NCERT Solutions for Class 12 Maths
Chapter 9 - Differential Equations

Exercise 9.1

Determine order and degree (if defined) of differential
equations given in Exercises 1 to 10.

1.

d4y 3 I
@—l— sin(y'"") =0

Ans - Given equation can be written as,
y'" +sin(y") =0

Highest order derivative present in the differential equation
is """, so its order is four.

~ Given differential equation is not a polynomial equation in
its derivatives, and hence its degree is unknown.

2.
y +5y=0

Ans - Highest order derivative present in the differential
equation is y’', so its order is one.

= Given differential equation is a polynomial equation in its
derivatives, and hence its degree is one.

3.

dsy' | @’ _ o
(dt) de



Ans - Highest order derivative present in the differential
2
equation is 5, so its order is two.

dis

= Given differential equation is a polynomial equation in o

ds : i
and o and hence its degree is one.

4,

d?y\’ dy
(m) + cos (a) =0
Ans - Highest order derivative present in the differential

dzy

dax?’

equation is so its order is two.

=~ Given differential equation is not a polynomial equation in
its derivatives, and hence its degree is unknown.

5.

ay 3x+sin3

—= = cos3x + sin 3x

dx*®

Ans - Highest order derivative present in the differential

dzy

dx?’

equation is so its order is two.

- Given differential equation is a polynomial equation in

diy

~.>» and hence its degree is one.
x

6.
0"+ 0P+ ) +yE =0

Ans - Highest order derivative present in the differential
equation is y"", so its order is three.

-~ Given differential equation is a polynomial equation in
¥, y" and y'. Power of ¥'" is 2, hence its degree is two.

7.
yFH + zyﬂ' + yﬂ' == n



Ans - Highest order derivative present in the differential
equation is v'", so its order is three.

= Given differential equation is a polynomial equation in
trr

y'"', ¥" and y'. Power of y"" is 1, hence its degree is one.
8.
y+y=¢€*

Ans - Given equation can be written as,
y'+y—e*=0

Highest order derivative present in the differential equation
is y', so its order is one.

= Given differential equation is a polynomial equation in y'.
Power of y' is 1, hence its degree is one.

9.
y'+()+2y=0

Ans - Highest order derivative present in the differential
equation is v", so its order is two.

= Given differential equation is a polynomial equation in y"
and y'. Power of y" is 1, hence its degree is one.

10.
y'+2y' +siny=0

Ans - Highest order derivative present in the differential
equation is y", so its order is two.

~ Given differential equation is a polynomial equation in y"
and y'. Power of v'' is 1, hence its degree is one.

11.



The degree of the differential equation

(de) (y) +sm( )+1=uis

(A)3 (B) 2 01 (D) not defined
Ans - Given equation can be rewritten as,
R+ )2 +sin(y)+1=0

Above differential equation is not a polynomial equation. So
its degree is not defined.

Hence correct answer is option (D).

12.
The order of the differential equation
4%y dy
2x*? p%) -3 dx +y=0is
(A) 2 (B)1 (C)o (D) not defined

Ans - Highest order derivative present in the differential

I . .
equation is d—;’, so its order is two.

Hence correct answer is option (A).

Exercise 9.2

In each of the Exercises 1 to 10 verify that the given
functions (explicit or implicit) is a solution of the
corresponding differential equation:

1.

y=e*+1:y"—y' =0



Ans - Given equationisy = e* + 1

Differentiating equation on both the sides of w.r.t. x, the

equation becomes,

dy d
T = B & 1
dx dx (™ +1)

Derivative of e* is e” and the derivative of a constant,

d .
o {a) = 1, where a is constant.
£

dy
= = g%
dx =
=y =e* ... (1)

Now differentiate the obtained equation again w.r.t. x,
> L) =)

=y"=e" ... (2)

Given LHS ="' —¥'
From (1) and (2) we get,
y'—y' =e*—e*=0
~ LHS = RHS

Hence, provided function is the differential equation's

solution.

2.

y=x>+2x+Cy —2x—2=0



Ans - Given equationisy = x> + 2x + C

Differentiating equation on both sides w.r.t. x, the equation
becomes.

d
! =a(x" + 2x 4+ C)

Sy = D) (22) 2 (O
=y =2x+2

GivenLHS = y' — 2x — 2

S 2x +2—2x—2 =10

~ LHS = RHS

Hence, provided function is the differential equation's
solution.

3.

y=cosx+C:y +sinx=0

Ans — Given equationisy =cosx + C

Differentiating equation on both sides w.r.t. x, the equation
becomes,

d
y' =—/(cosx +C)
dx

. d d
=y =£{cﬂs x) +£{£‘)
= y' = —sinx
Given LHS =y’ + sinx = 0
= —sinx +sinx =0
. LHS = RHS

Hence, provided function is the differential equation’s

solution.
4.
V=4 fl-l-}Iz:jlrr = =¥




Ans - Given equationis y = V1 + x?

Differentiating equation on both sides w.rt. %,

y' =+ (J1t )

P P | — d -
Derivative of v x is N and derivative of x™ =t (x™) = nx™".
- X

d
Sy = —(1+x)

Now, multiply numerator and denominator of RHS of the

above equation by V1 + x2.

' x (V'l +x2)
=y =

V14 x2\W1 + 2

A1+ xt

Substitute y for V1 + x? in the above equation

=yl =
& 1+ x*2

X

=y = :
L
b LY
= =
Y T iy x?
- LHS = RHS

Hence, provided function is the differential equation's

solution.

y = Ax:xy’ = y(x = 0)

1



Ans - Given equation is v = Ax

Differentiating equation on both sides of w.r.t. x,

p-=All) =3

Given LHS = xy’

= xy' = x4
=y =4
=y =A4Ax
~ LHS = RHS

Hence, provided function is the differential equation’s
solution.

6.

y=xsinx:xy' =y+x/x?—yi(x#0andx>yorx <
-y)-

Ans - Given equation is ¥y = xsinx.

Differentiating equation on both sides w.rt. x,

d
¥ = ® (xsinx)

The product rule of differential equations says that,
d d d
E{HI?] = HE{F] + Fa{l{]
d d
= y' = x— (sinx) + sinx — (x)
dx

dx

= y' = x cosx + sinx



Now, consider the LHS of the equation xy' = y +
xyfx2 —y?

Substitute the obtained value for y' in the LHS of the above

equation.
= xy' = x(xcosx + sinx)
= xy' = x*(xcosx + sin x)

It is known that sin®x + cos®x = 1 thus, cosx = V1 — sin®x

and sinx = i = as v = x sin x. Thus,
= xy' =x*y1—sin’x + vy
&)

= xy’ =x2J1—

X

52

S xy =—yx*—yity
x

= xy =xyxt—yi+y

-~ LHS = RHS

Hence, provided function is the differential equation’s

solution.
7.
2
xy = logy + C:y' = (xy # 1).
1—xy

Ans - Given equationis xy = logy + C

Differentiating equation on both sides w.r.t. x,

d d

— (xy) = — (logy

75 () = 7 (logy)

The product rule of differential equations says that,

d d d
a(uu] == HE(U:J + ua(u]

d d
= y—(x) +x—(y) = —(logy)
dx dx

dx

L1
= y(1) + xy =;:sf



=y? +xyy' =y’

=z

We know y' = (xv + 1)

1— =y

Substituting the value of y' in LHS,
=y =y +ayy'
=y’ —xyy' = y?
=2y (1—xy)=9y°
L

(1—=xy)
-~ LHS = RHS

=

Hence, provided function is the differential equation's

solution.

