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Chapter: 9. Differential Equations

Exercise: 9.6
1. Find the general solution for the differential equation :—y+ 2y =sinx
X

Solution:

The given differential equation is g—y+ 2y =sin X

X
It is a linear differential equation of the form g—y+ py =Q, with
X
p=2
Q =sinx

Calculate the integrating factor

LF=¢l™
S F=e™
= |.F =¢*

General solution is of the form
y(1.F)=[(QxI.F)dx+C

ye’ = [sinx(e”)dx+C

= ye¥ = 1+C(1 = [sinx(e”)dx).......... (1)
| = [sinx(e”)dx

= | =(sin x)_[e2X dx—j((sin x)'jezxdx)dx

2X 2X
= _E sinx—j(cosx(e Jde
2 2
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== %sin x—%j[cos xjezxdx—j((cos x)'(_[ezxdx)ﬂ dx

2 1] e* 1 o
=l="—sinx—= —cosx+—je (smx)dx
2 2| 2 2

2X 1 2X 1
= | =—sinx—=| —cosx+—=1
2 2| 2 2

2X 2X

) 1
=l =—sinx———cosx——1|
2 4 4

5 e2x 2X
= — | =—sinx——-—cos x
4 2 4

2X 2X

e .
sin x—?cosx

=1 =

e2x
== ?[ZSin X—Cos x|

Back substituting I in expression (1)

2X
= ye¥ = e?[Zsin x—cosx]+C

=y= %(Zsin X —cos x)+Ce ™

The general solution for given differential equation is y = %(ZSin X —COS X)+ Ce™

2. Find the general solution for the differential equation %+3y =g

Solution:

The given differential equation is g—i +3y =
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It is a linear differential equation of the form g—i+ px =Q, with
p=3
Q= g2

Calculate the integrating factor
ILF—el™

1 F el

= |.F=¢*

General solution is of the form
= y(I.F)=[(QxI.F)dx+C
= ye¥* = Ie’zx (e™)dx+C

= ye¥ = Ie’ZMX dx+C

= ye* :.[eX dx+C

= ye¥=e"+C
—y=e>+Ce™

The general solution for given differential equation is y =& +Ce™>*

3. Find the general solution for the differential equation :—i+% =x°
Solution:
The given differential equation is %+¥ =X’
dy

It is linear differential equation of the form ™ + py =Q, with
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’ 1
p="
X
Q=x*

Calculate the integrating factor

J'de
= |.F=¢ex

= |.F =¢"¥"

=1.F=x

General solution is of the form
y(1.F)=[(QxI.F)dx+C
= yx=_[x2(x)dx+C

:>xy=_[x3dx+C

4
. . . . . X
The general solution for given differential equation is xy = 7+C

4. Find the general solution for the differential equation

dy T
— +(secx)y=tanx| 0<x<—=
dx ( )y ( 2)

Solution:

The given differential equation is % +(secx)y =tanx

It is a linear differential equation of the form g—i+ py =Q, with
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’ p=Secx
Q=tanx

Calculate the integrating factor

LF=el™

sec xdx

=I1.F= eJ
—~|F= elog(secx+tanx)
=I1.F =(secx+tan x)
General solution is of form

y(1.F)=[(QxI.F)dx+C

= y(secx+tanx) =.|'tan x(secx+tanx)dx+C
= y(secx+tanx)= jtan xsecxdx+Jtan2xdx+C
= y(secx+tan x) = secx+ [ (sec® x—1) dx+C

= y(secx+tan x)=secx+_[sec2 xdx—jdx+C

= y(secx+tan x) =secx+tanx—x+C

The general solution for given differential equation is

y(secx+tanx)=secx+tanx—x+C

5. Find the general solution for the differential equation

cos’ xﬂ+y=tan x(os XSEJ
dx 2

Solution:
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The given differential equation is cos® xd— +y=tanx
X

dy 2 2
—+(Sec” X =Sec” xtan x
dx ( ) y

It is linear differential equation of the form % + py =Q, with
X

p =sec’ X
Q =sec? xtan x
Calculate the integrating factor

|F=¢l™

—|E= eJ'sec2 xdx

tanx

=I1l.F=e

General solution is of the form
y(1.F)=[(QxI.F)dx+C

= ye™ = Iem”x (sec® xtan x)dx+C

=y = | +C(I = [ (sec” xtan x)dx) ............. (1)

