(iv) ¥ =2y logy
Differentiating both sides with respect to x, we get:

d

’ 1
2x=2—= ['\' logr]
dx . .
dy 1 dy .
=x=|2y-logy-—+y" -——
L dx v dx ]
All‘
= X = 2vilogy+ y)
dx
d) X

Tde o y(142logy)
dy

Substituting the value of di the L.H.S. of the given differential equation, we get:
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(.\"‘ + ¥ )(j‘— - Xy

dx
: : x
=(2y" logy+y° ) Xy
y(T+2logy)
3 A X
) (| + & lng'\ ) vy
vil+2logv)
=Xy ~X)
=0

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

Form the differential equation representing the family of curves given by

x—a) +2y' =d’ . i
( ) - where a is an arbitrary constant.

Answer

(x—a ): +2y' =d’

= x" +a -2ax+2y =a

=2y" =2ax-x" (1)
Differentiating with respect to x, we get:
ydv _2a-2x

" dx 2

dy a-x
W

2

dc 2y

dv  2ax-2x°

I - 4xy
From equation (1), we get:
2ax =2y +x°
On substituting this value in equation (3), we get:

dv 2y 4x =2x°
dx dxy

dy 2y"-x"

dy 4xy
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dy -

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

-
- <

Prove that * % ("('\' Y ) is the general solution of differential

( R 3'\-_\"‘- )u’.\‘ = (y" - 3,\‘?.1')1./,1'

equation , Where cis a

parameter. Answer

(¥ =3x ) =(y" - 3x7y)dv
dy x =3x)°

SRS ot

(1)

dc v =3xy

2 1"

Y

X

This is a homogeneous equation. To simplify it, we need to make the substitution as:

y=vx
d d

= — (P ==(wx
dx () dx( )
& dv
N
dx dx

dv
Substituting the values of y and din equation (1), we get:
dv X —3x(vx)
dx (\'x).' -3x7 (wx)

:
dv  1-3v

v+ X

DVHEX—=—
dy v =3y

dv  1-3v
=Y e = )

de v =3

dv  1=-3v —v(v'-3v)
) = -

dx v =3y
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Integrating both sides, we get:

of v' =3y
” : '4‘ ]d\':lng x+logC’ (2)
- \ I_‘.
vt —3p) vy vy
Now, ( — |dv= -3
'[. 1=y J‘ -fl-\" J‘l—v1
of v' =3¢ ) vidv s vy
— —— wiv=1[ -31,, where /, = and /, =
J(I-r‘ }‘ e il Il—v‘ ’ Jl—v‘
let l-v'=1.
i I—\"):ﬂ
dv v
s __4"; = dr
dv
:\';d\'=-‘-li
4

=t | |
Now, / = =——logr=~—log(l-v*
Now, = [ ==~ logr =—Zlog(1-v')

And. I, :I rd\" g j n/\: ;
= i)
Letv' = p-
4 (v)=
. dv v
=5 Jy = d”
dv
= vely -
2
] : -
T 27%=p 2x2 Cl=p| 4 |l
Substituting the values of I3 and Iz in equation (3), we get:
Y- - cyerd)’ S
v =3y I 3 g
dv=——~log(1-v")~> log—
e e

Therefore, equation (2) becomes:

(3)
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log(1-v')="log = logx+logC’
7 lo8(1-v)-Jlogl-—| = logx + log
| 14+v°
— log! (1-v* . =log (x
Jlog| (1) 75 | |=toy
Lol
1+ X
:.‘ ) (C'x)
(1-v7)
e
14 |
X ]
\ (2l

>x' -y =C(x* +y ) 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:

(x—a) +(y-a) =d* (1)
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Ll a)

§) X

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

2(.\'—0)+2(_t.'—a)£{'£:0
dx

= (x—a)+(y—-a)y'=0

=>x—a+w-a'=0

= x+ ' —a(l+y')=0

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

[x-f— l'v'} i ’x+w'] " FaxdigptY
xX— e +| v— = = 2
[ 1+y [ L 1+ ) 1+

(x=y)y i y—x :_ x+w )
D{ (1+) J +[I+_\"} —[ 1+ ]

= (x= _v): 4 (x- _\'): =(x+ _\{v'):

= (x-y)’ [l + (J")::I =(x+1)

-

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

(x—y) [l + (_v‘):] =(x+p).
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Find the general solution of the differential equation

dx Answer
dy  [1—y?
iy Z_=0
dx \’ 1—-x
v _ 1oy

(l\- ] - X

h —dx

e _

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

= sin"'x+sin” y=C

dy ¥ +yv+l
+ - —

Show that the general solution of the differential equation de  xT+x+]

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

Answer
dy ¥ +y+l
2 A 1 AN - e . ' - 0
dx x +x+1
& ()
==
dx X +x+l
dy ~dx
= — =—
Yy +y+l x+x+l
dy dx
= : - 0

