Chapter 9 Differential Equations

EXERCISE 9.1

Question 1:
dy . ..
. . . . . —4+Sln(y ):0
Determine order and degree (if defined) of differential equation dx .

-41/' .
o L :0
= +sin(y")

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

Highest order derivative in the differential equation is ¥"" . Its order is four.
Differential equation is not a polynomial equation in its derivatives. Its degree is not defined.

Question 2:

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

y'+5y=0
Highest order derivative in the differential equation is . Its order in one.

It is a polynomial equation in »'. Highest power »' is 1. Its degree is one.

Question 3:
A T
. . SR GRSt
Determine order and degree (if defined) of differential equation \ dt dt .
N4 By

[“"‘] 13545 g

dt dt
Highest order derivative in the given differential equation is d¢* . Its order is two.

Isds

It is a polynomial equation in d¢* and dr .

d’s
The power dr* s 1. Degree is one.
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Question 4:

d’y T ( dy ]
—= | +cos| — (=0
Determine order and degree (if defined) of differential equation [ dx® dx. .

2

d’y
Highest order derivative in the given differential equation is dx* . Order is 2.

Given differential equation is not a polynomial equation in its derivatives. Degree is not
defined.

Question 5:

oy

dy
Determine order and degree (if defined) of differential equation [ dx’

J =cos3x+sin3x

X

2
d’y) ;
[ ',J =cos3x+sin3x
d.

:>(d y] —cos3x—sin3x=0

dx*
d’y
Highest order derivative in the given differential equation is dx* . Its order is two.

d’y
It is a polynomial equation in dx* and the power is 1. Its degree is 1.

Question 6:

m 2 " 3 r 4
Determine order and degree (if defined) of differential equation ") +("Y +() +»° =

(") +() + () +y° =0

Highest order derivative present in the differential equation is »”. Its order is three.
Given differential equation is a polynomial equation in »",»" and »'.

Highest power raised to »" is 2. Its degree is 2.
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Question 7:
Determine order and degree (if defined) of differential equation »" +2y"+)" =0,

y'+2y"+y'=0
Highest order derivative present in the differential equation is »" . Its order is 3.
It is a polynomial equation in »",»" and »'. The highest power »" is 1. Its degree is 1.

Question 8:
Determine order and degree (if defined) of differential equationy'+y =e¢’,

y+y=e
=y +y—-€e=0
Highest order derivative present in the differential equation is '. Its order is one.

Given differential equation is a polynomial equation in »' and the highest power is one. Its
degree is one.

Question 9:

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

y"+(y')2 +2y=0
Highest order derivative present in the differential equation is ¥" . Its order is two.

Given differential equation is a polynomial equation in »" and »', the highest power " is one.
Its degree is one.

Question 10:
Determine order and degree (if defined) of differential equation »"+2)"+siny =0,

y'+2y"+siny=0
Highest order derivative present in the differential equation is ¥ . Its order is two.

This is a polynomial equation in »"and » the highest power »" is one. Its degree is one.
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Question 11:

[d Jf} +[—yJ +sin[-l)+ 1=0
The degree of the differential equation \ @* dx dx is

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

Q +[d—y “+sin -@)H:O
dx” dx dx

Differential equation is not a polynomial equation in its derivatives. Its degree is not defined.
Thus, the Correct option is D.

Question 12:

2
, _ Y 3,0
The order of the differential equation dx-  dx y

(A)2 B)1 (OX0) (D) not defined

2} H
2280 _3W i
A dx

X

d’y
Highest order derivative present in the given differential equation is dx’ . Its order is two.
Thus, the correct option is A.
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EXERCISE 9.2

Question 1:
Verify that the given function (explicit or implicit) is a solution of the corresponding
differential equation:

y=e" +1 o Y'=y'=0
y=¢e"+1

dy d, .

EZE(B +l)

=y =gt (1)

d n_d/.
E(-}')_dx(e)

:>J,J":(3'r (2)

From (1) and (2)
}!#_yfzel' _e.\'
=)

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

Question 2:
Verify that the given function (explicit or implicit) is a solution of the corresponding
differential equation:

y=x’+2x+c : y'=2x-2=0

y=x'+2x+c
i, o

y = a(.\’z +2x+ c)

= y'=2x+2

Therefore,
V' =2x-2=2x+2-2x-2
=0

Thus, the given function is the solution of the differential equation.
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Question 3:
Verify that the given function (explicit or implicit) is a solution of the corresponding
differential equation:

y=cosx+C : Y +sinx=0

y=cosx+C
d
'=—(cosx+C
Y=t )
=y =—sinx
Therefore,

V' +sinx =—sinx+sinx
=0

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

Question 4:
Verify that the given function (explicit or implicit) is a solution of the corresponding
differential equation:

y=+1+x s = 2

1+ ¥?

y=v1+x*
y’zi( 1+x2)
dx
1

=7.£(l+xl)
241+ x> dx

()
=
14

Thus, the given function is the solution of the differential equation.
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Question 5:
Verify that the given function (explicit or implicit) is a solution of the corresponding
differential equation:

y=4Ax : xy'=y(x=0)
y=Ax
d
!:__A
= g)
=A
Therefore,
xy' = x4
= Ax
=Yy

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

Question 6:
Verify that the given function (explicit or implicit) is a solution of the corresponding
differential equation:

y=xsinx xy'=y+x\ﬁ'x2—y2(x;é(]andx>y)orx<—y
y=xsinx
| _
y' =—/(xsinx
——(xsinx)

=sin x.%(x)ﬂr.%(sin x)
=8inx+xcosx

Therefore,
xy'=x(sinx+xcosx)

=xsinx+x’ cosx

=y+x" A1—sin’ x

=y+x° l—(i)
X

7 2
=YFxyxT -y
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Thus, the given function is the solution of the differential equation.

Question 7:
Verify that the given function (explicit or implicit) is a solution of the corresponding
differential equation:

2

xy=logy+C :  y'=—2 (xy#1)

1| —xy

xy=logy+C
d d
= — =—(I
cir(xy) dx(ogy)
d dy 1dy
= y—(x)+x.—=——=
A e
=S y+x) = —I—v
Yy

2 ’ '
=2y +txy =y

= (w-1)y'=-)*

2

oY
1-xy

=Y

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

Question 8:
Verify that the given function (explicit or implicit) is a solution of the corresponding
differential equation:

y—COSy=X : (ysiny+cosy+x)y'=y

y—Cosy=x

dy d d
= dx(cosy)—dx(x)

= y'—(-siny).y' =1
= y'(1+siny)=1
|
Y. = :
I+siny

Therefore,


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

(ysiny+cosy+x)y'=(ysiny+cosy+y—cosy)x—;
T+siny

-
pilsing) 1+siny

=¥
Thus, the given function is the solution of the differential equation.
Question 9:

Verify that the given function (explicit or implicit) is a solution of the
differential equation:

x+y=tan"y : Yy +y +1=0
x+y:tan_ly

d d -
=—(x+y)=—|(tan" y

dx( y) dx( ")

1
:’Hyr{lwz}y!

=54 1,—I}=1
| 1+ 7

]+y2

-2
=15 i l+yy2]:1
—(I+y2)
e

=y =

Therefore,

Yy +1=y7? {Lf)}yz V|

"'}

=—1-y*+y* +1
=(

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

Question 10:

corresponding
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Verify that the given function (explicit or implicit) is a solution of the corresponding
differential equation:

y=+a*-x? xe( aa) : x+y%=0(yaé0)

dy _d (E)

dx  dx
Q:;_i(az_xz)
dx 2 al_xl dx
dy _

= = (=2x)

dx 2\!a —x’
@_ —x
dx a2_x2
Therefore,
x+y@:x+\mg—x2 X——
dx a’ —x’
=x—-x
=)

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

Question 11:
The numbers of arbitrary constants in the general solution of a differential equation of fourth
order are:

(A)0 (B) 2 ©)3 (D) 4

We know that the number of constants in the general solution of a differential equation of order
n is equal to its order.

The number of constants in general equation of fourth order differential equation is 4.

Thus, the correct option is D.

Question 12:
The numbers of arbitrary constants in the particular solution of a differential equation of third
order are:
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(A) 3 (B) 2 ) 1 (D) 0

In a particular solution of a differential equation, there are no arbitrary constants.

Thus, the correct option is D.
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EXERCISE 9.3

Question 1:
Form a differential equation representing the given family of curves by eliminating arbitrary

constants a and b.

.)_€.+.."Y.=l

a b

£+'_v:]

a b
l+l@:0
a bdx
1 1

=—+—-3'=0
a b}

::-0+l "=0

by

ﬁ—y":

=y"=0

Thus, the differential equation of the given curve is »' =0

Question 2:
Form a differential equation representing the given family of curves by eliminating arbitrary

constants ¢ and b .
i a(b2 —xz]

yz =a(b2 _xz)

= 2y% = a(~2x)

=2y =2ax
= yy'=—ax
=y y'+w'=-a
INES) ' —a

»w —ax
=" +x(y') -y’ =0

Thus, the differential equation of the given curve is oy +x(y) - ' =0,
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Question 3:
Form a differential equation representing the given family of curves by eliminating arbitrary
constants a and b.

y=ae” +be™*

y=ae™ +be™
y' =3ae’ —2be™* (1)
" =9ae’ +4be A

Subtracting (1) from (2)

V' =y =9ae’ + 4be™>* —3ae’™ +2be™*

V' =y =6ae’* +6be

Y-y = 6(arebr +be " )

y'-y'=6y ( y=ae* + be'z")

V' =y -6y=0

Thus, the differential equation of the given curveis »'—»'—6y =0,

Question 4:
Form a differential equation representing the given family of curves by eliminating arbitrary
constants a and b.

y= e (a + bx)

y=e¢""(a+bx)

y'=2e"(a+bx)+eb

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

= ' -2y =he** =il
= 3" =2y =2be™* ..(2)

Dividing (2) by (1)
y'=2y
=y"-2y'=2y'-4y

=2

: }’”—4})’-‘-4}’:0
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Thus, the differential equation of the given curve is »"'—4)'+4y =0

Question 5:
Form a differential equation representing the given family of curves by eliminating arbitrary

constants @ and b.

y= 93‘(acosx+bsin x)

y=¢"(acosx+bsinx)

y' =¢"(acosx+bsinx)+e" (—asinx+bcosx)

=)' =e"[(a+b)cosx—(a—b)sinx]

=" =" [(a +b)cos x—(a—b)sin x] +e* [—(a +b)sin x—(a —b)cosxj
»" =¢"[2bcos x—2asin x|

¥"=2e"(bcos x—asinx)

= % =e" (bcos x—asin x)

"

y?+y =e"(bcosx—asinx)+e* (acosx+bsin x)

"

y-i-% = e"[(a +b)cosx—(a —b)sinx]

"

L A
=>}+2 3

=2y+y" =2y
=3y -2v'+2y=0

Thus, the differential equation of the given curve is »" =2y +2y =0,

Question 6:
Form the differential equation of the family of circles touching the y-axis at origin.

