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NCERT Solutions Class 12 Maths Chapter 9

Differential Equations

Question 1:
d'y +sin(y")=0
Determine order and degree (if defined) of differential equation dx* .

Solution:
4

:>%+sin(y")=0

= 3" +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,

Solution:
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:
(] s
Determine order and degree (if defined) of differential equation \ df .
Solution:
4 2

(ﬁj #3523 -0

dt dt

&’s

Highest order derivative in the given differential equation is dt* . Its order is two.
It is a polynomial equation in df* and dr .

d’s
The power dt* is 1. Degree is one.

WWW.CUEMATH.COM



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

{ cuematn
THE MATH EXPERT

Question 4:

5 s
( “: J - cos[ Y J =0
Determine order and degree (if defined) of differential equation dx x .

Solution:

g
d_,:’ +cos[—‘f—yu)=0
dx dx
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:
d’y

—= | =cos3x+sin3x
Determine order and degree (if defined) of differential equation ( dx’® J

Solution:

2 2
(QJ =cos3x+smn3x

2
2
=5 (%) —c0s3x—sin3x =0
4y
Highest order derivative in the given differential equation is dx* . Its order is two.
dy
It is a polynomial equation in dx* and the power is 1. Its degree is 1.

Question 6:

il o S é
Determine order and degree (if defined) of differential equation (") (") () +¥ =0,

Solution:
2 w3 "4
() (") #(p) 7 =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"+3y'=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 equation ¥’ +y =¢.

y+y=é
=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:

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

y"+(y')3 +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:

2
{d—zj +[ﬂ] +sin[d—y]+1=0
The degree of the differential equation dx dx dx is
(A)3 (B)2 O)1 (D) not defined

Solution:
3. NP 2
d—f +[@J +sin[d—y]+1=0
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:

The order of the differential equation Y aix .
(A)2 B)1 ©)0 (D) not defined

Solution:
22‘”’ 39 4520
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'+1l : y'—3y'=0

Solution:
y=¢ +1

dy _d
E=E(e +1)
=y =g (l)

%(y%%(e‘)

=y =€ ik 2)

From (1) and (2)
y”_y' - ex _ex
=0

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
Solution:
y=x'+2x+c
d 5
'=—(x*+2x+c¢C
P )
=>y'=2x+2

Therefore,
Yy =-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

Solution:
y=cosx+(C
d
'=—(cosx+C
¥ )
= y'=—sinx
Therefore,

' +sinx =—sin x +sin x
=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=v1+x* : y’=1f};2
Solution:
y=+I+x’
y'=%(m)

1 d

Xy
1+x2

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

y' +sinx=0
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Question 5:

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

differential equation:

y=Ax : xy'=y(x#0)
Solution:
y=dx
d
v — = A
y'=——(4x)
=4
Therefore,
xy'=xA4
= Ax
=¥

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\/x2—y2(x¢0andx>y)orx<—y
Solution:

y=xsinx

.

=—(xsinx

y'=—(xsinx)

= sinx.%(x} + x.%(sin x)
=8In x+ X Ccosx

Therefore,
xy' = x(sinx+xcosx)

=xsinx+x’ cosx

= y+x’A/l-sin’ x

2
=y+x’ I—(-‘}i)
X

=y+x\fx2 myz
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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:

xy=logy+C : =

Solution:
xy=logy+C

—(xy)——(logy)
dy _ldy
dx v dx

:>y+xy’=l-y’
y

= y— (x)+x

$y2+w;=yf
= (-1)y'=-»*

=y =

1-xy

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—Ccosy=x

Solution:
y—Cosy=x
d

= Ey—%(cosy]= %(x)

=y —(-siny).y' =1
= y'(1+siny)=1

’

1+siny

Therefore,

7 (2 =1)

(ysiny+cosy+x)y'=y
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(siny+cosy+x)y'=(ysiny+cosy+y—cosy)x

= y(I+siny).

=Yy

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 corresponding

differential equation:

1+siny

I+siny

x+y=tan'y Y+ 41=0

Solution:

x+y=tan'] ¥y

ﬁ%(x+y)=%(tan‘l y)

=1+y'= 1 '
¥ 1+_y2 ¥

= [ -1|=1

y_Hry2

,_1—(1+J}2)]

=¥

i

I
:>_J"r 1+yy2]=1
~(1+5°)

yl

=

Therefore,

+y +1

, —(1+)7
y2y+y2+1:y2|: (yzy )}

=—1-y*+y*+1
=0

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

Question 10:
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Verify that the given function (explicit or implicit) is a solution of the corresponding
differential equation:

y= az—xzxe(—a,a) - x+y%=0(y¢0)

Solution:

2 2
y=da —-x

@zi( az_xz)
dx dx
:@= ] .i(az—xz)
dx  2\g’—x? dx
dy 1
= —=——(-2x
dx gt —x )
ol =B

Therefore,
;vc-i-yﬁzyﬁ\;fa2 g
dx az—xz
=X—X
=0

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:
(A0 (B)2 ©3 (D) 4

Solution:
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

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

Thus, the correct option is D.
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Question 1:

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

constants @ and b.

£+Z=]
a b

Solution:

EXERCISE 9.3

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 a and b.

iz a(b2 —xz)
Solution:
yz _ a(bz _xz)

:2y%=a(—2x)
=2y =-2ax
= y'=—ax
=y y+y'=-a
= (y’)2+'yy" ==
»y —ax
" r 2 !
= 2" +x(y') -’ =0

"2 '
Thus, the differential equation of the given curve is Y "+x(y) -w'=0
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Question 3:

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

constants @ and b.

y=ae” +be™*

Solution:

y= ae™ +be ™

y'=3ae’”™ —2be™ - (1)
y" =9ae™ +4be ™ ..(2)

Subtracting (1) from (2)

V' =V =9ae™ + 4be™* —3ae™ +2be ™"
V' =y =6ae’ +6be™*

Y-y =6 (ae3" + be“z")

y'-y =6y (v y=ae™ +be™)
Y-y -6y=0

Thus, the differential equation of the given curve is ¥"'—»'—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)

Solution:

y=e" (a+ bx)

y'=2e"(a+bx)+e™b

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

V' —2y=e"(2a+2bx+b)-e’" (2a+2bx)

= ' -2y = be™ (1)
= 3" =2y =2be** (2)

Dividing (2) by (1)
-2 _,

y'=2y
=y"-2y'=2y'-4y
=)"'-4y'+4y=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=¢e"(acosx+bsinx)

Solution:

y=e (acosx+bsinx)

V' =e"(acosx+bsinx)+e" (—asinx+bcos x)

= =ex[(a +b)cosx—(a —b)sinx]

=3 =" [(a +b)cosx—(a —b)sinx] +e‘*[—(a +b)sinx—(a —b)cosx]
V' =e"[2bcos x—2asin x|

¥" =2e*(bcos x—asin x)

é%:e’* (bcos x—asinx)

"

%+y =¢* (bcosx-»asin x)*’rex (acosx+bsinx)
y” x 1
y+? =e [(a +b)cosx—(a —b)smx]

"

¥ ,
= p+—=
Y 5 Y
=2y+y"' =2y
=1"-2y"+2y=0

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

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

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

Let (“10) be the centre of the circle.

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

Equation of the circle with centre (2.0) and radius « is
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(x—a!)2 ¥yt =gt

= x’+y° =2ax s{T)

O {a. 0}

4

"y

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

Putting the value of @ in equation (1)
=x’+y° :2(x+yy']x

= 2x}{y'+x2 =y2

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

positive y-axis.

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

x* =4ay (1)
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i

ILM
V.

¥y

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

2x _ 4ay'
x day

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

Solution:
The equation of the family of ellipses having foci on the y-axis and the centre at origin is as
follows:
2 2
X Y
b_2 #+ ? =] Vs (l)
Y4
o
"é X
o &
Y'Y
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Differentiating equation (1) with respect to x, we get:

Differentiating equation (2) with respect to x, we get:

FV+IY s

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

1 2 "
= x| —— ()" + e
[ — (" + )] -
= -0 —xy"+yy' =0
= 0" +x)” —yy'=0

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

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

Y

e o,
8
Yy
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Differentiating equation (1) with respect to x, we get:

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

» ! a’
1 Y+
¥ a’

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

f. F+ : " 1]
x[_.v y+yy }L%ﬂ)
a a

Xpor v 2
Zyy+yy]-2=0
S+

= xy” "=y =0
=0y +x0" - p'=0

Question 10:

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

Solution:

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

¥ +(y=b) =3

= x> +(y-b)" =9 (1)
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Yi
{.ul b}i nl
ls
X o
(8]
Y'Y

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

=>(y—1b)=_7jrr

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

2
x2+[—fJ =9
¥.