8.
y—cosy=x:(ysiny+cosy+x)y =1

Ans - Given equation isv —cosy
Differentiating equation on both sides w.r.t. x,

d d B d
dx} dx S dxx

= yv'siny-y' =1
=2 y'(1+siny) =1

. 1

=y =
Y 1 + siny



We know the equation (vsiny + cosy + x)y' = 1.
Substitute obtained value for ¥' in LHS of above equation.

= (ysiny + cosy + x)y'
G |

= (ysiny + cosy + ¥ —cosy) Xx ———
1 + siny

1
=2 y(1l+siny)l.—=y
siny
~ LHS = RHS

Hence, provided function is the differential equation's
solution.

9.
x=y=tan 'y:¥’y +y*+1=0

Ans - Given equation is x + v = tan"*y.

Differentiating equation on both sides w.r.t. x,

d d
P e 2 — i, t -1
dx(x+}) dr( an”"y)

1
=14y = ,,] 4
2 1+}'*y
=y 1 1]—1
¥ 1+ y2
1—(1+y°
- ( zy) g
3 Kt
[ 2
=
= 3 =
y_l-l—yz]
e R 2
ST ek
y-

We know the equationy*y' +y* +1 =0



Substitute obtained value of ¥’ in LHS of above equation.

, -1+ 7 4

=—-1—-y*+y2+1=0
=yy'+y*+1=0
-~ LHS = RHS

Hence, provided function is the differential equation’s

solution.

10.

d
y= az—xsz(—a,a]:x+y£=ﬁ(}'q& 0).

Ans - Given equation is vy = Va® — x°

Differentiating equation on both sides w.r.t. x,

Y = (=)

1 d
=y =——(a®-x?)
2Wa? —x? dx
: —2x
B
2vVa: —x=°
=y —*
¥y = =
az_x_

We know the equation, x + v ? = 0.
z

bt 4

Val-x?

Substitute y for and vVa? — x? for y in the LHS of the

above equation,

:>x+}-:—i=x+»m-_—jx
=y =x—x

=y =0

~ LHS = RHS

Hence, provided function is the differential equation’s
solution.



11.

The number of arbitrary constants in the general solution
of a differential equation of fourth order are:

(a0 (B)2 ©3 (D)4

Ans - The number of constants in the general solution of a differential equation of order n is
equal to the order of the differential equation. Hence, the general equation of a fourth-order
differential equation contains four constants. Therefore, option D is the correct answer.

12.

The number of arbitrary constants in the particular
solution of a differential equation of third order are:

a3 (B)2 ©1 )0

Ans - When the general solution’s arbitrary constant takes on a unique value, it becomes
the problem’s particular solution. Applying boundary conditions yields the particular
solution to a differential equation. It is well known that no arbitrary constants are found in
any given solution of a differential equation. Hence, the correct answer is option D.

Exercise 9.3
1.

. . dy 1 —cosx
Find the general solution for — = ——
dx 14 cosx



dy _ l-coex

Ans - Given differential equation is e
x

Use trigonometric half-angle identities to simplify

dy 1—cosx

dx 1 + cosx

S X
d 2sin® 5
LB _T 2

dx 21:052%

d x
:b—}r:tanz—

dx 2

dy i i
S BBET

dx

Separate the differentials and integrate
x
o v S
fdy=J (sec = 1}dx
x
=y = J—seczidx—fdx

x
=b}'=2tani—x+{'.'

~ General solution of given differential equation is

x
}r=2tan5—x+|’:‘

d
Find the general solution for . Vvid—vi(—-2y2)
X

d



Ans - Given differential equation is % +y=1y=1)

Simplify the expression:

dy

T
dy

= —=1—
dx Y
d
s A
1=

Use standard integration

d
J'_y:_[dx
L—y

= —log(l—y)=x+C
=log(l—y)=—(x+0C)
51—y = 0
y=1—Ade*(Ad=¢e"")

.~ General solution of given differential equationisy =1 —
Ae™™.

3.

d
Find the general solution for d—i +y=1(y # 1)



Ans - Given differential equation is % +y=1y=1)

Simplify the expression:

dy

T
dy

= —=1—
dx Y
d
s A
1=

Use standard integration
[{Z=fa

= —log(l—y)=x+C
=log(l—y)=—(x+C)
=1 —y= E—f.x-+c:

y=1—Ade*(Ad=¢e"")

.~ General solution of given differential equationisy =1 —
Ae™™.

4.

Find the general solution for sec? xtan y dx +
sec’ ytanxdy = 0



Ans - Given differential equation is
sec’xtanydx + sec’ytanxdy = 0
Divide both side by tan x tan v

sec’xtanydx + sec’ ytanxdy -

tan x tan v

sec’x seczy
dx + dy =10
tan x tan v

Integrate both side:

sec’x secly
f dx -I—J. dy =10

tanx tany
secz}r secex
dy = — dx - (1)
tany tanx

Use a substitution method for integration. Substitute
tanx = u

For integral on RHS:

= tanx = u

= sec’xdx = du

sec’x du
= f x =) —
tanx
sec’xy
=% x=logu
sec’

xdx = log(tanx)
tanx

=J

Thus evaluating result form (1)

= log(tany) = —log(tanx) + log(C)

c
= log(tany) = log (—)
tanx
= tanx tany = C
~ General solution of given differential equation is

tanxtany =C



Find the general solution for
(e*+e ¥)dy—(e®*—e ™ )dx =0

Ans - Given differential equation is
(e*+ e *)dy — (e —e ™ )dx = 0.

a¥ _ a=%
ay = [ ax

et 1+ g7x
Integrate both side

¥ _ pamx

fdv={ :—]dx ...... (1)

k4 _|_ E.—.x'
Using substitution method for integration. Substitute e*4
e =1t
For integral on RHS
>e*t+e F=t

= (e —e™™)dx =dt

et — e dt
= [ |—|dx=[ —
f.e*"-l—e""_ %= t s
.E.x'_e—x_
=:"f —_1dx=l]'1t+'c
e® + 7]
= [ ﬁdx=log(e”+e“”)+£‘
le* + e™]

Thus, evaluating result form (1):
v=logle*+e™)+C

~ General solution of given differential equationisy =
log(e* +e7*) + C.

6.

Find the general sn]uﬁnnfurg =(1+x)(1+v¥%)



Ans - Given differential equation is

dy

T (14+x3)1+v%)
dy

147 = (1 +x)dx

Integrate both side:

dy
= | (1 +x%)d
f1+}-: J (1 +x%)dx

Use standard integration:

tan 1y = f(l + x%)dx

3
::-tan_l}r=x+?+£‘

. General solution of given differential equation is tan™ty =

x+?+ﬂ'.

7.
Find the general solution for y log y dx — xdy = 0

Ans - Given differential equation is:
ylogy dx — xdy = 0.

Simplify the expression

viogydx —xdy =0

dx d
! M.
X viogv

Integrate both side

dy dx
J =J—
vlogy x

Use substitution method for integration on LHS. Substitute
logy =t.

1
= —dy =dt
¥



vlogy t
av
= f 2 logt
ylogy

d
= f i I log(logy)
vlogy

Evaluating expression (1)
log(logy) = logx + logC

= log(logy) = logCx

= logy = Cx

Gt

». General solution of given differential equation is y = &

8.