Centre of circle touching the y-axis at origin lies on the x-axis.

Let (“’0) be the centre of the circle.

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

Equation of the circle with centre (4.0) and radius a is
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(,\:—a)2 ¥y =gt

= x’+)’ =2ax w1

s
Y.

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

Putting the value of a in equation (1)
=x’+y* =2(x+yp')x

=2xgy'+txt =)

Question 7:
Form the differential equation of the family of parabolas having vertex at origin and axis along
positive y-axis.

The equation of the parabola having the vertex at origin and the axis along the positive y-axis
1s

x* =4ay (l)
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"
-

¥

Differentiating equation (1) with respect to x, we get:
2x =4ay'
2x _4ay’

x* day

Question 8:
Form the differential equation of the family of ellipses having foci or-axis and centre at origin.

The equation of the family of ellipses having foci on the y-axis and the centre at origin is as
follows:
2 !

F o
—=1 wall
b2+a2 ()

't
Y.

Y'Y
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Differentiating equation (1) with respect to x, we get:
223 /'

2 g
b a

x
:>b_2+ ag =0 (2)

Differentiating equation (2) with respect to x, we get:
1 i J:}f._y

= =
b; a..
:>l+L(y'2+ Vy"):(]
b a .
1 2 "
:>h3=_{;fz(y b )

Substituting this value in equation (2), we get:
=% ){—iﬁ(}"z + yy")]Jr X —0
a” a”

=—xy” —x0y"+3y' =0
=0y +x"% -y =0

Question 9:
Form the differential equation of the family of hyperbolas having foci on x-axis and centre at
origin.

The equation of the family of hyperbolas with the centre at origin and foci along the x-axis is

2 5P
‘}?4'&2:1 (I)

4
Y.

A
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Differentiating equation (1) with respect to x, we get:
2x 2"
b a

0

Differentiating equation (2) with respect to x, we get:
1, YI+Hry
b* a

_ Yy +y)y

™

=
b2 a*

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

.‘-'- F+ ! " "
){_} y'+y.y }L%:o

2
a a

[y +yy]- {f—f— =0

a
=x7+xy"' -y =0
=0y +x7 - y'=0

Question 10:
Form the differential equation of the family of circles having centre on y-axis and radius 3

units.

Let centre of the circle on y-axis be (0.5).

* +(y—b) 2
=x*+(y-b)' =9 (1)
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s
..

A )

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

=(y-b)==>

J}

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

2
x%L[-—fJ =9
¥

Question 11:
Which of the following differential equations has ¥ =¢€ +¢,¢ " as the general solution?
dz}: B d?}: B d2y d2

&
B Y y=0 47 y=0 24241=0 4Y _1-0
A) a B) ax ©) a (D) &’
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d.
=>Ey= ce —ce’
X
2
:?zc,e’ +ce™”
dZ
=
:Q— =0

Thus, the correct option is B.

Question 12:
Which of the following differential equations has Y =X as one of its particular solution?
d’y L dy d’y dy
I M S e ——+x—+xy=x
A) o dx (B) d* dx
d’y ,dy d’y dy
= x4 xp=0 —+ X7y =0
©) & "~ ax Y D) ac dr Y
d_,
dx
2
=
Therefore,
2
%—xz %+xy =0-x".1+xx
=—x"+x°
=

Thus, the correct option is C.
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EXERCISE 9.4

For each of the differential equations in Exercises 1 to 10, find the general solution:
Question 1:
dy l—cosx
;’_x— - I+cosx

dy _1-cosx
dx l+cosx
2sin* =
3ﬂ: x:tam2£
dx 2¢cos” 2
:>Q=[sec2£—lj
dx 2

=5, a’y:(sec2 %—l)dx

Integrating both sides, we get:

dy = [| sec? Z -1 |dx
2
=

:yzjsec32

dx— [ dx

::>y=2tan§—x+C

Question 2:

%x}-)-=\,‘4—y2 (—2<y<2)

Integrating both sides, we get:
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:>§=sin(x+C)

:>y=25in(x+C)

Question 3:
dy
—+y=1{y=1
1 (y=1)
Solution:

%+y=1(y¢])

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

b
-y

Integrating both sides, we get:
dy

1=y
= —log(y-1)=x+logC
= —logC-log(y-1)=x
=—[logC+log(y-1)]=x
=logC(y-1)=—x
= C(y—l)ze_‘

:>y—l+ie""
£

= y=1+4e” [where/i:%}

Question 4:

sec” x tan ydx + sec’ ytan xdy =0

Solution:

sec” x tan ydx +sec’ ytanxdy =0
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Dividing both sides by tanxtan y
= sec’ xtan ydx +sec’ y tan xdy 3 0

tan xtan y tanxtan y

sec’ x

de+ 2 Y gy 0
tan x tan y

2 2
sec” x sec
= g2

tan x tan y

Integrating both sides, we get:

sec’ x sec” y
dx=— dy (1
jtanx g -[tany ) ()
Let tanx=¢
ii(tanx)=£
dx dx
5 dt
= sec x=—
dx

= sec’ xdx = dt

Now,
[ g [ ar
tan x t
=logt
=log(tanx) - (8
Similarly,
sec’ y
dy =log(t (3
[y =log(tany) ()

Using (1), (2) and (3)
= log(tan x) = —log(tan y)+log C

= log(tanx) = log(t & }
an y

-

— tanx =

tan y
= tanxtany =C

Question 5:
(e‘r +e )dy - (e" - e'"")dx =0
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(e* + e'x)dy—(e" -e")a’x =0
= (e“ +e )dy = (e* —e'I)dx

:dy:[ex_e_x—‘dx
e +e

Integrating both sides, we get:

jd}_jk;‘Z}dx (1)

Lt (¢ +e) =t

d, .
:a(e'+e )=

ﬁ

= (e - )dx=dt

Putting these values in equation (1) , we get:
j dy = I % dt+C

= y=log(1)+C

= log(efr +e'“")+C

Question 6:

%=(1+f)(1+y2)

:(1+x2)(]+y2]

= L —(1+x3)dx

&

R

1+ y°
Integrating both sides, we get:

[ Q{V2=I(l+x2)dx

1+y

= tan ' y=Idx+I_r2dx
3

iy x
= tan™ y=x+—+C
X
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Question 7:
ylog ydx—xdy =0

vlog vdx—xdy=0

= ylog ydx = xdy
dy  dx
ylogy x

Integrating both sides, we get:

jyli};yzj% (1)

Let logy =t
d dt
=—(logy)=—
dy( e”) dy
1 dt

y o dy

:,»-l—a'yz dt
¥

Putting these values in equation (1) , we get:
dt cdx
t - '[ X

= logt =logx+logC

= log(log y) =log Cx
=logy=0Cx

— y - e(.‘_r

Question 8:
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&

dy dx

¥ @
:>d—': d;f:{}

x oy

Integrating both sides, we get:

dx rdy
Jo+]==k

=% J.x"“dx+.[y"5dy-—- k
% S

4 4
S>xt+yt=-4k

=x+y"t=C (whcrcC=—4k)

Question 9:
i =gin'x
Y _sin x
dx

= dy =sin"' xdx

Integrating both sides, we get:
Idy = Jsin" xdx
= y= I(sin"' x. l)a[r

= y=sin" x.j(l)dx—jﬁ-j—x(sin-' x)j(l)dxﬂdx

:>y=xsin".x+[ _xzdx 1)
1—x

Let 1-x* =¢
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dx dx
= 2x= ﬁ
dx
= xdx =——dt

Putting these values in equation (1) , we get:
| 1
= y=xsin x+ | —=dl
J 24t

-1

oaa T
= y=xsin x+-2-I(r)2di

1
1 2

= y=xsin" x+—.| — |+C
y > 1

2
= y=xsin" x4+t +C

y=xsin" x+Jl-x+C

Question 10:
e" tan ydx + (1 —«e*’)sec2 ydy =0

e” tan ydx + (1 -e ) sec” ydy =0

(1-€")sec’ ydy = —¢ tan ydx

scc‘ydy: <
tan y 1—e*

Integrating both sides, we get:

sec’ y —e"
dy= dx el
j tan y Y 1-¢ ( )

Let tany=u
= i(tan y) = ﬂ
dy dy

2 du
=sec y=—o
dy

= sec’ ydy = du
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Integrating both sides, we get:

sec’ y _[du
jtany dy_'[u

=logu
=log(tan y) i 2]

Now, let (] —e“') =4

d i o_dt
E(l_e )mdx
. dr
=" =—

dx

= —e‘dx=dl

Integrating both sides, we get:
e [ﬁ

1-¢e" {

=logt

=log(l—e”) .(3)