:>x2|:1+ . 2}=9
()

=2 [(y) +1]=9(v)

= (x2 —‘5’)()}’);'r +xt=0

Question 11:

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

d’y d’y d’y

—+y=0 —+y=0 —+1=
(A) a B) & (C) av’
Solution:
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_ x -x
y=ce +ce

:f—dxy—qe c,e
= i;{ =¢e" e
N
ﬁi{—y:ﬁ

Thus, the correct option is B.

Question 12:

Which of the following differential equations has ¥ =X as one of its particular solution?

d’y L dy
o -+ -~
NV
d’y dy
£ 2% 0
©) d a7
Solution:
@ _,
dx
2
o
Therefore,
2
%— 2%+3¢y=0—x2.1+x.x
=—x"+x°
=0

Thus, the correct option is C.

d’y dy
(B) —F+x—+xy=x
d’y _dy
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For each of the differential equations in Exercises 1 to 10, find the general solution:

Question 1:
Q _1-cosx
dx l+cosx

Solution:
Q_l—cosx
dx  l4+cosx
1 X
2sin’ =
dy “tanzi
ﬁ Zcos 2
Q

{org

= ajz:(seczg—ljdk

Integrating both sides, we get:

Idy=J(sec2§—lex
=y= Isec — Idx

::>y=2tan5—x-+-C

Question 2:

%=1,‘4—y2 {—2<y<2)

Solution:

A e
il

:;...‘_,_.c.{L_:dx

4-y

Integrating both sides, we get:

EXERCISE 9.4
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_P
=sin'L=x+C
2

:>%=sin(x+ C)

=5 y=2sin(x+C)

Question 3:

Ly y=1(y=1)
Solution:

dy

—_ =1 1

d.x+y (y=1)

= dy + ydx = dx

=dy=(1-y)dx

:izdx
L=y

Integrating both sides, we get:
dy _

el L

= —log(y-1)=x+logC

= —logC-log(y-1)=x

= —[logC+log(y-1)]=x
=logC(y-1)=—x
— C(y—l)=is!_’r

=y=1+ ! e
y="c

= y=1+4e” [whereA:%]

Question 4:

sec” x tan ydx + sec” ytan xdy =0

Solution:

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

= sec’ x tan ydx +sec’ ytan xdy 0
tanxtan y tanxtan y
2 2
sec”x . sec ydy=0
tan x tan y
2 2
sec X . __sec ydy
tan x tan y
Integrating both sides, we get:
sec’ x sec’
[=——dx=-[=Lay (1)
tan x tan y
Let tanx =¢
=L (tanx)= L
dx dx
5 dt
—sec x=—
dx
= sec” xdx = dt
Now,
2
[ o= [Lar
tan x t
=logt
= log(tan x) (2)
Similarly,
sec’ y
dy = log( tan w1 I
ftm ly = log(tan y) (3)

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

log(t =log| —
= log(tanx) Og(tanyJ

= tanx =
tan y

= tanxtany=C

Question 5:
(e" +e )dy—(ex —e")dx =0
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Solution:
(«ear +ie_")dy—(e’r —e_")dx =0
=5 (e" +e"‘)dy = (e" —e'“)dx

:dy:[ex_e_xw.dx
e te

Integrating both sides, we get:

jo-f| S ]e )

Let (¢ +e™)=t
= %(e" +e‘*]=£

=% (e‘ we_")a’x= dt

Putting these values in equation (1) , we get:
1
dy=|-dt+C
J 'y I ; ek
= y=log (:‘) +C

= log(e*+e*)+C

Question 6:

%:(l+x2)(l+y2)

Solution:

%:(sz)(nyz)
d

= I+J;2 =(1+x2)dx

Integrating both sides, we get:
d
J # = I(l +x7)dx
= tan' y= Idx+§x2dx
3

:tan“y=x+x—+C
x
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Question 7:
ylog ydx—xdy =0

Solution:
vlog ydx—xdy =0
= ylog ydx = xdy
dy _dx
ylogy T x

Integrating both sides, we get:

el S

ﬁldy= dt
4

Putting these values in equation (1) , we get:
dt  dx
T

= logt=logx+logC

= log(log y) =log Cx

= logy=Cx

= yp=¢*

Question 8:

dy
5_=_ 5
X dx y
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Solution:
s dy e S

oy Y
dy dx

=5="
y X

i d‘f+£);-_0
X y

Question 9:

& _
dx

in!x

Solution:

— =sin"'x
dx

= dy =sin™ xdx

(where C =—4k)

Integrating both sides, we get:

jaj;zjsin'lxdx
= _[(sin" % l)ak

= y=sin” x| (1)dx- I[(%(sin“ x)_[(l)dxﬂ dx

:yzxsin“x+J

Let 1-x*=¢

—X

I—x*

dx vl
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d dt
ia(l“xz)=a

:>—2x=£
dx

=>xdx=—ldt
2

Putting these values in equation (1) , we get:
1
P
= y=xsin x+ | —x=d!
J 2Vt

-1

e l 2
= y=xsin x+2j(t) dt
1
=>y=xsin_’x+l. E +C
211

2
= y=xsin" x+1 +C

y=xsin"' x+V1-x*+C

Question 10:
e’ ta\;ny.ﬂbc+(l—e“')sec2 ydy =0

Solution:
e" tan ydx + (1 —e’)secz vdy =0
(I - e")sec2 ydy = —e” tan ydx

X

2
sec” y —e
dys—
tan y |

dx

Integrating both sides, we get:

sec’ y -
= dx ]
=l (1)
Let tany =u
d du
= (tan v)=—=
:>dy( y) dy
= sec’ _ya
¥ &

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

[ -

=logu
=log(tan y) il )

Now, let (l—e")=:

d, . dt
% ol s

- =—
dx
= —e'dx=dt
Integrating both sides, we get:
—e" dt
J — dx= I_
l-e t
=logt

=Iog(1—e") .-(3)

Using (1), (2) and (3)
:log(tan_y)zlog(l—e
:log(tany)=log[€(l—e"):|
= tany=C(1-¢)

‘)+logC

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

Question 11:

(,v¢:3+)c2 +Jc+l)d—y=2)c2 +x;y=1

when x=0

Solution:

Q=2x2+x;y=l

(x3 +x? +x+1)

jd_y_ 2% +x

dx (x3 X +x+1)
2x* +x

== (x*+x° +x+1)dx

Integrating both sides, we get:
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jdyj 2 43 (1)

(x*+x +x+1)

2x* +x A Bx+C
== <+ 3
Let (x+1)(x2+1) P R |

- 2% 4+ x _Ax2+A+(Bx+C)(x+l)
(x+1)(x* +1) (x+1)(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,

iclg 2 oot
2 2 and 2

Substituting these values in (2) , we get:
2% +x _11 (3x 1)
(x+1)(x* +1) 2(x+1 2(+1)

Hence, equation (1) becomes:

R 1p(3x- 1)

j@_ZI(xH Ix >+1)
y=—log(x+1)+5 —dx—EIde

(

:th:tg(x+1)+310g(Jr2 -!-l):l—%tan" x+C

2

=]

8=

=

+

—

—

e
ey
= =
Lol o) L)
+l=»< +
— —t
|

I

=+

B

b

+

&

I

log (x+1)” +log (.!c2 +1)3]—%tan'1 x+C

B S S (S N S S 1 TS S
f 1T 1

log (x+1)° (»* +1)3] —%tem"1 x+C

Now, ¥=1 when x=0
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. -
:>1—4log(1) 2tan 0+C

:>1=—I—XO—-1—><0+C
4 2

=€ =1

1 (1)L
Thus, y—4[log(x+l) (x +1) 21:a.n x+1

Question 12:

dy .
x(xz—l)a—l,y—{} when x=2

Solution:

Integrating both sides, we get:

B 1
de_-[x(x—l)(x+l)dx (1)

1 A B C
Letx_(x——l)(rl):;JrEer -(2)
4, 1 :A(x—l)(x+1)+Bx(x+1)+Cx(x—1)
x(x=1)(x+1) x(a—1)(x+1)
s 1 =(A+B+C)x2+(B—C)x—A
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+€=0

Therefore,

A=-1,B=

N |
)
=
[eN
o
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Substituting these values in (2), we get:
1 -1 1 1

T RE-D)(x+l) x  2(x=1) 2{x+])