Y Ay+l X +x+]

Integrating both sides, we get:

0

is given by
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e e

Vo p+l Caxel
=I ‘.h :+_.. _fit 7=C
(\+l +[‘ﬁ] (.\-+IJ+LJ§]
2 2 2 2
—r+' v+l
::—Z—Ian" S +--?~lan' 2 =C
3 NG V3
| 2 2
_,—2’\'+l 4| 2x+1 _J:‘;C
= tan _ﬁ #tan il
[ 2y+|+2x+l
= tan”' i3 =J§C
| (2v+1) (2x+1) 2
A 3
[ 2x+2y+2
= tan”' | —— 3 -\ﬁC
l_(-tx_\'+2.\'+2_r+l] 2
? 3
Ll [ 283 (x+x+1) _ J3C
3-4xy-2x-2y~1 2
o[ VBleyan ]_JAc
2(1-x-y-20)| 2

IJ?(gI

i’(-l -x—y—2xy)

Blrey+) _ m[ J: B, where B= um[ ‘EC]

| .’B(l " )
DX+ V+HI=—74(l—Xy—-2X¥
J ("3 J )

=S x+y+l=A(l-x-y-2xr), where A =

r
wl s

Hence, the given result is proved.
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(o "]
Find the equation of the curve passing through the point \ 4 ) whose differential
equation is,

sinxcos ydx +cosxsin ydy =0 5 ovar

The differential equation of the given curve is:

$in x cos ydx + cos xsin ydy =0

------ 0

COSXCOs y
= tan xdx +tan ydy =0
Integrating both sides, we get:
log(secx)+log(secy)=logC
log(secx-secy)=logC
= secx-secy=C (1)
(=
| o.—J.
The curve passes through point \ 4
nx2=C
=C= \/rZ_
On substituting C= \'5 in equation (1), we get:
I~
secx-secy=v2

= sec.x- =2

cos y

sec x
=>cosy=-

5

sec.x
Cos ¥ =——.

Hence, the required equation of the curve is v2
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Find the particular solution of the differential equation

(1+e* )dy+(1+7)e'dy = 0, given that y = 1 when x = 0

Answer
(I +e* ')afr+( I+ )("(/.\‘ =0

dy e'dx

7 —=0
I+y l+e”

Integrating both sides, we get:

1 e'dx
tan "y +

—=C -
l+e (1)

Lete" =t=>¢e" =¢.

d ¢ oy dt
= —(¢')=—
dx dx
. dt
e =—
ax
= e'dx =dlt

Substituting these values in equation (1), we get:

3 dt =4
tan '_1'+_[ -=(
I+t

=tan y+tan't=C

=) tan"_r+lan"(e")=€ sl

)
~—

Now, y = 1 at x = 0.

Therefore, equation (2) becomes:

tan ' l+an'1=C

T)nb =(
4 4
:‘)( :7[

Substituting 2in equation (2), we get:

tan”' y+tan”' (&* ) =

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

yeldx = (xe-" +v° |dy(y=0)
Solve the differential equation 2 ;

Answer
yerdx=| xe” + v ](/J.‘
: (1\' 2
= ye' —=xe’ +y
dy

(1)

Lete® =z.

Differentiating it with respect to y, we get:

d [ ; | d:
D er | =22
vl dy

3 \

- c/[.\' dz
:(’) Py — —J~_

dvl v ' dy
dx
A T
=et | —2 |25 -(2)
ye dy

From equation (1) and equation (2), we get:
d=

ST |

dy

= dz=dy

Integrating both sides, we get:
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z=p4+C

=e =y+C

x—y)(dx+dy)=dx—dy . given

Find a particular solution of the differential equation(
thaty = - 1, when x = 0 (Hint: putx -y =t)
Answer

(x—y)(dx+dy)=dx—dy

S (x-y+)dv=(1-x+y)dx

dy l-=x+y
oy S

dx x—y+1

r l=(x—y
::»ii"—:————(‘ y) (1)
dx  l+(x—y)
Letx—y=*¢
d dt
= x—y)=
d\‘( ’ ) dx
dv  dt
— N
dy  dx
dar dv
——%) EE g 4
dx  dx

dy

Substituting the values of x - y and ¢ in equation (1), we get:
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| dt _ | =1
cl,\' l"f
dlt | =1 )
= —= l—‘
dy 141 )
A.'(/I ”"”“(l"'
N dx 1+1
di 2
— =y
dy | +1
141
> |t = 2dx
\ !
|
= | 1+~ |dt = 2dx A2)

!
Integrating both sides, we get:
t+loglt|=2x+C
= (x—y)+loglx-y=2x+C
= loglx—y|=x+y+C
Now, y = -1 at x = 0. Therefore,

equation (3) becomes: log1 =0

-1+C
=>C=1

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

loglx—y|=x+y+I

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

Solve the differential equation {

Answer

wl

dx

- —=1(x#0)

dy
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_\f; VK (/}’