Find the general solution for x* % =—y",

Ans - Given differential equation is

dy

L A
* dx 5
dy  dx
ys x®

Integrate both side:
dy dx
JIE

x—E
= [y Sdy=—[ x%dx

i y5t1 ~ P L
sl e
—4 —4
j.r' x
= S N B
—4 —4

= x4yt =—4C
= x4y ?*=4(04=-40C)

- General solution of given differential equation is x™* +
-4 _
vy T =A



9.
Find the general solution for % = sin"!x.

Ans - Given differential equation is

d_y = sin"1x

dx

dy = sin"xdx
Integrate both side
[dy = [ sin"lxdx
=y =[1xsin xdx

Use product rule of integration:
[ sin™lxdx = sin"'x[dx — | (—
1

= [ sin"lxdx = xsin"lx — [ _—dx

Substitute 1 — x% = ¢2
1—x%=1t2

= —Zxdx = 2tdt

= —xdx = tdt
Evaluating the integral

2x% 4+ x 4 +Bx+C
(x+D(x2+1) x+1 x2+41

tdt

=

t.;

= [ sin"!xdx = xsin"x + [
= [sinlxdx = xsin"lx+t+C

= [sin lxdx = xsin"lx +vV1—x2+C
=y =xsin"lx + m+ C

.~ General solution of given differential equation is y =

xsin"lx+vV1—-x?4+C

10.



Find the general solution for
e*tan ydx + (1 — e*)sec’y dy = 0.

Ans - Given differential equation is e*tanydx + (1 —
e*)sectydy = 0.

e*tanydx + (1 — e*)sec’ydy = 0.

Simplify the expression:

(1 —e*)seciydy = —e“tanydx

sec’y e”

> SR —
tany ¥ (1—e*)

Integrate both side:

E..t'

sec’y
A dy=—f ———dx ...
tany (1—e¥)

f

Substitute tany =u
tany = u

= sec’y = du

Evaluating the LHS integral of (1):

secly dut
S gy
tany u
sec’y
= dy = logu
J oy = leg
sec’y

ad)

dy = log{tan
— g(tany)
Substitute 1 —e®* =w
l1—e*=w

= —e dxy = dr



Evaluating the RHS integral of (1):

e* dv

= — dyx= [ —

’r(l—e*] x “FL:J

= —J- mdl’ = I.Dg]?
syfio @ e logfr =)
d—e9) x = log e

Therefore, the integral (1) will be:
log(tany) = log(1 — &*) + logCC

= log(tany) = logC(1 — e¥)

= tany = C(1 — e*)

.~ General solution of given differential equation is tany =
C{1—e").

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

11.
= +x*+x+ I]E =2x'+xv=1,whenx=0
Ans - Given differential equation is
d
{x3+x2+x+l]d—y=2xz+x; y=1,x=0
x

Simplify the expression

dy 2x* +x

dx (x4 x24+x4+1)
dy _ 2x* +x
dx (x*+x+x241)

::.d}r_ 2x% + x
dx  (x+ 1)(x% + 1)

2x% + x
= dy

Py



Integrate both side

2x2 4 x
dx
(x+ 1)(x*+1)

Jdy=]

Use partial fraction method to simplify the RHS:

2x+x A L Bxtc
(x+1)x2+1) x+1 2241

=2x*+x=Ax*+ 1)+ (Bx+ C)(x + 1)
=2 2x+x=(A+B)x*+(B+C)x+(4+C)

By comparing coefficients:

A+B=12
B+C=1
A+C=0D

Solving this we get:

25%he 17 1 +3x—1)
{x+1]{x2+1]_2(x+1 xt4+1

Rewriting the integral (1):

_f 3x—1)d
N (x-l-l x2+1 %

dx

31’—1
y=sf —dxtof
1 3 1 T
:‘y—a'ﬂg@“”ifxzﬂ 3l
1

1 3
::-}r=ilug{x-|—1j+gf

= dx ——tan 'x
i ol 2

1 3 1 i
s Elng{x +1)+ El{:g(ﬂr2 +1) — Etan'lx +C
Fory=1whenx=0

1 3 1
1= Elcg{{} +1) + Elog(ﬂ + 1) —Etan_il[} +C
=C=1

Thus, the required particular solution is:

1 3 1
=y = Ejﬂg{x Y ) El{:»g{:m2 +1) — Etau_lx + 1.



12.

x(x? — 1]:—:= 1; y=0Whenx =2

Ans - Given differential equation is.
d

x(x? — 1]—:F =1;¥y =0whenx =2
dx

Simplify the expression
d

x(x* — 1) o A
dx

dx
x(x* - 1)
- dx
T alx—1(x+1)

=dy =

= dy

Integrate both side

dx
x—1Mx+1)7

fdy==fx{ (1)

Use partial fraction method to simplify the RHS:

1 B, 8 . @
xx—1x+1) x x—1 x+1

=1=A(x*—1)+Bx(x+ 1) + Cx(x — 1)
=1=(A4+B+C)x*+(B—-C)x—4

By comparing coefficients:

A+B+C=0

B—C=0

—~A=1

1 cn ()

B8

x(x—l]{x+1]: x x—1 x+1

e 1 _ 1+1( 1 e 1 )
x(x—1D(x+1) x 2\—1 x+1



Rewriting the integral (1)

iy 1+1(1 § 1)&
= ) e e

1 1
sy=—f —dx+=f
x 2

1
x+1

dx

L il
P

1 1
=y = —logx + Elag{x —1)+ Elﬂg(x + 1) + logC
2 1 1 &
=y = —Elogx -I—Elug(x -1+ Elﬂg(x +1) +Elug£‘

1
=y = (~logx® +log(x — 1) +log(x + 1) +logC?)

=y=—lo

Cc*(x%—1)
. & x2

Fory = 0whenx =2

1 i P, |
2 22

32
= 0= lng T

3c?
=p—=q
4

4
s R e
3
Thus the required particular solution is
11 4(x? — 1)
=—lo A B
Fog e 3x°
13.

cns(g) =a(a€ER); y=1whenx=10



Ans - Given differential equation is

d
cas(—y) =ala€R); y=1whenx=0
dx

Simplify the expression

-
Ccos T = a

dy
= — = cos la
dx

= dy = cos ladx

Integrate both side

[dy = [ cos™tadx

=y =cos ‘af dx

= y=xcos ta+C

Fory =1whenx=10
1=0cos ta+C

=C=1

Thus the required particular is:

y=xcos ta+1

—1
. = cos la
x
—
= -
x
14,

—=ytanx;y = 1whenx =0



Ans - Given differential equation is

dy
— =vytanx; vy = 1whenx =10

dx
Simplify the expression:

dy
dx

= ytanx

= it = tanxdx
¥

Integrate both side:

d
o 2 | tanxdx

= logy = log(secx) + logC

= logy = log(Csecx)

= v = (Csecx

For y=1 when x=0.

1 = CsecD

=C=1

Thus, the required particular solution is:

V = secx.

15.
Find the equation of a curve passing through the point (0,
0) and whose differential equation isy’ = e"sinx
Ans - Given differential equation is
y' = e¥sinx
The curve passes through (0,0).
Simplify the expression:

dy
= — = g¢"zsinx
dx

= dy = e*sinxdx



Integrate both side

[ dy = [ e*sinxdx

Use product rules for integration of RHS. Let

I = [ e*sinxdx

= [ = sinx [ e*dx — [ (msxf E”"dx}dx

= [ = e*sinx — [ e*cosxdx

= | = e¥sinx — (ccﬁxf e*dx + [ (sinxf e""dx} dx}
= | = e*sinx — e*cosx — [ (e*sinx)dx

= [ = e*sinx — e*cosx — [

E.I‘

— B ?{sin_x — COosx)

Thus integral will be

e.x

Y=g (sinx — cosx) + C

Thus, as the curve passes through (0,0)
o

D_

= E{sinﬂ —cos0) + C

1

Thus, the equation of the curve will be:

e
= —(sinx —cosx) + —
¥ 3{ ) 5

E.x'

= E(sinx — cosx + 1)

16.