Hence, equation (1) becomes:
1 e 1 1 1
=—|—di+—|—dx+—|—dx
Jafy '[x 24 x—1 29 x+1
zy=—logx+%log(x—1)+%log(x+])+logk

:y=%log[kz(x—12(x+l)-’

x

Now, ¥=0 when x=2

=>0=%10g[k2(2—1)(2+1)}

4
2
=5 log[%]zo

T
4
=3k’ =
:>k2=i
3
Thus,
1, [4(x=1)(x+1)
i e
[ 4(x*-1
—llog (xz )]
2 3x
—llo _i (xz—l)
"2 B3 2
—~1-10 X~ —~I—lo 4
£ x° 2 g4

WWW.CUEMATH.COM



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

cuemath

THE MATH EXPERT
Question 13:

cos[f—d‘ij =a(aeR);y=1

Solution:

cos [ﬂ] =a
dx
dy

=-—=—=c0s"'a
dx
= dy=cos” adx
Integrating both sides, we get:
I dy = cos”' aIdx
= y=cos ax+C

= y=xcos 'a+C

Now, ¥=1 when x=0
=1=0.cos'a+C

=€ =1

Thus,

y=xcos 'a+l

- y— =cos™' a
%

Question 14:

@=ytanx;y=1

dx when x=0

Solution:

dy

——=ytanx
dxy

:>Q=tanxdx

¥

Integrating both sides, we get:

when x=0
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J %= v

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

Now, ¥=1 when x=0
= 1=Cxsec0

=S =]

=5.E=1

Thus, ¥ =secx

Question 15:
Find the equation of a curve passing through the point (0.0) and whose differential equation
is Y'=e"sinx,
Solution:
y'=e'sinx
= . e’ sinx
dx
= dy = e" sin xdx
Integrating both sides, we get:
I dy = j ¢" sin xdx
y=fe”sinxdx (1)

Let I= _[e" sin xdx
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= I =sinx| e"dx—_[[%(sinx). | exdx}dx

—= ] =sinx.e® —Icosx.e”dx

= [ =sinx.e" —|:cos x[etdx —I[%(msx), | e"dx]dx}

= [=sinxe” — I:cos xe® — I(— sin x) e"d‘x}

= J=¢"sinx—e"cosx—1/
=li=er (sin x—cosx)
¢* (sinx —cosx)

2

==

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

" (sin x—cosx)
2

+C

y:

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

3 e’ (sin O—COSO)

=0 +C
= 0:M+C
2

=5 C=l

2
Thus,

e’ (sinx—cosx) 1
ﬁy: +—

2 2

=2y =e¢"(sinx—cosx)+1
=dy—l=¢" (sinx—oosx)
)

= 2y—1=¢"(sinx—cosx

Hence, the required equation of the curve is 2y—1=e¢'(sinx—cosx)

Question 16:

For the differential equation Vi
point (1L.-1).

D (x+2)(y+2)
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Solution:

02 (x+2)(y+2)
:(L)dy=[x+2)dx
y+2 2
Integrating both sides, we get:
2 2
== = 14Z
J[ y+2]@ I( +x]dX
1 1
:j@—zjmd}mjdﬁzj;dx

= y—2log(y+2)=x+2logx+C

= y—x—C=log x> +log(y+2)2

=>yp-x-C= Iog[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=10g[x2 (y+2)2]

Question 17:

Find the equation of a curve passing through the point (0,-2) given that at any point (x.%) 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.

Solution:

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

is the required solution of the curve.
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dy
=3y —=X
"k
= ydy = xdx

Integrating both sides, we get:

Jydyzjxdx
:y?:i;-w

=iyt -t =02C

Since, the curve passes through (0,-2) , we have:
= (=2) =0*=2C
=5 M=

Thus, »* —*" =4 is the required equation of the curve.

Question 18:
At any point (x.) 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).

Solution:

(x.) is point of contact of curve and tangent.
r+3
Slope (m,) of segment joining (x.) and (-4.-3) is x+4

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 1S dx .

Since, M, = 2m,

:bd_yZZ(y+3)
dx x+4
- dy _ 2dx
y+3 x+4
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Integrating both sides, we get:

[=2f 2
yd x+4
= log(y+3)=2log(x+4)+logC

= log(y+3)=logC(x+4)’
= y+3=C(x+4)’

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

= 4=4C

=C=1

2
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.

Solution:

Let the rate of change of volume of the balloon be £.
o BF
dt

3i[im‘3)= k
di\ 3

= i7:.33»*2.— =k
3 dt

= 4drridr = kdt

Integrating both sides, we get:
[amrdr = [ kdt

r3
=4 —=kt+C

= 4 = B(kt -+ C)

At1=0,r=3
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:>47rx27=3(kx0+C)
= 1087 =3C
= (C =36z

Now, at t=3,7=6
= 4rx6’ =3(kx3+C)
= 8647 =3(3k +36m)

= 3k =288x 361 =252x
= k=84n

Hence,
477 =3 [841rt+ 36::]

4rr’ =4m (63t+27)
r=63t+27

1
r=(63t+27)

Thus, the radius of the balloon after # seconds is (

Question 20:

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

1
63t+27)3

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

Solution:

Let P,¢ and 7 represent the principle, time and rate of interest respectively.
The principle increases continuously at the rate of % per year.

dp ¥
=L =—

dr [100}“’

p 100
Integrating both sides, we get:
j&-

p 100

=logp= r—t+k

100

Shig
= p=e'®
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It is given that » =100 when =0

Therefore,
= 100=¢"

Now, if £=10 then p=2x100=200

Hence,

200=¢"

=200 = !0 ¢*

=200 =¢'°.100

r

— el =2
¥
=>—=log,2
10 g.
¥
= —=0.6931
10
=r=6.931

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 1000 is

deposited with this bank, how much will it worth after 10 years.

Solution:

Let p and t be the principle and time, respectively.

The principle increases continuously at the rate of 5% per year.

dp
= —=5%x
dt o
dp >
=>—=—
di [mojp
_%_P
dt 20
p 20

Integrating both sides, we get:
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dp 1
J;_E dt

:logpzz—tO+C

L

= p=e
Now, p»=1000 when =0

Therefore,
— 1000 = e

Now, at t=10 and e“ =1000

C

e_]_S

= p=e?
= p=e" xe

— p=1.648x1000
= p=1648

Thus, after 10 years the amount will worth X1648.

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?

Solution:

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

=logy=kt+C
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Let Yo be the number of bacteria at 1 =0.
=logy,=C

= logy=kt+logy,

=logy-logy, =kt

= log [lJ =kt
Yo

= kt =log [lJ
Vo

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

L,
y 100)’9

y 11

y, 10

Taking log on both the sides

= log [l) =log [H)
¥ 10
1

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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2]0g[iJ

Yo

lo [H}
& 10

200000
2 log[ J
_ 100000

l =

2log2
=0
Thus, in 10 ) hours, the number of bacteria increases from 1,00,000 to 2,00,000.

Question 23:

A _ e
The general solution of the differential equation dx ‘s

(A) e"+e’ =C B) e'+e’=C
(C)er+e' =C D) e*+e’ =C

Solution:

Integrating both sides, we get:

j e’dy= Iexcbc

=>-e’=e"+k

=e +te’ =k

=e +te'=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:

(xz +xy)dy=(x2+y2)dx

Solution:

(xz +xy)dy=(x2+y2)¢ix can be written as:
@_szryz
dx  x*+xp

F(x,y)=

P
X+ xy
2 2 2 2
Plag )= THAY) F
(Ax) +(Ax)(Ay) * +xy
Equation is a homogeneous equation.
Let y=wx

A°F(x,y)
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= (21

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

G
=y= logL(lﬂv)g}

-y
= (x-y) =Cxe*

Question 2:

. x4+
y="Z
X
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Solution:
_ x4+ y

X
x+

X
i

o

=

&%

+

¥

F(xy)=

=

F(lx,ly)= &x+ly=x+y=lup

Ax

(x.»)

Equation is a homogeneous equation.

Lety=vx

Y _yex®

dx dx

v =log|x|+C
-2 log|x|+C
X

= y=xlog|x|+Cx

Question 3:

(x—y)dy—(x+y)dx=0

Solution:

(x—y)dy—(x-l-y)dx: 0

N (1)
dx x-y

Let F(x,y)= iti

Ax+2dy

F(/'Lx, Ay)=

Ax—Ay

s A"F(x,y)

Equation is a homogeneous equation.
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Lety=vx

=Py
dx  dx
S P
dx dx
dv x+vx l+v
v+ x—= =
dx x—vx 1-v
dv 1+v _1+v—v(1—v)

E_l—v_ 1-v
v 1+v?

