Class XII Chapter 9 - Differential Equations Maths

4

Determine order and degree(if defined) of differential equation -‘»{—% +sin(»")=0

Answer
4

"y . XU
(—-'7 +sin(y")=0
dx

= "' +sin(y")=0
The highest order derivative present in the differential equation is y™' . Therefore, its

order is four.

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

degree is not defined.

Determine order and degree(if defined) of differential equation '+5y =0
Answer

The given differential equation is:

VY +5y=0

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

one.

’

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

one.
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{ Ao\ 24
Determine order and degree(if defined) of differential equation (illl +3.sdl—'? =()
dt ) dt
Answer
(ds Y d’s
2 +352=0
\dt ) dt
Page 1 of 120
]
The highest order derivative present in the given differential equation |s‘/ﬁ . Therefore,
ar
its order is two.
1 Is
‘S and ds
It is a polynomial equation in dt dr  The power raised to / is 1.
ar
Hence, its degree is one.
: ) . . . (d’y ) dy
Determine order and degree(if defined) of differential ; 5 08| T =0
\ ¢ X J \Ldx )
equation Answer
{ /: £\ 2 ":' / < \',
CX | +cos| X =0
\ dx” J \dx )
) o ) . . ) _d'y
The highest order derivative present in the given differential equation is—=-. Therefore,
dx

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

degree is not defined.

d’y e
Determine order and degree(if defined) of differential de GRS
equation
Answer
Iy .
"»-i}—v = c0s 3x +8in 3x
dx’
d’y R . A
= ———¢08$3x—sin3x=0
dx
Iy
The highest order derivative present in the differential equation is~‘-,~'l . Therefore, its
ax”
order is two.
. . . d'y . dy.
It is a polynomial equation |n--/~-.- and the power raised to--/-v-.- is 1.
ax” ax”

Hence, its degree is one.

Determine order and degree(if defined) of differential equation
(") +(") +() +5° =0

Answer

(") +(") +(»")+» =0

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

order is three.

. . . L . oy y"andy'
The given differential equation is a polynomial equation int Y 4
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The highest power raised to v™is 2. Hence, its degree is 2.

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

V2" 4+ =0

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

order is three.

~

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

degree is 1.

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

Answer

V+y=eé

=y’ +y-e' =0

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

is one.

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

raised to 1'is one. Hence, its degree is one.

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

Answer
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¥+ ) +2y=0
The highest order derivative present in the differential equation isy” . Therefore, its
order is two.

. . . o . N ad'lghr' . .
The given differential equation is a polynomial equation in-an e highest power raised

to v"is one.

Hence, its degree is one.

Determine order and degree(if defined) of differential equation y"+2y'+sin y =10

Answer
Y42y +siny =0

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

order is two.

This is a polynomial equation in vand ' and the highest power raised to " is one.

Hence, its degree is one.

The degree of the differential equation

(d’y ) Y . f
= ] +| = "+ Sll]!
\ (l’.\'~ ) \ U’.\' J

(A) 3 (B) 2 (C) 1 (D) not defined Answer

/

i‘:\|+I:O

\d_\ J

LAY TN o f
: ] +| == | +sin|
\ U’.\' J

i‘:\|+I:O

\d_\ J

\ (i.\': )
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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

~

¥ (l_'f' -3 24 +y=0
dx’ dx 7 is

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

,d*y
g b A

dx’ dx

I*y
The highest order derivative present in the given differential equation is - ‘ . Therefore,
ax”

its order is two.

Hence, the correct answer is A.
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y=e" +lI sy =y'=0
Answer
y=e |

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

L —(e"+1)
dx dx
=)y =¢ (1)

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

S()=5(e)

d\ c/\

= _!‘ =e*

Substituting the values of y' and »"
as:

"—y'=e*—e"=0=R.H.S.

P =Y FLis in the given differential equation, we get the L.H.S.
Thus, the given function is the solution of the corresponding differential equation.

y=x"+2x+C Yy =2x-2=0

Answer

y=x"+2x+C

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

of e +2x+C
) d\(\ X )

= y'=2x+2
Substituting the value of 'in the given differential equation, we get:

LHS. =)' -2x-2=2x+2-2x-2=0=R.H.S.
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Hence, the given function is the solution of the corresponding differential equation.

y=cosx+C : V' +sinx=0
Answer
y=cosx+C

1 £
1":17(cos.\'+(.‘)

= Y =-sinx
' Differentiating both sides of this equation with respect to
X, we get:
Substituting the value of ' in the given differential equation, we get:
V+siny=-sinx+sinx=0 LHS. = =R.H.S.
Hence, the given function is the solution of the corresponding differential equation.

, Xy
y=Al+x Y =
l+x
Answer
f 2
y=+l+x

Differentiating both sides of the equation with respect to x, we get:
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i )
y =—([V1l+x
’ c/.\‘( )

, | d i
Y = {1 - X°
B ) e d\'( )
e 2x
S A

201+ x°
, X
e
Vi+x
X |
=5 Y= —x AT+ x°
|+ x°
' X
— e —y
| +x°
; xy
=Sy =—-
l+x°
S L.H.S. = R.H.S.

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

y=Ax : x'=y(x=0)
Answer
y=Ax

Differentiating both sides with respect tox, we get:

, d
Y ‘—(A\')
dx
=>y'=A
Substituting the value of y'in the given differential equation, we get:
LHS.=xy'=x-A=Ax=y=RH.S.

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

y=xsinx

'

V= i(.\'sin x)
dx

= ' =sin \i(\) +x- .2 (sinx)
dx dx

= y' =sinx+xcosx

Substituting the value of '

L.H.S.=xy'=x(sinx+ xcosx)
= xsinx+x° cosx

=y+x -yl=sin"x

I
o
-‘,.
-
[N}
/
[
Y R
= |'=
N—ts

= R.H.S.
y=xsinx cx =y+xyfx’ -y (x#20and x>y orx<—y)

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

in the given differential equation, we get:
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Hence, the given function is the solution of the corresponding differential equation.

xy=logy+C :y

(xv=1)
l—xy"
Answer
xy=logy+C
Differentiating both sides of this equation with respect to x, we get:
d d
—(xy)=—(logy
(l\‘(' V) (l.r( ey)
d (/\' ] (l'\'
= yo—(x)+x- ===
dx dx  ydx

r I ’
= y+xy'=—y
.‘.
3 ’ r
= V + xXyy =y
=(xy-1)y'=—y

' V
s J '1- o ———
1—xy
“+L.H.S. = R.H.S.

Hence, the given function is the solution of the corresponding differential equation.
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y—cosy=x : (ysiny+cosy+x)y' =y
Answer
y—cosy=x (1)

Differentiating both sides of the equation with respect tox, we get:
dv d ¢
———(cosy)=—I/x
dx d.\'( y) dr( )
= V' +siny-y' =1
= y'(1+siny)=1
. |

D>y =—
l+siny

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

L.H.S.=(ysiny+cosy+x))

=(ysin y+cos y+ y—cos y)x ———
l+siny

. 1
= y(1+sin \)1—
+8in y

= '1‘
= R.H.S.

Hence, the given function is the solution of the corresponding differential equation.
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x+y=tan"'y D Y YHY +1=0

Answer
x+y=tan'y

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

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

s g o[ 20EF)] s
14.]{.3. — .“'.\' +_\'- "] — -‘" — +"-' ..'_]
."-

=—1-y"+y* +1
=0
=R.H.S.

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

y=va -xxe(-a.a) POX+y - 0(y=0)
dx

Answer

y=+a’ —

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

dy d| )
= =—(Ja'-x°
dx c‘l'( % )
dy | d i .2
— ‘—,_—“'—((l =
(i.\' 2Vl‘,' - (I.\'
-
2NVa —x°
- -
\fl’u: - ,\':

dy
Substituting the value of‘—/"—in the given differential equation, we get:
dx

L7 DTN S, . o= M.
s odx va' =x°
=X—-X
=
=R.H.S.

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

The numbers of arbitrary constants in the general solution of a differential equation
of fourth order are: (A) 0 (B) 2 (C) 3 (D) 4

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

a b

Answer

x y =

; y ; - Again, differentiating both sides with respect to x, we get:
Il 1dv

1 Yy o

a b dx

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

s
1, 2 22
= —=3"=0 ) —u(l) =X )
b’
= y"=0 Answer

ThE u(/)“ —x )

Differentiating both sides with respect tox, we get:

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

Again, differentiating both sides with respect tox, we get:
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Vey'+ " =—a
::’(_l")j*-_lj":—(l s (2)
Dividing equation (2) by equation (1), we get:

(y’)" +'"  -a

' —ax
= x" + .\‘(_\"): —w"=0

This is the required differential equation of the given curve.

y=ae' +he™

Answer

,l'=ue“ +be™ (1)

Differentiating both sides with respect tox, we get:

V' =3ae™ —2be™ (2)

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

' =9qe’ +4be™ .(3)

Multiplying equation (1) with (2) and then adding it to equation (2), we get:
( 2ae’ +2be™" ) +(3uc;' —2bc™™ } =2y+)

x '

e 3
= Sae” =2y+y
’

i 2Vy+Y
= ae =

5

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

(3ae™ +3be™ )~ (3ae™ - 2be ) =3y~ )’

2x

= She

=3y-)

5 3p=)
= he™" == =

n

Substituting the values of ae’* and he ™" in equation (3), we get:

o200 Br-y)

5 5
. 18y+9y" 12y—4y'
DY =
] J
. 30y+5y
"_3-‘ . —————
5

=>y"'=6y+)’
= y'-y'-6y=0

This is the required differential equation of the given curve.

y=e* (a+bx)
Answer
_l'=c3l(u+/7.\') (1)
Differentiating both sides with respect tox, we get:
V' =2¢"(a+bx)+e™ b

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

Multiplying equation (1) with equation (2) and then subtracting it from equation (2), we
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¥ =2y=e"(2a+2bx+b)—e" (2a+2bx)
= y'—2 = be™ .(3)
Differentiating both sides with respect tox, we get:
Yk -2y =2be* A4)

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

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

Answer

v=e¢"(acosx+bsinx) (1)
Differentiating both sides with respect tox, we get:

V' =e'(acosx+hsiny)+e' (—asinx+hcosx)

=y =g [(u +b)cosx—(a—h)sin .\'] «(2)
Again, differentiating with respect tox, we get:

y=e |-(u+/,7)c03.\'—((7—[>)sin x|+e .:—(a+b)sin x—(a—b)cosx |
V' =e"[2bcosx - 2asinx]

V'=2e"(bcosx—asinx)

—‘T =¢'(bcosx—asinx) (3)

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

y+ —‘2— =e' [(u +bh)cosx~(a~b)sin .\'J

]

=>2y+y"=2y

=y"'-2y'4+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.
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Now, the equation of the circle with centre (a, 0) and radius (a) is

-

(.\'—u): +y =d’.