For the differential equation xy% = (x+ 2)(y + 2) find the
solution curve passing through the point (1,-1).



Ans - Given differential equation is

dy
x}rﬂ =(x+2)(yv+2)

The curve passes through (1,-1)

=:’(}r}-' )d}r=(x+2]dx

x

:-jd}-—zjﬁdyzfgdij—idx
= y—2logly+2)=x+2logx + C
=y —x = 2log(y + 2) + 2logx + C
=y—x=2log[x(v+2)]+C

= y—x=log[x*(y +2)’]+C

Thus as the curve passes through (1, —1)
= —1—1=log[(1)*(—1+2)]+cC

= —2=logl+C

=C=-2

Thus the equation of the curve will be:
y—x =log[x*(v+ 2)°] -2

= yv—x+2=log(x*(v +2)%)

17.

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



Ans - According to the equation is given by

dy_
ydx_‘x

The curve passes through (0,-2)
Simplify the expression
= yvdy = xdx

Integrate both side

fydy=fxdx
z 2
vy x
it
2 2+

Thus, as the curve passes through (0, -2)
= (—2)*—-0*=2C

=4 =2C

>Cc=2

Thus, the equation of the curve will be
y2—z*=2(2)

=yl —x?=4

18.

At any point (%, y) of a curve, the slope of the tangent is
twice the slope of the line segment joining the point of
contact to the point (- 4, —3). Find the equation of the curve
given that it passes through (-2, 1).



Ans - Let point of contact of tangent be (%, ¥). Then the slope
o 1

of segment joining point of contact and (—4,—3): m =

d
According to the for the slope of tangent d_y it follows:
X

dy
_=2
dx n
d s
::‘_}':2(}?4—3)
dx x+ 4

Simplify the expression

d}'_z(}f-l-E)
dx x+ 4
d 2
. a T
¥y+3 x+4

Integrate both side:

dy 2
= d
J.}'-I-S J.x—i-ﬁf *

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

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

= log(y + 3) = logC(x + 4)*
=yv+3=C(x+4)°

Thus as the curve passes through (-2, 1)
14+3=C(-2+4)"

=4 =4C

sc=1

Thus the equation of the curve will be

y+3=(x+4)"

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 t
seconds.



Ans - Let volume of spherical balloon be V and its radius r.
Let the rate of change of volume be k

v _
dt

:}d(4 3)—.1(
AT )T

= 4mridr = kdt
Integrate both side:

[ 4nridr = [ kdt

= 4nf ridr=kt+C

= 4nfridr=kt+C

S
=:r§:rr1r‘ =kt+C

At initial time, t=0andr=3
4
§n33 =k(0)+C

= C =36n

Att =3 theradiusr =6
4
EH{ES] = k(3) + 36w = 3k = 288m — 36m

=k = 8B4nm

Thus, the radius-time relation can be given by
£

E:n:r“ = Bdmt + 367

= r3 = 63t + 27

1
=r = (63t +27)7



20.

In a bank, principal increases continuously at the rate of ri%
per year. Find the value of r if Rs 100 double itself in 10
years (loge2 = 0.6931).

Ans - Let the principal be p, according to

dp r
2 = (100)?
Simplify the expression
d r
2= (=)
p ‘100
Integrate both side
dap r
— =) |—=)dt
D I (1{}0)

rt
= logp =ﬁ+c

rt

=p= Elﬂﬂ+c

oty
= p=AeI0 (A =e°)

Att = 0,p = 100

r(0)
100 = 4e 100
= 4 =100

Thus, the principle and rate of interest relation will be
Tt
p= 100eg 100

Att =10,p =2 X 100 = 200



21.

In a bank, principal increases continuously at the rate of 5%
per year. An amount of Rs 1000 is deposited with this bank,
how much will it worth after 10 years (e?5 = 1.648).

Ans - Let principal be p then,

> - ()
4t \100/"

do _ p
dt 20

d 1
=:r—p=—dt
7 20

Integrate both side

dp 1
— =) —dt
= IED

t
::rlogp=ﬁ+f

t
= p = Ae20(4 = %)

Att=0,p = 1000

0
1000 = Aez0
=4 = 1000

Thus, the relation of principal and time relation will be

L

= p = 100020
Att=10: p = 1000e
= p = 1000

= p = 1000 X 1.648
= p = 1648

Thus after 10 this year the amount will become Rs.1648

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?

Ans - Let number of bacteria be v at time t.
dy
—
dt
dy

—— = Cy,where C is a constant.

dt

v

Simplify the expression

d
—y=cdt
y

Integrate both side:

d
—y=fcdt
¥

= logy =ct+ D
=5 y —_ EI".'-'F"'D

= y = Ae® (4 = &?)

Att=0,y= 100000

100000 = Ae™

= A = 100000

Att=2,y= %(mnnnn) = 110000

y = 100000

= 110000 = 1000002

.11

= e’ = —
10

5 ] (11)

= 2c = log| —
g 10



Fory = 200000

200000 = 100000e°*

= e =2
= ct = log2
log2

=t = B

c

Back substituting using expression (1)

log2

Thus, time required for bacteria to reach 20000 is

log2

ENEh

23.

Find the general solution of the differential equation :—I =

E_,.1L'+3,r

(A)e*+e?=C (B)e*+e’=C

(e *+e¥=¢C (Me™ t+e?=C



s ; 5 ’ o
Ans - Given differential equation is d—? = ™t¥
X

Simplify the expression:

B wuy
dx
d
= 2 = e%dx
=

= e Vdy = e¥dx
Integrate both side:
[e¥dy = [ e*dx

= —e Y =e"4+D

=e*t+e ¥ =-D
=e*+e¥ =C(C=-D)

« General solution of given differential equation is e® +
e =C

Hence the correct option is (A).

Exercise 9.4

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

1.

(2% + xy)dy = (x* + y*)dy



Ans - After rearranging the given equation we get

dy x*+y°
dx  x2+axy

It is a homogeneous differential equation.

To solve this problem, we will make the substitution,
V=X

Differentiating equation w.r.t. x we get

d
Substituting y = vx and d_:u in the above question, we get
X

x@ x4 (vx)?
dx  x2 +x(vx)

dv xz(l+v2)
v+ x—="—

v+

dx x2\14+v
N dv 1+4v?
r+x—=

dx 1+v
dvr 1402
X— = -
dx 1+v
dr TEPF v
x—:
dx 1+v
dv 1—v
Xe—=
dx 1+v
1 14+ 1w
—dx = dv
X 1 =17
2.
Jﬁ:x-l—y




dy x+y
dx  x

Ans -

On rearranging the equation,we ge

dy y
dx_1+x

It is a homogeneous differential equation.

To solve this problem, we will make the substitution.
Y ="1K

Differentiating equation w.r.t. x, we get

Substiting v = vx and % in the above equation we get

dv
vEE =1+ 7%
dx

1
dv =—dx
X
Taking integration on both side

1
jdv':j—dx
x

v =1ogx +C

Substutigthe value of v = f

Yo
x—l-:}gx+(3
v = xlogx + Cx

This is the required differential equation.

3.
(x—y)dy = (x + y)dx



Ans - After rearranging the given equation we get

dy x+y
dx x—y

Itis a homogeneous differential equation.