= x—=

dx  1-v

l1-v dx
NN

1 dx
:[ 2 vzjdv=_
1+v 1+v X

tanlv—%log(l+v2)=logx+c

B 2
= tan”'| 2 —llog 1+[Z] }zlogx+C
x} 2 X
1 .2 2
= tan ! 2 ——log X +2y }=10gx+C
x) 2 | X
all Y 1 2 2 2] _
= tan = —E[log(x +y )—logx ]—logx+C
|y 1 2, .2
=tan | = |= —log{x" + +C
~|=Floe(x* +57)
Question 4:

(xz—yz)dx+2xydy=0

Solution:
(x2 —yz)dx+2xydy =)
dy (xz *)’2)

:.,_,_,:_
dx 2xy

(x5
2xy

S F(Ax,AY) =|'(;;2Lx_)((ij)) “= _(xzx;y ) =A’F(x,)

LetF(x,y)zw

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

& 2

= Y

dv
=V+x—
dx

= log(1+v2)= ~logx+logC =log£
X

Question 5:

y

Zd 2 22

X —=—=x - ]r +xjp
dx

Solution:

Zdj} 2 2
X==x-2y%

dx y TXxy
dy~x2*2y2+xy
dx x*

2 _my 2
LetF(x,y)quiﬂ

(Ax)" =2(Ay) +(22)(Ay) _ 3" =23 + 3y
(‘;Lx)z xl
Given differential equation is a homogeneous equation.

S F(Ax,2y)=

= 2°F (x.)
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Lety=wx
N AT, .
dx dx

g _ 2 '
v+x£= o 2(vx) +JC(V.X.‘)
dx x*

::>v+x¢_=1—2v2 +v
dx

= x—=1-2

+

Question 6:
xdy— ydx = \Jx* + y*dx

Solution:
xdy — ydx =\ x* + y’dx

:>xdy=|:y+qfx2+y2]dx
dy _y+x’+)y°

dx x
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ﬂ 2 2
Lets F(xsy):m

o F(ix,Ay)= {A’x)”(h) (o) y”x 2 e ()

Given differential equatlon isa homogeneous equation.

Lety=wx
d
—a(m’)
:>Q:v+.1|cﬂ
dx dx
2 2
- v+x@=vx+1{x +(vx)
-
:>v+x£=v+\.(1+v2
dax
dv dx
= =

Vi+v? X
log‘v+ V1+v? | =log|x|+logC

2z
= log Z+1’l+y—2 =log|Cx|
x X
[‘ 2 2
> log % — logICxl

= yuafx? + 3 =Cx?

Question 7:

({22 (2

Solution:

ooz (o

kl‘tﬁ

)

()
(2] o

=<

It
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'

Jol2)
o)

R|\'.><

i

{lxcos[l—y]+lysi“(%]}ly {ms(ﬁj” i

=2"F(x, )

Lety=wvx
dy dv
= — =vy+x—
dx dx
dv (xcosv+vxsinv).vx
v+x—= -
dx (vxsmv—xcosv)x
dv  vcosv+rvisinv
= VvV+x—= -
YSIN vV —COSv
dv  vecosv+visinv
=X —= - —
dx vSin v —cosv
2 - 2 -
dv  vecosv+v i sInvy—v sinv+1vcosy
= XxX—= .
VSINV—COSV
dv 2vcosy
x—:—
dx vsinv—cosvy

vsin v —cosv 2dx
==
Y COS v

:(tanv——]dv—%

dv="-
X

v X

log (secv}—logv=2log x+logC

log[

]—log(Cx )

:(secvjzcxz
v

— secv=

Cx*y

WWW.CUEMATH.COM
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Given differential equation is a homogeneous equation.
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Question 8:
xﬂ—yﬁcsin[l) =0
dx x

Solution:

4
} s 1)

\._/

xd—y—y+xsm(y
dx

:>x——~y xsin
dx

:-cl*csf B

P y— xsm[

:>

y—xsin[ZJ
Let F(x,y)zgx—

X
Ay —Axsin (%}i] y—xsin(—'}:]
% 0
S FE(Ax, Ay)= . = i 24
(e )= - (x.7)
Given differential equation is a homogeneous equation.
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Lety=vx
d_4d.,.

= =—-(=)
dy

dv
= —=v+x—
dx dx

dv  vx—xsmv
B
dx X

dv s
=S v+x—=v-—siny

dv dx
==
sinwv X
dx
= cosecvdy = ——
X

loglcosecv—cotvl =—logx+logC =log£
x

=ome{ ()2
! _‘m(%] <

lf) w(z) -

sl Z] -l

Question 9:

—

ydx+xlog[y]dy—2xdy= 0

x
Solution:

ydx+xlog[yjaj;—2xa{y =0

£
= ydx=[2x—xlog[£]]a‘y
X
__y
d 2x—x10g(§]

R
2x—xlog(z]
X
; _ Ay _ ¥
..F(/'Lx,.ly)—z = . =
(2x)-(2x)log s 2x—xlog =

=AF(x,y)
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Given differential equation is a homogeneous equation.

Lety=vx

VX

de 2x—xlogv

dv v
=Sv+x—=
dx 2-logv

dv v
=S>x—=
dx 2-logv

dv  v—2v+vlogy

S x—=———°"
dx 2—-logv
dv  viogv—v

> X—=————
dx 2-logv

2—-logv v dx

v(logv —1) x

[ 1+(1-logv) P
| v(logv-1) X

———logv =1 logC
jjv(logv—l) ogv =logx+log

Let, logv—-1=t¢
d dt
= —(logv-1)=—
L s
1t
v oy
:@:dt

v

:j%—logv:logxﬂogc
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= log’—log [1] =log(Cx)
X

= log| log [ZJ - li| —log [XJ =log(Cx)
X x

log[ Z} -1
= log Tx =log(Cx)
x

= i[lcog(Z —l] =Cx
y X

=% log[—')iJul =Cy
- 7

Required solution of the given differential equation.

Question 10:

[1+e;)dx+e; [1—£de=0
b

Solution:

[1+e§].abr+.ei [1—3}@: 0
y
:[1+35de =—e§ [l—ﬁ]aiv
y
g (1_2]
& ¥z

l+e”
Ax Ax
_ei;[l_ﬁ] _eE(I_EJ
o F (A Ay = L . YR (x,y)
T+e™ 1+e*

Given differential equation is a homogeneous equation.
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Letx=wy
d d
=>—(x)=—(w
L=
dx dv
= —=v+y—
dy dy
s W
dy I+e"
dv —e"+ve'
D> y—=——
dy 1+e"

dv  —e" +ve' —v—ve'
> y—=

dy 1+e”
- dv _ |v+e'
yajz I+e¢'

= log (v+e")= —logy+logC

= log (v+e")= log[EJ

X
g 2| &
=|=+e’ |=—
[y } Y

x

ﬁx-kye;: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—p)dx=0; y=1 whenx=1

Solution:
(x+y)dv+(x—y)dx=0
:>(.x+y)ajz= —(.x—y)dx

oy (x-)
dx X+y
LetF(x,y)zﬂ

X+ y

P (Ax,Ay)= SparsdR) SIET A7 (x,y)

Ax+Ay x+y

Given differential equation is a homogeneous equation.
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Lety =vx

=2 ()=2()

dy dav
o> ——=v+x—
dx
N e G
dx x+vx
v—1
DV+X—=——
v+1
dv v-1 v—1-v(v+1)
x—:
dx  v+1 v+1

dx v+1 v+1
v+12dv=—ﬂ
1+v X

:>[i v2+ L z}fpz_i’ﬁ
1+v 1+v x

1 2 -1
—1 1+ + tan =—logx+£k
Llog (147") + tan ' v=—log

:>log(l+v2)+2tan‘]v=—2logx+2k

= log [(1+v2)x2] +2tan 'v=2k

2
= log [(1+—J—)-2—] xil +2tan~' L =2k
x 5

= log (x2+y2)+ 2tan 'L =2k
X

Now,y=1latx=1
= log2+2tan”' 1 =2k

:log2+2x%=2k
:>%+log2:2k

log(x2 + yz)-a- 2tan

. T
Y_E i log?
- 2+0g

Question 12:

xzdy+(w+y2)dx= 0; y=1whenx=1
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Solution:
xzaj,'+(xy+y2)a!x= 0
= x’dy = —(xy+y2)dx

L _~(w+y)
dx x’
F(Wﬁ@
. _[lx.}{,y+(ly)2:|_—(xy+y2]_ .
s F(Ax,Ay)= (Ax)z = (lx)z =A"F(x,y)