= x +y =2ax (1)

f
\

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

= x+y'=a

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

This is the required differential equation.

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

along positive y-axis.

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

axis is:

x* =4day (1)
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Yi

\

Y'Y
Differentiating equation (1) with respect tox, we get:
2x =4ay’ (2)

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

2y 4day’
X day
2 )y
T -
X oy
= xy'=2y

=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:

P
o l-.;— — l » -«‘ 1 )
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Yi

vy

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

e L (2)

Again, differentiating with respect tox, we get:

5] " yy'+yy
b’ a

I ] 1?2 o
i—\+—‘(_\‘ + 3y )z 0

b a

b_I: i ‘,,L:(.“': +3")

Substituting this value in equation (2), we get:
1 /. 2 5 '

.\'|:— ; ‘(t )+ )}+"'—‘,=0
a a”

= —x( _r'_): —xpy"+w'=0

=0

4

=x"+x(y) —w'=0

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

centre at origin.

Answer
The equation of the family of hyperbolas with the centre at origin and foci along the x-
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axis is:
\:*, —:l’;‘zl (”
a b
Y
X, X
- 5 -
Y'Y

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

2x 2y
s-=5-=0
a b
O
~rrr =l (2)
a b
Again, differentiating both sides with respect tox, we get:
1 yy'+ 0
— =)
a b
1

=rg= hL((\') +)jr")

|
Substituting the value of —in equation (2), we get:
a
X 2 \ W
—{(V') + " |-=-=0
b (( )+, ) b*
= x()’ ) +xm — ' =0
= " +x(y') = ' =0

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

units.

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

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

x4+ (y —/7)1 =5
:_\"‘+(.\'—b):=‘) A1)

YA

(0, &)

A
Ve

O

Y'Y

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

=(y=b)-y'=-x
= y-b= —}
-‘.

Substituting the value of (y — b) in equation (1), we get:
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'+ _—: =9
Yy
h
=>x | 1+——=|=9
)
ro.\':((}"):+I):9(_\"):
= (x* —‘))(.\"): +x° =0

This is the required differential equation.

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

(ii; + y= 0
dx

dy

y=0
dx’

dx’

({:1: -1=0
dx’

D.

Answer
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The given equation is:

y=ce +c,e” 1)
Differentiating with respect to x, we get:
ch‘
dx
Ag‘ain, differentiating with respect to x, we get:
dy

—==(e +Ce
dx”

L'lc’ c,e

d*y
= ==y
dx”

= d.'y—y:O

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 v = x as one of its particular solution?

,3 ¥ Cdv
ALY _ 2 o
dx dx
y 9% 1 ¢
B, Aol
dx dx
v Ldy ,
-‘~~~'-} S +xy =10
dx dx
"y Iy
D'ﬂ4+x3!ﬁnzﬂ
dx dx
Cc.Answer

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

dy
—=1 |
dx (1)
Again, differentiating with respect tox, we get:
d’y .
—==0 sl
dx (2)

L d’y dy
Now, on substituting the values ofy, —-, and =

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.

P’y L dy ,

- ‘ = iw—.\'_r:()—.r' d+x-x
dx” dx

==X X
=0
Hence, the correct answer is C.
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dy  l—-cosx
dx  1+cosx
Answer
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The given differential equation is:

dy 1—cosx

dex l+cosx

2 X
2sin”
dy b ™
T»— = = fan =
ax X 2
2cos
2
dy ¥ )
—=|sec’ ——1 ’
d.\' \ 2 J

Separating the variables,we get:
{ L \
dy | sec ——1 ‘dx

\ /

1o | =

Now, integrating both sides of this equation, we get:
{ 3\

.fdy: ﬂ sec’ ;—lJc/x = [scc?%d.\'—'[d.\'
\ s ot ¥4

X 2
= y=2tan = —x+C

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

1y .

o V.’.'; -y (-2<y<2)
dx
Answer

The given differential equation is:
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dy 3
—=4/4-)
dx
Separating the variables, we get:
dy
= ———==dx
Ja-y

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

/ i
J.—\/% = I(],\'

=sin" ==x+C

B |5

s

—

= = =sin(x+C)

t2 |

= y=2sin(x+C)

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

< fv=1(y=l1)
dx '
Answer

The given differential equation is:
v
Diy=1
dx

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

=dx

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

-y
= log(l-y)=x+logC
= ~logC~log(l-y)=x
= logC(l1-y)=—x
=C(l-y)=e&™*

-X

1
=Sl-y=—e
C

L :
= y=l-—e
C

. 1
= y=1+A4e " (where 4= ——E)

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

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

sec’ xtan ydx +sec” ytanxdy

0
tanxtany

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

sec’ x sec’ y
dx = - -
fanx tan y

c/}‘

Integrating both sides of this equation, we get:

sec’ x sec’ y
I dx = —I ~dy (1)
tan x tan y

Page 33 of 142



Class XII Chapter 9 - Differential Equations Maths

Let tanx =1.
d dt
—(tanx)=
dx dx
A dt
= secT x=—
dx

= sec” xdv =dt

sec” x |
Now, I dx = I— dt.
tan x t

= logt
=log(tanx)

BC" X
d_\'

Similarly, [ 51 =log(tan y).

an x
Substituting these values in equation (1), we get:
log(tanx)=~log(tan y)+logC

C \
tan y |

g
= log(tanx)= I()g!
\

= tanx = -
tan y

= tanxtan y=C(

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

Question 5:

(c' +e )d_v—(e' =g~ )d,\'= 0
Answer

The given differential equation is:
(c" +e™” )(/_1-' = (r.f‘ - )d\' =0
=>(e +e” Jdy=(e" —e ')d.\'

e" — e—'

= dy=|—— |dx
Le +e
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Integrating both sides of this equation, we get:
[y = J{"i‘" q].ch
e +e
=yp=[[£=£ L.wc' (1)
e +e _"
Let (e*x+e™) =t.

Differentiating both sides with respect to x, we get:

d ;. o\ dt

B (5 Y

dx dx
. . dt
—E - ==
dt

:?(( —e " )(,/.\‘ =dt

y= J‘}d/ +C

= y=log(r)+C
=y= log(v' +e™ )+(‘
' Substituting this value in equation (1), we get:

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

dy 2 2
;/;:(I+\ ‘)(l"l )
Answer

The given differential equation is:

dy > 3

—=14+x" ){1+)"

dx ( )( ’ )
dy

1+ y°

Integrating both sides of this equation, we get:

= (147 )dx
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j i =J‘(l+x3)d.\'

1+ y°

=tan y= Id.\' + I.\'zd.\'

I d .
=tan y=x+—+C(
|

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

viogyvdy—xdv =0
Answer
The given differential equation is:
viogydy—xdv=0
= vlog ydx = xdy

dy  dx

viogy x

Integrating both sides, we get:

[ A1)

viogy X

Let logy =t.

d di
s d}.(log ¥)= 5
| di
y o dy
= l‘(/_\' =l

)

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

¥ AR
= logr=logx+logC
= log(log v)=logCx
= log y=Cx

= y= c'("

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

5(/_" 5
e =y

dx

Answer

The given differential equation is:

5 d" 5

X ===y
dx
dy dx

=y
y X
dx dy
— =0
Xy

Integrating both sides, we get:

Ix ly :
J. . \ - ‘—‘- =k (where k is any constant)
X v
= I.\' “d + _[y\"*a{v =k
X 4 v 4
=>—+—=k
-4 4
=S x 7 +y "t =—dk
x+yt=C (C=—4k)

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

dy .
——=sin_ X
dx

Answer

The given differential equation is:

(i.“ |
—=8SIn X
dx

= dy=sin"' x dx

Integrating both sides, we get:
IL/_!' - J‘sin ' xdx

== |(sin" x-1)dx

= y=sin"'x- I( 1)dx— Jﬂ‘%(bin" x)- J‘(I)d\'”([\-

= yp=sin'x-x— Il I_ -.\'de

Ji-¥°

i =) —X
= y=xsin x+ J' dx
VI=x"
Let l-x" =t
d 5 dr
-v) -5
dx dx
dr
=>-2x=—
dx
= xdy=——dl

Chapter 9 - Differential Equations

Maths

Substituting this value in equation (1), we get:
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¥=xsin dt

'x+ J.Ziff—

|
xsin' x+ jl) : f(t) 2 dt

4
i

-
1o | —

s |
xsin™ x+—--
=

+C

=y

9 —E

=
= y=xsin" x+ 1 +(

. | 2
= p=xsin ' x+vl1-x" +C

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

e’ tan ydx+(1-¢" )sec’ ydy =0

Answer
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The given differential equation is:

e'tan ydx+(1-¢")sec” ydy =0

(l— e )secl ydy=-e tan ydx

Separating the variables, we get:

sec”

X

—e

Y d_\' = = dx

tan y

|—e

Integrating both sides, we get:

jsecz 1
tany

et tan

:f—l(tany):—

h

?

=sec’ y=
dy

dy= I ;3 dx

|—¢'
y=u.
du
dy

du

= sec” ydv =du

_ Isec'

y du
“dy = I =logu = log(tan y)

tan y u

Maths
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Now, let | —¢' =1.