Using (1), (2) and (3)
:log(tany =log lfe'*)+logC

)= log(
= log(tan y)= Iog[C(l =& ):I
(l—ex)

For each of the differential equations in Exercises 11 to 14, find a particular solution satisfying the
given condition:

Question 11:

—=tany=C

dy
X+l +x+1)==2"+x;y=1
( )dx J when x=0

(x3 +x° +.vc+l]j?—y:2x2 +xy=1

o
dy _ Ity
dx (x] +%° +x+l)
jdyzde

(xj+x3+x+l)

Integrating both sides, we get:
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B 2x% +x
J‘dl'_'[(x3+x2+x+l)dx )

2x% +x A Bx+C
= +
Let (x+l)(xz+l] x+1 X+l

«(2)

T2y o Ax® + A+(Bx+C)(x+1)
= = 2
(x+l)(x' +1) (x+])(x*+1)
=2x> +x=Ax"+ A+ Bx* + Bx+Cx+C
=2x" +x=(4+B)x* +(B+C)x+(4+C)

Comparing the coefficients of x* and x, we get:
A+B=2
B+C=2
A+C=0

Therefore,
A= l} B= 3 C=—
2 2 an

Substituting these values in (2), we get:
2x% +x :l 1 l(3x 1)
(x+l)(x2+1) 2 (x+1) 2(x’+])

Hence, equation (I)becomeS'

1 1 (3x= 1
de-g-‘.(xﬂ) I x +1

1 3 X 1 X
=—log(x+1)+= | ——dx —— | ——dx
Y 2 g(¥+1) 2jx2+l 24 3 41

=%log(x+]]+%jx22i]dx~—tan o B
:i[zlog(x+l]+3log(x2 +1)]—%tan 'x+C
=%[log(x+l)2 +log(x2 +l)3]—%tan"x+(.*
:%[log(xﬂ)z (x"’ +1)3J—%tan Tx+C

Now, ¥=1 when x=0
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:1:%10g(l)—%tan"0+€

:>l=l><0—l><0+C
4 2

=0 =1

1

X 2/ 5 3}_1_ =
Thus, y—4[log(x+l) (x +l) 2tan x+1

Question 12:

x()cj —1)%—1
dx

== Jc(x2 —])

=>dy= 1

Integrating both sides, we get:
1

j@:jzatﬁarﬁm (1)

1 A B C
W e, Crrdl
3 1 :A(xfl)(x+l)+8x(x+l)+Cx(xfl)
x(x-1)(x+1) x(x=1)(x+1)
. I _(4+B+C)x* +(B-C)x-4
x(x-1)(x+1) x(x=1){x+1)

Comparing the coefficients of x* and x, we get:
A=-1

B-C=0

A+B+C=0

Therefore,

A=—1,B=1 c=1
2 and 2
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Substituting these values in (2), we get:
- 1 s S
x(x=1)(x+1)  x  2(x-=1) 2(x+1)

Hence, equation (1) becomes:

| | | 1 1
jaﬁ) =—J;dx+5J‘:dx+5 mdx

:)y:—logx+%log(x—])+%log(x+l)+]ogk

= yzélo,g{ﬂ(x_}lz)m(x_ﬂl"'

Now, »=0 when x=2

ﬁozllog{w}
2 4
3k?
1 =0
:,Gg( 4)
2
EL
4
=3k’=4
::wff—i
3
Thus,
| [ 4 x=1){x+1
}’=E]0g ( ,,)z( )}
a2X
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Question 13:

cos[%)=a(a eR);y=1

(dy]
cos| =— |=a
dx

d) -
3—£=COS 'a
dx

when x=0

= dy =cos™ adx

Integrating both sides, we get:
Ia’y =cos”' aIa’x
= y=cos ' ax+C

= y=xcos a+C

Now, ¥=1 when x=0
=1=0.cos" a+C
==l

Thus,

y=xc08"

a+l1

Question 14:

c_f}_z_ tanx; v =1
Fra Y= When x=0

dy
—=ytanx
B 7

:>d—y=tanxdx

y

Integrating both sides, we get:
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[
I 5 Itanxdx

= log y = log(secx)+logC
= log y = log(secx.C)

= y=0Csecx

Now, ¥=1 when x=0
=1=Cxsecl
=]

=@ =1

Thus, y=secx

Question 15:

0,0)

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

is ¥'=e€'sinx,

y'=¢"sinx
dy .
=D _ersinx
dx

= dy=¢€"sinxdx

Integrating both sides, we get:
Idy = J.ex sin xdx
yzj.exsinxdx (1)

Let I:Ie‘ sin xdx
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= ] =sin xje”dx —j {% (sin x) I e"'dx}{x
dx

= [ =sinxe” —J-cos xe'dx

= [ =sinx.e” —[cos xI e“dx — I[di(oos vc)j e"dx]dx}
X

= [ =sinx.e’ —[cosxe” —J(—sin x)exdx]
=I=¢"sinx—e"cosx—/
=T =e“(sinx—cosx)

e* (sinx —cosx)
2

==

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

- e* (sin ,rz— cos.x) .

Since, the curve passes through (0,0) , we have:

B e’ (sin0—cos0) e

=

1{6=1
:0——(0 )+C

2
1
=C=—
2
Thus,
e“'(sinx—cos x) 1
= y= +—

2 2

=2y =¢"(sinx—cosx)+1
= 2y-l=¢"(sinx—cosx)

= 2y—1=¢"(sinx—cosx)

X

Hence, the required equation of the curve is 2¥ ~1=¢ (sin x—cosx)

Question 16:

xyif-z=(x+2)(y+2)

For the differential equation ~ dx . Find the solution curve passing through the

point (1’_1).
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dy
xp—=(x+2)(v+2
o2 (x+2)(y+2)

ﬁ[ y jd},:(ﬂz]dx
y+2 2
Integrating both sides, we get:

j(l—'l)izjc{v=J[l+%]dr

ﬁjf@—zjﬁc@cj‘dwrzj%dx

:>y—2[0g(y+2)=x+2]0gx+c
:>y—_1r—(?=]{?sg;r«73+10‘.';__{(y+2)3

:}»ﬂv-x-(_‘:]og[xz(y+2)2]

Since, the curve passes through (1.-1) , we have:

=1-1-C=log| (1)’ (-1+2)’]
=-2-C=logl

=-2-C=0

=C=-2

Thus, y—x+2=log[x2(y+2)2}

Question 17:

is the required solution of the curve.

given that at any point(x .¥) on

Find the equation of a curve passing through the point (
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.

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

We know that the slope of a tangent to the curve in the coordinate axis is given by the relation,

dy
dx

Therefore
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=Yy X

b
dx
= ydy = xdx

Integrating both sides, we get:

Jydyzj.m'x
:>§:§+C

=y —x*=2C

Since, the curve passes through (0,-2) , we have:
=(-2)' -0*=2C
=20.=4

Thus, ¥* —X’ =4 is the required equation of the curve.

Question 18:
At any point (x.7) of a curve, the slope of the tangent is twice the slope of the line segment
joining ate point of contact to the point(_4* -3). Find the equation of the curve given that it

passes through (-2.1),

(%) is point of contact of curve and tangent.
y+3
is x+4

Slope (m) of segment joining (x.¥) and (-4-3)
We know that the slope of a tangent to the curve in the coordinate axis is given by the relation,

dy
dx .

dy
Therefore, slope (m,) of tangent is dx .

Since, ™, =2m,

:ﬁ: 2(y+3)
dx  x+4
dy 2dx
= —=
y+3 x+4
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Integrating both sides, we get:

dy dx
o

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

Since, the curve passes through (-2.1) , we have:
=1+3=C(-2+4)

—4=4C

=.G=1

Thus, ¥*+3=(X+4)" is the required equation of the curve.

Question 19:
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 ¢ seconds.

Let the rate of change of volume of the balloon be £.
dv

=—=k
dt
:—(imﬁ)zk
di\ 3
:>ifr.3 2.ﬁ=k
3 dt

Integrating both sides, we get:
J.4n:r2dr = ‘[kdt

3
:>4:fr%:kz+C

= 4rr’ = 3(k&+ C)

At t=0,r=3
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z4frx2?=3(kx0+C)
= 1087 =3C
= (C=36m

Now, at £=3,r=6

= 4rx6'=3(kx3+C)

= 864n =3(3k +36:rr)
=3k =2881 -36x =252x
= k=84n

Hence,
4 = 3[84m + 36?:]

4rr’ =4m (631 +27)
r’=63t+27

1
r=(63t+27)

1
Thus, the radius of the balloon after ¢ seconds is (6?” +27)3 .

Question 20:
In a bank, principle increases continuously at the rate of % per year. Find the value of 7 if X

100 doubles itself in 10 years. (log,2=0.6931)

Let P.¢ and r represent the principle, time and rate of interest respectively.
The principle increases continuously at the rate of »% per year.

dp r
== —
dt [100) g
D 100
Integrating both sides, we get:

dp r
j?_mojdr
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It is given that » =100 when =0

Therefore,

=100 =€

Now, if =10 then p=2x100=200

Hence,

-
200 =

=200=¢' ¢*

—=200=¢°.100

I

— 010 =2
¥

= —=log 2
]0 gi

=L 06931
10

sy 6031

Thus, the rate of interest, » =6.931%.

Question 21:
In a bank, principle increases continuously at the rate of 5% per year. An amount of X1000 is

05 _
deposited with this bank, how much will it worth after 10 years. (e =1 ‘648)

Let p and t be the principle and time, respectively.
The principle increases continuously at the rate of 5% per year.

dp
=—=5%x7
dt R
dp 5
= —=—
di (100][}
.7
di 20
_ dp _dt
p 20

Integrating both sides, we get:
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dp 1
j?_z_{) dt

t
=logp=—+C
gp 20

e

= p=e?
Now, 7 =1000 when t=0

Therefore,
— 1000 = ¢“

Now, at =10 and ¢“ =1000

m+('
:>p=£)20
jp:{f(lﬁxe('
= p=1.648x1000

= p=1648

Thus, after 10 years the amount will worth I1648.