Solving the integral |

| = _[e‘a” (sec® xtan x)dx
Substitute tan x =t

tanx =t

= sec” xdx = dt

:>|=je‘tdt

= 1 =t[e'dt— [((t)' [e'dt)dt
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= =te‘—|!(e‘)dt
=1 =te'—¢
Back substitute t:

| =tan xe™™ —e™"*

Back substitute | in expression (1)
= ye™ =1+C

= yetanx — tan Xetanx _etanx + C

tan x

The general solution for given differential equation is ye""* = tan xe*™* —e"™"* +C

6. Find the general solution for the differential equation xg—y +2y =x"log x
X
Solution:
The given differential equation is xg—y+ 2y = x* log x
X
dy + = y = xlog x
dx x

It is linear differential equation of the form % + py =Q, with

x| N

p:
Q =xlog x

Calculate the integrating factor
ILF—e™

Igdx
= |.F=ex

= |.F =g
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log x?

=|.F=e
= |.F=x

General solution is of the form
y(1.F)=[(QxI.F)dx+C

= yx’ =fx2(xlog x)dx+C
:>yx2:I+C(I:j'x3Iogxdx) ........ (1)
Solving the integral |

I=J.x3 log xdx

= | =log xj x3dx—j((log x)'Idex)dx

= | =§Iogx—j(%[§ndx

x* 1
=1 =""logx—=|x*dx
4 g 4-[

Ne 1 x*
=X Jogx-=[| X
=1 e[

4 4

X X
=l=—logx——
4 16

Back substitute I in expression (1)

=y’ =1+C
4 4
, X X
= yx" =—Ilogx——+C
¥ 4 J 16

4

=Yy ::—6(4Iog x-1)+Cx”
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The general solution for given differential equation is y = :—6(4 logx—1)+Cx~

7. Find the general solution for the differential equation xlog x%+ y= ; log x
Solution:
. . . L dy 2
The given differential equation is xlog x& +y= S log x
v,y _2
dx xlogx x?
It is linear differential equation of the form % + py =Q, with
1
p =
xlog x
2
Q==

Calculate the integrating factor

|F—el™

Il dx
= |.F =¢ X

Substitute logx =t

logx =t
:>1dx=dt
X

I%dt

=Il.F=e

= |.F =g

=1.F=t
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General solution is of the form

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

= ylogx:jx—zz(log x)dx+C

:>y|ogx=I+C(I =I%(Iogx)dxj ............ (1)
Solving the integral |

| = J%(Iog x) dx

I =2:Iog xj%dx—]((log x)'j%dx]dx}

Back substitute I in expression (1)

ylogx=1+C

= ylogx:—é(log x+1)+C

The general solution for given differential equation is ylog x = —E(Iog x+1)+C
X
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8. Find the general solution for the differential equation

(1+x*)dy + 2xydx = cot xdx (x  0)
Solution:

The given differential equation is

(1+x*)dy + 2xydx = cot xdx (x  0)

dy 2xy cotx
— 4 =
dx 1+x* 1+x°

It is linear differential equation of the form % + py =Q, with
D= 2X
1+ Xx°
_cotx
1+ x?

Calculate the integrating factor

LF=¢l™

Zxd

= |.F ="
Substitute log x =t
1+ x% =t

= 2xdx = dt

j%dt

=Il.F=e

= |.F =g
=I1.F=t

= |.F=1+%x

General solution is of the form
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y(1.F)=[(QxI.F)dx+C

cot x
= y(1+x*)= 1+ x*)dx+C
y(14x) = [ (1)
= y(1+x*) = [ cotxdx+C
= y(1+x*)=log[sinx|+C
The general solution for given differential equation is y(1+ x2) =log|sinx|+C
9. Find the general solution for the differential equation
x%+ y—X+xycotx=0(x=0)
Solution:
The given differential equation is X%—i— y—X+xycotx=0
X
:>d—y+1—1+ ycotx=0
dx X
:>—y+(£+cotxjy=1
It is linear differential equation of the form Y, py =Q, with

[
p=| =+cotx
X

Q=1
Calculate the integrating factor
LF—el™

1+cot x]dx

:>I.F=ej(X
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J.fdx+jcotxdx
= I.F=ex*
=1F= e'°9x+|og(sinx)

log(xsinx)

=Il.F=e
= |.F =xsinx

General solution is of the form
y(1.F)=[(QxI.F)dx+C

= y(xsin x)=j(1)(xsin x)dx+C
:>xysinx=|+C(I=Ixsinxdx) .......... 1)
Solving the integral |

I =_[xsin xdx

== xjsin xdx—j((x)'jsin xdx)dx

=3 =x(—cosx)+j(cosx)dx

= | =Xxcos x+sin x
Back substitute I in expression (1)
xysinx=1+C

= XySin X=—XC0SX+Sinx+C

1
= y=—-COtX+—+—
X XsInx

. . . . L 1
The general solution for given differential equation is y =—cot x+—+ S
X Xsinx