= —e'dy=dt

—e' dr .
:Il \(I.\-:I—:logtzlog(l—c )
4 1

2
S€C

y -¢’
~dy and I;dx in equation (1), we get:

Substituting the values of It —o'
an y —e

= log(tan y)=log(1-¢" )+logC
= log(tan y)= log[(‘(l —¢' ):|
=tany=C(l-¢")

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

Question 11:

(x'+x7+x+1 )# =2x"+x:y=1whenx=0
A R

Answer

The given differential equation is:

3 2 l/" b
(.1‘ +x° +.\'+l)—'— =2x"+x
dx
dv 27 +x

dx ('x‘ + X +x+|)

2% +x
R e, ll\’
(x+1)(x+1)

Integrating both sides, we get:

=dy=
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25 +x
Itb.: -[("-_,_—i(_,\-: 6l)d.\' (1)
o 2x° +:\' _ 4 % B.\:+('. -(2)
(x+1)(x*+1) x+1 x +I
. 2 +x A+ A+(Bx+C)(x+1)
(_\'+l)(.\"‘+|)_ (x+1)(x*+1)

=2y +x=Ax 4+ A+ B + Bx+Cx+C
=22 +x=(A+B)x" +(B+C)x+(A4+C)

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

A+B=28B
+C=1A+
C=0

Solving these equations, we get:

A=l, B==and C'=——I
)

2

2| W

Substituting the values of A, B, and C in equation (2), we get:
2x% + X | | I (3\ -1)

(.\'+I_)(.\‘rlr+l) 4 .(-"*I)Jr - (-":+l)

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

I 3 X 1
= y=—log(x+1)+= | 5—dx—— j——,_ud\‘

2 2°x"+1 29x" +1

I 3 2x | :
= y=—log(x+1)+ I ;dx——tan" x+(

2 i WL 2

l 3 b4 l ~| ~n
:»\'=~I()g(x+l)+flog(x +l) —tan” x+(

2 - 2

1 S 3

4[2 \+|)+J|02(\' +l)] tan” x+C

| Ly =y :

— (\+l) X7 +l) ——tan" x+C

T4 2

Now., y=1whenx =10,

| |
=1= 4IOO(I)—-- an”' 0+C

-

:I=—x(’)—»|4x()+('
4 )

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

- %[log(.\wl)}(.\': +l);]—%tﬂl]4 x+1
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Question 12:

1y
\(\ —l)‘—l-l y=0 when x=
Answer

( _I)d\

dx

. e
ey

| -
x(k.\'—l)(.\'H)d‘

= c/_\'

=dy=

Integrating both sides, we get:

I
Jar= j.\'(.\'—l)(.t+|)‘l\ i)
b geC o O o
x(x=1)(x+1) x x-1 x+I
1 A(x=1)(x+1)+ Bx(x+1)+Cx(x-1)
(r—l)(\+l) x(x—1)(x+1)

_(A+B+C)xX’ +(B-C)x- 4
T x(x=1)(x+1)
Comparing the coefficients of x?, x, and constant, we get:
A=-1]
B-C=0
A+B+C=0

Solving these equations, we get B=— and C =

wl—
19| —

=

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

S S ——
x(x=1)(x+1) x  2(x=1) 2(x+1)

Therefore, equation (1) becomes:
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1 ¢ 1 el
Id_\': —I'\_d\% 5 I.\‘— ld\’+ 5 j.\'+ Id.\'

Fa o/

:>_1'=-Iog.\'+%l()g(x-—l)+-§Iog(.\'+l)+l()gk
K (x=1)(x+1
=>y=llog|i (x ;)(‘H )} (3)
2 X

Now. y=0 whenx=2,

[k-‘(z—l)(zﬂ)}
4

I
= 0=—log
2

— Iog[ 2k ]: 0
4

3k°
=5 =]
4
—=3k*=4
bl 4
= k"=

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

i llog_4(x— I)!_.\'+I)}
2 3x°

4(x*-1)
3x’

Question 13:

cos(ﬂ] =alaeR);y=1whenx=0
dx

Answer
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[ dy
cos| — |=a
dx J
dy L
=% =C0§ " d
dx

= dy=cos ' adx

Integrating both sides, we get:
Id_l' =cos 'a jd.\'

= y=cos a-x+C

= y=xcos  a+C (1)

Now, y = | when x = 0.

=1=0.cos"'a+C

=C=1

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

=1
y=xcos a+l

y-1 -1
— =Cos a
X
y—1"
= cos| = =a
X

Question 14:

dy
—=ytanx:y=Iwhenx=0
dx

Answer

dy
— =ylanx
dx

dyv
= —=tanxdx
v

Integrating both sides, we get:
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(/\'
—— = Itan xdx
y

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

= y=Csecx (1)

Now, vy =1 when x = 0.
= 1 =Cxsecl
=1=Cxl
=]

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

= sec X

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

equation is y'=e¢"sinx.
Answer
The differential equation of the curve is:

y'=e'sinx

dy .
= —=¢ SInXx
dx

= dy=e'sinx

Integrating both sides, we get:

Id,l'= I( sin x dx (1)
Let/= [e"sinxdx.

(d
= [ =sinx |e'dv— || —(sinx)- |e"dx |dx
fe'e ﬂd_‘_(\ ) [e' 1
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= J=sinx-¢" — jcos.\'-e‘dx

=/ =sinx-¢’ —{cos.\" Ie‘u’x— I{i(cos x): J'c'cl_\‘]clxw
dx |

= [ =sinx-e' —[cosx-c' - I(—sin .\')-c"d.\']

= [=¢"'sinx—¢ cosx—/

=2/ =¢"(sinx—cosx)

§io e’ (sinx—cosx)

=
2

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

_e'(sinx—cosx)

y= +C «(2)

"

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

e"(sin0~-cos0)
0= -

_ o o-1)

Lo

+C

1D | =

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

“(sinx—cosx
. 8 (sir \‘) c 5\)+l

=2y =e¢"(sinx—cosx)+1

= 2y—l=e"(sinx—cosx)

Hence, the required equation of the curve is2y -1 =¢’ (sin X—Cos \)

Question 16:
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/ y
For the differential equation xy FA/:E =(x+2)(y+2).find the solution curve passing
oax

through the point (1, -1).
Answer
The differential equation of the given curve is:

xy ld =(x+2)(y+2)
dx

¢ ros AN
V xX+2
=| — dv =t ’d\’
y+2 .
. 5 A 54
=|1- |dv =(l +— |¢l\’
\ y+2) x)

Integrating both sides, we get:

{ B} \ / ‘)\.
ﬂ | —— 11_\‘2 II 1+~ Itl.\'
\ \ X /)

v 1D
y+z)

= I(/}'— 2 ﬁ(/\ = -‘.(/.\'-0— QJ‘%/.\'

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

= y—x—-C=logx® +log(v+2)
::>,1'~.\'—('—_-log|:.\'3(_\'+2)1j| (1)
Now, the curve passes through point (1, -1).

= -1-1-C= log[u):(-nz):]

=>-2-C=logli=0

=C=-2

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

y—x+2= log[.\'"(_r+2)2]

This is the required solution of the given curve.
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Find the equation of a curve passing through the point (0, -2) given that at any point

(' .\‘._1~)on the curve, the product of the slope of its tangent and y-coordinate of the point
is equal to the x-coordinate of the point.
Answer

Let x and y be the x-coordinate and y-coordinate of the curve respectively.

dy
We know that the slope of a tangent to the curve in the coordinate axis is given by the —-

dx

According to the given information, we get:
dy

yo——=x
dx

= vdy=xdx

Integrating both sides, we get:

I_\'ufr I,\' dx

_\.1
=5 Zo = e -
) D |

=3’ -x=2C (1)

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

. (-2)2-02=2C

Substituting 2C = 4 in equation (1), we get:
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y2 - X2 = 4
This is the required equation of the curve.

At any point (x, y) of a curve, the slope of the tangent is twice the slope of the line
segment joining the point of contact to the point (-4, —-3). Find the equation of the curve

given that it passes through (-2, 1).

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

The slope (m;) of the line segment joining (X, y) and (-4, -3) is ‘%
X+
We know that the slope of the tangent to the curve is given by the relation, (-?-:
dx

: 3 dh
. Slope (m, ) of the tangent = 7/
ox

According to the given information:
m, =2m,

dy _ 2(y+3)

dv  x+4
dv  2dx
y+3 x+4

Integrating both sides, we get:

dy dlx
"’,\' +3 ZI.\' +4

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

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

= y+3=C(x+4) (1)

This is the general equation of the curve.
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It is given that it passes through point (-2, 1).
=1+3=C(-2+4)

= 4=4C

=:C=1

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

y + 3 =(x+ 4)?

This is the required equation of the curve.

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).

- dv i
dt
(4 ) [ ; 4 ,
£ | —mr’ |=k Volume of sphere = — ar J
dr\ 3 L 3
:4.’['31"“/’. g
3 dt

=4’ dr=kdr
Integrating both sides, we get:
4 [rdr =k [di
= 4n ’T =kt +C
D
= 4nr =3(kt+C) wa(1)

Now,atr=0,r=3:
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-4nx 33=3(k x 0+ C)

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

=4n x 63=3(k x 3+ Q)

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

= -288n - 36n = 252n
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=k = 84n

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

=’ =63t+27

|
= r=(63t+27)3

|
Thus, the radius of the balloon after t seconds is(63/+27):.

In a bank, principal increases continuously at the rate of r% per year. Find the value of r

if Rs 100 doubles itself in 10 years (loge 2 = 0.6931).

Answer

Let p, t, and r represent the principal, time, and rate of interest respectively.
It is given that the principal increases continuously at the rate of r% per year.
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dr \ 100 ¢
ap _ [ P

T op o L100)

Integrating both sides, we get:

. X
- P[],

=—— |dt

[
p 100

:>I0gp=l+k
100

" »A
=D=M (1)
It is given that whent = 0, p = 100.
=100 = ek ... (2)

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

Therefore, equation (1) becomes:

+&

200=¢"

=200 = ¢! . ¢*

L

=200=¢"-100 (From (2))

=>—=log, 2

= '—) ~0.6931

= r=6.931
Hence, the value of r is 6.93%.
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In a bank, principal increases continuously at the rate of 5% per year. An amount of Rs

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

Let p and t be the principal and time respectively.

It is given that the principal increases continuously at the rate of 5% per year.

d[? (5
=——=|—p
dr 100 )
d_r

dr 20
L d_di
p 20

Integrating both sides, we get:
1
E J(I”

I~
=logp=—+C
- 9

e \J

d _
/)

L H

D[)zc‘j" (])

Now, whent = 0, p = 1000.

= 1000 = € ... (2)

At t = 10, equation (1) becomes:
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Lic
p=e-

= p=e"" xe"
= p=1.648x1000

= p=1648
Hence, after 10 years the amount will worth Rs 1648.

In a culture, the bacteria count is 1,00,000. The humber 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 —— O "
dt
dy .
= —=ky (where £ is a constant)
dt
dy

Integrating both sides, we get:
dy

.‘ '

k I(/I

= logy=kt+C (1)

Let yo be the number of bacteria att = 0.

=logyo=C

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

= logy-logy, =k

50)
= Iog[ —J =kt

.~“”.

g N\

= kt = log iJ -(2)
\ Vi
Also, it is given that the number of bacteria increases by 10% in 2 hours.
110
= y=—1J,
100
= = u «(3)
¥y, 10

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

3\

k.2=10g(~]—'J
10,

/'ll‘.