Question 22:

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?

Let y be the number of bacteria at any instant ¢.
Rate of growth of the bacteria is proportional to the number present.

dy
== —0C

a2
B

dt
:>ﬁ=ka'£

y

Integrating both sides, we get:

L
jy k[ dt
=logy=k+C
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Let %» be the number of bacteria at 1 =0.
=logy,=C

= logy =kt +logy,

= logy-logy, =kt

= log [lJ =kt
Yo

= kt= log[lJ
Yo

Since, the number of bacteria increases by 10% in 2 hours.

= Y= ;
) 100)0
y_1u
»o 10

Taking log on both the sides
y 11
= log| — |= log[—)
[yn J 10
= ki =log(£) " log L |=w
10 Yo

11
= k2=1 —
°g[10)

1 (11
=k =—log| —
2 g(](})

Therefore,

Now, let the time when the number of bacteria increases from 1,00,000 to 2,00,000 be %

Therefore, ¥ =Y at I =1
Hence,
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2log?2
log(g]
Thus, in 10/ hours, the number of bacteria increases from 1,00,000 to 2,00,000.

Question 23:

dy — LXhY
The general solution of the differential equation dx “ s
(A) e +e’=C (B).ef+e’=C
(C) e +e'=C D)e*+e’=C

dy i il
_,:e.r ¥ :e.\’e_l
dx

dy
=>—=e'dx

&

=e'dy=e"dx

Integrating both sides, we get:
Ie‘-"dy = J.e'“dx
=>-e¢’' =" +k
=e +e’ =—k

e +e?=C (where, C =—k)

Thus, the correct option is (A).
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EXERCISE 9.5

In each of the Exercises 1 to 10, show that the given differential equation is homogeneous
and solve each of them.

Question 1:

(x3 +1y)dy = (x2 +y2)ab:

(“"f3 "'ly)‘{v = (x2 +y2)a'): can be written as:

Q_ X +y
dx X +xy
2, .2
Fz)= xj +y
x +xy

z 2 2
_x'+y s

A'F(x,y)

Flax i)=Y+ _#+yig

(Ax) +(Ax)(Ay) X +wy
Equation is a homogeneous equation.
Let y=w
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dy av
=yt x—
dx dx

dv X+ (vx)z
P — =X
dx  x*+x(vx)

dv  1+v*
=y+x—=
dx 1+v

dv =ﬂ—v (l+v2)-v(1+v)

x—
dx 1+v 14v
dv 1-v
=
dx 1+v

(-
-V

x
:>[12 —lJafvzﬁ

= —2log(1-v)-v=logx—logC
=v=-2log(1-v)-logx+logC

C

1% C
= —=log

% 2
x[l—l)
X

; Cx ]
= —=log ;

Ty

=(x-y) =Cxe*

Question 2:
' X+ y

B
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ax X

F(x,y)= 2y

X

F(Ax,Ay)= % =ixy =A'F(x.y)

Equation is a homogeneous equation.

dx
:>J.dV—J?
v=log|x|+C
=¥ log|x|+C

X

= y=xlog|x|+Cx

Question 3:
(x—y)dy —(x+y)dx =0

(x—y)dy—(x+y)dx=0

dy x+y
=i g swsi{ 1)

+y
Let F(x,y)= i
xX=y
_Ax+Aiy

x+y 0
= =A°F
Ax—dy x-y ()

Equation is a homogeneous equation.

S F(Ax,Ay)
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P4 ()
de dx
jﬂ=v+xdv

dx dx

av x+vx l+v
V+x—= =

dr  x—vx l—v
dv 1+v 1+v—v(1-v)
X—= -V =
dx 1-v 1-v
dv  1+v°
= X— =
dx 1-v

N 12_ v2 d‘):ﬂ
1+v: 1+v X

tanlv—%log(l+v2)=logx+c

2
= tan”" (ZJ—%log|}+[Zj :|: logx+C
x x

2 2
—llog|:x Ty }zlogx+C
2 x

(%
X 2
= tan”’ [%J—%[log(xz +y2)—10g xz] =logx+C
o
x) 2

log(x2 +y2)+C

Question 4:
(x2 —yg)cbr-l-Zchdy =0

(,\:2 g )dx +2xpdy =0

dx 2xy

Let F(x,y] = —M

2xy
i S

Given differential equation is a homogeneous equation.


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

=P _4 ()
dx dx
av
=L =yt x—
be dx
dx 2x,(vx)
A v -1
V+x—=
dx 2v
dv vi-1 ? 0y [ |
= X—= —V =
dx 2v 2y
~(1+v
N i)
2v
zvza"./*z—ﬁ
1+v X

= log(1+ v3)= ~logx+logC =log£
X

=1l+v =—
X

:>{l+y—;:|:£
x -

=¥+ =Cx

Question 5:

x2ﬂ=x2 —2y* +xy
dx

Solution:

i d—yzxz -2y +xy

dy x* =2y +xy
dx x°
Lot F{x, py= 22 3

Ax) =2(ay)’ +(2x)(2 o, P

.'.F(/'Lx,?uy)=( I) ( _]/') j‘( x)( y.)='x 2'}1 +xy=)~UF(x,
(Ax) 3

Given differential equation is a homogeneous equation.

)
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Lety=vx

dy dv
— =y4+x—
dx dx
2_»n 2
g _(vx]q-b-x_[bx)
fe x°
Sv+x—=1-2v+v
:>\:£=l—2v2
dx
dv _@
1-2v* x
dv dx
= : =
2(——v2] X
2
1 dv dx
= — . =—
2 1 4 x
(&)~
™
L logﬁ =logl|x|+C
25, 1L 7L,
2 2
1y
_.._+_.
1. |ET
= lo = =log|x|+C
22 1 _y gl
N
= log x+\/5y‘ =log|x|+C
242 x-ﬁy

Question 6:

xdy — ydx = \Jx* + y*dx

Solution:
xdy — ydx = \[x* + y dx

:>xdy=[y+ﬂ'x2+y2]dx
.:1F_y_y+\/.lr2+y2

dx x
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Let, F(x y) y-i-— e
L F(hxaiy) = (;“x“ “(j")z(“’ y x4 V“’j O

Given differential equation is a homogeneous equation.

Lety=wx
= ()
3@21’+x@
dx dx
:>v+xdv VX + [ X° +(vx]
X
:>v+x£=v+\j1+v2
dx
T
1+v* X
log v+ V1+v*|=log|x|+log C
y 2
= log |— 1‘l+— log|Cx|
x x

= log

yealx® +3°
by

=log |Cx|

= y+q/x* +y? =Cx?

Question 7:

e

()2 =) 2o
\ fe)orn(2)
) ()

=

==
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{XCOS(X]—F}’Sin[z]}y
Let /(x,y) = \ X ol
{ysin[ij—xcos(ij}x
X X
. \ ) . )
{lxcos[iyj-f-iysiu(i} ]} Ay {xcos[}}+ysin[y]}y
F(lx. }l}) = x i = i = = l“F(x‘y)

{/lysin[-ly-]—ixcos[ly]}lx j[ysin[yj—xcos(y}x
Ax AX X X

Given differential equation is a homogeneous equation.

Lety=ux

dv (xcosv+vxsin v).vx
v+x—=
dx (vxsin v—xcosv)x

2 N
dv  veosv+visinv
= v+x—=

VSN v —Cosv

dv  veosv+visinv
= X—= —p

dx vsin v —Ccosv

2 - 2 -
dv  veosv+1vsinv—v sin v+ vrcosy
3x—=

VSN v —cos v
av_ 2vcosv
dx  vsinv—cosv
:[vsinv—cosv}dvz 2

1 COS v x
1 2ax
:[tanv——jdv=—
v x

log (secv)—logv=2logx+logC

= log(secv] =log (sz)
Vv

3[SGCVJ=CJC2
v

= secv=Cxv

= sec[lj —cxt 2

X
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Question 8:

xﬁ—y+x8in(£]=0
dx x

Solution:
xﬁ—y+xsm( ) 0

I's

=5 ——y xsin

\._/51

Y
xsn —
@y T (

= e
dx ¥

e

y—xsin[z)
Let F(x,y)= S .o

X

ly—lxsin(%] y—xsin(z}
o F(Ax,Ap)= X/ = X = 2°F (%)

Ax X
Given differential equation is a homogeneous equation.
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BB
dx dx
OV
dx
ve—xsinv
V+x—=

dv :
= Vv+x—=v-—smv
dx

dv dx
—

sinv x

dx
= cosecvdv =——

X

a3

log |cos ecv—cot v{ =—logx+logC =log—
X

= Ccosec [Z] —cot [zj = (_”
X X X
Y
1 _oos[xj_g
sin[zj sin[lj x
X X
:>x|rl—cos(Z —‘zcsm(i]
X x

Question 9:

=

ydx+xlog(y)dy—2xdy ~0

x
Solution:

yafx+xlog(yjaj;_2x@=0

X
_ Yy
= ydx = {2;\: —xlog (—]]dy
X

2., ¥

dx 2x—x]0g(Z]
X

Let F(x,y) = #
2x—x log[zJ
X

Ay

¥

S F(Ax,Ay)=

2(2x)-(Ax) 108(%} ) 2%~ log(g]

=A'F(x,y)
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Given differential equation is a homogeneous equation.

vX
Vix—=—"--"-
dx  2x—xlogv

av v
=v+x—=
dx 2-logv

dv v
=x—=
de  2-logv

dv v-2v+vlogv
> r—=——"="
dx 2—-logv
dv_vlogv—v
>xr—=—
dx  2-logv

2—logv o dx

v(logv—1) x

:>[1+(1—10gv)]dv_ d

v(logv—1) x

X

3[;_1}&:@
v(logv—1) v X

1 1 1
LS (LY N (L
'[v(logv—l) J‘v " J‘x

dv
——logv =1 logC
:jv(logv—l) ogv =logx+log

Let, logv—1=¢
d dt
= —(logv-1)=—
eyl =22
1 dr
==—
vy v
:@:dt

v

:jﬁ—logvzlogxﬂogC
t


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

= log Iog[%]—l]—log(%)=10g((‘x)
)

= log

= i[l(}:g [XJ— I} =Cx
y X
= log [XJ —-1=Cy
%

Required solution of the given differential equation.

