Class XII Chapter 9 - Differential Equations Maths

d—l +sin(y") =0

Determine order and degree(if defined) of differential equation dx
Answer

v w

L tsin (¥")=0

4
AN

= " +sin(»")=0

mr

The highest order derivative present in the differential equation is? . Therefore, its
order is four.
The given differential equation is not a polynomial equation in its derivatives. Hence, its

degree is not defined.

Determine order and degree(if defined) of differential equation y+3y=0

Answer
The given differential equation is:
¥Y4+5y=0

r

The highest order derivative present in the differential equation is¥ . Therefore, its order

is one.

r r

It is a polynomial equation in' . The highest power raised to Vis 1. Hence, its degree is

one.

¢ ey 2,
d—“J —3.~;d—j =0
Determine order and degree(if defined) of differential equation \ dt dt
Answer
i s 3! .:.f'1.\'

J 389
\ ot di”



d’s
The highest order derivative present in the given differential equation is dr’ . Therefore,
its order is two.
d’s i d’s
It is a polynomial equation in dt” and d! . The power raised to dr’ s 1.
Hence, its degree is one.

[ d’ 1=\" (dy
e’_ +COos T =0
Determine order and degree(if defined) of differential equation * e S
Answer
[ d 1=\'“ (dv
= | +cos| — |=0
L .cl'fr' y, W El'I.Y J

d’y
The highest order derivative present in the given differential equation is dx’ . Therefore,
its order is 2.
The given differential equation is not a polynomial equation in its derivatives. Hence, its

degree is not defined.

~

d )
== C083x +8in3x
Determine order and degree(if defined) of differential equation dx

Answer
dy )
— = cos3x +sin3x
dv
——gcos3x—sin3x =10
-’

d*y
The highest order derivative present in the differential equation is de” Therefore, its

order is two.



dy dy
It is a polynomial equation in 4% and the power raised to 4¥ s 1.
Hence, its degree is one.

Determine order and degree(if defined) of differential equation
"V +(") +() +57 =0
Answer

{1} +{_1"'}1 + {_\"] +y' =0

L

The highest order derivative present in the differential equation is** . Therefore, its
order is three.

The given differential equation is a polynomial equation in+ * .andy"

L

The highest power raised to- is 2. Hence, its degree is 2.

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

Answer
P2+ =0

L

The highest order derivative present in the differential equation is** . Therefore, its

order is three.

It is a polynomial equation in *

L

yrand ' Tne highest power raised to? is 1. Hence, its

degree is 1.

V+y=g"

Determine order and degree(if defined) of differential equation -

Answer

" T

y+y=¢

—1 _1.-" + V- (_f" = I:]



r

The highest order derivative present in the differential equation is¥ . Therefore, its order

is one.

The given differential equation is a polynomial equation in? and the highest power

r

raised to? is one. Hence, its degree is one.

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

Answer

V() +2v=0

L

The highest order derivative present in the differential equation ist . Therefore, its

order is two.

The given differential equation is a polynomial equation in+ and? and the highest

L

power raised to is one.

Hence, its degree is one.

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

Answer
¥ +2) +siny =0

L

The highest order derivative present in the differential equation is¥ . Therefore, its

order is two.

L

This is a polynomial equation in' and? and the highest power raised to Y is one.

Hence, its degree is one.

The degree of the differential equation
f M

SFEIRT At
| 4 | +[£W +sinL%J+I=D

Lax® | Ldx) dx

is



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

Answer

(g2 e £y
| 4 | +[£W +sinL%J+I=D

Lax® | Ldx) dx

The given differential equation is not a polynomial equation in its derivatives. Therefore,
its degree is not defined.

Hence, the correct answer is D.

The order of the differential equation

29V 3 g
dve dx is
(A) 2 (B) 1 (C) 0 (D) not defined
Answer
224V A g
a” el

d’y
The highest order derivative present in the given differential equation is dx” Therefore,
its order is two.