= k=—log

2 °\10)

Therefore, equation (2) becomes:

' \
y l
\ .r-'- /

| (11 )
—lo r{ — |-t =log
2 i_.\l()J =

[=—""— .(4)
=0

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

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

2log
i \ .“ll = 2 l()02
S G T A
logt log J
10 ) 10
2log?2
Hence, ——=— in hours the number of bacteria increases from 100000 to 200000.
log| 1
\
The general solution of the differential equation ‘;?f = Mis
dx
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A e"+e’ =C
B. ¢"+e' =C
C.e"+e’=C
D. e"+e " =(
Answer
dx

— = ¢"dx

e

= e 'dv=e'dx

Integrating both sides, we get:

[edy = [e'dx

= -’ =e"+k
= e +e ==k
=& +e =c (e=—k)

Hence, the correct answer is A.
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(.r1 - yi')((r :r(.vﬁ +y° )(lr
Answer

The given differential equation i.e., (x> + xy) dy = (x? + y?) dx can be written as:
(1)

dy _x +)y
dc  x*+xy

‘_Z

Let F(x,y)= s>
X+ Xy
Ax) +(AyY 24yt
Now, F(Ax,Ay)= ( ) ) Y =20 F(x.y)
(Ax) +(Ax)(Ay) * +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:
d_\‘ dv

..:‘t,' X—

dx dx

f‘
Substituting the values of v and 4 in equation (1), we get:
ax
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dv X +(x)
X—=—a
dx  x"+x(wx)

dv 1+
= V+X—=
by l+v
dv 1+ (l+\")-—\'(l+v)
X = —— =
dy I+ | +v
dv |l=v
X — = —
de 1+v

(I-H') dx
=| — |=dv=—-
l—v X

(2—|+\'J dx
= | —— |dv=—

|—v X

%5
:( 2 -1]¢/\-="—"

1=y X

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

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

k
=v=log

7| x(1-v)

y k
=>==log| ——=
x Y

Yy . kx
= —=log
X -(_\' -3 )-
S
=g

= (x-y) = ke -

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

Answer

The given differential equation is:

, X+y
-‘. =
x
L ey )
dx X
Let F(x,y)= 22
x

I Ax+Ay x+v .,
Now, F(Ax,Ay)=——=="—==2"F(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
=y+Xx—
dx dx

Substituting the values of y and ‘5“ in equation (1), we get:
ax
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dv  x+vx
V+x—=
dx X
dv
= v+x—=1+v
dx
dv
x—=
dx
dx
= dv=—
X

Integrating both sides, we get:

v=logx+C

y .
= ~=logx+C
X

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

(x—y)dy—(x+y)dx=0

Answer
The given differential equation is:

(x—y)dv—(x+y)dx=0

v _x+y )
dx x-y
Let F(x.v)= =
xX-y

e W e 2 U 50
TOAX=Ay x-y

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

y = vX
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i' d

&)= (%)
dv dv

=D ——=y+x—
dx dx

v
Substituting the values of y and ‘-l'-
dx
dv x+w l+v
Vg X—= =
dx x—-vx |—v

v _14v 1+v—v(l-v)

X—=

Tdx 1-vw l—v
dv 14V
X—=
dx  1-v
I-v dx
= —dv=—
(I +v') X
4 y I
:>[I I_I\:Jdv::
\1+v W 3 in equation (1), we get:

Integrating both sides, we get:

X ] , ,
tan”' v——log(1+v*)=logx+(

= tan"(l]—llogll +[l] ]=IUS-"+C
x) 2 X

>

Y J = l log[ L T‘_ ] =logx+C

= tan

This is the required solution of the given differential equation.

Question 4:
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(x* =" )dv+2xy dy =0

Answer
The given differential equation is:

(x* =" )dv+2xy dy =0

_dy (¥ -y)
T 5 I 0 s i ) I,
F(Ax,Ay)=| ) |- 2 =1"-F(x,y)

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

Yy = VX
d d
) d\'( ; ) d.\‘(n)
dv dv
> —— =+ X—
dx dx
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f‘.
Substituting the values of y and =

] dx
Iy x* —(w)
Vv + _\‘: - #
dx 2x+(vx)
dv v —1
V+x— =
dx PA
dv v -1 vo—1=2v"
X—= —p =
dx 2y h
dv (I a2 )
dx 2
2v {x
- k —dv =~ =
I+ X
Integrating both sides, we get:
X C
Iog( L+v ) =-logx+logC =log—
X
: C
= |4+yv ==
X
[ \'S} C
:a’ 1+=5 |=—
| X Y

=>x +)y =Cx
- in equation (1), we get:

This is the required solution of the given differential equation.

Answer
The given differential equation is:
s dy
X ===

dx

x =2y +xy
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dy _ x'=-2y'+xy

(1)

dv x
2 _ vt 4wy
Let F(x,y)= =
. 4
) =2(Ay) +(AxNAy) =21 +xv
. P ay) =28 —2) HAW) £ =By go ()

(/’..\')3 X’
Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

Yy = VX

dy dv
= e = Y o X —

dx dx

dy
Substituting the values of y and —-
dx

v+xi _ X —2(\:\')i +x+(vx)
dx X

dv g
= Vv+x—=1-2v" +v
dx
dv
X—=

dx

| =2y

dv B dx

-2y x

dv dx
=5 — : -|=—

2 F A~ X
= | =y~
N2

Integrating both sides, we get: in equation (1), we get:
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|
5+ -
s 2x .._“
V2 V2
| -
- log V2 =log|x|+C
22 X
2 x
| \+\/:\|
= log =logix|+C
242 \—\B | ’

This is the required solution for the given differential equation.

Question 6:
xdy - ydx = \Jx* + y’ dx
Answer

xcly — ydx = 5 /.\'3 + 37 dx
= xdy = [_\'+ NS ]d.\‘

dy  vJxT+y’
A e T, VI B < < PN l
dx X ( )

Let F(x.y)= . ——

Ax+y(Ax) +(Ay)

oy +y’

AX X

L F (A% AY)= =A"-F(x.y)

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

y = vX
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d d
—A¥)= vx
d\’( Cdy =)
dv d‘
7 dx d\
Substituting the values of v and ‘_?_'
dx

-

(/\ vx + Vf.\': +(wx)

d X X

av ]
=D VHx—=v+yVl+v
dx
dv_dx

Vi4y' X

Integrating both sides, we get:

vl+v?

—

log

y y’ A
= log|=+,[1+=|=log|Cx
X i
v+ + 37 3
= log|————{ = log|Cx]|
X

=yt +y° =Cx? _ _
in equation (1), we get:

This is the required solution of the given differential equation.

Question 7:
f ( ] v
\L0s| = |+ sm = I ydx = mm = \— xcos| = J-.u(r
l x )
Answer

The given differential equation is:
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oo i o
e {:\'cus(%]ﬁrsin
|

o fia
ysin ( = ) - XCOS
X

dy

e, |
[N | |t

3 =

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

Yy = VX
dy dv
= =y =—
dx dx

Substituting the values of y and ‘—j’lin equation (1), we get:
dx
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dv  (xcosv+vxsiny)-wvx
V+X—=
dx (\'.\'sin V= XCOS \') X

dv  vcosv+yv siny

dx VSiny—cosy
dv veosv4vsiny
Y — Y}

dx vsinv—cosv

dv _ veosv+y sinv—y’sinv+veosy
dx VSInY —Cos vy
o dv_ 2vcosv

dx vsinv-cosy

vSiny—cosy 2dx
=2 | — (1\'=

VCoSs v X
1 2dx

=i tanv— [dv=—-
v X

Integrating both sides, we get:

log(secv)—logv=2logx+logC

:log[svaﬂog(C.\'l)

‘.‘

secy s
= ( ] =Ex"
¥

= secv =Cx’v

X X

V‘ . A v
:sec('—J =C-x"-—

v
= scc(‘—} =Cxy

x
[ v ) 1 11
= Ccos = =—
X Cxy C xy
:>x,vcus(l]=k (k=l_]
X C;

This is the required solution of the given differential equation.

Page 72 of 142



Class XII Chapter 9 - Differential Equations Maths

h
2 V+ \‘;m(lJ:()
dx X
Answer
v
x»(" -y +\5m[ . J 0
dx X
[ V
:>.\' ‘A =y ~xsin
X /
/ hY
v
y=Xx 5m
dy X J
= = A1)
dv
V- .\'sin( “'}
Let F(x,v)= EL,
X
/2_1'—1.\'sin[ ;“) ,\'—.\'siu\ '1‘]
. F(Ax,Ay)= \AY S AK = 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

= — —(vx
dx ( ) d\( )
dv dv

> ——=yv+r—
dx dx

f.
Substituting the values of y and ‘7'[ in equation (1), we get:
dx
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dv  vx—xsiny
VX —=———
dx X

dv .
=S Vv+x—=v-—siny

dx
dv_dx
sinv > o
= cosec vdv =~ fll
"

Integrating both sides, we get:

C

log icosecv -cot 1“ =—logx+logC =log
X

[ ‘. ] ( " ) (-‘
= cosec| — [—cot| — |=—
X X X

z.\'{l;cos(lJ

X

This is the required solution of the given differential equation.
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l )dy —2xdy=0

X

vdx+xlog

Answer
=
vdx+xlog| — J dy=2xdy=0

\ -\-
(v %
=5y 2.\’—.\'log[' ||
XS
dy y
) : (1
dx ( )

(%)
2x—x lo;:v,l : J
S

.