Given differential equation is a homogeneous equation.
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Y=
d d
= —(¥)=—-(w)
:—y=v+xﬁ
dx
" —[x.vx+(vx)2} )
vtx—= =—v—v
dx x
3x—v=—v2—2v=—v(v+2)
dx
dv :_@
v(v+2) x
31 2 o =_§
2_v(v+2) x
1 (v+2

11 1 ch
=== dv=——
2lv v+2

1
= 5[logv—log(v+2)] =—logx+logC

:llo d =lo 9
2 & v+2 gx

:>C1=l
3

y 1

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

[xsin2 [Z—yﬂdxﬁ xdy =0; y =% when x =1
X

Solution:

[:csin2 [X«-yﬂd.wr xdy =0
i

, i)

T x
et —[xsinzgi’]—y}
L F(Ax,Ay)= {Axsmz Eﬁ} ly} 5 {mmz?] _y} =A"F(x,y)

Given differential equation is a homogeneous equation.
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Lety=wvx

d d
= E(J’) = E(W)

dy dv
= ——=y+x—
dx dx
2 *[xsin?'v—vx]
Vet x—=
dx X

d"_ = 2 _ - 2
:>v+xa-«— sin“v—v |=v-sin’v

&,
— X—=-SIn" v
dx

Bl

—r

sin’ v x

dx
= cosec’dv =——
x

= —cotv= —10g}x| —logC

= cotv =log|x|+log C

= cot [i—] =log|x|+logC
= cot [%J =log|Cx]

P= % atx=1

= cot (%] = 10g‘C|

=1=logC

—=C=¢=e¢

cot [Z] = log|ex|
x

Question 14:

%—£+ cosec(l]= 0; y=0whenx=1

X X
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Solution:
afv Y +cosec(y ) 0
dx x X

:@:z_cosec[Z)
dx x X

= COSEC[X)
78

S F(Ax,Ay) = ix cosec[j'y) 2 cosec{x) A°F (x,y)

LetF(x,y) =

==

Ax] x
Given differential equation is a homogeneous equation.

Lety=vx

=2 (3)=2-(m)

dy dv
= ——=v+x—
dx dx
V+ X—=V—Ccosecy
dv dx
= - =—
cosecy X
. dx
= —sinvdv = —
X

= cosv =log x+log C = log|Cx]

= cos[ J =log|Cx|
x

y=0atx=1

= cos(0)=logC

=C=¢=¢

cos(x)—log‘ ex)|

Required solution of the given differential equation.

Question 15:

2 dy

2xy+ y* —2x —0;y=2whenx=l
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Solution:

dy
2xy+ )y —2x"—=—=0
ey dx

:2x2@=2x +y?
i V+V
:Q::ny-i-yz
dx 2x?

2xp+y°
LetF(x,y)z%

F(Ax,ly) _ Z(Ax)z(?;j;;(j,y)z _ 2)";:2}?2 _ ,1“}?(3(’ y)

Given differential equation is a homogeneous equation.
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Lety =vx

d d
=>—(y)=—()
dy

av
=~ =yt x—
dx dx

dv  2x(wx)+ (*v.vc)2

=S V+x—= -
dx 2x

v v+’
Sy+x—=
dx 2
v?

dv
SV+X—=V+—
dx 2

= %dv:ﬁ
v X
v—‘2+l
=52 =log|x|+C
-2+1

:>—E=10g|x|+C
v

z—kzlog\xhC
Y

= ———~=log|x[+C

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

3—2 =log‘x|—1
y

:2=1—log'x‘
B4
y:1—10g|x|’

Question 16:

A homogeneous differential equation of the form @

substitution
( A) y=wx
(B) vV=yx
(C) x=w
(D) x=v

(x#0,x=e)

dx=h[x

WWW.CUEMATH.COM
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Solution:
dx

For solving homogeneous equation of form @

Thus, the correct option is C.

Question 17:

J , we need to make substitution as X = vy

Which of the following is a homogeneous differential equation?

(A) (4x+6y+5)dy—(3y+2x+4)dx =0
(B) (xp)dx—(x*+3")dy=0

(©) (¥ +257 ) dx+2xydy =0

(D) Yidx+(x* - xy* -y Jdy =0

Solution:

F(x.y)is homogeneous function of degree n, if £ (Ax,Av)=2"'F(x.¥) for non-zero constant

(2),
Consider equation given in D:
yzder(xz—xyz—yz)dy:O
_y__ -y
dxmxz— 2 27 2 % &
Xy -y Yyt —x
2
Y
F(x,y)=————
( y) y2+xy2—x2

) (Ay)
A= o r ) o) Oy
= A’zyz
/12()’2 +xy2 —xz)

=A,0 .y2
Virxl—x

= AOF(x,y)

2

Differential equation given in D is a homogeneous equation.

WWW.CUEMATH.COM



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

cuemath

THE MATH EXPERT

EXERCISE 9.6

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

Question 1:

dy :
—+2y=sinx
T y

Solution:

dy
—+2y=sinx
Differential equation is dx

dy
This is in the form dx try=0

I.F.=ejmr =e'|'mr ="

y(I.F)=[(Qx1F)dx+C

where =2 and Q=sinx

= ye't = Jsin xe¥dx +C

Let, /= J sin x.e**
=T = jsin x.JezJE dx — J'(d’i (Sin x).jez"dx}lx
v
2x

' elx
= J. COS X. X
L 2

21 T B
ey e & ;mx —%_cos x.jez" —I[%(cos x)._[e“dx)dx}

I"e sinx_l I|: }dx}
2 2
Dx- e
= smx_e coslef(smx.ezx
2 4 4
Ix
=7=5 (2sinx—cosx)—%t
2x
:>§I=e—(2sinx—cosx)
4" 4
2%
=] =—(2sinx-cosx)
2x
yer = (25i11x—cosx)+C

=y= %(2sinx—cosx)+Ce‘2"
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Question 2:

dy

L 43y=e
e y

Solution:

dy

Differential equation is dx

(where, p=3and 0= e"z‘)

LN
y(L.F)= [(Qx1.F)dx+C
= ye* =_|‘(e‘2x xe™)+C
= ye* :_[e"dr+C
>y’ =" +C

-2x

=>y=e ¥ +Ce™

Question 3:

Q.{.Z:xl
dx x

Solution:

%+py=Q

[where,p w4 it 0= xz)
x

J.ld; log x

Im:e* =e

lLFE.=¢
y(IL.F)=[(Ox LF)ds+C
= yx = I(xzx)dr+C

= yx= Idex S

4

X
=y ==—+C
o 4

4

X
=>xy=—+C
W 4

+py=0

=X
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Question 4:

dy

Ex-+(secx)y =tanx(0 <x<

b |8
— A

Solution:

%+py=Q

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

| px _ Jsecxdx _

LF.=¢ gOE(EE T _ oo x o+ tan x
y(LF)=[(@x1F)dx+C

= y(secx+tanx)= Itanx(secx-l— tanx)dx+C

€

= y(secx+tanx)= Isecxtanxdx+jtan2 dx+C
= y(secx+tanx):secx+I(seczx—l)dxwLC

= y(secx+tanx)=secx+tanx—x+C

Question 5:

coszxd—y+y = tanx[OSx<£J
dx 2

Solution:

cos’ x%+y = tan x[(}s X< EJ

2

:_y_'_ y2 =tan2x

dx cos"x cos x

d
:>—y+(seczx)y=seczx.tanx
dy
— =
A 0

(where,p =sec’ x and Q =sec’ x.tanx)
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_!.F. _ eIpdx _ ejlsgcz xelx _ ewx

y(1.F)=[(Ox1.F.)dc+C

= ye™* =_|‘[sec2 x.tanxe“"")dx+C'
= ye™* =¢™* (tanx-1)+C

= y=tanx—1+Ce™"

Question 6:
dy

—Z +2y=x"logx
X

X

Solution:
xﬁ+2y= x* log x
dx

:>d—y+£y=xlogx
dx x

dy
. S —
E py=0

(where, p= 2 and O = xlog x}
x

2
2a
1F = fzj.‘mt = e'[" = @78 _ plogx’ _ 42

y(1.F) = [(OxIF)dx+C
= yx’ =j(xlog x.xz)dr+C
= Jt:gyzj(x3 Iogx)d.:HC

= x’y=log x_[dex - J{%(log x)j xBaix}dx+ C

x* I ¥
= x’y=logx.—— —.—|dx+C
¥ . 4 I[x 4

x'log x
4

= Ley
= o —ijdx+C

= x2y=%x" (4logx—1)+C

=% y=%3«c2 (4logx—1)+Cx~
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QUeStiOn 7.