To solve this problem. We will make the substitution.
V=%

Differentiating equation wrt. x, we get

¥ v+ xdu
dx dx
- dy :
Substituting y = vx and R the above equation, we get
dv x+uvx
vtx——=
dx x—vx
i dv 1+v
vtx——=
dx 1—%
dv 1+v

*ax T 1—v 7

dv 1+v—v+v?

lﬁ_ 1—v
dv 1+ 1v°

i e

dx 1—v
1—v 1
1+_U2du:;dx

Taking integration on both side,

1—v 1
Il-l—vzdv_fgdx

1 v 1
jl+v3dv_jl+vzdv=j§dx e 1)
Let! = [ —dv

Now, letl +vZ =t



Differentiating equation w.r.t. vwe get

2udu = dt

dt
dy = —
vdv >

Substituting vdv = ? in the above equation, we get

1
I =] —dt

I 2t

Substituting this value in equation (1)

1 1 1

dv— |-—dvi= |—d

:bj1+v2 v jztv fxx

1
tan~lv— Elogt =logx+C

1 1
[Same- [
t b

logt =—logx+C

Substituting the valueof 1 + v2 =tand v = f
yz
1Ug(1 + x_z) = —logx +C

yz
lug(l + x_z) +lapE =€

2.+ 2
lug(x xzy ><x)=£‘

2 2
x*+y .
%
2 2
Xy
Y _ g
X
x24+y2=Rx

This is the required differential equation.

4.,
(x% —y?)dx + 2xydy =0



Ans - After rearranging the given equation we get

@ B _xz _yz
dx  2xy

Itis a homogeneous differential equation.

To solve this problem. we will make the substitution,
y=vx

Differentiating equation w.r.t. x, we get

dy i dv
— =1 e
dx v dx
o dy . .
Substituting y = vx and g. 0 the above equation, we get
& dv  x*—(vx)?
PN T 2X.VX
; dv 1—v?
rv+x—=—
dx 2v
dv  1-v? ;
dx 2v
dv —1+v?-2v2
_]'_' —
dx 2v
. dv —1-—v?
dx  2v
2v 1
_1+p2d”:}dl
2 1
1+ v2 B _de

Taking integration on both sides,

2v 1
jl_i_vzdv:—jgdx PR s |

Now, let1l+v2 =t

Differentiating equation w.r.t. v, we get

2vdv = dt

Substituting 2vdv = dt in equation (1), we get



1 1
[ae=—[ax
t X

logt =—logx+C

Substituting the valueof 1 + v2 =tand v = f
yz
1Ug(1 + x_z) = —logx +C

yz
lug(l + x_z) +lapE =€

2.+ 2
lug(x xzy ><x)=£‘

2 2
x*+y .
%
2 2
Xy
Y _ g
X
x24+y2=Rx

This is the required differential equation.

dy
2—:
% dx

Ans - After rearranging the given equation we get

x% — 2y% + xy

dy x*-2y*+xy
dx X2

Itis a homogeneous differential equation.

To solve this problem, we will make the substitution.,
y=vx

Differentiating equation w.r.t. x we get

Substituting g in the above equation, we get

dv
vtx——=1-2vi+vw
dx



¥—=1—2
dx
1 1
1—2p2 dyis Edl

1 1
Jﬁ1—21?2 v=f;dr
1 1
sdv= [ —dx
12_(\&1?) X

On integrating using standard trigonometric identity we get,

On integrating using standard trigonometric identity we get,

1 4 14++/2v
—.—.lo =loglx|+C
712 gl_ﬁu glx|
Substituting the value of v = 1—;
1 1 1+@% :
0 = log|lx|+ C
5 g 1—&{ glx|
1 X +2y|
lo | =log|x|+C

This is the required differential equation.

6

xdy — ydx = | x* + y2dx



Ans - After rearranging the given equation we get,

dy _ JEEHY 4y

dx x
dy y2 .y
dx 1+:{2+x

It is a homogeneous differential equation
To solve this problem, we will make the substitution
y=vx

Differentiating equation w.r.t. x we get

Substituting y = vx and :—i in the above, equation, we get

dv
vr+x—=41+1v2¢4+v
dx

d
xd—z=131+v3

1 1
dv =—dx
X

V14 v

Taking integration on both sides,

1 1
——dv = f—dx
jf1+v2 X

1

Using [ —== log|x +vaZ + xZ| + C,we get

va2+a?

log |1>' + 41+ vzl =logx +logC



Substituting the value of v = f

Y s
log - + = logxC

1
— =L

£_|_ L
T
Y, Py

X

x2 +
IE
x2+ 2
y, [2+y?_
X X

xl

y=jx2 fyE=Cx*

This is the required differential equation.

7.

reos (2) +ysin %)} e = i (2) - xeos (2}

Ans - After rearranging the given equation we get,

dy _{xeos(3) +ysin(3)}y
o {J’ sin G) — X COS g)} s

It is a homogeneous differential equation

To solve this problem, we will make substitution, y = vx

Differentiating equation w.r.t., we get

v_,, @
dx C T ax



Substituting y = vx and ~in the above equation we get,

i av {xcos(v) + vxsin(v)}vx
ST {vxsin(v) — xcos(v)}x

dv _ {cos(v) + vsin(v)}v
Xdx ~ {vsin(v) — cos(v)}

dv _ wveos(v) + v?sin(v) — v?sin(v) + veos(v)
Yax T vsin(v) — cos(v)

dv 2vcos(v)
*dx = vsin(v) — cos(v)

vsin(v) — cos(v)
2vcos(v)

1
dv = —dx
X

Taking integration on both sides

[ vsin(v) — cos(v)

2vcos(v)

i
du=f;dx

| vsin(v) o EO cns(vj

1
Zvce:}s(v) 21:-'1::05{13] =] X i
1ftalu:!ah,:r—if —dv={ )

2 27 v ;
1 s
Elngsec-u — Elog‘u = logx + logC
1
E(lngsecv — logv) = logxC

secv
log—— = 2logx(

v

103? = log(xC)?

secr
= G2
— = (xC)



Substituting the value of v =2

wc () |

= (xC)*

i 1 — CZ
VX% cos %) a

i — 1 — C'Z
"

é = VX COS G)
VX COS g) =K

This is the required differential equation.

8.

xg—y+x5in(£) =0



Ans - After rearranging the given equation we get,

@=y—xsin(jx—!)

dx X
d
d—i = % — sin (ij)

It is a homogeneous differential equation
To solve this problem, we will make substitution, y = vx

Differentiating equation w.r.t. x, we get

Substituting y = vx and d—di in the above equation, we get

dv vx | svx

v—l—x—=——sm(—)
dx X
dv i

vr+x—=v—sinv
dx

dv ,

x— =—sinv

dx

1

——f = — =

sin v X

Taking integration on both sides,

1 1
J. - du=—f—dx
sinv X

1
Imsecu dv — —j—dx
X

log(cosecv — cotv) = —logx +logC

C
log(cosecv — cotv) = lﬂgg

c
cosecv —cotv = e



Substituting the value of v =2

cosec (2) ot (2) ==

1 cos(3) ¢

sin @) sin g) X
1 —cos g) = %sin (J—;)

(1)) =con)

This is the required differential equation.

9.
Y it — -
ydx + xlog (x) dy —2xdy =0

Ans - After rearranging the given equation we get,

ay: =y
dx  ylog g) —2x
dy _ ¥

dx 9. _ y
2x — xlog ( 1)
It is a homogeneous differential equation
To solve this problem, we will make substitution, y = vx

Differentiating equation w.r.t. x, we get

o,
dx dx



Substituting y = vx and % in the above equation, we get

5 dv UX

v+x—= -
dx 2x—xlog (}E)
'r_|_ @—L

VT ax T 2—logv
ay__ ¥

xd:r_z—lﬂgv v

Jf@_’u—2v+l.i'lutzugv
dex  2-—logv

dv —v+vlogy
ax T 2 —logv

2—logv 1
vlogv—1) "~ 2
1—(logv—1) 1.
v(logv — 1) Up=
1 ] 1l
e dv—;dv-;dx R e 5

Taking integration on both sides,

1 1l 1
1
Let] =fmdv

Putlogr —1 =t

Differentiating w.r.t v

1_a
v dv
1

—dv =dt
v

1



Substitute this in equation (1)

1 1 1
f;dt—f;dt=f;dt
Substituting the value oflogv — 1 and v = j—(

log(logv — 1) =logx + logc

= log xC

log (%) —% .
%)

lugg) — = %.IC

log @) — L=

This is the required differential equation.