.1 ¢

2x—-x Iug( Y )
X
L F ()= 8 e Y 3% F(x¥)

2(Ax)~( /'_.x-)lug(’“-" ] 2= lug( -“]
S AX: X

Let F(x.y)=

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

y = vX
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dv d
—=— 1:\‘)
dx dx
dy ‘,_”_ﬂ Substituting the values of y and ‘—h— in equation (1), we get:
dx dx o . dx
VX —=————

dx 2x-xlogv

dv  v=2v+vlogy
- p—
dx 2-logvy
dv vlogv-v
X =
dv 2-logv
2-logvy dx
o '—E—({\' ——
v(logv-1) x
14 (1-logv dy
1+(1-logv) di =2

v(logv-1) X

==

[ L, de
=>| = |dv=—
v(logv-1) v X

Integrating both sides, we get:
1 1 |
——dv— |—dv= |—dx
J‘\'(logv—l)“ '(\' ‘ I.\'(

dv -
= |——— = logv=logx+logC .
f‘,(log‘__l) ogv=logx+log (2)
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= Let logv—1=t¢

:>i(l0g\'—l)=ﬂ
dv dv
\_d
v oodv

::»izdz

v

Therefore, equation (1) becomes:

dt =2
= j— —logv=logx+log(
/

l\
= log!—log(iJ =log (Cx)
X%
= log log[lJ—l:l—log(iJ =log(Cx)
x 5

v
log( - ]—I
>

= log . =log(Cx)
i x
= i{log[£}~l] =Cx
¥ x
/ v 3\ )
= Iog[ '—J—l =Cy
X

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

L x f X \
‘ l+¢’ (d.\'+c"' l 1-- Jd_\'=0
\ ) N Y
Answer

v \ N
(Hc‘ ](/.\‘+e' [l—i dy =0
Y
X N "‘
:b(|+e‘ ]d.\‘=—e' (I——Jd)‘

L P!

| 4¢’
AX g /i 4
b X \ %
_(J“ I_ ) ) - I_..
34 v 2 1)
s F(Ax,Ay)= etz 2= 2" F(x )
1+e? I+e’

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

X = vy
d d
—(x)=—(w
dy ) dy )
dx dv
— =Vt y—
dh T dy
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t.
Substituting the values of x and %
day

dv —¢' (1-v)

Ve y—= ,
dy l+¢e
v —e' +ve'
=5 y—= —
d}' l+e
dv —e +ve' —v—ve
y—=
dy |+ ¢'

dv v4e'
= y—=-|——
dy I+e
[ 1+¢' dv
=| — [dv=——

| V+ e Vv

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

= log(v+e' )=—logy+logC= log[ CJ
."

\
[-.\' ,} C
= . —+e’ |=—
|y v

=x+ye’ =C

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

=(x+y)dv=—(x—y)dx

L M i (1)
dx xX+y
Let F(x,y)= _('\‘_".-).
x+y
—(Ax—-Ay) —(x-=vy
s F(Ax,Ay)= ( s ~/")= S ")=/’."-F(.\'._\')
: 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
d\'(" )— c/.\'( )
dv dv

—_— ——— =V+rX—
dx dx

Substituting the values of y and ‘—?—‘ in equation (1), we get:
dx
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dv  —(x—wx)
gl =)
dx X+ vy
dv  v—I
DV+X—=——
dx v+l
dv  v-1 v=1-v(v+1)
xX—= —yv=
dx v+l v+l
dv v—l—-v —v ‘(]‘*"')
x—= —
dx v+ 1 v+ 1
vl) dx
= ( y dv=——
1+v X
v ] dx
= —+ — |dv=——
l+v° 1+ X

Integrating both sides, we get:

| ( 2) R —
Sk’g(.l"" J+tan " v=—logx+k

= log(1+v*)+2tan" v=—2log x+ 2k

= IOg[(I+\':)~.\'3:|+2um 'v=2k

) s v
:>log[{l+' ‘]-x':|+21an V2 =2k
X" X

= log(x* + )" )+2(an"l=2k -(2)
X

Now,y =1atx = 1.

= log2+2tan”' 1 =2k
n
3I0g2+2xz=2k

n
D log2=2k

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

y )
= )
log(x* + 7 )+ 2tan '['—Jz +log2

X

to | =

This is the required solution of the given differential equation.
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x'dy +( xy+y° )z/x =0, y=1whenx=1

Answer
x dv+ (.\'_\' +y° )d\' =0

= x'dy= —(.\j\'+ ) )(l\'

dy -(.xj'+ _\‘:)
- dv x? 1]
Let F(x,5)= —('\"‘:j ‘)
e LR o)
oo F(Ax,Ay)== (}__\-): ] = o =" F(x,»)

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = VX
d d
=>—(y)=—(w
d\'(") d.\‘(n)

dv dv
V+xX—
dx dx
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Substituting the values ofy and ﬂf‘;

dx
v —|:.\'-\:\' +( \'.r)“:| ‘
V+HXx—= . a2
dx x
dv
=S xX—=—y =2v= —\r(\~+2)
dx
dv  dx
v(v+2 X

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

l 1 >
:[logv —log(v+ 2)_] =—logx+logC

= —log v_) log :
— — 1(] — (_E—
2 ,\.'+2J X
! (ST
= = ’
v+2 L x
.‘. )
'(1 -
A (
J ) X )
X
v =2
= - =
y+2x x
Xty s
= = (2)
y+2x

Now,y =1atx = 1.

= —=C

-

Substituting :l in equation (2), we get:
';
Xy

1
y+2x 3

PR

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

Question 13:

g 1) T
.\'sin"{ ——y ‘ dx+xdy =0:y— when x=1
| \V ) 4
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Answer

{.\'sillj{ X \- _\}ci\w xdy =0
\x )
—Ir_\'sm“l - ]-,\}
(h' X/

=>—=— . ekl
dx X ")
caf ¥)
-[.\'sm‘* = | 1}
Let F(x,y)= SAA
X
< w AT i AyY
- /.x-sm" = |-Ay| - xsin'[ : ’-_\'
. L Ay ) x) - S
o F(Ax,Ay)= — = e (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

= —(¥)=—(mx
d\‘(' ) d.\’( )
dh dv

—_— — =Vt+XX=—
dx dx
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Substituting the values of y and ‘—?—‘ in equation (1), we get:
ax

dv  — [.\'Sin" v— \'.\':I

V- X—=
dx X
(I\' o5 a:
=S V+X—= —[sm v— \-] =y—sin~ v
dx
dv .2
= X—=-8SInv
dx
dv  dx
sin” v dx
2 (”.\‘
= cosec vdy = ———
-

Integrating both sides, we get:
—cotv=— log].\‘] -C

= cotv = log|x|+C
"
= cot [ : ] = log|x|+ log C
X

Y ] = log|Cx| +(2)

= col[
X,

N ! nu\ ]
OW, '!:_2 X=
4

n .
ncot[— =log|C
4
=l=logC
2 C=¢"=¢

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

W
cot ( —
X

J = log|ex

This is the required solution of the given differential equation.
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Question 14:
dy i
———=—4cosec| — ] =0;y=0 whenx=1
dc x X
Answer
dv vy (v )
———=—+cosec| — ‘:0
dx x LX)
dy v ()
=5 e = 2 cosecl = | (1)
dex x \ X
" £ v
Let F'(x, y)==——cosec| —
X \ X/
) 5L PR
: Ay Ay
5. F(Ax,Ay)=—=—cosec| —
AX \ AX /

» { -\
= F(Ax,Ay)= Y _cosec| L i =F(x,y)=4"-F(x,y)
X X/

\ %/

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

y = VX
d d \

== —{V)=—1VX
dx (" ) dx (‘ %)
dv dv

> ——=yv+x—
dx dx
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Substituting the values of y and ‘-?—‘ in equation (1), we get:

dx
dv
V4 X— = Vv —Cosec v
dx
dv dx
COS¢CC v X

: dx
= —sinvdv =—
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 atx = 1.
= cos(0)=logC
= l=logC
=C=¢ =¢
coslf l\J = log|(ex )‘
\X Substituting C = e in equation (2), we get:
This is the required solution of the given differential equation.

Page 88 of 142



Class XII Chapter 9 - Differential Equations Maths

) 7 (I"
2xy+y =2x"—=0; y=2 whenx =1

o

= 2" — =2xy+y°
dx
dy 2xy+y°
= (1)

ddx 2x°
2xy+y°

2 <

2(Ax)(29)+(Ay)  2xy+y?

2(Ax) 2x°

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

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = VX
d d

= —(v)=—(wx
d.\'(" ) d.\‘(n)
dv dv

— —— = V+X—
dx dx

{.
Substituting the value of y and %"— in equation (1), we get:
ax
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+.\‘£ B 2x(vx)+(vx)’

dx

-

2X*

dv  2v+v
DV+X— = ——

dx 2

-

Integrating both sides, we get:
241
v
2

=log|x|+C
-2+1

"
=H—-—= Iogixl +C
4
5
— —% = log|x|+C

X

2x |

= -""—=log|x|+C o |
.1‘

Now,y =2 atx = 1.

=-1=log(1)+C

= C=-1

2

)

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

2x
> y=—

= Ax#0,x#e)
l—Iogg.\"

This is the required solution of the given differential equation

Question 16:
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ix (x)
A homogeneous differential equation of the form = —h |can be solved by making the
dy \ V)

substitution A. y = vx
B. v = yx

C. x =vy

D.x=v

N\
Answer A A

b X

For solving the homogeneous equation of the = /1’ ‘ form, we need to
dy \V)

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

Which of the following is a homogeneous differential equation?

A. (4x+63+5)dv—(3y+2x+4)dx =0
B. (xy)dxy— (.\-; +)° '}dy =0

C. (x*+2y" Jdx+2xpdy =0

D. _\'?zl.\'+(.\“‘ -’ =)’ )uf\' =0

Answer
Function F(Xx, y) is said to be the homogenous function of degree n, if

F(AX, Ay) = A" F(x, y) for any non-zero constant (A).

Consider the equation given in alternativeD:
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yide+(x' —xy—y')dy=0

dy -y y
= = = s S
dce x'=xy—y° y +xy—-x
: ¥
Let F(x,y)=——.
Yo +xy—x°

4

= F(Ax.Ay)=- (A7)

(Ay) +(Ax)(Ay)—(4x)

1

o V- ]
=" 5———
\ Y +xy—x
=A"F(x.y)

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

dy :
—+2y=sinx
dx
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Answer

The given differential equation is fll +2y=sinx.

dx

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

5

Now, L.F =eJ"'”h =ejm =@,
The solution of the given differential equation is given by the relation,
y(LF)= [(Qx1F)ax+C

=5y = jsin x-eMdx+C (1)

Let [ = J‘silL\'-e"‘.

= [ =sinx- je“’dv— [[%(s:n x)- je"'d\‘ :ld.\'
/ 2

. e’ - e )

= [ =sinx- - I Cos X+ tdx
2 \ 2 |
o -~

e“siny | d I
=1= ——| cosx- IL - ﬂ—(cos.\'y Ie' dx |d\'
2 2 \ dx J

e*"sinx | e : e’
=>Il=————|cosx-—— || (-sinx)-— [dx
2 2 2 9" T2

esinx ecosx 1. o
2l m—— _"(sm xe )rl\'
> i 4

2
>

== f—(Bsin.r—cos.\')—vlfl
4 4

3 AZ\' .
==/ ="—(2sinx—cosx)
4 4
& i
= [ =—(2sinx—cosx)

Therefore, equation (1) becomes:
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p X
s >

ye o =

—(2sinx—cosx)+C
5 J

= y=—(2sinx—cosx)+Ce™

| —

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

dy
—+3y=e€"

dx
Answer

% +py=0 (wherep=3and O=e¢).
dx

The given differential equation is

Now, LF = L’J'!'I“ = e'[:"“ =e™.