dy 2
XIO X+ 2_10 .
BX YT 08

Solution:
dy 2
.x10 X——+ =_10 .
B e YT B
3d—y+L=£
dx xlogx xZ
dy
—+ =
i py=0
(Where’p= l andQ=£z]
xlogx uf
Jo IL& log(1
I1F.=¢ —e xlogx :eOE(Og):

y(‘I‘F)z_f(QxI.F.)asHC

= ,Vlogx :I(%logx]dx-lnc

f{ Zrtew) =2 togx L i
A (G

I lng 1
=) == (L
- ]
) _lﬂg.x'_lil

X X

2
~(1+10gx)

ylogx = ~=(1+log.x) +C
X

Question 8:
(l+x2]dh’ + 2xydx = COthx(x s 0)

) = logx

L 2:10g | %dx—[{%(log x).| %dx}dx}
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olution:

(l+x2)dy+ 2 xydx = cot xdx

dv  2xy cotx

==+ =

dx

4

¥

dx (1+x2) _(1+x2)

@+py=Q [where,pz(lzi andQ=C0—tx]

+x7) (1+x7)
B e!-pdx _ e'l.lf_;“dr = elog(l-t—rz) -1

(LF)=[(QxLF)dx+C

+x*

1+ x

:>y(1+x2)=f(&‘ix(1+x2))dx+c

=
=

y(l+f)=_[ootxdx+C
y(l+xz)= log|sin x| +C

Question 9:

x%+y—x +xycotx=0(x#0)

Solution:

dy

xzx-+ y—x+xycotx= O(xat 0)

=

=%

=
dy
dx

d—y+£—1+ycotx=0
dx x

d—y+y(l+cotxJ—l= 0
dx x

d—y+[l+cotx)y =]
dx \x

+py=0 [where,p =[l+c0txj and O = 1}
x
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1
LB _eIPk _ ej(_wmx]dx zelognog(sinx) _ elog(xsinx]

y(LF)= [(OxLF)dc+C

= y(xsinx) = [(Ixxsinx)de+C
= y(xsinx) = [(xsinx)dc+C

= y(sin x) = x[ sin xdx - J‘[

= y(xsinx)=

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

—XCOSX sinx Cl
=2y= : g SR 4z
xsinx xsinx xsinx

1
=D y=—cotx+—+—;
X xsinx

1
D y=—-cotx+—
X X sinx

Question 10:

=
+yp—|=1
[x ¥
Solution:
dy
x+y)—=1
(oeok3) =
i@= 1
dx x+y
:»E—x+
dy Y
- .
dy Y

Put in form £+ px=0,
dy

(where, p, =—l and O, = y)

=xsinx

Ism xafx:] +C

x(—cosx —jl.(—oosx)dx+(.’
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LB ol Ie""y =e
y(IF) = [(Q xL.F)dx+C
=g Y = I(y.e"’)dy+c

57 oy - I[%(y).fe"’ajz}ajw ¢

= xe? = y[%}—f[%}a_‘y +C

= xe’ =—ye” +Ie‘ydy+C
= xe”? =—ye¥ —e” +C

> x=-y-1+Ce"
=>x+y+1l=Ce

Question 11:
ydx+(x—y2)a'y=0

Solution:
ydx+(x—y2)dy=(]
= ydx—(y* —x)dy=0

dy y y
dx x
=>—+=—=y
dy y
dx
—+px=0,

Put in form dv

[where, §2 =l and O, = y]
y

If.zejpldy =J.eédy =% =y
y(I.F)=[(Qx1F.)dx+C

= xy =J(y.y)dy+C
:>)sy=jy2dy+C
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=>.xy=y—+C
3
3
:>x=y—+£
¥

Question 12:

(x+3y3)%=y(y>0)

Solution:

[where, p = 3 and O, =3 yj
Yy

_j’i"z

Py = a1
1.F.=ej' =e '’ =g g0 -

Y(LF)=[(0x L.F)dx+C

=% xxlzj[?:yxl]dﬁc
y

y

=X=3y+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:

Y
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Question 13:

Q+2ytanx=sinx; y=0 Whenilc=£
dx 3

Solution:

dy

—+2ytanx =sinx
dx

dy

-4 —_
dxpr

(where, p = 2tan x and Q =sinx)

2

Ipdx _ ejzm.mﬁ: 2log|sec x| _ elog(sec x

l1F.=¢ )=seczx

y(1LF)=[(@x1.F)dx+C

=€

= y(sec’ x) = j(sin x.sec’ x)dx + C
= ysec’ x = I(secx.tan x)dx+C
= ysec’ x =secx+C

T
=Qatx=—
Y 3

Oxsec’ & =sec ™ +C
3 3
=ill= 246,
=C==2
ysec’ x =secx—2

= ¥ =005X—2C0s> X

Question 14:

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

+x*

Solution:

1
1+ x2
3d_y+ 2—’-’}’2 = : 2

Cix l+x (1+x2)

(l+x2)%+2xy =

dy
—_ =
- o

where, p = lixz and Q= ——
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2x
J-pa'.t = e-[l+x1d.t . elng(ld-x

I.F.=e¢ 2)=1+Jc2

Y(I.F)=[(QxLF.)dx+C

:>y(1+x2)=1. - (1+57) |dv+C

Question 15:

Q—?:ycotx: sin2x; vy =2 when x =%
dx 2

Solution:
Q—Bycotx =sin2x
dx

dy _
dx+py—Q

(where, p = -3cot x and Q = sin 2x)

1
sin’ x

1
sin x

s ejpdx _ e—.’:jwtxd* o e—slughinxi - eloglsinxrj - eb‘g

Y(ILF)= [(QxI.F)de+C

= . .13 :J'[sian‘ _13 i|d.x+C
sin’ x sin’ x
= ycosec'x = Zj(cot xcosecx)dx +(

= ycosec’x =—2cosecx +C

2 C
= y=- — -
cosec X cosec X

= y=-2sin’ x+Csin’ x
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T
=2atx=—
x 2
2=-2+C
=C=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 (%.7) is equal to the sum of the coordinates of the point.

Solution:
Let F(x,y)

av
At (B ), slope of curve will be dx

=x+y

dy
de 2

il
dx
—
dy
_._+ —
dxpr

(where,p =—land Q= x)

1F. = e‘[m = ej-('ndx =e"

y(1F) = [(Ox L.F.)ds+C
= ye " = J-xe"‘dx el

= ye* =x[eds- | [%(x).j e'xdx:|dx +C

= ye =—xe™* +Je'xdx+C'
=y ==ye™ +(—e“)+C
=yt =—e" (x+l)+C

= y==(x+1)+Ce"

=%+ yp+l=_Ce"

Curve passes through origin.

be the curve passing through origin.
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1=C
=x+y+l=¢

Question 17:

Find the equation of a curve passing through the point (O=2) 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.

Solution:

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

(where, p=-1and 0 =x-5)

LF. =ejpﬂ& =el(_l)a& g

y(IF)=[(Qx1F)dx+C

= J'(x —5)e “dx+C

I{x —5)e “dx =(x— S)Ie“dx - I[%(x - 5).Ie"dx}jx
:(x—S)(—e"‘)—I(—e_")dx

=(5-x)e™ ~(-¢~)

= (4— x)e""

= ye ™" =(4—x)e"" +C

Curve passes through (0’2)
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0+2-4=C.0
===
=C=-2
X+y—-4=-2¢

x

= y=4-x-2e

Question 18:
dy

: . . : : ——y=2x’
The integrating factor of the differential equation o T

1
(A) ¢ (B) ¢’ (©) x (D) x

Solution:
dy 2
—_— Y= 2%
X dx y

:>d—y—l=2x

dx x

dy
_+ =
Ty o

[where, p= L and Q0 = ZxJ
X

SIF. = ej_:_‘& it Ut

=

Thus, the correct option is C.