Question 10:

l+e* dx+e-"[1—£]dy=0
Y
1+e’ dr+e;(]—£]dy=0
y
s S x
:>[I+e‘1 }dx:—eJ (I——]dy
¥y

Let F(x,y)=i[——-2

X

l+e-‘:’
(i) (o)
o F(Ax,Ay) = A Y 20F(x,y)
1 +e)“."" 1+ e*

Given differential equation is a homogeneous equation.
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Let x =vy

d d
:>d_y(x)=d—y(vy)

dx dv
D>D—=v+y—
dy dy
dy I+¢'

dv_—e +ve'

= -y
ydy 1+¢"

dv —e +ve' —v—ve'

i _—
ydy 1+e"
dv [He‘}
Y= ;
dy l+é€

:{l-'-e‘}dv:—ﬂ
v+e y
:>log(v+e")=—]0gy+]0gC

=log(v+e')= log[g]

}’
2 2| &
=|—+e’ |=—

:>x+ye-." =C

For each of the differential equations in Exercises from 11 to 15, find the particular
solution satisfying the given condition:

Question 11:
(x+y)dy+(x—y)dx=0; y=1whenx=1

(x+y)dv+(x—y)dx=0
= (x+y)dy=—(x-y)dx

_dy_ (x-y)
dx x+y
Let If‘(x:’y): ﬂ
xX+y
‘ -(Ax=2y) —(x=¥») .,
S (Ax,Ay) = = 2 =28 (x,
( “ y) Ax+Ay X+ (xy)

Given differential equation is a homogeneous equation.
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d d
25(3))_5(”)
::»szﬂc

dx
L W o

ax X+vx

v—1
SVtx—=—
v+1

dv v—-1 v—l—v(v+1)

G S N PR G G, S A

dx  v+1 v+1

@_va—l—v —v "(1+V2)

dx v+1 v+1

v+],dv=—ﬁ

1+v° X

v | dx
= = > |dv=——
1+v° 1+v X

1 2 4

—log({l+Vv })+tan v=—logx+#
Slog(1+v7) g
=log(1+v*)+2tan 'v=—2log x+2k

= log[(l+v2)x2]+2tan"v: 2k

2
::»longer,, ]x3}+2tan‘11=2k
o

X
:>log(x2+y2)+2tan 1Y 9%
X

Now,y=latx=1
=log2+2tan"'1=2k

:>log2+2x%=2k
j%‘FlOgZ =2k

2 z 1)
log(x +y )+2tan lx

T
=—+log2
5 g

Question 12:
xzdy+(}.y+y2)dx= 0; y=1whenx=1
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xzdy+(xy+y3)dx= 0
= x’dy= —()gf-l-yz)dx

5 2
L _~(w+y)

dx X~
F(x,y)= —_(xi; ’)
. [Pare )] e
s F (ﬂ,x,ﬂ.y)— ().x): = (/lx)z =A"F (x,y)

Given differential equation is a homogeneous equation.
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1+2

, 1
= ==
3

#y 1

y+2x 3
= y+2x=3x"y
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Question 13:

xsinz(-}i—y] dx+ xdy =0; y=% when x =1

X

Solution:

xsin’ [i—y] dx+xdy =0
X

()]
2 —| xsin . -y
"

dx X

Let F(x.y)= [XSiHQE";] —y]

—[Axsinz{%)—l}f} —{xsin:(ij—y}
~ F(Ax,Ay) = & - 0P (x,y)
X

X
Given differential equation is a homogeneous equation.
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Lety=wx

d d
= ()=o)
2By
dx dx
dx X

dv

::>v+x—=—[sin2v—v]zv—sinzv
dx

av
= x— =-sin’v
d-

x
dv dx
sin’ v X

R dx
= cosec dv=——
X

= —cotv =—log|x]-logC

= cotv =log|x|+log C

= cot [Z) =log|x|+logC
X

= cot (XJ =log|Cx|
x

¥y =2 atx=1
4
= cot (EJ zlog‘C|
4
=l=logC

=C=¢=¢

cot (lj = loglexl
x

Question 14:

d—y—z+cosec[£]=0;y=0 whenx =1
dx  x x
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a ;
—y—z+cosec[i)=0
dx

X X
d

:,_yzz_msec[zj
dx x x

Let F(x,y)= 2 _cosec [lj
x X

S F (lx, l}’) = % —CO0S ec[iJ—JJ o cosec{iﬁ) = AOF(X,)/)

Ax i

Given differential equation is a homogeneous equation.
Lety=wx

d d
——\\V)]=—vX

dx (y) dx( )
= 4 =v+x @

dx dx

v
V+ X— =V —cosecv
dx

dv dx

= =
cosecy X

. dx

= —sinvdv = —
x

= cosv = logx+log C = log|Cx|
=5 cos[l] = log|Cx|
X

y=0atx=1
= cos(0)=logC

=C=¢=¢

cos[f)ﬂog‘(ex)'

Required solution of the given differential equation.

Question 15:

2xy+y2 _2);2%:0;)):2 when x =1
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d
2xy+ y° =A% g

dx
=% & ﬂzzxy+)}2
dx
dy _2xy+)y’
dx  2x2
2xy + v?
L t}" ; s T A
et (x3) =22,
2(Ax) (1 Av) ?
- JL‘(AX,A,J’"): ( X)( y)—z( vv) = ny t.fv :A,(jf"(x,y)
2(Ax) 2x

Given differential equation is a homogeneous equation.
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Lety=wx

d d
DE(VVFE(W)

dy dv
== =yt x—
dx dx
i x@ _ 2x(vx)+ (vx):
dx 2x?

dv v+t
SV+x—=
dx 2

=log|x|+C
—2+1

— —E:log|x‘ £

v

2
:——)zlog]xhC

2

= ... :Iog‘x[+C
y

y=2atx=1
=-1=log(1)+C
=>C=-1

:>—£:}0g\x[—l
v

32 =l—log‘x‘
y

2x

:m,(xq&(}.x¢e)

=YV

Question 16:

dx x
. S [
A homogeneous differential equation of the form @V [J’Jcan be solved by making the
substitution
(A) y=wx
(B) v=ux
(C) x=w
(D) x=v
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dx I [ xJ
For solving homogeneous equation of form @y Y J, we need to make substitution as X =Wy

Thus, the correct option is C.

Question 17:
Which of the following is a homogeneous differential equation?

(A) (4x+6y+5)dy—(3y+2x+4)dx=0
(B) (Ay)dx—(x3+y3)dy20
(C) (x3+2y2)dx+2xydy=0

(D) yedx+(x2—xy? —yz)dyz()

F(x.,7)is homogeneous function of degree n, if £ (4%:4v)=2"F(x.) for non-zero constant
(4).

Consider equation given in D:

ydx+(x —xy° y)dy 0

2 2
:")ﬁ: 2 _yz R 5 y-\ 2
dx x"-xy -y Y +xy=x
vl!
Fix,y)=—"5—
BY)=
A 2
F(lx,iy)= — N2 .(,U/,) 2 )
(4y) +( )(AV) -(4x)
)Lz( ’2+l)f -X )
/?LU
¥y +.xy -x’
=A'F(x,5)

Differential equation given in D is a homogeneous equation.
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EXERCISE 9.6

For each of the differential equations given in Exercises 1 to 12, find the general solution:
Question 1:

ﬂ+2y =sinx
dx

dy ;
) ) . . —+2y=sinx
Differential equation is dx
dy
—+py= .
This is in the form dx > 0 where =2 and Q=sinx
IF.= e'[pd\’ = e-[m =™

y(LF)=[(@xLF)dx+C

= ye’l = jsin xe™'dx+C

Let, = Isin x.e"

=] = Isjn x.Jehdx - I[di (sin x) .jehdx]dx
dx

7

2x ix
. e e
= [ =sinx. —J- cos x. x
2 2

2% o1
s B BILE 1 cgsx_jezx _I(di (cos_r)‘je“dx]dx}
x

e”sinx 1 e™ : ¢
== 53 cosx‘jT—j‘{(—smx)‘T}dx]

Dx- x 2
e*sinx e“cosx |1

=] S T Z_[(sin xe™ )flx
2x
=ik (ZSjnx—cosx) ~ir
4 4
"~ ,zx
s F g6 (2sinx —cos x)
4 4
2x
=] = e_ (2sinx —cosx)
o)
ye't = e;‘ (2 sinx—cosx) +C

(e

Sy=z (2sinx —cosx)+Ce™
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Question 2:

dy 2%
—+3y=e""
= y

Solution:

@ + = Q
Differential equation is dx &

(where, p=3and Q= e'z“)

LB =
y(ILF)=[(Qx1F.)dx+C
= ye¥ = I(e'z" x e ) +C
= ye* =Ie‘dx+C
=y =e' +C

=>y=e¥+Ce™

Question 3:
d_y+ 1 — XZ
dx x
Solution:
dy

—+ =
PR Q

[where,p = L and O = xl]
X

I.F.= .ezj-mr = ej.%h- =" =x
y(IF)=[(OxLF)ds+C
= X = J.(xz.x)dx+C'