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

= y&'* = I(( T x e )+(‘

=5 ye'* = Ie‘c/.\‘+(’

=5 }'("“ =¢ +C

= y= s N e

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

dy vy,
—t—=x
dv x

Answer

The given differential equation is:
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ty ] ;
&\ py=0 (wherep=— and 0 = x*)
l!.\' X

! I
Now, I.F ——-L’J"W. =c’j"‘ =™ =y,

The solution of the given differential equation is given by the relation,
y(LF.)= I(_Qxl.F.)d_\'w'—C'
= y(x)= [(x*x)de+C

—— P J..\"d_\' +C
A

X .
=>xy=—-+C
4

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

dy ( 7
— tsecxy=tanx| 0Sx<— J
dx \ 2,

Answer
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The given differential equation is:

I »
% + py =0 (where p =secx and O = tan x)
dx

Now. LF = '|' “ = c' N 2 ploeertins) _ gec x +tan x.

The general solution of the given differential equation is given by the relation,
y(LF.)= J’(oxl.r. )dx+C

= y(secx+tanx Ilau x(secx+tanx)dy+C

)=

= y(secx+tanx)= I ec x tan xdx + Itan xdy +C

= y(secx +tanx)=secx I(sec x—1)dx+C
)

:>1(sc(.\+lan1 =secx+tanx—-x+C

Question 5:

x

Il cos 2xdx
)

Answer

n

Let/ = I‘f cos 2x dx

ju)b xdy= L Sinf'x W =F(x)

/

By second fundamental theorem of calculus, we obtain

I=F[—§—]—F(O)

=l{sin Z(E]—sin ()}
2 2

= l sint —sin ()
2

1
=5[0-0]:u
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Question 6:

dy 3
x—+42y=x"logx
dx

Answer

The given differential equation is:

dy i
x—+2y=x"logx

dx
dv 2
—=>—+—y=xlogx
dx x

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

ly 2
% + py =0 (where p=— and O = xlogx)
ax X

['.:l‘-‘ ~dx 0« R : 2
Now. L.LF =e'[ =ej‘ =M =l = 2,

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

»(LF)= [(QxLF.)dx+C
=0 j(.\'log.\'-.\':)cl\'+c

Saty= J-(.\"‘ log .\')({.1'+C

= x'y=logx- I.\"d’.t -I {1—1(|0g x)- [.\'}l\}b#(‘
| dx '

) o 41 )
=>xy=logx:-—- ﬂ —— Wx+C
4 4

\ X
v XNOEX 1fis
=>Xy= —— I\ dx+C
4
4 4
,  X'logx 1 x
:"--“.:_‘:_—. +C

4 4 4
= X2y = %.\'J (4logx—1)+C

= y= %.\'3(4log.\'—l)+C\‘ ;

Question 7:
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dy 2
xlogx—+y=—logx
dx x

Answer

The given differential equation is:

dy 2
xlogx—+y=—logx
dx X
dy y 2
- —+ C =—
dx xlogx x°

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

' I 2
Ty pyv =0 (where p = and O=—)
dx xlogx X"

|
Iw“ .[_. log o log({kg~)
Now, LF =¢” =e =¢ = log x.

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

%)
:>_1'logx=ﬂ — log.\'}({.\'+(‘ (1)
| 32 M)

2 \ |
Now. ~log x Ja’.\' =2 logx-— |dx.
X’ X

sl isss i 19 e FLiidii
=2 l“g""‘[;?‘h_h;;(loé")'Ij\.—:d"fd"}

(22 (-2)]

logx 1
X X

2 .
=——(l+logx)
3

[} ]

Il
t2

Il
[

Il
[

2 \
Substituting the value of ﬂ%log.\'Jdr in equation (1), we get:
X

5
vlogx=-=(1+logx)+(
X

This is the required general solution of the given differential equation.
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Question 8:
(I +x7 )y +2xy dx = cot xdx(x #0)
Answer

(I +x )d_r + 2xy dx = cot xdx

dy  2xy cotx
e

E 1+x* 1+x°

This equation is a linear differential equation of the form:

dv 2x colx
—+ py =0 (where p = - and O= =)
dx 1+ x° 1+ x°
2x 3 :
Py 3 log{l+x" ) 2
Now, LF = cI = (fj"’ =e ( =14x%,

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

=S .\'(l+_\'2) = I‘V ;'?l\\ x(1 +x? )1 dx+C

= _\'(l +x° ) = Icol xdx +C

= y(1+x* )=log

sinx|+C
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Question 9:
dy
x=—+y-x+xycotx=0(x=0)
dx
Answer

dy
X——+y=x+xycotx =10
dx

dy
= x—+y(l+xcotx)=x
dx

d ( 1 )
—+| —+cotx |y=1
d\’ X

This equation is a linear differential equation of the form:

dy : |
—+ py =0 (where p=—+cotx and O=1)
dx X
(1
iy [ :_'Wl  fuls low v+ ol sin ¥ cref x50 ¥ .
Now, LF = o :eI =g/ Wil . Q) — ysinx,

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

= y(xsinx) = I(Ix.\'sin.\')d.\‘+(‘

= y(xsinx)= j(.\'sin.\:)d.\'+(‘

= y(xsinx)=x Isin xdx - -(‘-]{\:(\) Isin x d.\'] +C
= _1'(.\'sin x)=x(-cosx) Il —cosx)dr+C

= y(xsinx)=—-xcosx+sinx+C

—XCcosxy  sinx C
+ +

W= . : :
Xsinx  Xxsinx  xsinx
I C
= y=—Ccot-x+—+—;
X xsinx
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Question 10:

dl‘
x+y)—=I1
i )(ll'

Answer

This is a linear differential equation of the form:

% +px=0 (wherep=—land O =y)
dx

Now, LF =cIM =c-[_'h =e,

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

== Xe:

)

I y-e”’ )afr+C

d -] )
=xe =y |e'dyv- v) le 'dy |dy+C
s fera- {200 )

= xe ' =y(-e” )— I( —e” .)d\'+(‘

=xe'=—ye '+ I(? ‘dy+C
—>xe'=—ye' - +C
=>x=-y-1+Ce¢’

=>x+y+1=Ce’
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v dx +(‘.\‘- y? )(/_\' =(
Answer
yde+(x—)* )dv=0

= ydx = (_\'2 - A\‘)(/_r

dx vy —x X
—_— =y —-——
dy b y
dv x

= —t—=y
dv vy

This is a linear differential equation of the form:

I ? -
% + px =0 (where p = laﬂd O=y)
.“

ax

i, la

: log
Now, LF =e = =eV =y,

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

— ke .[( y-y)dv+C

=Xy = J)"d\w—C
1
| .
= xy=>—+(
v 2
R
y' C
=2X=~—+
2
3 )
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Question 12:
s\ dv
(.\' +3y° )— =y(y>0)
"dx
Answer
4 s dy
(.\' +3y° )— =y
"dx
dv v
de  x+3y°
dc x+3y° x
—=>—-= —=—43y
dy ¥ ¥
dx x
’_‘) — — — J}-
dy vy

This is a linear differential equation of the form:
i |

(I\ + px = O (where p=——and O =3y)
dy ¥y

J.v-..n ‘.h v log ' [ |
Now, LF =e = TRl e =—,

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

=> _\'xl = J‘(3-"XLJ‘/)'+(‘
¥ y

X 5
= —_—= 3}' +C
V

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

The given differential equation is % +2ytan x =sinx.
dx

This is a linear equation of the form:

ty :
‘; + py =0 (where p=2tanx and Q =sinx)
ax

{,‘u/n ‘.:I‘.m vy Moalsec lou| sec” v
— 9 ;

Now, lLF =¢°  =¢ =e T =g =sec’ X,

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

= _1'(scc3 x)= j(sin x-sec’ .\')(1,\‘+C

= ysec’ x= I(scc x-tan x ki +C

= ysec’ x =secx+C (1)

Now, y=0atx=

WA

Therefore,

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

= y=cosx—2c08 x

Hence, the required solution of the given differential equation is V = €0sx—2cos” x.
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Question 14:
.\ dy 1 :
(I +x° )‘— +2xy = —:v=0whenx=1
dx [+ x
Answer
wdy 1
(1427 )=+ 2xy = -
dx 14 x°
dy  2xy 1
LA =

dr 1+x (14 x° )

This is a linear differential equation of the form:

dy : 2x I

—+ py =0 (where p = —and Q=—)

dx L+ (1+2°)
A xely )

Now. LF :eJ‘M = e‘["-"' =ew(lwl =l+x.

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

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

= p(145%) = [| —(14°) |dx +C

(]-&.r"}

::>_1'(l+.\"\)= I] +l.r" de+C

:>_1'(I+.\': .)=lun".\'+(‘ (1)

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

=»c=-2
4

Substituting C = s in equation (1), we get:
4

.l'(l-k.v:)=tan".\'—§
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This is the required general solution of the given differential equation.

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

The given differential equation is % ~3ycotx=sin2x.
dx

This is a linear differential equation of the form:

iy : .
‘T + py = Q (where p=-3cotx and Q =sin2x)
ux

I

- [ cotcd T hog f |
LIV Ay 3 cotudx Hog! < J
Now, L.F =("[' =g J =T g WA
sin” x

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

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

1 . 1] .
+——= || sin2x.—— |dx +C
sin” x sin” x

= ycosec’x =2 _[(col xcosecx ) dy +C

= _l'

= ycosec’'x = 2cosec x +C

2 3
= V=- LA -
cosec’x  cosec x
= y=-2sin" x+Csin” x (1)
% n
Now, Vv=2atx= e

Therefore, we get:

2=-2+C

=C=4

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

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

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

Answer

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

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

dy
—=Xx+y

dx
dy

D—=——y=X
dx

This is a linear differential equation of the form:

f?_ +py= Q (where p= —Il and Q =X)
ax

Now EE s O e

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

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

= ye = I.\'u"(.\"v(' (1)
Now, J‘.\'u"d\' =X Ic = I[%(\) jc‘"c/.\}d.\'.
=—xe - j—v”d.\‘

—xe +(—(’7I )

—e " (x+1)

Substituting in equation (1), we get:
ye'=—¢"(x+1)+C
= y=—(x+1)+Ce’

= x+yv+1=Ce’ o

1%)
~

The curve passes through the origin.
Therefore, equation (2) becomes:
1=C
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Substituting C = 1 in equation (2), we get:

x+y+l=¢

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

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

to the curve at that point by 5.