Question 19:

dx
1-y* )=+ yx=ay(-1>y<l
The integrating factor of the differential equation ( ) dy =y y<)

1 1 1 1

(A) ¥ -1 ORCE (€ 1= (D) V1=
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Solution:

S, 0 _ &
dy 1—Ja’2 l—y2
—+px=0
[Where’p'_ yz andQ|=1ay'2]
- =)
1
_-.I'F‘=e.[f""3’=ejl1—yy_@2 =e—%bg[1—y2)=elg ]_yz]= 1

Thus, the correct option is D.
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MISCELLANEOUS EXERCISE

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

d’y dy !
< x|— | —-6y=lo
() dr Y(ai J yoes

X
3 2
(ﬁ] -4 (ﬁ] +7y=sinx
(ii) dx dx

(iii) ox

d’y
) =+35
(1) dx”
d’y

2
dx”

dy
x|—=—| —-6y=Ilo
(d] g
+5

r(d—y] —6y—logx=0
dx

=

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

3 2
[@j -4 [Q] +7y=sinx
(ii) dx dx

ﬁ(ﬁ) -4 [d—}J +7y—sinx=0

dx dx
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.

dy . (d’y
(iii) dx’ _Sln[dx3 =%
1 - w
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 xy=ae' +he " +x* : fi; +2£—f——xy+x -2=0

i y=¢'(acosx+bsinx) : %—2dy+2y=0

(iif) y=xsin3x 3 %+9y—6cos3x=0

(iv) * =2y’ logy ; (x2+y2)%—xy=0

Solution:

i xy=ae' +be " +x* : Z; +2‘—i——xy+x -2=0
xy=ae' +be™ +x’ (1)

Differentiating both sides with respect to ¥, we get:
dy s d ¥ d -X 2
xa+y1—adx(e )+b—(e )+—(x )

=% xﬁ+y= ae’ +be™" +2x
dx

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

2
= d{+d—y+ﬁ_ae‘+be"+2
dx-  dx dx
2
ix zr—ae +be™ +2 .(2)
d’y .dy

Jc—2+2——3¢y+x2 -2=0
Now, we have dx dx

LHS = x +2dy xy+xt =2
dx? dx

=ae" +he +2~ (.:a!efr +be™ 4 x° ) +x7 -2 [using (1) and (2)]
=ae* +he* +2-ae* —be* —x* +x*-2

=0

= RHS

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

>
y=e"(acosx+bsinx) %— g+2y=0

(i)
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y=¢"(acosx+bsinx) (1)

Differentiating both sides with respect to ¥, we get:
y=e" (acos.x+ bsin x) =a@e" cosx+be sinx
dy

== = a.%(e" oS x) + b.%(e" sin x)

=>—_—= a(ex cosSx—e" sin x)+b[ef sinx-+e" cos x]

& &|& 8

= —=(a+b)e cosx+(b-a)e sinx wi(2)

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

‘:;x{ (a+b)=- ( cosx)+(b—a)%(e’ sin x)
i‘;;f = (a+b).(e* cosx—e*sinx) +(b—a)(e*sinx+e* cosx)
:\»‘j;“: =¢*[(a+b)(cos x—sinx)+(b—a)(sin x+cosx)]
- dif = ¢*[acos x—asinx+bcos x—bsinx +bsin x +bcos x —asin x —acos x|
ij’;{ =2¢" (bcosx —asinx) v:(3)

d’y . dy
——2— 2 0
Now, we have dx* dx+ .

2
LHS=%—2%+2)}

=2¢*(bcosx— asinx)—z[(a +b)e*cosx+(h—a)e Sinx}-ﬁ-Zex (acosx+bsinx)

[using (1), (2) and (3)]
=e" [(Zb cos x—2asin x)—(2acosx+2bcosx)—(2bsinx—2asinx)+(2acosx+2bsinx)]

=e* [2b cosx—2asinx—2acosx—2hcosx—2bsinx+2asinx+2acosx+2b sinx]

= RHS
Thus, the given function is a solution of the corresponding differential equation.
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2
y=xsin3x : %+9y—60053x=0

(111)
y=xsin3x (1)

Differentiating both sides with respect to x, we get:

= 4 = i(xsini%x) =sin3x+ x.cos3x.3

dx dx

:>£fz=sin 3x+3xcos3x
dx

Again, differentiating both sides with respect to x, we get:
d’y
a*

2

— % =3cos3x+ 3[cos3x +x(—sin 3x).3]

- %(sin 3x)+ 3%(3’005 3x)

2
d J;=6&:053x—9xsir13x (2)
dx

=

2

d’y
Now, we have dx?

+9y—6c0s3x=0

2
LHS = 1{4—93;—600533:

= (6.c0s3x —9xsin 3x) + 9xsin 3x — 6 cos 3x [using (1) and (2) ]
=0
= RAS

Thus, the given function is a solution of the corresponding differential equation.
x* =2y*logy 3 (x2+y2)d—y—xy=0
(iv) ' dx

x’=2y"logy (1)

Differentiating both sides with respect to x, we get:
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=500 = 2%[yzlogy]

:»x=|:2y.logy.%+y2.i.%}
:>x=%(2ylogy+y)
dy x
_—=— I
= b y(1+2logy) (2)
2 oAy _
Now, we have (x Ty )dx gpsid
LHS = (xz +y2)%—xy
_ 2 X :
_(2y log y + yl)‘m_xy [usmg (1) and (2):[
=y (1+2log y) —
¥ilalagy) y(1+2log y) =
= xy—xy
=0
=RHS

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

Question 3:

2 T .4
Form the differential equation representing the family of curves given by (x—a) +2y°=a
where « is an arbitrary constant.
Solution:
(Jc—f;z)2 +2y=ad’
= x* +a* —2ax+2y* =a*

52y = 2oy sk k)

Differentiating both sides with respect to x, we get:
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z4yﬂ=2a—2x
dx

dy 2a-2x
= =
dx 4y
2
& _2ax-2x"
dx 4xy

2, .2 _~.2
:@:231 +x -2x

dx 4xy
@ B 2y2 _ x2
dx 4xy

[fmm(l), 2ax =2y° +x2:|

dy_2y' -

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

Question 4:

2 2 e 2 2 2 . . . . .
Prove that * VY _C(x ty ) is the general solution of differential equation

(x" -30%)dx= (y "=3x'y)dy , where ¢ is a parameter.

Solution:

(x3 —3xy2)d.x =(y3 —3x2y)dy

dy _ x* —3xy°
dx v —-3x'y

w(1)

This is a homogeneous equation, to simplify it, let y =vx

d d
="E(J’] ZE(‘W)

dy dv
== =v+x—
dx dx

Using (1) and (2)

(2)
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x'—3x (vx)z

dv
DVEX—=

dx (wc)3 —3x" (vx)

dv  1-3*
D VHI—=—
v =3y

dv  1-3*
= -
dx v'=3v

dv 1-3* —v(v3

~ 3v)

= X—=

dx v —3v

v 1-v'
D X—=—
dx v -3v
v3—3vdv=ﬁ

1-v* x

Integrating both sides, we get:

[, |
:>f g—dv =logx+logC’
\]'—'I,’

=>I

v =3y
= =
'[k 1-v* }w :
Let 1-v* =¢
Therefore,
=4 (1-v) =&
dv dv
= -4y’ = dt
dv
=>vdv=——
Now,
[
' 4t
=—llogt
———log(l—v’*)

-3l

3
vdvand‘rg:J- vy )
-V

[where, I = J.l

..(3)

--(4)

4 4

1-v
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And

vdv
4

L=

1-v

Let VV=p

Therefore,

d 7)
:ba(vz)=£

1
=—1
45

1+v°
1—v*

...(6)

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

v =3y 1 sk 3 1+v°
o bt
Using (2) and (7)

1 3. 1+v2 ,
—Zlog(l—v")—zlog — =logx+logC

b

2 3
=5 ——}log[(l—v“)[rﬂz} ]: log C'x
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:._iiog[(l_vz)(mz)[l

(1+v2)4 =(C'x)41

:(l—vz ’
2 4
Yy
145
= yz 2 _Cr4x4
-
4
(x2+y2)

= o (x2 _yz)z = Oy

1+v?

-V

:>(x2 _yz)2 —C (xz +yz)“

]

Taking square root on both sides

i(xz—y2)=C'2(x2+y2)2

= (xz —yz)z C(x2 +yz)2

Question 5:

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

coordinate axes.

Solution:

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

axes is:

(x-a) +(y—a) =d*

=logC'x

(where, (= C'Z)

(1)

Differentiating both sides with respect to x, we get:
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=% 2(x—a]+2(y—a)%=

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

x+y'
1+

= a=

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

(s PG -2

X ) X 2_ X+
{ 1:;’3"} iv+y’} —[1:;;
= (x=y) y* +(xr-y) = (x+0)

= (x=3) [14(7)" |= (x4 )

T

Hence, the differential equation of the family of circles is (x

Question 6:

k. =3

Find the general solution of the differential equation dx

Solution:
\/ 1-y°

dx 1—3?
dy dx

\/l—y2 _ﬁx/l—ac2

Integrating both sides, we get:

%

=sin” y=—sin" x+C

=sin” x+sin” y=C

WWW.CUEMATH.COM
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Question 7:

(x+y+1)=A(1-x-y-2x) \where A is parameter.