:>yx=_|-x3dx+C

4
:>yx=x—+C

=>xy=—+C
V=
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Question 4:

dy

+(secx)y=tanx(0£x£
X

SR
b S

Solution:

dy
— 4 =
ot 0

(wherc, p=secx and O =tan x)

ejscc xedx

pele I x+tanx
I,F,=eI = = el _ o0 x + tan x

y(1.F)=[(Qx1.F)dx+C
:>y(secx+tanx]=jtan x(secx+tanx)dx+C
= y(secx +tanx)= _[secxtanxdx+_[tan dx+C

secx+tanx)=secx+_|. sec x—])dx+C

=
= y(sccx+tanx)— secx+tanx—x+C

Question 5:

coszxg+y=tanx[0£x<£j
dx 2

Solution:
coszx-@+y=tanx 0<x<Z
dx 2

d tan x
S, 0 s
dx cos"x cos’x

dy 2 2
= —+|sec” x)y=sec x.tanx
g (56 x)y

dy
—_ =
o R 0

(where,p =sec’ x and O =sec” x.tan x)


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

5 ej..‘xfx _ ej.ser.:2 xelx _ emn_\.

y(I.F)=[(Qx L.F.)dx+C
= g = j(secz x.tan x.et““)dx+C
= ye™* =™ (tanx-1)+C

tan x

= y=tanx—1+Ce

Question 6:

xd—y+2),)=):2 log x
dx

Solution:

dy 2
x—+2y=x"logx
P i g

dy 2
= —+—y=xlogx
IR
dy
—_ 4 =
= 0

(where,p = 2 and O = xlogx]
X

1F = e'l-mc = ejidx = g™8% = ghB¥ — 52

y(I.F)= [(Qx1.F)ds+C

= yx’= I(xlog x.xz) dc+C

e J(JL’1 log x)dfr+C

= x’y=log xjx3dx - J‘{%(Iog x)._‘.x3cbc}ix+ C

4 4
= x’y=log x.%—j[l.%}a‘x+(f

.x
4
= x? w® lzgx—%fxsdx+C
NN
Y=y Tt

:»xgyzﬁx“(fllogx-l)«kc*

=5 y=%xz(4lc:n§:,>=x—l)+Cx'2
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Question 7:
dy

xloox——ky—zlogx
=7 dx X
Solution:

dy 2
xlogx—+y=—logx
B y 2 g

dy v 2
e =—2
dx xlogx x

ly
— 4 —
dxpr

[where p= and 0 = %}
2

xlogx

Joi _ Vioax®™ _ joations)

Il .=e
y(IL.F)=[(QxLF)dc+C

=e =logx

= ylogx =f[%logx}afx+(?

(et
:2:logx-j.%dx—j‘{%(logx)_j‘:_zdr}dx]
Ecoly

A Sl

_y _bﬂ_l}
X X

2
=——(1+1
x( +log x)

ylog x = _3(1 +log x)+C
X

Question 8:
(1 F® )a’y+ 2xydx = cot xdx(x #0)
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Solution:
(147 )dy + 2xydx = cot xdx

dy  2xy cotx
==+ =

dx (l+x2) - (l+x2)

d ! :
ay+py=Q (Where,p - ﬁ and Qz(lcj_)—;)]
2x1dx

IF. = efpdx = ej‘”' _ elog(iﬂz)
Y(LF)=[(Ox1F)dx+C

:»y(1+x2)=j[lcjt;x(l+x2)]dx+C

=1+x’

:>y(1+x2)=_[cotxdx+C
= y(1+x2)= log|sinx|+C

Question 9:

xg}—)+y—x+xyc0tx:0(x¢0)
X

Solution:

x%+y—x+xycotx=0(x¢0)

:»d—y+z—1+ycotx=0

dx  x

$£+y[l+cotxJ—1=O
dx

X

:d—y+[l+cotx]y=1
dx

X

d—y+py = (where,p =(l+cotx) and O = 1]
dx x
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£1 b
pe J |00txl|dx . 5 s .
I‘F, — eJ —e l\,r J - e]og log(sinx}) = elog(rsmx) = ysin x

y(LF)=[(Qx1F)de+C

=5 1x xsin x)dx+C

xsinx) = [

xsin x) = J(xsmx)dt+(’
)=
)

csin x

= y(xsinx x_fsmxafr I[ (x). J‘smxcix}+C

v(

= y(
(

(

(

= y(xsinx =x(—cosx —Il.(—cosx)dx+C
=y xsinx)z—xcosx+sinx+()

—-XCcosx  sinx C
Y= + +

xsinx xsinx xsinx

1
= y=—-cotx+—+
X Xxsinx

|
=S y=—-cotx+—
X XS x

Question 10:
[J.“F d J 1
Y x

Solution:

dy
(‘c+y)dx

dy 1
=
dx x+y

dx
=>—=x+y
dy ’

.. —_—
dy ’

d
Put in form =+ px =0,
dy

(where,p] =—land Q = y)
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LF.=ed™ —[e e
y(I,F) :I(Qi KJ.F.)dXJrC
= xe* =[(ye?)dy+C

>xe? =yfe’dy—| {%( ».[ e--vdy]aj; +C

. e',"' e_.‘\‘
=re Y s (| = |ay+C

= xe” =—ye” + [edy+C

—>xe y:—ye y_e \+C
D x==y=1+Ce’
> x+y+1=Ce’

Question 11:
ydx+(x_y2)dy:0

Solution:
}’dx+(x—y3)dy -0
= Jr’dx—(,]/3 —x)dy =0

Z_
- P =E g X

d_y: y ¥
dx x
dy y
dx
_+p]x:Q1

Put in form dy

[where, P =l and O, = y}
y

I )
L.F. =g = je;d‘ e =y

y(I'F)ZI(Q xI.F.)dx+C

Sxyzj(y_y)dy_FC
:x}"—‘jyzdy+C
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:>xy=}—+C'
3
Y

Question 12:

(x+3y3)g‘z y(y > 0)

X

3 d}'
37 )2 =
(x+y)dx ¥
b__ >
dx  x+3y°
ﬁ:x+3y':£+3
dy ¥ Y
520y
dy 'y
dx
d px=0,

[where, P = o and Q, = 3y}
Y

1y i

j'”'a:‘; ‘[% —logy logy 1

JF. =" =¥ =8y =gl8y — _
¥

y(1LF)=[(Qx1.F)ds+C

ﬁxxl:f[3yxljdy+c
y

y
=Xo3y+C
y
=x=3y"+Cy

For each of the differential equations given in Exercises 13 to 15, find a particular solution satisfying
the given condition:
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Question 13:

dy . T
—+2ytanx =sinx; y=0 whenx=—
de Y 3

Solution:

ﬁ+2ytan:4::sinx
dx

dy
- i _
T 0

(where,p =2tanx and Q = sinx)

Ipdr. _ ethﬁnmfr _ ez1og§5ecx: _ l?Ing(ﬁecz x} _ secz X

IF.=e
y(1LF)=[(Qx1F)dc+C

= y(sec’ x) = j(sin x.sec’ x)cir e By
= JSeR” X = j(secx. tan x)dx + C

= ysec’ x =secx+C

T
=0atx=—
Y 3
OxseczgzsecszC
=0=2+C
=545 =2

ysec’ x =secx —2

2
= V=C0SX—2C08" X

Question 14:

(l+x2)%+2xy=#;y=0whenx=1

Solution:

d
(l—ch)d—J;+2ch=1”;I

:}Q+ 4y :

de 1+x° (1+x2)2

ay
e =
/ Py Q

2x 1
1+x° o Q_(H_xz)z

where, p =
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2x

Eil, eJ“*3

dx _ e[og(l‘-ifz) 14
y(_)’.F)=I(Q><I.F.)dx+C
:y(1+x2)=j (l ]2)2 .(1+x2) dx+C

+X
:>y(l+x2)=fl+l ~dx+C

X

= y(l+x})=tan” x+C  ..(1)

y=0atx=1

Question 15:

fg}i—3ycotx=sin2x; y=2 when x = =
dx 2

Solution:

ﬁj)--—3ycotx= sin2x
dx

ay
g =
/ py Q

(where, p =—3cotx and O =sin 2x)

PE= e[pdx _ e--fijmtxdr - e—jlog|sinx o e!og!xinx| -

y(IF)=[(QxI F)ds+C

=y ‘] = {sian, ‘1,

=> ycosec’x = 2_[(00‘[ xcosecx)dx+C

= ycosec’x =—2cosecx +

2 C
= y = o + 3
cosec’x  cosec x

= y=-2sin x+Csin’ x

=e

log

1

lsin® x| _

1

sin’ x



https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

yzZszE
2
2=-2+C
=0=4
y=-2sin® x+4sin’ x

= y=4sin’ x—2sin’ x

Question 16:
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.

Let (%, ) be the curve passing through origin.

4
At (1Y ], slope of curve will be ¢/x
dy
k™l +
dx =y
dy

== _y=x
dx 4

dy
— i
o py =0

(where, p=—1and 0 = x)

IF = ej-;m = ej-(_lm =g

y(1.F)=[(Ox1F)dc+C

= ye " = Jxe“"dx +C

= ye xj e “dx - J{% (x) I e"dx}t\f +C

= ye Tt =—xe" + I edx+C

= ye T =—xe + (~.<3'I ) +C
= ye " =—e " (x+1)+C

= y=—(x+1)+Ce*
=>x+y+1=Ce"

Curve passes through origin.
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1=C

= x+y+l=¢e

Question 17:

Find the equation of a curve passing through the point (092) given that the sum of the
coordinates of any point in the curve exceeds the magnitude of the slope of the tangent to the
curve at any point by 5.