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

v
to the curve at (x, y) is 'd

dxe
According to the given information:

dv .
—+5=x+1
dx
dy _
—> ——yp=x-15
dx

This is a linear differential equation of the form:
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{ »
Sy pv =0 (where p=—1and Q= x-5)
ax

Now, L.FF :c‘IN\ =t’j‘ e =g
The general equation of the curve is given by the relation,
y(LE)= [(QxLF.)dr+C

= y-e = [(x=5)edx+C (1)

: d .
Now, [(x—5)e ‘dv=(x~5) [e s~ J{ ;/_;'(.\-—5)._[0 </.\‘}/.\'.
=(x=5)(-¢")- .[(—c Jx
=(5-x)e +(-¢7)
=(4-x)e”
Therefore, equation (1) becomes:
ye "=(4-x)e " +C
= y=4-x+Ce¢'
=>x+y-4=Ce’ -(2)
The curve passes through point (0, 2).
Therefore, equation (2) becomes:
0+2-4=Ce

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

= y=4-x-2¢

This is the required equation of the curve.

dy
The integrating factor of the differential equation ¥ =~y =2x" s

dx
A.e™B. e

D. x
Answer

The given differential equation is:

dy .
X——y=2x"
dx
dv vy
— ——=—=2x
dce x

This is a linear differential equation of the form:

dy

—+ py =0 (where p=- 3 and O = 2x)
dx X

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

2 J’.l il

Hence, the correct answer is C.
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The integrating factor of the differential equation.

L\ dx v
(1-)° ):Jr_\:\' =av(-l<y<l) is
dy
A. 1‘
v —1
1
\,}'-‘ -1
1
1—-y°
1
s 5
\'II -."_
B.
C.
D.
Answer
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The given differential equation is:

(I -y )%+\\ =qy

dv  wx ay

d 1=y 1-)*

This is a linear differential equation of the form:

/.. } ]
o py =0 (where p = Y and Q= ! A
(1_\‘ 1—17° K .11'
The integrating factor (I.F) is given by the relation,
ﬁ’J’]»\{I
- { 1] ——
l l- :L'[““ :L‘.h ; /) - _( 1 )_ i ]

Hence, the correct answer is D.

For each of the differential equations given below, indicate its order and degree (if
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defined).
i (dy Y
(i) L2, 5x l} -6y =log x
dx” \ dx )
{dv Y :
(i) | 1 - ‘ gl J +7y=sinx
\ dx | \ dx
? [d ¥ ‘, =0
) dx’ }
Answer

(i) The differential equation is given as:

d’y _ (dyY
- +>_\'[;1 -6y =logx

dx )

dx”

Iy WY
= ‘ +Sx(‘;] —6y—logx=0

dx” \(ir

The highest order derivative present in the differential equation is (l. ‘ . Thus, its order is
dx’

two. The highest power raised to ‘j..-r
ax’

(ii) The differential equation is given as:

dx ) \ dx )

+7y=sinx

(dvY
=| LA —J[d‘ J +7Ty—sinx=0

\ dx | dx . . .
is one. Hence, its degree is one.

dy
The highest order derivative present in the differential equation is 74 Thus, its order is
dx

dy
one. The highest power raised to ﬁ/-[ is three. Hence, its degree is three.
dx
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(iii) The differential equation is given as:

d'y . (d'y)
— —sin — =0
dx” dx )

4

I )
The highest order derivative present in the differential equation is ‘l' I . Thus, its order is
ax

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.

dv dy
X .v

(i) y=ae' +be™ +x° ] +2—xy+x =2=0
ax’ dx
, . Iy ty .
(i) yv=e¢"(acosx+hsinx) i Eoy=1
dx” dx
. Iy
(iii) y=xsin3x : T +9y—6¢c0s3x=0
dx”
. 5 3 sy dy :
(iv) x*=2y"logy : (\ +y- )‘;— xy=0
dx

Answer
(i) v=ae' +be " +x°

Differentiating both sides with respect tox, we get:

dv d d d ¢ 5
—=g—I|e b—|e* Fe—fxt
dx ud\‘(t )+ dx : ) c/.\'(\ )
(—l}— =qe¢' —bhe " +2x
dx
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Again, differentiating both sides with respect to x, we get:

Iy
- —=aqae* +be™ +2

dx’

N dy Iy . . .
Now, on substituting the values of ‘—?— and ‘/- ‘ in the differential equation, we get:
ax ax’

..H.S.
lll ¢2£— Xy+x =2

dx” dx

= .\'(ac" +be™" + 2') + 2((1("‘ —be™" + 2.\'.) —.\'{au‘ +be™ :~.\':)+ x =2

= ((m"" +bhye "+ 2.\') +(2ue' —2be " + 4.\‘)—((1.\'0' +bxe "+ .\‘:)+.\‘: -2
=2ae" —2be " +x° +6x-2
2 ()

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

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

(ii) y=e"(acosx+bsinx)=ae" cosx+be' sinx

Differentiating both sides with respect tox, we get:

dy d \ dy ..
—=g-—\¢ cos.\')+l)-——(c sm.\')
dx dx dx
dy . s i .
::»T:u(u cosx—e'sinx)+b-(¢ sinx+e" cosx)
dx /
dy ; Lk
=—=(a+b)e cosx+(b-a)e'sinx
dx

Again, differentiating both sides with respect tox, we get:
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dy d d
—=—(sin3x)+ 35 (xcos 3x) 1x)
dy” dx dx :
d*y : o T R T .
- = 3C0S3x+ 1[Los n+\( 5|n3,\')-_s ||[e SINX+¢e cns;\.]
dx’ -
d*y v -
= —= =608 3x~9xsin3x in X+ cos \)]
dx”
d’y ; : ;
— ~{— =e [ucos xX—asin> ! hcosx—bsinx+hsinx+bcosx—asinx—acos .\']
ax- a’y. . . . .
Sub;;_tituting the value of — 5 in the L.H.S. of the given differential equation, we get:
7‘—[_’;)'11\‘“\(' \'_r'l(-‘-:‘- -—]
z/ V
—=+9y—-6cos3x
dx’

=(6-cos3x—9xsin3x)+9xsin3x—6cos3; h
(G-cnada=Duesinx] Fxgind ook \d Y in the L.H.S. of the given differential

- dx
Cb|(2IC|LIUII, VweC ycu.
Hence, the glven function is a solution of the corresponding differential equation.

M\ —7\ log v

dx’ e
Differeptiating bt jder witly respast 1axswe Pakix |+ 2e” (acos x + bsin x)
2x = i;- - [_\'7 log 1-I x+2bcosx)
)X+ 2bsinx)
g b | -.I o -,EQ r:.l.i
I i dx " v d ‘[(—.’.a—?_h+2¢1+2h)sin _\':|
=h%= fﬁ(2_1'10g.\'~'~y)
dx lution of the corresponding differential equation.

dy x
:;> _—
de  y(l1+2logy)
wiici CllLlaLllly UL DIUTD vviull |dspect tOX, We get:

dv d 4
L B (RO dy
%st}]@p&f}]a"%ﬁe Lalbue o} - |ﬁot 6 L H S. of the given differential equation, we get:

dv .
—> —— =SIn3x+3xCc0s3x
dx

Again, differentiating both sides with respect tox, we get:
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(;\'1 + _\': ) El/’—“- — Xy

X

=(2y’logy+y ) ———~xy
y(1+2logy)

b =

=y (1+2logy) ———————xy
' &) y(1+2logy)

=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
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(x—a) +2y° =a’ where a is an arbitrary constant.

Answer

(x—a ): +2y' =a’

=x +a -2ax+2y’ =a’

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

dy 2a-2x

2 adl e
" odx 2
dy a-x
===
de 2y

dy  2ax-2x’
=Y S Ml M
dx 4xy

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

dy 2y +x —-2x

dx 4xy

) 2

dy 2y°-x
dx 4xy i
520y
Hence, the differential equation of the family of curves is given d'[ sl S

dx 4xy
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Prove that x* — y* = C( 4 ) is the general solution of differential

. 32 (3 a2 where c is a parameter.
equation (x’ —3xy” )dv = (y" =3x"y)dy ! P

Answer

(x" =307 )dx=(y"=3xy)dy

-

dy x —=3xy°

3 5 el ]
dcx y =3xy )
This is a homogeneous equation. To simplify it, we
need to make the substitution as:
y=vx
d d
= — y)=—(wx
dx ( ) d.\‘( )
h dv
—=y+x¥—
dx dx
dv
Substituting the values of y and T
dx

dv X -3x( vx)’

VA Xx— = : -
dx (vx) =3x (wx)

dv  1-3v
DVt X——=
dy v =3y
dv  1-3v
=S X—= i}
dx v =3
dv 1-3v—v(v' =3
= Xy—= — -
dx v =3
dv 11—y
i
dc v =%
[ =3y ) dx
:>‘ - ldr =—
I=v X

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

i -y
J‘[‘l ": Jd\ =logx+log(C’ (2)
—3r ) vy vy
Now. dv =
(T =T
( v =3y vidv vdv
— =1 -31,, where/ = and 7, = A3
.[\ l_‘_.x J‘ 1 2 I _[l_".l 2 .[ _‘_4 ( )
Let1-v'=1
A1) =2
dv dv
= -4 =ﬂ
dv
—vidy= _at
4
Now, /, = 1ﬁ=——|—Iogr=——log(l—\‘
41 4

Letv' = p.
i(-‘)_i’/_’
ch dh
:2\=dl
dv
:\'dl=i{l—)-
2
I 1 dp‘_ 1 l,l+p=llogl+\"
= 2-p7 2x2 l-p| 4 1-v

Substituting the values ofI; and I, in equation (3), we get:

ﬂ v ~3v ]d\ ———Iog(l—v )—%log

L 1=

=
|—v"
4y

Therefore, equation (2) becomes:
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]. all
T =logx+log(

1Io‘_l(l—\")—ilm_
4 - 4 -

—y
ol (142
+v i
;‘»——Ing;(k\")‘ - l =logC'x
4 \l_\'. /
y 3 4
(1+v7) i
=5 —=(C'x)
(1=v")
I'4 » \J
¥
‘I+' ;
\ X J |
= / 2 = 4 4
' v C"x
l-=
X

=>xt =yt =C(x + ). where C=C"

Hence, the given result is proved.

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

the coordinate axes.

