CHAPTER -9
DIFFERENTIAL EQUATIONS

Exercise 9.6

Question 1: For each of the differential equations given in question, find
the general solution:

Answer:

It is given that Z—z + 2y = sinx
This 1s equation in the form of % + py = Q (where, p =2 and Q = sin x)

Now, LF. = e/ pdx = gf 2dx — g2x

Thus, the solution of the given differential equation is given by the
relation:

y(LE) = [(Q X LF.)dx + C
= ye?* = [sinx.e** dx + C

LetI = [ sinx.e®* dx

= [=sinx. [e**dx — [ (% (sinx).e/ de) dx

. 62x er
= sinx.— — | (cos X. —) dx
2 2

2x

=£ Zinx —%[cosfezx —-f (% (cosx) .[ [ e?* dx))]

2x

e~ Ccosx

2

— %f(sinx. e?*) dx




e?x . 1
:7(2 sin x — cos x) _ZI

5 e?x .
:>ZI =T(251nx—cosx)

e?x .
:»I:T(Z sin x — cos x)

Now, putting the value of I in (1), we get,

= Zx_ﬁ ; —
ye = — (2sinx —cosx) + C

>y = %(2 sinx — cosx) + Ce™*
Therefore, the required general solution of the given differential
equation is

y = §(2 sinx — cosx) + Ce™2*

Question 2: For each of the differential equations given in question, find
the general solution:

dy —2x
—+3y=e

dx y
Answer:

It is given that Z—z +3y=e"%*

This is equation in the form of Z—z + py = Q (where, p=3 and Q =e~2*)

Now, LF. = e/ pdx = of3dx — o3x

Thus, the solution of the given differential equation is given by the
relation:

y(LE)= [(Q X LE.)dx + C
= ye3¥ = [(e7* x e**)dx + C




= ye*=¢e"+C
= y = e-2x + Ce-3x

Therefore, the required general solution of the given differential equation
isy=e?+ Ce™*

Question 3: For each of the differential equations given in question, find
the general solution:

dx X

d
dy ¥ _ 02

Answer:

It is given that Z—z + % = x?

This 1s equation in the form of Z—z +py = Q (where,p = i and Q =x?)
Now, LF.= [(Q X LF.)dx + C

=>yx) = [(x%.x)dx+C

= xy = [(x3)dx +C

= Xy = % +C

Therefore, the required general solution of the given differential equation

4
isxy=X:+C.

Question 4: For each of the differential equations given in question, find
the general solution:

ay — ( E)
T (secx)y =tanx |0 < x < ”

Answer:




. . d
It is given that d—z + (secx)y = tanx
This is equation in the form of Z—z + py = Q (where, p =sec x and Q = tan x)

Now, LF.= [(Q X LF.)dx + C

= y(secx + tanx) = [tanx (secx + tanx)dx + C

= y(secx + tanx) = [secxtanx dx + [tan® x dx + C
= y(secx + tanx) = secx + [(sec?x — 1)dx + C

=y (sec x +tan x) =sec X +tan x — x+ C

Therefore, the required general solution of the given differential
equation is

y (sec x + tan x) = sec X + tan x — x+ C.

Question 5: For each of the differential equations given in question, find
the general solution:

d
coszx—y+y=tanx(OSx<E)

dx 2

Answer:
. . 2 dy _

It is given that cos x—+y=tanx
d

= d—z+ sec?x.y = sec’xtanx

This is equation in the form of Z—z +py = Q (where, p=-sec?x and Q

=sec? x tan x)
2
Now, LF. —plpdx — pfsec’xdx — ptanx

Thus, the solution of the given differential equation is given by the
relation:




y(LF)=[(Qx LF.)dx+C
= y.e@* = [etaNX gy 4 C
Now, Let t =tan x

d dt
= — (tanx) = —

2 dt
= Sec“x = —
dx

= sec’xdx = dt

Thus, the equation (1) becomes,
= y.efX = [(ett)dt + C

= y.e@* = [(t.et)dt+C

= y.etn¥ = ¢ [etdr — [(L(t). [etdt) +C
dt

> y.e@M¥ =t el — [etdt+C
=>tet™=(t—1)et+C

> te™™ =(tanx — 1) "™+ C
>y=(tanx-1) + C e™™

Therefore, the required general solution of the given differential
equation is

y = (tanx -1) + C g™,

Question 6: For each of the differential equations given in question, find
the general solution:

dy
x—+2y= x%logx

Answer:




It is given that xZ—z + 2y = x?logx
W2 52
= ——t-y=x log x
This is equation in the form of Z—z +py =Q (where, p = % and Q
= x log x)
Now, LF. =e/Pdx = eJ3 0% — p2(l0gx) — loga? _ 2

Thus, the solution of the given differential equation is given by the
relation:

y(LE) = [(Q Xx LE.)dx + C
= y.x% = [(xlogx.x*)dx + C
= x%y = [(x3logx)dx + C

= x%y =logx. [x3dx — [ [% (logx).fx3dx] dx + C

2 x* 1 x*
= X y-logx.:—f(;.:)dx+€
4

X

—+C
4

_1

X

= x2y =1—16x4 —(4logx—1)+C
=y =1—16x2 — (4logx — 1) + Cx~2

Therefore, the required general solution of the given differential equation

y = 1—16362 — (4logx — 1) + Cx~2

Question 7: For each of the differential equations given in question, find
the general solution:




dy _ E
xlogxa+ y = xlogx
Answer:
It is given that xlogxi—z +y= glogx

y 2

xlogx  x2

1
xand Q

.. . . dy _ _
This is equation in the form of . Tpy= Q (where, p Tog
—_d
Now, LF. =e/pdx = el 7Togx ¥ — plogllogx) — log x

Thus, the solution of the given differential equation is given by the
relation:

y(LF.) = [(Q X LF.)dx + C

= y.logx = f[%.logx] dx + C

Now, [ [%.logx] dx = Zf(logxiz) dx
:logx.fx—12dx — f{% (logx).fxizdx} dx]
logx(—2) = /(5 (-2))]

[ logx 1
-2+ [ ]

X

= — % (1+logx)
Now, substituting the value in (1), we get,

= y.logx = —%(1 +logx) + C




Therefore, the required general solution of the given differential equation
18

y.logx = —%(1 +logx) + C

Question 8: For each of the differential equations given in question, find
the general solution:
(1 +x?)dy + 2xy dx = cot x dx (x #0)

Answer:

It is given that (1 + x?) dy + 2xy dx = cot x dx

dx = (1+x2)  1+x2

d 2x cotx
=2 =

2xy
(1+x2)

This is equation in the form of Z—z +py = Q (where, p = and Q

)

__cotx
1+x2

2xy
Now, LF. =eJ pdx = ef(“"z)dx = elog(1+x?) = 1 4 2

Thus, the solution of the given differential equation is given by the
relation:

y(ILF.) = [(Q X LF.)dx + C

>y.(1+x3)=[|

= y.(1+x%?)=[cotxdx+C

cotx
14+x2°

(1+ xz)] dx + C
= y(1 + x2) =log|sinx| + C

Therefore, the required general solution of the given differential
equation is

y(1 + x?) =log|sinx| + C




Question 9: For each of the differential equations given in question, find
the general solution:

x;l—z+y—x+xycotx= 0(x # 0)
Answer:
Itis giventhatxj—z+y—x+xycotx =0
=>xZ—z+y(1+xcotx) =X
x+(%+cotx)y=1
This is equation in the form of Z—z + py = Q (where, p =iand Q=1)

1 = .
Now, LF. —elPdx — ef(;+c0tx)dy — plogx+log(sinx) — ,log(xsinx) — 4 qjp x

Thus, the solution of the given differential equation is given by the
relation:

y(LF)= [(Q X LF.)dx + C
= y.(xsinx) = [[1 X xsinx] dx + C
= y.(xsinx) = [[xsinx]dx + C

:"Y(xSinx)=foinXdX—f[;—x(x).fsinxdx] +C

= y(xsinx) =x(—cosx) — [ 1.(—cosx)dx + C

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

—X COS X sin x C
+ +

ey =
y xXsinx xXsinx xXsinx

C

1
=y =cotx +—-+—
X xXsimx




Therefore, the required general solution of the given differential
equation is

C
x sin x

y=cotx+§+

Question 10: For each of the differential equations given in question, find
the general solution:

dy
(x+y) — = 1
Answer:

It is given that (x + y) Z—z =1

dy 1

dx x+y

dx
> —=x+
dy y

=>dx x =
dy =Y

This is equation in the form of Z—z + py = Q (where,p=—1and Q =vy)

Now, LF. =e/ P8V = o -4y = ¢-¥

Thus, the solution of the given differential equation is given by the
relation:

x(LF.) = [(Q X LF.) dy + C

=>xe™V = [[y.e¥]dy+C
sxeV=y[e® - [|Z (). [eVdy|+C
>xeV=y(—e¥)— [(—eV)dy +C
>xe V= —ye Y —[eVdy+C




>xe V= —-yeV—-eV+C
=>x=-y—1+Ce
=>x+y+1=Ce

Therefore, the required general solution of the given differential
equation is

x+y+1=Ce.

Question 11: For each of the differential equations given in question,
find the general solution:

ydx +(x—y?)dy=0

Answer:

It is given that y dx + (x —y?) dy =0
= ydx = (y? —x)dy

dx _ (¥*-x) _ = «x

dy y y

dx
= —+
dy

x
y

This is equation in the form of Z—z + py = Q (where, p = % and Q=y)

dy
Now, L.F. —elpady = efy — elogy — y

Thus, the solution of the given differential equation is given by the
relation:

x(LF.) = [(Q X LE.)dy + C
=>x.y=[[y.y]ldy +C
=>xy=[y?*dy+C




3
:xy=%+€

3
C
=>xy=y?+;

Therefore, the required general solution of the given differential equation

3
. C
1sxy=y?+;

Question 12: For each of the differential equations given in question,
find the general solution:

(x + 33’2)% =y(y > 0).
Answer:
It is given that (x + 3y?) Z—z =y

ay __y
dx  x+3y2

dx x+3y? «x
— =-43
N y

This is equation in the form of % + py = Q (where,p=— % and Q =3y)

dy 1
Now, L.F. :efpdy = efy = e—logy = elog(y) — 1

y

Thus, the solution of the given differential equation is given by the
relation:

x(ILF)= [(Qx LE.)dy + C

=>x.5=f[3y.§] dy + C




X

= x=3y*+Cy

Therefore, the required general solution of the given differential equation
is x = 3y? + Cy.

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

dy

i — S
dx+2ytanx—smx,y— 0 when x = 3

Answer:
. d .
It is given that d—z + 2ytanx = sinx
.. .. d
This is equation in the form of d—z + py = Q (where, p=2tanx and Q
=sin x)
Now. LF. = efpdx — ethanxdx — p2log(secx) — elog(secz X) = sec? x

Thus, the solution of the given differential equation is given by the
relation:

y(LE)= [(Q X LE.)dx + C

= y.(sec? x) = [[sinx.sec® x] dx + C
= y.(sec’x) = [[secx.tanx] dx + C
= y.(sec?x) =secx + C

Now, it is given that y =0 at x = g

TT TT
0><sec2§ = sec +C

=>0=2+C




= C=-2

Now, Substituting the value of C =-2 in (1), we get,

= y.(sec?x) = secx — 2

= y = oS X — 2¢0s°Xx

Therefore, the required general solution of the given differential equation
18

y = c0s X — 2¢0s’x.

Question 14: For each of the differential equations given in question,
find a particular solution satisfying the given condition:

(1+x2)3—z+2xy=1+1x2;y=0whenx= 1

Answer:
. 2\ %y =
Itis given that (1 + x°) —+2xy = —

dy 2xy 1
dx = (1+x2)  (14x2)2

This is equation in the form of Z—z + py = Q (where,p= and Q =

2Xx
(1+x2)

1
(1+x2)2)

fz—xdx
Now, LF. = e/ Pdx = ¢’ (t+8) " = glog(1+2%) = 1 4 42

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

>y (1+x3)=] [(1;2)2 (1 + xz)] dx + C




1
(1+x2)

>y.(1+x?)=tan"x+C

>y (1+x3)=] dx + C

Now, itis giventhaty=0atx=1
OXSeczg = secg +C

=>0=tan"11+C

T
:C:__
4

Now, Substituting the value of C = —% in (1), we get,
= y.(sec?x) = secx — 2

= y.(1+x?%) =tan‘1x—%

Therefore, the required general solution of the given differential equation
is

y.(1+x%) =tan"1x —%

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

d :
d—z—Sycotx=sm2x;y=2whenx= %

Answer:

. d :
It is given that d—i — 3 ycotx = sin 2x

This 1s equation in the form of Z—z + py = Q (where,p=—3cotx and Q
= sin 2x)

_ 1
Now, LF. = efpdx — e—3fcotxdx — p—3loglsinx| — elOg|sin3x| __1

sin3 x




Thus, the solution of the given differential equation is given by the
relation:
y(LF.)= [(Q X LF.)dx+C

1
"sin3 x

]dx+C

= y.cosec3x = 2 = [(cotx cosec x) dx + C

= y cosec’x = 2cosecx + C

2 3
cosec?x  cosec3x

>y =—
= y = -2 sin’x + C sin®x
Now, it 1s given that y =2 when x = —
Thus, we get,
=-2+C
= C=4
Now, Substituting the value of C =4 in (1), we get,
y = -2sin’x + 4sin®x
= y = 4sin’x - 2sin’x

Therefore, the required general solution of the given differential equation
is

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.

Answer:




Let F (x, y) be the curve passing through origin and let (x, y) be a point
on the curve.

We know the slope of the tangent to the curve at (x, y) is Z—z.

According to the given conditions, we get,

ay _
dx—x+y

dy _
= E —y=X
This is equation in the form of Z—z + py = Q (where,p=—1and Q =x)
Now, LF. =efPdx = g/ (-=Ddx — g—x

Thus, the solution of the given differential equation is given by the
relation:

y(LF.) = [(QX LF.)dy +C

= ye *=xe *dx+ C

Now, [xe *dx =x[e*dx — [ [% (x).fe‘xdx] dx

=x(e™) — [(—e™®)dx

=x(e™) —(—e™)

=—e *(x+1)

Thus, from equation (1), we get,

>ye *=—e*x+1)+C

= y=-(x+1)+ Ce*

=>x+y+1=Ce* vrreeeenn (2)
Now, it 1s given that curve passes through origin.

Thus, equation (2) becomes:




=C=1
Substituting C = 1 in equation (2), we get,
xty—1=¢

Therefore, the required general solution of the given differential equation
1s

x+ty-l1=¢

Question 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.

Answer:

Let F (x, y) be the curve and let (x, y) be a point on the curve.
We know the slope of the tangent to the curve at (x, y) is Z—Z.

According to the given conditions, we get,

dy _
m+5—x+y

dy
>—=—-y=x-—5
dx y

This is equation in the form of Z—z + py = Q (where,p=—1 and Q =-5)
Now, LF. =e/ Pdx = o/ (-Ddx — o-x

Thus, the solution of the given differential equation is given by the
relation:

y(LF.)= [(Q X LF.)dy + C
>ye *=(x—5)e *dx+C




Now, [(x —5)e ™¥dx = (x—5) [e¥dx — [ [;—x (x — 5).fe"xdx] dx

=(x—=5)(e™) - [(—e™)dx
=x—=5)(e™) —(=e™)
=(4—-x)—e™*

Thus, from equation (1), we get,

>ye *=04—-x)e7*+C

> y=4-x+Ce"

=>x+ty—-4=Ce"

Now, it 1s given that curve passes through (0,2).
Thus, equation (2) becomes:
0+2—-4=Ce

=-2=C

=>C=-2

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

>y=4-x—-2¢"

Therefore, the required general solution of the given differential equation
1s

y=4-x-2¢e*

Question 18: The Integrating Factor of the differential equation xZ—Z —
y = 2x%is

A.e* B.e?




C. 1/x

Answer:

. d
It is given that d—z —y = 2x2

This 1s equation in the form of % + py = Q (where,p=— i and Q = 2x)

_1 -1 _ 1
Now, LF, = e/ pdx — of =5 @% _ plog(x™) — x-1 = -

Question 19: The Integrating Factor of the differential equation
(1- yZ)Z—z+ yx =ay(—1 <y <1is
A.

C.

Answer:
It is given that (1 — y?) Z—z + yx = ay

yx o ay
1-y2  1-y2

This is equation in the form of Z—Z + py = Q (where, p = 1_3;2 and Q =

1

f y 1 log[
——d - 2 2
Now, LF. = e/ pay — oJT57% _ p3los(1-¥%) —_ ,  [J1¥