10.
X * X
(1+EJ’) dx+eJ’(1—;) dy =10

Ans - After rearranging the given equation we get,
& X

i —ey (1 — ﬁ)

S5 -

dy -
1+e¥

It is a homogeneous differential equation.
To solve this prablem, we will make substitution, x = vy

Differentiating equation w.r.t. y, we get

dx dv

d}r &) +yd_y

d
Substituting x = vy and d_i in the above equation, we get



v-l—}rd—— Ty
¥y
i ?@_—EU(I—L”)
Yo = (1+ev)

dy 1+:e®
dv —e"+ve"
ydy_ 1+ev

dv_—e”+ve“—v—ve"
ydy_ 1+ev

dv_—e"’—w
Yay ~ 1+ev

dv e’ +
O
dy 1+ev

l+e"*"] 1
dv=——d
| >

e¥ + v

Taking integration on both sides,

[

On integrating both sides,

1+e"
ev+ v

1
dv=—) —d
] fy y

log(v + e¥) = —logy + logC

x

Substituting the value of v = 5

log G + e:?) = —logy + logC

lo (E+e§)—lﬁ (E)
& ¥ . ¥

==

+e

o
=0

*
xt+yey==C_C

This is the required differential equation.



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

11.

(x+y)dy+(x—y)dx=0;y=1whenx=1

Ans - After rearranging the given equation we get

dy (-
dx  (x+7y)

It is a homogeneous differential equation.
To solve this problem, we will make substitution, y = vx

Differentiating equation w.r.t. x we get

v+x@ Qi 0%)
dx (x +vx)
i o
W S
dx (1+v)
dv__(1-v)_
dx  (1+7v)
g —1 +p—p—v
*ax 1+wv
dyy L=y
dx 1+4v
1+ 1
a dv =——dx



Taking integration on both sides,

/
/

14+v
1+ 1v2

1
1+ v2

1
v=—J Zax

1
dv=—J —d
1
tan~tv + Elag{l +v?)=—logx+C

Substituting the value of v = %

tan™? (E) — %lng (1 + G)z) =—logx+C

T

y=1

Whenx =1

tan—! (1) + 1l-::-g(i[ + (E)z) =—logl +C
1 2 1

E + Elﬂg(zj G

e i g) + %Mg(l + (%)2) = —logx + % + %lng(zj

2tan—1 (%) 3 1 (xz;}rz)

1
= —2logx + 2 x%—l—z xElﬂg{Z)

2tan—?

e

2
) + lng( 12}’ ) = —logx? +g+ log(2)

)+1Ug(

2
2tan—! ) + lng( Ty X xz) = +g + log(2)

12

1) ) + logx?® = +g+ log(2)

==

(
2tan™ 1(
&

Etan—l( ) +log(x? + y%) = —+ log(2)

This is the required differential equation

12.



x*dy + (xy+y*)dx=0;y = 1whenx =1
Ans - After rearranging the given equation we get

dy  xy+y*
dx x2

Itis a homogeneous differential equation
To solve this problem. we will make substitution, y = vx

Differentiating equation w.r.t. x we get

Substituting y = vx and % in the above equation, we get

dv xvx + (xv)?
rT+x—=——"-—"7"7"—
dx x2
N dv px? + x2p2
rT+r—=———
dx x2
N dv 5
PT+x—=—1—70

dx
dv s
X—=—1V—v:—7v
dx
dv . 5
X—=—2v—v
dx

1

dv = ——dx

2v 4+ vl X

Taking integration on both sides,

j2v+v2 J-dx
fgrayte ===z




Dividing and multiplying above equation by (2)
1 2

2 vt =
e e

% 15'(22—|_—+v1:j v—%fﬁ v=—f%dx
%I% ”_% (ziv)d”__f%dl

1 1
Elogv — Elog{z +v) = —logx + logC

o) =i
log (%) = EIUgg
oe(rs) ~1u()

v 32
E-I—i,:'_(x)




Substituting the value of v = f

()
2+% \x

Y,

x _ (€ ;
2x +y X

X

y _{Cy
2x+y (x)
y=A
Whenx=1

y
21+y_(J
1
— =2
3
= Final solution becomes,

Yy (CY°
Ex-l—y_(x)

y _¢
2x+y x2
yx2
2x+y

x>
2x+y 3
x4 v = Fyx?

This is the required differential equation.

13.

[xsin2 G) - y] dx +xdy=0; y = Ewhenx =1,



Ans - After rearranging the given equation we get

dy [x sin® g) — y]
dx %

It is a homogeneous differential equation
To solve this problem. we will make substitution, y = vx

Differentiating equation w.r.t. x we get

Substituting y = vx and j—i in the above equation, we get

v-l—;r@: _[xsinz(%) —vx]
dx X

dv
v+x— = —sin?(v) + v

dx
d
xd—i =—sinf(v)+v—v
d
- d—z = —sin?(v)
1 1
sin?(v) e Edl
1
cosec vdv = ——dx
%

Taking integration on both sides,

1
jcasec vdy = —I —dx
X

—cotv=—logx —logC
cotv =logx +logC

cotv = logxC



Substituting the value of v = f

cot G) = log %t

Ry
i
Whenx =1
T
cot % = loglC

cot (E) = logll

1 =logC
gt={
e=C_C

= Final solution becomes

cot g) = log|xe|

This is the required differential equation.

14.
dy y y
e +cusec(x) =0y=0whenx=1



Ans - After rearranging the given equation we get

—— = — — CO3ec

dv
e

Itis a homogeneous differential equation
To solve this problem. we will make substitution, y = vx

Differentiating equation w.r.t. x.we get.

dy dv
a— T?+Xa

Substituting y = vx and j—i in the above quation, we get

dv vx X
r+x—=—— cnsec(—)
x X

N dv )
V+x— =1v—cosec(r
dx

dv
X o= cosec(v)

1 1
—————ly———v¥
cosec(v) -

1
sinv dv = ——dx
X

Taking integration on both sides

1
fsim?du = —j—dx
X

— oSV =—logx 4 €

Substituting the value of v =2

—Cos (li) = —logx +C



= Final solution becomes,

—COS (ii) =—logg—1
cos G) =logx +1
cos (%) =logx +loge

cos @) = log | xe|

This is the required differential equation.

15.

d
2xy+y2—2x3d—i= 0.y=2Whenx=1

Ans - After rearranging the given equation we get

dy 2xy+y?
dx  2x2

It is a homogeneous differential eguation
To solve this problem.we will make substitution, y = vx

Differentiating equation w.r.t. x we get

Substituting y = vx and % in above equation

dv  2xvx + (vx)?

vdxr—
dx 2x2
N dv  2x%v + v3x?
v+x—=
dx 2x2
N dv 2v+v?
vV+x—=
dx 2
dv 2v+ v?

Xa= 2 T



dv pia S L o

dx 2
dv v?
*ax 2
1
—zdu = —d:Jr:
ik

Taking integration on both sides,

[ L

Substituting the value of v = 2

x

—=logx+€

X OB EC
—— =logx
S = log

y=2

whenx =1
21
T logl +C

—1=C

Therefore, final solution becomes,

2x

—=lopx—1
2x
—=1—logx

ap BE X+ e
R 1—logx’

This is the required differential equation.