F(x,%)be curve and let (¥7)be a point on the curve. Slope of the tangent to curve at (%)is

ap

(where, p=-1and Q=x-5)
Jo N LN (G
Y(IF)=[(Qx1F)dx+C
e = _‘-(x —5)e *dx+C
x x d ]
I(x —5)e “dx =(x- S)Je dx — I{;(x - 5).]6 dx}ix

(e ) e
={5—-x)e™ —(—e"‘)

Curve passes through (092)
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0+2-4=C0

=-2=C
=C=-2
x+y—4=-2¢

= y=4-x-2¢

Question 18:
dy

. . . . . ——y=2x’
The integrating factor of the differential equation o VT

1

(A) e (B) ¢ (©) x (D) x
dy 5
=257
£ 7 y=2x
= ﬂ X 2x
dx x
.C_il.Ji+ = Q
i Py
[Where, = L and 0 = 2x]
X
! -1
K :ej_*'dr =g loex =ek'g{" ) o ] :l
X

Thus, the correct option is C.

Question 19:

. . e (1) px=ay (1> p <)
The integrating factor of the differential equation dy
1 1 1

1
(A) ¥ -1 (B) V' -1 (©) 1=y (D) V1=
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Solution:

(l—yz)j—;+yx=ay

FLNE ..
dy 1-y° 1=y
dx
E*Ping
(\:«fhf—:re,pl=L2 and Q, = a);j
1=y 1=y~

ol =@

Thus, the correct option is D.

Y & 1 2 I
J'p]aj- j[_yz ! €_5|0g[]_}’_] _ en
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MISCELLANEOUS EXERCISE

Question 1:
For each of the differential equations given below, indicate its order and degree (if defined).

5

d’y dyv Y
—-6y=1
(1) dx’ (a'x] Y08

3 2
[@j —4 (ﬁ] +7y=sinx
(i) dx dx

dy . (d’
(i) a Sm[ e ) ¢

0 ( ] =logx
+5x

d dy
— | —6y-1 =0
[d] p-logs

d’y
Highest order derivative present in differential equation is dx’ . Its order is two.
Highest power raised to ¢’ is one. Its degree is one.

3 2
(i) [?] -4 [?] +7y=sinx
11 X X
ﬁ(%) -4 [j—}] +7y—sinx=0
Ix
dy

Highest order derivative in differential equation is «x . its order is one.
dy
Highest power raised to «x is three. Its degree is three.

4 3
D sin )0
(111) dx dx
dy

Highest order derivative in differential equation is dx’ . Order is four.
The given differential equation is not a polynomial equation. Degree is not defined.

Question 2:

For each of the exercises given below, verify that the given function (implicit or explicit) is a
solution of the corresponding differential equation.
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(i)

(i)

(iii)
(iv)

(1)

(i)

dy

xy=ae' +be +x° +2@—xv+x -2=0

a')c2 dx
: d’ d’y dy
=e'(acosx+bsinx) ~2—=—+2y=0
2
y=xsin3x : %+9y~—6cos3x=0
x*=2y*logy : (x2+y2)%x}i—xy=0
xy=ae' +be ™ +x* d y+2@—,ﬂ=+x -2=0
dx
xy=ae* +be” +x° (1)

Differentiating both sides with respect to ¥, we get:

d ) di o dg;
xd—£+_v.]=aa(e')+ba(e )+E(x)

dy % gk
=>x—+y=qe +be" +2x
dx

Again, differentiating both sides with respect to ¥, we get:
d y dv dy
Yo T dx dx
d’y

B IOL SN, .(2)
dx* dx

=age" +bhe"+2

dy+2d—y—xy+,1 -2=90
Now, we have  dx’ dx

d’y

2

LHS =x

+2ﬁ—xy+x2 -2
dx

= ae* +be™ +2—(ae” +be” +x7 ) +x7 -2 [using (1) and (2)]

=qe* +he*+2—ae* —be*-x*+x°-2
=0

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

2

2 d’ d
y=¢"(acosx+bsinx) d—‘:—2ay+2y=0
x
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y=¢"(acosx+bsinx) (1)

Differentiating both sides with respect to ¥, we get:
y=e"(acosx+bsinx)=ae"cosx+be"sinx

= @ = a.i(e" cos x)+ b.i(e" sin x)
dx dax dx -
= @y a[e‘T cosx—e" sinx)+ b(e*' sinx+e* cosx]
dx
:>ﬂ:(a+b)e"cosx+(b—a)e"sinx il 2)

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

= dz{’ =(a +b)%(e’ cos x)+(b —a)di(e“ sin x)

dx” x

i3

d'y x x £ x
= 5 =(a+b)‘(e COSXx—¢ smx)+(b—a)(e sinx+e cosx)

s

:>%:e”[(a+b)(cosx—sinx)+(b—a](sinx+cosxﬂ
X’
:>L:;L'},2=e*' [acosx—asinx+bcosx—bsinx+bsinx+bcosx—asinx—acosx]
2
&y .. ;
= —=-=2¢"(bcosx —asinx) ~(3)
dx”
2
87 % NV
Now, we have dx*  dx
2
LHS =22 2% 15,
dx” de

=2e¢*(hcosx—asinx)- 2[({1 +h)e*cosx+(h—a)e'sin x} +2¢”" (acosx+bhsinx)

[using (1), (2) and (3)}
—e" [(2}; c05x—2a5inx)—(2acosx+2hcosx)—(2h sinx—2asinx)+(2acosx+2bsinxﬂ

=g [2b cosx—2asinx—2acosx—2bcosx—2bsinx+2asinx+2acosx+2b sinx]

=RHS
Thus, the given function is a solution of the corresponding differential equation.
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(iif)

(iv)

2

y+9y—6cos3x=0

= xsin3x
Y dx?

y=xsin3x (l)

Differentiating both sides with respect to x, we get:

= & = i(,af sin 3x) =sin3x+x.cos3x.3
dx dx

d .
— 2~ gin3x+3xcos3x

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

j;“:} = %(sin 3x) +3% (xcos3x)

2

= dxy = 3cos3x+3[cos3x+x(—sin 3x).3]

2

::>ny 6cos3x—9xsin3x (2)

T

d’y
Now, we have dx’

+9y—6¢c0s3x=0

2

LHS =22 195 6cos3x
dx

= (6 cos3x—9xsin 3x) +9xsin3x—6c¢co0s3x [using (1) and (2)]

=0
= RHS

Thus, the given function is a solution of the corresponding differential equation.
x*=2y"logy ! (x2+y2)2{-)i—xy=0
' dx

x> =2y’logy (])

Differentiating both sides with respect to x, we get:
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:>2x:2|: [yzlogy]

dx
dy > 1 dy
= x=|2ylogy.—+y'.——
n=| plogpr e s
ix:Q(leog)H—y)
dx

dy X
dx  y(1+2logy)

|
|
3]

Now, we have
dy
LHS =(x* +y* )= —x
(¥ +57) -0

X

= (2y2 log y + yl)_

=y2(]+2|ogy). >
=Xy —Xy

=0

= RHS

(x2+y2)%—xy=0

[using (1) and (2)]

y(1+2logy)

—_—X
y(1+2logy) g

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

Question 3:

Form the differential equation representing the family of curves given by

where « is an arbitrary constant.

(x—a)z—k2y1 =a’
= x’+a’ - 2ax+2y* =a°

=2y =2ax—x* w1

Differentiating both sides with respect to x, we get:

(Jc—o't)2+2y2 =a’
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:»4}:@:20—2)1'
dx

dy 2a-2
Ay _2a-2x

dx 4y
dy _ 2ax —2x°
dx 4xy
2,.2 A2
2Q=M— [from(l), 2ax=2y2+x2:|
dx 4xy
d 22
& _2y-¥
dx 4xy

Q B 2y2 _x2
Thus, the differential equation of the family of curves is given as dx 4xy

Question 4:

2

2 3 — 2 2 - . . . . .
Prove that * — =c(x +y) is the general solution of differential equation

(x3 _3xy2)dx = (y3 _3x2y)dy , where ¢ is a parameter.

(x3 —3x° ) dx = (y3 - 3x2y)dy

dy x'-3x°
—_—=— a1
dx vy =3x’y ( )

This is a homogeneous equation, to simplify it, let ¥ =wx

d d
= &=z
:>—-}-=v+xéi (2)
dx dx
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dv x"—?))c(m)2
=S Vvtx—=

dx  (vx) —3x ()
v 1-3v*
SVtr—=—
¢ v —3v
@ B 1-3v* i
dx v’ -3v
N I—3v2—v(v“—3v)
S x—= :
dx v —3v
dv 1-v
=X — =—
dx v =3v
3_
< fivdv=§
—v X

Integrating both sides, we get:

3
:>J v]_—;v dv =logx +logC’ ..(3)
v —3v Vv vdlv
v = 3
jj\ 1-v* J-]—v“" J‘]—v‘1
LiktLd) PRI 4
ﬁj 11—t SR ] ( )

*dv dv
[where, I, =_|‘]V—4 and 7, =Ilv 3 ]
-y -y

Let 1-v'=¢
Therefore,
54 (1M Z
dv dv
= -4’ =£
dv
:;»v‘ﬂ'.sz"u:—-ﬂ
4
Now,
dt
IL=|-—
=] 4
——Llo t
4 g

:—%log(]—v*) (5)
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Let V' = pP

Therefore,
4 (v')= ap
dv dv

@
v

:>vaf"»‘=d—*'!J
2

=2v=

Now,
1y dp

2 2d1-p?
1
T 2x2
I

=
4 e

1+ p

I-p

1+v-

1—v°

log

Using (4), (5) and (6)

v =3y 1 AU . 1447
J{ T }iv_*zlog(l—m )—Zlog l—vz‘
Using (2) and (7)

1 3. |1+ .
_Ilog(l—v4)~zlog -~ =logx+logC

==

5l
1 1+v
= ——log| (1-v* ~| |=logC"
: g[( v )[] m} ] gC'
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LA
= —%log[(l—vz)(]+v2)[1i;] ]:log(?'x

7 . .2}?
3 (X +V ) _ 1 :
x* (_?{2 —yz )H b

= (x3 -y )2 i i (Jc2 +y? )4

Taking square root on both sides
:>(Jc2 —yz)z C':()c2 +y3)j

:‘,>(Jc3—yz):C(xzﬁpz]2 (where, C=C")

Question 5:
Form the differential equation of the family of circles in the first quadrant which touch the

coordinate axes.