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

touches the coordinate axes is:

(.\'~a):+(_1'—a):=u" (1)
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ol a)

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

2(,\"0)4‘2('\'—‘_’]).(_{1:0
dx

=(x—a)+(y—a)y'=0

> x—a+y-ay'=0

=x+ ' —a(l+y)=0
x+ '

=da

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

[x+,\f1"] i [ x4+ {,\'+_\_w" ]:

X—= +| V- =

1+ - L1+ J 1+

S| =) y=x ety
(1+7) 1+ 1+

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

(x— )‘): [I +() )2} =(x+ _\'_\"): ;
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y  (1-y?
Find the general solution of the differential equation %~ Vll Y —=0
dx - X"
Answer
: l1—?
v, ’II_‘ =0
de V1-x°
_d_ iy
(/.\' l—.\"'
h —dlx

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

=>sin 'x+sin" y=C

. . . . S T L
Show that the general solution of the differential equation ‘? +2 : 2 : =()is given by
ax X"+ X+

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

Answer
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dy vV +y+l
SR R AR ASRaE A,O

dc x*+x+1

oy _ (¥ +y+1)

dx X+ x+]
dy —dx
v+ e+l x4l
dy dx

= — - — =0
y +y+l x +x+1

=>

Integrating both sides, we get:
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I y d‘. +I > ‘L‘. =C
y+y+l Yx +x+1
= J’ iﬁ : 2 +J- ,f{x 7=C
2 2 2 2
[ I
2 | Yy 2 | C
= —tan" | —== |+ —=tan~ | —== | =
J3 NI V3
| 2 i3
:>tan"-2""+I]+lan"[£+—]J—ﬁC
V3 Vo2
[ 2,v+l+2x+l
= tan™' 3 V3 = V3C
| (2y+1) (2x+1) 2
V3B
[ 2x+2y+2
= tan ' \'E = ﬁC
l__(s't_\'_1'+2,\'+2.14'+l 2
i 3
; i 23 (x+y+1) J3C
=tan | ———————— [=—=
3-4xy-2x=-2y-1 2
[ Bx+y+1) J3c
= tan =
2(1-x—y-2xy) 2

V3(x+y+1)

2(1-x—y-2xy)

HETod

(3]

=tan[

(1—xy—2xy)

-

B
=>x+y+l=—F2

J3

=x+y+l=A(1-x—y-2xy), where 4 =

Sis

Hence, the given result is proved.

J= B. where B = tan[

Maths

J3c

2

|
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{
Find the equation of the curve passing through the point | (L%]whose differential
e

equation is, sin.xcos ydx +cosxsin ydy =0
Answer
The differential equation of the given curve is:
$in x cos ydx +cos xsin ydy =0

$in x ¢os ydx + cos xsin ydy

= =
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)
{ 1)
The curve passes through point | ().IJ.
.

1% \/5 =C
=C= \/5
On substituting in equation (1), we get:

secxy-secy= NE)

= sec.x
cos y

sec.x

= COS ) = ——

V2

. ) sec.x
Hence, the required equation of the curve cosy =

s V2
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Find the particular solution of the differential equation
(1+e Jdv+(1+ )7 Je'dx =0, given thaty = 1 when x = 0
Answer

(1+e™ )dy+(1+ 7 Je'dx =0

v > dx
dh ((\:0

l+y"  1+e™

Integrating both sides, we get:

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

\ dt =}
tan ‘)'+I —=(
I+

=tan ' y+tan 't=C
=tan'y+tan'(¢')=C (2)

Now,y =1 atx = 0.

Therefore, equation (2) becomes:
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tan'l+tan'1=C

= -

X
4

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

-

tan”' y+tan” (&’ ) = 7:

This is the required particular solution of the given differential equation.
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Solve the differential equation ye'dx = [.\'e'" +y° ]d_\‘(_\' #0)
/

Answer
X X
ve'dx = [ xe* +y’ ](1,1'
K 2
= ye =xe' +y
dy

(1)

Lete’ =z.

Differentiating it with respect toy, we get:

a3 dz
—| e —_———
dy dy

od ( x) dz
=>e—|=|=—
dv | _\'J dy
dx
o l'—x "
e | —2 =5 a(2)
¥y dy

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

= dz=dy

1

Integrating both sides, we get:

Page 131 of 142



Class XII Chapter 9 - Differential Equations Maths

z=y+C

=e'=y+C

Find a particular solution of the differential equation(x—y)(dx+dy)=dx—dy, given that
y =-1,when x =0 (Hint: putx -y =1t)

Answer

(x—»)(dx+dy)=dy—dy

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

dy l-x+y

dx x—y+l

dy _ I—(x-y) (1)
dx  1+(x-y) A
Letx—y="1

d dt
= —(x-y)=
dx dx

dv dt
= |-—==

dx  dx
e dr _ dv

dy dx

dv
Substituting the values of x — y and —-
dx in equation (1), we get:
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dt_1-1

de |+t

dt [II—IJ
2.2 | =~
dx | +1¢

dr_(1+1)=(1-1)

dx | +1
@
R R Y
= l I—H ]u’f = 2dx
!
:[HlJ(h:de -(2)
\ i

Integrating both sides, we get:

=2x+C

t+log

= (x=y)+loglx—y =2x+C

—
v
~—

= log|x—y|=x+y+C

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

logl1=0-1+C

=C=1

Substituting C = 1 in equation (3) we get:
|0g|.\‘ - _\'l =x+y+1

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

ey |k
2 |E=1(x=0
{ \/.\' \/x]dy ( )
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Solve the differential equation

This equation is a linear differential equation of the form

dy e
——+ Py =Q,where P = =

] )
— and O .
dx A
.[ s 105

Jy =

Now, LLF = eJ‘m =e
The general solution of the given differential equation i

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

e ( c”:\“' o ;
=ye = N5 xe™" [dx+C

Find a particular solution of the differential equation

s given by,

dy
—~+ yeotx =4xcosec x(x#0),

dx

L

given thaty = 0 when x =

oA

Answer
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The given differential equation is:
dy

—+y cot x = 4xcosec x
dx

This equation is a linear differential equation of the form

(?‘ + ,)}- = Q. \\‘ht'rt‘ 1‘) =Colx Llnd Q = 4,\' COSEC X.
ax

Cola kog|sin 5
> VE

Now: LFael™ mel* =g =sinx

The general solution of the given differential equation is given by,
»(LF)= [(Qx1LF.)dv+C

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

= ysinx =4 I.\‘ dx+C

. X
= ysm.\'=4-7+(

e

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

Therefore, equation (1) becomes:

=

0=2x2 4C
4

()

|3
Substituting C = —-—in equation (1), we get:
. s T
psinx=2x" ——
’ 2

This is the required particular solution of the given differential equation.
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. 1y
Find a particular solution of the differential equation (x + I)-‘!L =2¢ " ~1,giventhaty =0
(€AY

when x = 0 Answer
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(#+1) P =207 1
“dx
dv  dx
2¢" -1 x+l
e'dv  dx

2—-e" x+1

Integrating both sides, we get:

¥ 1 .
Ie "‘\ =log|x+1|+logC sl 1)
2-e
Let2—-e' =t.
. (1 (1 B "", )= l{,
dy’ ody
. dt
=>-e' =—
dy

= e'dt = —dt

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

—dt ‘ -
I— = log|x+1/+log C
t

= —loglt| = Iogi(’(,\' +1 )I

= - log‘?_ -e’

=log|C(x+1 )|

I :
— - =C(x+1)
p I ! -(2)
C(x+1) \

Now, at x = 0 and y = 0, equation (2) becomes:
=52 —1=~l‘

C
=C=1

Substituting C = 1 in equation (2), we get:
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2-¢' =——
X+
|
—e' =2~
x+1
2x+2~1
=e' =
x+1
2x+1
=e =
x+1
o POIEE |
2x+1]
= v=log L (x#—1)
x+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
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 number of

inhabitants at any instant.

dy
s sy
dr
=X dy _ ky (% is a constant )
dt
= li = kdlt

B!
Integrating both sides, we get:

logy =kt + C.. (1)

In the year 1999, t = 0 and y = 20000.
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Therefore, we get:

log 20000 = C ... (2)

In the year 2004, t = 5 and y = 25000.
Therefore, we get:

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

25000 5
:>5k=l.o( ()()] log[\]
20000 4
L (ﬁ
=k=log|

In the year 2009, t = 10 years.

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

1
log v =10x—log
D

{5
= '+log(20()00)
W4 ) '

(5 32
= log y =log 20()()()><| = J
\ 4 /
Hence, the population of the village in 2009 will be 31250.

i ' i - dx — xdy
The general solution of the differential equation = "
¥

=()is

A. xy = CB. x = Cy?
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C.y =CxD.
y = Cx?

Answer

The given differential equation is:

dx — xdv

vy —xdy 0
.“

3 ydx — xdy _0

Xy

1 .
= —dy——dv=0
X v
Integrating both sides, we get:

log |x|{—log|y| = log &

= log|—|{=logk
y
x
=>—=KkK
.“
1
= y=—x

=» y=Cx where C = ,{

Hence, the correct answer is C.

v .
The general solution of a differential equation of the type (T +Px=0Q,is
ay
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A. .\'("[P'; ﬂ()(’ ¥ dl +C
B. Ve Jre J.[Q (’j' (/\+(
c. xel™ = ﬂQe ) /\ C

" { " dllx A <
o, e _ [ Qe e

Answer

. . . . . dx j 1y
The integrating factor of the given differential —+Px=Q, ise
equation dy

The general solution of the differential equation is given by,

*(LF.) = [(QxLF.)dy+C
tih G iy )
:>.\'-C'[I" ﬂQ,c-[M }r/}'+(‘
\ /

Hence, the correct answer is C.

The general solution of the differential equation e‘(/_\'*‘(yv" - 2.\-)(/.1' =0is
A. xe¥ +x?>=C

B. xe¥ + y? =

C.yex+x?2=C

D. ye¥ + x? = C Answer
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The given differential equation is:

e'dy + (.l'u"' + 2.\')(/.\' =0

cay '
=e'—+ye +2x=0
dx
dy .
= —+y=-2xe"
dx

This is a linear differential equation of the form

/ ’
=) 4 Py=0.where P=1and Q=-2xe .
dx
[Pax f '
Now, LF=e’ =¢’' =¢

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

= ye' = I( —2xe "¢ )(/.\'+('

= ye' = —IZ.\'dA:+('

= ye* =—x"+C

= ye'+x' =C

Hence, the correct answer is C.
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