16.



A homogeneous differential equation of the form ? =

h G) can be solved by making the substitution.

(A)y=vx (B)v=yx
(Cx=vy (D)x=v
Ans-Ash (3) is function of

y v

Therefore, we have to substitute, x = vy

Hence, the correct answer is option C.

17.

Which of the following is a homogeneous differential
equation?

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

(O)(x® + 2y*)dx + 2xydy = 0

(D)y?dx + (x* —xy—y*)dy =0



Ans - Correct answer is option D.
Explanation

yidx + (x2 —xy—y3)dy =0

After rearranging the given equation we get.

dy  af-ay—yt
dy y?

Let f(x.y) = —

Now, putx = kxand y = ky
(kx)? — kxky — (ky)?

Flkx, ky) = -

(ky)?
L2y — xy — yz
flocky) = =13
X —xy—y*
f(kx, ky) = k° (— 2 )

fkx, ky) = k°f (x, )

Hence, the given differential equation is homogenous.

Exercise 9.5

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

1.

dy :
£+ 2y = sinx



Ans - Given equation is in the form of % +Py=0Q

(Where,P = 2and Q@ = sinx

Calculating integration factor,

I.F.= g Pdx
I.F.= gl 2dx
I.E.= 2%

- Solution of given differential equation is given by relation,
y(I.LF.) = [ (Q xI.F.)dx+C
ye?* = [ sinx.e?*dx +C...... (1)

Let ] = [ sinx. e?*dx

Using integration by parts,

d(sinx
I =sinx[ e?*dx — [ ( (fil:l).fe”dx) dx
e**sinx e
Ier—am | cmsx.de

Again using integration by parts,

2X i 2x d Zx
i, . cosx [ E?dx + [ ( {CDH).I 82 dx) dx

2 dx
esinx e**cosx g2x
L= — + | (—sinx).— dx

25 o 2x
e“*sinx e**cosx 1, .
Ji= — — — [ sinx. e2*dx
2 4 4




As] = [ sinx.e?*dx,

e**sinx e*cosx 1

b= 3 —=F
= = - :
I 1; _e¥sinx e cosx
5 eXsinx  e**cosx
2x

[ =~ (2sinx — cosx)

Substituting this value of I in equation (1).
2x

e
ye* = = (2sinx — cosx) + C

1
y= 5 (2sinx — cosx) + Ce™2%

dy —2x
dx



Ans - Given equation is in the form mf% +Pyasil)
Where, P=3and Q@ = e=%*

Calculating integration factor,

L= gl P
I.F =el3dx
I.F=e3

+. Solution of given differential equation is given by relation,
y(I.LF.) = [(QxI.F.)dx+C

ye3* = [ (e3* x e 2)dx + C

ye3* = [e*dx +C

ye3* =e*+(C

y=e ¥ +Ce*

3.

v

dy zzx
X

== 4
dx
Ans - Given equation is in the form Df% Py )
Where, P = %rmd e i

Calculating integration factor,

I.F = el Pdx
1

[.F = elx®™

[.F = elogx

I =



= Solution of given differential equation is given by relation,

y(I.LF.) = [ (Q xI.F.)dx+¢C

VX = j{xz.x)dx +C

yx = f{xE)dx +€

g
X =—
=

dy T
e + (secx)y = tanx (D L E)

Ans - Given equation is in the form Df‘f—‘i + Py=1)

Where, P = secxand Q = tanx
Calculating integration factor,

LF=plrds

I.F = gl secxdx

L.F = Elugfsecx+tanx}

I.F =secx +tanx
- Solution of given differential equation is given by relation,

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

y(secx +tanx) = ftan x(secx +tanx)dx +C
v(secx +tanx) = jsecxtanx dx + jtaﬂzx dx+C

y(secx +tanx) = secx + j(secz x-— Y)Y+ C

y(secx +tanx) =secx +tanx —x+C



dy T
2 _ i
cos xdx+y—tanx(ﬂ£x£2)

Ans - On rearranging the given equation

dy
— + sec?x. v = secxtanx
dx Y

Given equation is in the form of % +Py=20Q

Where, P = sec?x and Q = sec?xtanx

Calculating integration factor

I.F.=elP%

LF.= gl secixdx

I.F, = etnx

= Solution of given differential equation is given by relation,

y(IL.LF)=[(@xI.F)dx+C
yetanx — [ tanysec?xe'™™dx + C
Puttanx =t

Differentiating wr.t. t

secixdx = dt

= yetanx — [tetdt +C

yetanx — tet — [ etdr + €

yedn* — tet —pt 4 C
Substituting the value of t

yehE — fanxe@* —etd0x O

y=1tanx — 1+ Ce ¥="*

s o
xdx+2y x“logx



Ans - On rearranging given equation can be written as
dy 2

—+-—y=xlo

dx xy gx

Given equation is in the form of % +Py=0Q

2
where, P = = and Q = xlogx

Calculating integration factor

IF= E_fP‘d'x
[F= el 3%
LF = glog*’
IF. =%

«. Solution of given differential equation is given by relation.
y(I.LF.)=[(@ XI.F.)dx+C

yx2 = [ xlogx.x%dx + C

yx2 = [ x3logxdx + C

Using integration by parts,

d
yx? =logx f_dex—f(a{lch)[x3dx) dx +C

41 - 1 4
yx? . :gl—[(;%)dx+{?

x*logx 1 x
2 — =l
VX 2 1 2 +C
x*logx  x®
2 _ ST +C -2
> : 16

xz
V= E{f}lngx —1)Cx—*2
7.

dy 2
xlugxa +y = ;lngx



Ans - On rearranging given equation can be written as,

dy y 2
ax " logx  x2

Given equation is in the form of % +Py=Q

1 2
and @ =—;
xlogx Q x2

Where, P =

Calculating integration factor,
I.F.= el Pax
I.F.= glog(logx)

I.F.=logx
-~ Solution of given differential equation is given by relation.

y(IL.LF.)=[(@xI.F)dx+C
¥(l.E.) = I(j—zlugx) dx+C

Using integration by parts,

yvlogx = E[Ingfx—];dx—f(;—x(]ogx)[édi)dx]+:‘f
y=logx =2 [lngx(—%) — f(%(—i))dx

1 1
viogx =2 [lngx(—g) + fx—zdx] +C

L

=lo I——E[IDX - +1]+C
ORI ( x) %

2
yvlogx = _E{l +logx)+C

8.
(1+ x*)dy + 2xydx = cot xdx



Ans - On rearranging given equation can be written as,

dy+ 2xy  cotx
dx 1+x2 1+x2

Given equation is in the form of % +Py=Q

2x
1+x®

Where, P = andQ =1+ x?

Calculating integration factor,
1= ale

2x
1F=¢f T

1L.F = Elug{1+x?‘}
ILFE.=1+x?

~ Solution of given differential equation is given by relation

y(I.LF)=[(QxIL.F)dx+C

cotx
14 x2

y{1+x2)=f X (1+x3)dx+C

y(1+x2) = J‘cotx dx+C

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

9 x4 tx=0
x -ty —x+xycotx =



Ans - On rearranging given equation can be written as

@+ 1+t:i::vi::1:: H |
dx (x )y—

Given equation is in the form of % +Py =@

Where, P = i +cotxand Q@ =1

Calculating integration factor,

[.Fo=el?d

1.F.= ¢f (rooee)ds

|.F.— glogr+logsinx

I.F.= xsinx

=~ Solution of given differential equation is given by relation,

y(I.LFE)=[(@xI.F)dx+¢C

yxsinx = [ (1.xsinx)dx + C
. . d :
yxsinx = xJ sinxdx — [ (ﬁ [ mmfdx) dx+C

yxsinx = x(—cosx) — [ (—cosx)dx + C
yxsinx = —xcosx + sinx + C

—XCosy  sinxy C
. § My i
xsinx xsinxy  xsinx

Ji":

1
¥ =—cotx +—+—
x xsinx

This is required differential equation.