10.  Find the general solution for the differential equation (x+ y)% =1

Solution:
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The given differential equation is (x + y)g_i =1
W1
dx Xx+y
=>-—=X+Y
= % —-X=Y
dy

It is differential equation of the form %+ px =Q, with
y

p=-1
Q=y

Calculate the integrating factor

| Py

I.LF=e

L F =gl

=I|.F=e”’

General solution is of the form
x(1.F)=[(QxI.F)dy+C

=N x(e‘y):j(y)(e‘y)dy+C
=xe’=1+C (I = j ye’ydy) ............. 1)
Solving the integral |

I :Iye’ydy

=1= yje*ydy—f((y)'je*ydy)dy




|nfinit;)" ., Sri Chaitanya

Ledarn ~ | Educational Insitutions
=1 =—ye” +[((1)e)dy
=l=-ye”’ +_|‘e‘y dy
=l=-ye’ e’
Back substitute I in expression (1)
xe?V=1+C
=>xe’'=-ye'-e?+C
=>x=-y-1+Ce¢’

= Xx+y+1=Ce’

The general solution for given differential equation is x+ y +1=Ce’

11. Find the general solution for the differential equation ydx + (x — yz)dy =0
Solution:
The given differential equation is ydx+(x—y*)dy =0

2

_, Y,
dy y

dx [1)
=—+|—[X=Y
dy \y

It is differential equation of the form ?+ px =Q, with
y

Calculate the integrating factor

QO o
Il Il
< < |
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LE—el™

1
:>I.F:eIy

= |.LF ="

=lLF=y

General solution is of the form
x(1.F)=[(QxI.F)dy+C

=x(y)=[(y)(y)dy+C

:>XY=Jy2dy+C

=>xy=--+C
Y73

2
The general solution for given differential equation is X = y? +9
y

12. Find the general solution for the differential equation (x +3y2)% = y(y > 0)

Solution:

The given differential equation is (X+3y2)% =y

%_x+3y2
dy y

I . . e
U
E3 v
,_'x I
oo|“<M -
N ! 3
I
w
<<
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It is differential equation of the form %+ px =Q, with
y

Calculate the integrating factor
LE—el™

1
ES
L F—e

= |F=e"

= ILF=¢""

:>I.F:1
y

General solution is of the form

X(1.F)=[(QxI.F)dy+C

-l

:§=3j dy+C

=Z_3y+C
y

= x=3y*+Cy

The general solution for given differential equation is x = 3y” +Cy

13.  Find particular solution for :—i+ 2ytan x =sin x satisfying y =0 when x =%

] . . e
Q o
Il Il
w [
< < |
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’ Solution:
The given differential equation is %+ 2ytan x =sin x
X
dy .
—+(2tanx)y =sinx
dx ( )Y
It is differential equation of the form g—i+ py =Q, with
p =2tanx
Q=sinx

Calculate the integration factor

LF—el™

2| tan xdx
=l.F=e I

2log|secx|

=lF=e
log(sec x)?

=I|.F=e

= |.F =sec? x

General solution is of the form

= y(1.F)=[(Qx1.F)dx+C

= ysec® x = [(sin x)(sec” x) dx+C
= ysec’ x=Jtan xsecxdx+C

= ysec’ x=secx+C

= y =c0S X + C cos’ X

Given y =0 when x=%
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0 = cos (zj +C cos?® (zj
3 3

Therefore the particular solution will be
= Yy =C0S X — 2C0S” X
The particular solution for given differential equation satisfying the given conditions is

y = CO0S X —2C0S° X

14.  Find particular solution for (1+ xz)g—i+ 2xy =~ 1x2 satisfying y =0 when x =1
+

Solution:

The given differential equation is (1+ xz)% +2Xy = 1 1x2
+

ﬂ+( 2x jy_ 1
dx \1+x? (1+x2)2

It is differential equation of the form j—i-i- py =Q, with

. 2X

p_1+x2

1
Q_(1+x2)2

Calculate the integrating factor
LE—el™

J.Adx
= |.F=¢ ¥
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2log|sec|

=l.F=e

—|F= elog(1+x2)

= .LF=1+%?

General solution is of the form

y(1.F)=[(QxI.F)dx+C

:>y(1+x2)=j (1+x2)dx+C

2

(1+x?)