— Qo A I
dx V/T \{:
ﬂ _),—» (T'W?\‘:
(/.\' V'r{: \/’,—\:

This equation is a linear differential equation of the form

-
“2Jx

dy 1 el

e Py =Q,where P=—= and Q= < =

dx Vv VX
o [ Lt o

Now, l.F:eJI =g ? =e"

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

»(LF.)= [(QxLF.)dx+C

+ % L)V Nx a L
= et = ﬂ xe™" ]ch’ +C
\ /

N

RS | A
= _V(’-\ = J\/—,—d.\' +C
X

= ye ¥ =2x +C

dy
=4 ycotx =4xcosec x{x #0)
Find a particular solution of the differential equation «x ,
given that y = 0 when
e

X==
2 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 = O. where p=cotx and O = 4x cosec x.
dx

[ P
’.<|c.kll\ ¥

. '.,"-:.x Ol i 4
Now, [LF=e = ("I =¢ =siny

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

= ysinx = j( 4xcosec x-sinx)dx+C

= ysinx = 4IA'(1\'+C

. X Y
-_->,1'sm.\'=4-7+(

L

= ysinx=2x"+C (1)
n
y=0atx=—,
Now, 2

Therefore, equation (1) becomes:

0=RHE_ @
4

7[1
= (‘ s 2

2

C=—
Substituting 2 in equation (1), we get:
v ™ T[I

VSN X =2x" — v
' 2

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

Find a particular solution of the differential equation dx , giventhaty =0
when x =0

Answer
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dy

(.\+I)$:2e ~1
dv  dx
2¢* =1 x+l
e'dy dx

2—e’  x+]

Integrating both sides, we get:

J‘—e‘ d“: =loglx+1/+logC (1)

= e'dt =—dt

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

I—-L” = log‘.\"* I+ IOgC
1

= —logt| = log |C(x +1)

= - log"_’ -e’

=log|C(x+1)|

=55 T =C(x+1)

gy e A (2)
C(x+1)

Now, at x = 0 and y = 0, equation (2) becomes:

:>2--l=l‘

=C=1

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




Class XII Chapter 9 - Differential Equations

Maths

2x+1
= y=logl——, (x#-1)
v+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 humber

of inhabitants at any instant.

. dy
Ly
dr
dy ' .
== =ky (k is a constant )
dt '
= EIL = kdt

3

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:




Class XII Chapter 9 - Differential Equations

Maths

log23000=4k-5+C
= log 25000 = 5k + log 20000

. ”
iﬂ,=|0g(_.5000 =|Og(3)
L 20000 “14)

k=11 (”\| 3)
= K =—log| —
5108( 7 | (3)

In the year 2009, t = 10 years.

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

I 5 .
log y=10x— log(—] +log(20000)
5 4 )

5
= log y =log |:20()0()>< ( 2 J }
4
5 i
= 1 =20000x—x —
’ 4 4

= y=31250

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

vdx = xdy =0

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

B. x = Cy2

C.y =Cx

D.y= Cx2

Answer

The given differential equation is:

rdy — xdv
ydx — xdy -0
y

vdx — xdv ~0
Xy

= 3 dx - : dv=0
X v
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Integrating both sides, we get:

log|x|—log|y| = logk

x
= log|—| = logk
-l.
X
=>—=k
¥
I
= p=—X
k

= y=Cx where C = Ii

Hence, the correct answer is C.

i.
- +Px=Q,
The general solution of a differential equation of the type dy is
; ety ) 4
.wﬁ = ﬂ().(’jl : dy+C
A. /
" by ( Y dx .
_l‘-cJ.) = ﬂ(),('ﬁ \r/x+(
B. )
[e.as i [ ) §
xe = || Qe 1y +C
C. ﬂ\ h J( )
" clx . % dx \, 2
,\'e'[‘ = ﬂ Q,é’j’ x+C
D. \
Answer
& =0 isel™.

The integrating factor of the given differential equation dv

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

i { i
= .\‘~(‘II' = ﬂ Q,e'('b ]1./)'+(‘
\

Hence, the correct answer is C.
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2% s ot Dy -
The general solution of the differential equation e +('H +"'\)(l" Ois

A. xey+x2=C
y+y
C.yeX+x

B. xe

e
Z-¢c
D. yey + x2 C

Answer

The given differential equation is:

e'dy+(ye + 2.\')(1.\' =0

~dy
=" +yve" +2x=0
dx
v .
=y y=-2x¢™"
dx
This is a linear differential equation of the form
(/“ -1
“~+ Py=0,where P=1and Q=-2xe™".
dx
‘l’u.'l -u'\
Now, L.F = o™ = e) ="

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

= ye' = I(l—lx'c’ g )d\'+(’

= ye' =— IZ.\‘ dv+C

= ye' = =240

= ye'+x'=C

Hence, the correct answer is C.
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