Solution:

2
B FryHl_,
dx x +x+1

3
s o | X A
dx x +x+1
d dx
= = 2
vy +y+l1 X +x+1

Integrating both sides, we get:

dy dx
jy2+y+l_nj.x2+x+1

:>.‘. l\fy Jg 2 Z_J. 1 ::dx Jg 2
(y+— +| = [x+—] 1]
2) "2 2 2
—y+1 £
2 9 | 2
= —tan =———tan +C
F B TR |5
| 2 2
| 25 _1[2x+1}=~/§C
L3 N
[ 2yl 2x+l
= tan™ V3 y3 =J§C
1_(2y+l)(2x+l) 2
NEREN)
2x+2y+2
= tan~' V3 =J§C
1_ﬁ(4xy+2x+2y+l) 2
| 3
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2x+2y+2
1_(4xy+2x+2y+l) 2
3
2x+2p+2

=2 V3 =C, I:where, C, =tan (@

3—(4xy+2x+2y+1)

i 3

__B3(ax+2p+2)
3-(4xp+2x+2p+1)

= 2V3(x+y+1)=C,(3-4xy-2x-2y-1)
=203 (x+y+1)=C, (2-4xy - 2x-2y)
i2£(x+y+l)=Clx2(l—2xy—x—y)
:>J§(x+y+l]=cl(l—x—y—2xy)

|

:>(.x+y+1)=%(l—x—y—2xy)

=(x+y+1)=4(1-x-y-2xy) [whereA=%}

Question 8:

T
0,—
Find the equation of the curve passing through the point ( 4]
sin xcos ydx +cos xsin ydy =0,

Solution:

sin x cos ydx +cosxsin ydy =0

_, §in X €O ydx +¢0s xsin ydy _ 0
COSX COS

= tan xdx + tan ydy =0

= log(secx)+log(secy)=1logC

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

n
0,—
The curve passes through the point [ 4)
Therefore,

WWW.CUEMATH.COM

3

whose differential equation is



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

cuemath
THE MATH EXPERT
= 1x \/5 =i
=C=2
Secx.secy = J2

=2

=>SECX:
cos y

=cosy= it
2

Question 9:

Find the particular solution of the differential equation
y=1when x=0.

Solution:
(1+ez’)dy+(l+y2)e’dx =0
dy e’

+ =0
14+y®  1+&*

Integrating both sides, we get:

::>tan"'y+‘|'1i§fx =i zel(1)

Let e =t =™ =¢*

d, .\ dt

e
. dr
e =—
dx

= e"dx = dt

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

13

=tan" y+tan ' t=C

tan ' y+J

= tan”' y+tan“(e”‘)= &

When x=0; y=1

Hence,

WWW.CUEMATH.COM

(1+ezx)dy+(1+yz)e"dx

=0 given that



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

cuemath

THE MATH EXPERT

tan'1+tan'1=C

= —4—=C

4 4

Question 10:

Solve the differential equation

Solution:

ye'dx = {xe; +y2}ajz

Let e; =z

(1)

ye;dx =(xe; +y? ]dy (y # 0)

Differentiating it with respect to y, we get:

dl 3| d
AP
)%

WWW.CUEMATH.COM
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Integrating both sides, we get

Sz=y+C

= e =y+C

Question 11:

Find a particular solution of the differential equation (x=»)(

y=-1 when x=0. (Hint: put Xx—y=1)

Solution:

(x—y)(de+dy) = (de—dy)
:(x—y+l)dy=(l—x+y)dx

o B 1B

dc x—-y+1

S

dx_1+(x—y

o

Let X~ V=1
dt

d
o N

1 Y
dx  dx

Using (1), (2) and (3)

dy _1-(x-y

(1)

-.(2)

.(3)

WWW.CUEMATH.COM
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:>(1+%jdt=2dx

Integrating both sides, we get:
=1 +10g]t| =2x+C

= (x—y)+10g‘x—y| =2x+C
= loglx—y|=x+y+C

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

= C=1
10g|x—y|=x+y+1

Question 12:

e-zJE

Y
Solve the differential equation { NE NE } &

Solution:
ey |,
Jxo Jx|dy
~24x
b ey
dc  x  Jx
N
.
dc Jx Jx

This equation is a linear differential equation of the form
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@Y. o P=—— =
dx+Py Qwhere \/;andQ Jx

1
Now, I.F.= A ejﬁdx =V

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

-2yx
Jx € 24x
= ye’ =J{T><e }£\+C
X

Question 13:

dy
. . . . . . —+ycotx=4xcosecx(x =0
Find a particular solution of the differential equation dx o ( )

T
¥=0 when 2

Solution:

ﬂ+ycmx= 4xcosecx
dx

This equation is a linear differential equation of the form

dy
e feela =
dx Can where P =cotx and O = 4xcosecx

Now, [.F.= cfzj"Mr = ejmmit = 83 — gin x

The general solution of the given differential equation is given by,
y(LF)= [(Qx I1.F.)dx+C

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

:>ysinx=4_[xdx+C

2
= ysinx = TN

= ysinx=2x*+C

WWW.CUEMATH.COM
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=—’ =0
When 2 4
Therefore,
2
:>0=2><~ﬂ:—+C
4
2
=>C=—”—
2

. m
sinx=2x> -"—
Thus, © )

Question 14:

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

Solution:

(x+l)%=2e_y -1

dy dx

— —
2¢' -1 x+1
N e’dy =£

2—-¢" x+1

Integrating both sides, we get:

e'dy
JZ—e” =log|x+1|+logC wi(1)
Let 2—-¢" =t
ji(2—e)’)=£

dy dy
=g’ 2

dy

= —e'dy=dt

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

(x+1)%=23‘y i
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= I? =log|x +1|+logC

= —loglt| = log|C(x+l)‘
=5 —Iog|2—e"’| =log|C (x+1)

=5

- =C(x+1)

1

2-¢ =
ST T oY)

When x=0; y=0

Therefore,
:>2—1=l
C
=C=1
Hence,
2—(3}’=L
x+1
o 1
= =2-—
x+1
e},_2x+2—1
x+1
ey=2x+l
x+1
2x
= y=log , (x=-1)

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?

Solution:

Let the population at any instant (¢) bey .
It is given that the rate of increase of population is proportional to the number of inhabitants at
any instant.
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logy=hkt+C

In 1999, t =0 and ¥ = 20000
log20000 = C

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

= log 25000 = 5k +log 20000
= 5k =log (M) =log (E)
20000 4

1 5
k==log| =
=¥E=< og(4)

In 2009, t =10 years

logy =10x élog [g) +log(20000)

’s
= logy= log|:20000 x[%) }

:y:ZOOOOXEXE
4 4

= y=31250

Therefore, population of village in 2009 is 31250.

Question 16:

ydx — xdy -0

The general solution of the differential equation y

(A) w=C (B) x=Cy’

(C) y=C

WWW.CUEMATH.COM
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Solution:
ydx — xdy -0
¥
_ ydx — xdy _
xy
1 1
= —dx——dy=0
X ¥
log|x|—log|y| = log k

0

= log|—| = log k

; ‘

=>£=k

i
1
:>y=z.x

= p=0Cx where,C=l
k

Thus, the correct option is C.

Question 17:

& px=0

The general solution of a differential equation of the type dy

(A)

fr

Solution:

@.'-P],x:Q] .

L.F. for dy

x(1.F)=([Q x 1.F.)dy+C
x.eIP'aj) = I(Q]ejﬂdy }ly +C

}’.ejp'dy = I[Q, eIM de +C
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Thus, the correct option is C.

Question 18:

The general solution of the differential equation €'dy + (ye" +2x)dx =0 is

(A) xe’ +x* =C (B) xe’ +y* =C
(C) ye' +x*=C (D) ve' +x*=C
Solution:

e‘dy+(ye‘+2x)dx=0
Xd X
=& ——+ye +2x=0
dx

= @+ y=-2xe""
dx

This is a linear differential equation of the form

dy _
dx Thy=0 where, P =1 and O =—2xe "

Now,

I.F.zejm =eIﬂiﬁr =&
y(LF)=[(Ox LF)de+C
= ye" =J-(—2xe"r e’ )dx+C
= ye' = —IZxdx +C

= yef =—x*+C

=ye" +x° =C

Thus, the correct option is C.
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