1
1+ X

dx+C

= y(1+ xz):j .
= y(1+x*)=tan* x+C
Given y=0 when x=1
0(1+1)=tan™(1)+C

—~Cc+Z-0
4

=C-= s
4
Therefore the particular solution will be
= y(1+x*)=tan " x-Z
y(1+) 2
The particular solution for given differential equation satisfying the given conditions is
1+x?)=tan'x-Z=
y(1+x) .

15. Find particular solution for g—i—Sycotx:sin 2x satisfying y=2 when x:%
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Solution:

The given differential equation is % —3ycot x =sin 2x
X

%+(—3cotx) y =sin 2x

It is differential equation of the form g—i+ py =Q, with
p =-3cotx
Q =sin2x

Calculate the integrating factor

LF=el™
—~I|F= e—BIcotxdx
—|.F= e—3|og\sinx\

General solution is of the form

y(1.F)=[(QxI.F)dx+C
= y[sin13 xj = j(sin ZX)[sinlB Xjdx+C
= y(sinl3 XJ = 2I(sin XCOS X)(sin13 X)dx+c

y COS X
= =2 dx+C
sin® x J.(sinz xj

y

:>'3
sin® x

= 2_[ cot xcosecxdx+C
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y
sin® x

= =-2cosecx+C

= y=-2sin*x+Csin’x

Given y=2 when x=%

2=—2$in2[£j+Csin3(£j
2 2

=C-2=2

=C=4

Therefore the particular solution will be

= y=-2sin’ x+4sin’x

The particular solution for given differential equation satisfying the given conditions is

y =-2sin® x+4sin® x

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
Solution:
According to question the slope of tangent g—i is equal to sum of the coordinate
dy
—— =X+
dx y

The given differential equation is

ﬂ:x+y

dx
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% (-1)y=x
It is differential equation of the form g—i+ py =Q, with
p=-1
Q=x

Calculate he integration factor
LE—el™
1 F=e®

=|.F=e"

General solution is of the form
y(1.F)=[(QxI.F)dx+C

= y(e™)=[x(e™)dx+C

— ye X =—xe*¥ +I(e‘x)dx+C

=y =-xe"-e*+C

= y=-x-1+Ce”

= y+x+1=Ce

Given y=0 when x =0 as it passes through origin

0+0+1=Ce®

=C=1

Therefore the equation of the required curve is y+x+1=¢"
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17. Find the equation of a curve passing through the point (0,2) given that the sum of the
coordinates of any point on the curve exceeds the magnitude of the slope of the

tangent to the curve at that point by 5

Solution:

Let the slope of tangent be g—i

According to question

x+y=%+5

The given differential equation is

x+y:ﬂ+5
dx

dy
1 (-1)y=x-5
o Ty =x

It is differential equation of the form g—i-i- py =Q, with

p=1
Q=x-5

Calculate the integrating factor

|.F=e/™

:>I.F=e_1jdx

=|.F=e*

General solution is of the form

y(1.F)=[(QxI.F)dx+C

y(e™) :j(x—5)(e‘x)dx+C
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18.

= y(e™)=[x(e™)dx—[e™ dx+C

=y(e™)= xje‘xdx—I((x)'[e‘xdx)dx—SIe‘xdx+C

— ye ¥ =—xe +_[(e‘x)dx+5e‘x +C

= ye =-xe"+4e"+C

= y=-X+4+Ce™"

= y+x—4=Ce”

Given as it passes through (0,2)

2+0—4=Ce°

=C=-2

Therefore the equation of the required curve is y+Xx+4 =-2¢*

dy

Find the integrating factor of the differential equation xd— —y=2x
X

Solution:

Given differential equation is x%— y = 2x°
X

:ﬂ—(ijy:ZXZ
dx \x

Thus it is a linear differential equation of the form j—i+ py =Q

1

= |.F=g X



Infinityy ., Sri Chaitanya
Learn ' Educational Institutions

—logx]

=I1l.F=e

logx~*

=l.F=e

= I.le
X

Therefore integrating factor is 1 .
X

Thus the correct option is (C)

19. Find the integrating factor of the differential equation

(1- yz)j—;+ yx=ay(-1<y<1)
Solution:

Given differential equation is (1- yz)g—;+ yX =ay

dx y o ay
:>d_y+(1—y2}(_ (1—y2)

Thus it is a linear differential equation of the form %+ px=Q
y

y U U - =
_ — — T I
. . T I =
T T M o | A
Il Il Il = <
(¢} [¢>) (9] g b

| | —

N\_r—‘ N lr

E-4 Rk ‘<~‘<

AL

< Q.

-~ <
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1
L LF =)’

1
1-y?

=I|.F=

Therefore integrating factor is

1-vy?

Thus the correct option is (D)