10.

dy
{x+y)a—1



Ans - On rearranging the given eguation can be written as

dx
dy =Yy

Given equation is in the form Df:—; FPy=a

Where, P =—1land@ =y

Calculating integration factor

I.F.= gl

LF.=¢77%

~ Solution of given differential equation is given by relation
x(I.LF)=[(@xI1.F)dy+C

xe ¥ = [ (ye M)dy+C

xe =y edy— | (Z-0)f evay)dy+c

xe ¥ =—yeV—[(—eM)dy+C
xeV=—yeV—egV+0l
x=—-y—1+Ce”

x+y+1==Ce¥

11.
ydx+ (x —y*)dy =0
Ans - On rearranging the given equation can be written as

oL px
dy y
Given guatio sinth fom Df:—; +Px=0Q

Where, P = i and@ =y



Calculating integration factor,

1.F.= el Pdy
1
IF = el 3%
I.F = elog)
[LE.=Yy

= x(I.LF.)=[(QxI.F)dy+¢C
xy=J[(y)dy+cC
xy = [y2dy+C

3
1‘}'=%+C

12.

dy
2y L _
{x+3y)dx y(y>0)

Ans - On rearranging the given equation canbe written as

dx x

——— =13
dy y Y

Given equation is in the form of j—; +PE =1

Where, P = —i and Q@ = 3y

Calculating integration factor,

I.F.= el Pdy
1
LF = of (3)%
1
LF=¢"d3)
1
1 E=c



- Solution of given differential equation is qiven by relation

x(I.LF)=J(@xI.F)dy+C

xG) = [ (Syx}%)dy—l—ﬂ‘

X
“—[3dy+c
> [ 3dy
x
—=3v+C
y
x=3yv?+Cy

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

13.

1Y | 2ytanx - sinx;y — 0 when x — =
4, 2ytanx =sinx;y = 0 whenx = 2

Ans - Given equation is in the form of g +Py=Q
Where, P=2 P = 2 P = 2tanx and @ = sinx
Calculating integration factor

LF = ef Pdx

LF = g/ 2tanvdx

LF = gloglsec®x)

I.F.=sec?x



- Solution of given differential equation is given by relation,

y(I.LF)=[(QXILF.)dx+C
y sec?x = [ (sinx.sec2x)dx + C
y sec?x = [ (secxtanx)dx + C

y sec?x =secx +C...... (1)

Nowy = 0 when x =

&

‘-__-"w

0 x sec? [g) = sec (g
£i=—32

Substituting the value of C = -2 in equation (1)
ysec’x = secx — 2

Yy = cosX — 2sec?x

14.

dy 1
2 i = —
{1—|—.:r)d +2xy—1 2,].r—ljlllwllfml.lr 1

Ans - On rearranging the given equation can be written as,

d}?+ 2xy 1
dx 1+x2 (1+x2)2

Given equation is in the form ofg + Py =10

2xy 1
and Q@ =
.2 (1+x%)2

1+

Where, P =

Calculating integration factor,
LF = el Pdx

2xy
LF = ) ira?®

1LEi= Elug{1+x3}
ILF.=1+x?

-~ Solution of given differential equation is given by relation,



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

y1+x2) =] (ﬁ,{l +12))dx +C

1

1+x2d;t+£'

y1+x?) =]
y(1+x¥)=tanx+C....(1)
Now,y =0whenx =1

0=tan"11+C

Substituting the value of C = Ein equation (1).

3
y(1+x*) =tan"'x — F

15.

DY _ 3y cotx = sin2x:y = 2 when x =
qx Sy cotx =sinZx;y = 2whenx =

Ans - Given equation is in the form nf% FPy=
Where, P = —3cotx and @ = sin2x

Calculating integration factor,

L P =ip)pas

LLF.= gl —3cotxdx

I. F. = g —3log(sinx)

I == 1
U7 sin3x

= Solution of given differential equation is given by relation

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

1 :
e [ (smzx.

y )dx+£‘

sin3x



y.cosec®x = 2 (cotxcosecx)dx + C

y.cosec®x = —2cosecx + C
2 1 C
Y cosec?x cosec3x

y = —2sin?x + Csin®x ......(1)

T
Now, v = 2 when x =3

2 = —2sin? (g) + Csin® (g)
2=—-2+E6

C=4

Substituting the value of C = 4 in equation (1)
y=—sin®x +4sin®x

y=4sin® x — 2sin® 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.

Ans - Let f(x, y) be the curve passing through the origin.

At point (x, y) the slope of curve will be g

According to the question,

d
_}T_ Jo= "%

dx

Given equation is in the form Df:—; +Pr=1
Where, P=—-1and Q@ =x

Calculating integration factor

[.F.=el-18%

LF =8



=~ Solution of given differential equation is given by relation,
x(I.LF.)=[(QxI.F.)dy+C
ye™ = [ (xe™®)dx + C

ye* =x[e*dy— [ (% (x)/ e‘*"’dx) dx+C
ye ¥ =—xe ™ — [(—e*)dx +C

ye ¥ =—x8 *—g *+L

y=—x—1+Ce*

YR E=08% L)

As, equation is passing through the origin.
~0+0+1=Ce"

1=C

Substituting the value of 1 = € in equation 1.
x+y+1=e*

This is required differential equation of curve passing through
origin.

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.



Ans - Let f(x, v) be the cuve passing through the origin.
At point (x, ) the slope of curve will be %

According to the question,

dy
dy

Th given equation is in the form of j‘;; + Px =1

Where, P =—-1land@=x—-5
Calculating integration factor,
LF.=gl-1dx

L E =g

~ Solution of given differential equation is given by relation

x(I.F.)=[(Q xI.F.)dy+C

ye™* = [(x—5)e*dx +C

d
ye™* =(x—5)[e*dx— [ (ﬁ (x—5)f e""dx) dx+C
ye*=(5—x)e*+ [e¥dx+C
ver=(h—x)g™™ —e "+ L
e B 3 T S o

y=4—x+Ce*



As equation is passing through (0, 2)
0+2—4=Ce"

—2=C

Substituting the value of —2 = C in equation 1
V+x—4=-—-2e*

This the required equation of curve passing through (0, 2).

18.

The integrating Factor of the differential equation

E —y=2x%i
X dx = is
: 1

(A)e™™ (B) e™ © (D) x

Ans — On rearranging the given equation can be written as,
dy y

% oz

d
Given equation is in the form of d_J; +Py=(Q

1
Where, P = = and Q@ = 2x

Calculating integration factor

I.F.= gl Pax

1
e

1.E.= g-logx
1.Fi= e‘“g%
1
i
x

Hence, the correct answer is option C.

19.



The Integrating Factor of the differential equation
d
{1—y3)d—;+yx=ay{—1-::y:i 1)is
1 1 1 1
B)———— Ce——— B—
=i O O O

Ans - On rearranging the given equation can be written as

(A)

dx " xy ay
dy " i—4% " 1—pP
. N dx
Given equation is in the form of d_y +ExE=1)
! a
Where, P = 1 —}}?9 and Q = 1 _‘iz

Calculating integration factor

I.F.= el Pdy
¥
I.F.= e‘r 1—:u2dy

]ag( .1—)

I.F.=eg W1-»°
1

y1—y?

Hence, the correct answer is option D.

ILF.=