Equation of a circle in first quadrant with centre (,a) and radius (¢) which touches coordinate
axes is:

(x—a) +(y-a)’ =d’ (1)

A ]

Differentiating both sides with respect to x, we get:
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:bZ(x—a)%—Z(y—a)%:O

= (x—a)+(y—a)y'=0
=>(x-a)+y'-ay'=0
= x+y' —a(l+y)=0

_x+y
1+

= a

Substituting this value in equation (1) , we get:
o x+yy & 3= X+ _[xtwy
1+ ’ 1+ 1+

L] =

=X —y)2 Y+ (x- y)2 =(x+ yy’)2
= (x=y) [1+() [= (v + )

2 n2l] "2
Hence, the differential equation of the family of circles is (x-7) [H(y ) ] =(x+5')

Question 6:
— -2

Find the general solution of the differential equation dx V1-x’

@‘l“ 1_—};=0

dx Vl—x

Ld
dx Vi-x

dy dx

% ___ @
\/l—y2 \/l—x2

Integrating both sides, we get:

=sin” y=—sin" x+C

=sin” x+sin” y=C


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

Question 7:
(x+y+1)=A4(1-

dy_l_y‘+y+l_0

dc x4+l

d ¥
dx X +x+1

dy dx
y2+y+l x2+x+1

Integrating both sides, we get:

J- dy __J~ dx
V' +y+1 4241
s
{ 1) V3 [ 1Y (3
v |+ x+— | +| =
2 2 2 2
}'+1 x+1
2 1 : 2 -1 2
= —1tan =——tan +C
J3 3 V3 3
2 2
_]‘23,-+1] ,|:2x+l:] V3¢
= tan +1 =—
L 3 V3 dit2
I 2y+l 2x+]
= tan™ V33 =\/§C
1_(2y+1)(2x+1) 2
V3B
2x4+2y+2
= tan™ V3 :ch
1_(4xy+2x+2y+l) 2
L 3

dy Yyl
Show that the general solution of the differential equation dx x*+x+1

x—y—2xy) , where A is parameter.

is given by
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2x+2v+2

o B )t[ﬁJ

1 (4xy+2x+2y+1 2
3

2x+2y+2

=% J3 =C, [where, b =tan(\/§' ﬂ

3—(4.xy+2x+2y+l) 2
3
V3(2x+2y+2)
3-(4xy+2x+2y+1)

=2V3(x+y+1)=C,(3-4xp-2x-2y-1)
=23 (x+y+1)=C,(2-4xy-2x-2y)
:>2\/§(x+y+l)=(71><2(1—2xy—x—y)
=3 (x+y+1)=C,(1-x—y-2x)

1

:>(x+y+l)—%(l—x—y—2xy)

=(x+y+1)=4(1-x—y-2xp) {whereA:C'-‘

&

Question 8:
x

Find the equation of the curve passing through the point [ ’ 4J whose differential equation is
sin xcos ydx +cosxsin ydy =0

sin x cos ydx +cos xsin ydy =0

% sin x cos ydx + cos xsin ydy _
COS X COS y

=> tan xdx + tan ydy = 0

0

= log(secx) +log(sec y) = log C
= log(secx.secy)=logC

=secx.secy=C

T
The curve passes through the point [ ’ 4)
Therefore,
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=1x/2=C
:C:ﬁ
secx.sccy=\5

=>secx. 1 =2
cos y

SeCx

J2

=cosy=

Question 9:

Find the particular solution of the differential equation

v=1when x=0.

(] +ezx)dy+(l +y? )e“dx =0

=0
1+ 1+&¥

Integrating both sides, we get:

:>tan"y+_[li:f‘jr = w1}

=e'de=dt

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

dt
tan”' y + =C
¥ '[l+t2

=tan" y+tan ' t=C

= tan ' y+tan’' (ex) =C

When x=0; y=1

Hence,

(1+e™)dy+(1+y* )e'dx=0

, given that
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tan '1+tan'1=C

=2:+Z_¢
4 4
:>C=£
2
tan! y+tan! (' )=2
Thus, ¥ (e) 2

Question 10:

e’ dx ={xe; +y° }dy (y#0)
Solve the differential equation .

ye;dx = [xe-‘_’ + yzlajz

Let e; =z

Differentiating it with respect to y, we get:

df s

dy dy
= d[x} dz
=e —|—|=—
dy\y) dy

y By
* : dy '
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Integrating both sides, we get
=z=y+C

x

:>e; =y+C

Question 11:

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

(x—y)(dx+c{v)=(dx—dy]
:>(x—y+l)dy=(]—x+y)dx

dy _l-x+y
dx x—y+l1
& _1-(x-y) (1)
dx  1+(x-y)
Let X~y =t ..(2)
LT
dx dx
& e
dx  dx
P swi(3)
dx  dx

Using (1), (2) and (3)
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:;»ﬁ (1+2)-(1-1¢)

dx 1+1
dt 2t

= —=—
dx  1+1

= ('j—‘] dt = 2

:>(I+}]dt=2dx

Integrating both sides, we get:
= I+log‘!‘ =2x+C

= (x—y)+loglx—y|=2x+C
= log|x—y|=x+y+C

When x=0; y=-1
logl=0-1+C

= =1
log|x—y=x+y+1

Question 12:

Solve the differential equation |: Jxo Jx

Jxo x|y
_dr_et
e Jx Jx
dy’ % _e—z\."E
& Jx Jx

This equation is a linear differential equation of the form
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dy _ 1 e—?\.
B By P=—f 0
dx y=0 where Jx and \/;

eJPd_\- _ IL““ 25

Now, [L.F.= eV =e

The general solution of the given differential equation is given by,
y(LE)=[(0x LF.)dx+C

2 e 2x
= ye™ = xe 2 &
5

I 1
g™ = J.—dx +C
Jx

= ye”; =2Jx +C

Question 13:

dy + ycotx = 4xcosecx(x # 0)

Find a particular solution of the differential equation dx , given that

T

y=0 whenx P

dy
—+ ycotx = 4xcosecx
dx

This equation is a linear differential equation of the form

dx where P =cotx and Q = 4xcosecx

Now, I.F.= ej "= eI O _ il _ gin x

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

= ysinx= I(4xcosecx.sin x)dx+C

:>ysinx=4jxdx+(.“

"

:>ysinx=4.%+(7

= ysinx=2x>+C
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x—i' =0
When 3’

Therefore,

]

=0=2xT_4C
4

2
T

= C=-——
2

ﬂ_Z

. )
ysinx =2x" ——

Thus,

Question 14:

Find a particular solution of the differential equation
x=0.

dy 5
l)—=2e¢" -1
(x+ )dx e

dy dx
=% =—
2e’=1 ®+l
— e'dy _ dx
2—-¢"  x+l1

Integrating both sides, we get:

I ¢ dy, =log|x+1|+logC (1)
2—e"
Let 2—-¢" =¢
=2 (2-¢)= L
dy dy
,dt
= - =—
dy
=-—e'dy=dt

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

(x+1)

dy

" dx

=2¢e —1

, given that ¥ =0 when
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= J._?dt = log1x+1‘+logC

= —log|f| = log|C (x +1)|

= —log‘z—e" = I0g‘C(x+I)‘
F5 =C(x+1)
=22 -ef = 1

C(x+1)

When x=0; y=0

Therefore,
::>2—1:l
C
=C=1
Hence,
2-93:=L
x+1
i 1
e =2—-—
x+1
. 2x+2-1
=gl =
x+1
s 2x+1
=@ =
x+1
::'y:]ogzx ‘ (x=-1)
X+
Question 15:

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 20,000 in 1999 and 25,000
in the year 2004, what will be the population of the village in 2009?

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

logy=kt+C

In 1999, t =0 and ¥ = 20000
log 20000 =C

In 2004, ¢t =5 and ¥ = 25000
log25000 =k.5+C

= 1og 25000 = 5k +10g 20000
=5k = IOg[ZSWUJ = log[sj
20000 |

1. (5
=k==log| =
5 g[zx]

In 2009, =10 years

log y =10x é log[gj +1log(20000)

&
=logy= Iog[20000x[%] ]

= 3= 20000x > x>
473
= y=31250

Therefore, population of village in 2009 is 31250.

Question 16:

ydx —xdy _ 0

The general solution of the differential equation y is

(A) w=C (B) x= (% (C) y=Cx (D) y = Cx’


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

ydx — xdy s

y
. ydx — xdy ~0

xy

1 1
— —dx——dy =0

X ¥
log|x|—log|y| = logk

=>y=Cx (where, C =%]

Thus, the correct option is C.

Question 17:

dx
—+Px=0,
The general solutlon of a differential equation of the type dv s

0, ej L ]dx +C

0 v

0" v

P(.’\

Bl
s B I(
I

LF. for dy Hhx=0 is &7

x(L.F.)= (J' 0, % I.F.)dy +C

x.e'[!)"# = I(Q,ejp'd‘ ]dy +C
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Thus, the correct option is C.

Question 18:

The general solution of the differential equation e'dy + (ve" +2x)dx =0 is
(A) xe' +x* =C (B) xe’ +y'=C

(C) ye' + x*=C (D) ye' + x*=C

e'dy+ (ye“" + Zx)dx =0

ﬁe’%+ye"+2x:0

X

d
= —y+y =-2xe"
dx

This is a linear differential equation of the form
dy

—+ Py = -x
&7 Q where, P =1 and Q = —2xe”
Now,

I.F.:ejm =eM =e"

Y(IF.)=[(Qx LF )i +C
= ye' = I(—er ‘e )dx+C
= ye' = —IZxdx+C

= ye* =—x*+C

=y +x°=C

Thus, the correct option is C.
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