Hence, the correct answer is A.



v=e"+1 oyt —y =1
Answer
y=e" +1

Differentiating both sides of this equation with respect to x, we get:

dv d

- = =" +1

dy (.":r(c }I

=y =¢ A1)

Now, differentiating equation (1) with respect to x, we get:

d ()= ﬁ.f-{c;}

dv

=y =¢

¢y and »”

Substituting the values o in the given differential equation, we get the L.H.S.

as:
Py =¢" - =0=RH.5.

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

y=x"+2x+C c Y =2x-2=0

Answer
y=x4+2x+C
Differentiating both sides of this equation with respect to x, we get:

¥y = i{x: +2x+C)
X '

= y'=2x+2

Substituting the value of ¥ in the given differential equation, we get:

LHS =V —2x=2=2x+2-2x-2=0_p o

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



y=cosx+C D v +sinx =0
Answer
y=cosx+C

Differentiating both sides of this equation with respect to x, we get:

V= f—‘hl{c':\vrs.wr +C)
X

= ¥ =—sinx
Substituting the value of* in the given differential equation, we get:
LH.S =V +sinx=—sinx+sinx=0_p o

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

— \ xy
1=\|"1 b x” =—"—
1+ x
Answer
y=+l+x

Differentiating both sides of the equation with respect to x, we get:



\ 2x
V= ——
291+ x°
Y X
J1+ 20
=y =—xl+y
|+
\ X
=y = .
I+ x
' XV
=3 Z—J,
l+x
<-L.H.S. = R.H.S.

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

Question 5:

v =Ax D' =y(x=0)

Answer

v=Ax

Differentiating both sides with respect to x, we get:
d

= A
! dx{ x)

=y=A

Substituting the value of* in the given differential equation, we get:
LHS. =x" = x-A = Ar = y = RH.S.

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

Question 6:

y=xsinx DX =y 4y -y (x#0andx>yorx<-y)

Answer



¥=xsinx
Differentiating both sides of this equation with respect to x, we get:

V= i{t‘ sinx)
elx
= ' =sin ri“} +x i{sin x)
ey ax '

= ' =sinx + xcosx
Substituting the value of* in the given differential equation, we get:

L.H.S.= xy"= x(sinx + xcos x)
= XSINX+ X COsX

- f T3
=y+x yl=sm"x

]

v xt 1= =
. \ll Lx

= VHXJY —x

=R.H.5.
Hence, the given function is the solution of the corresponding differential equation.

xy=logy+C y' = (xy=1)
—xy

Answer

xy=logv+C

Differentiating both sides of this equation with respect to x, we get:



< () =< (log)
dv  1dy

:>L"i{1']+‘f';_——
Tode T de v

r ] r
= y+x'=—y
.1.,

= vy =y
= (xy=1)y' ==y

=)' =
[—xp

~~L.H.S. = R.H.S.

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

Question 8:

Y—COS V=X : (wsiny+cosy+ x] Vi=y

Answer

y—COS V=X (1)

Differentiating both sides of the equation with respect to x, we get:
i% —%[cos_v} = %(T}

= V' 4siny.y' =1
= ¥'(1+siny)=1
1

=y =—
I+smy

Substituting the value of ¥ in equation (1), we get:



L.H.S.=(ysiny+cosy+x))
1

= {}'sin YHCO5 Y+ y—Cos _‘J,-‘}X—_
I+siny

. 1
=y(l+siny)———
'L{ }} 1 +siny
=y
= R.H.S.

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

Question 9:

Answer
x+y=tan"'y

Differentiating both sides of this equation with respect to x, we get:

d d;
E{x+_}|-‘):g{tﬂn )

= l+.1-':{ I - }
1+ v

=’ : ~-1|=1
L 1+)°

114
=y ﬁ =1
1+ 9y

=

_-“:
=y —|=1
1+

Substituting the value of ¥ in the given differential equation, we get:



1: ~(1+)7)

LHS. =)y +y +1=y |+ 1

—] !

==1-y +3" +I
=0
=R.H.5.

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

Question 10:

JJ:«..‘(,.':—J::_rE[—a.u] . I+J";_@=n[}';t0]
A

Answer

y=va’-x

Differentiating both sides of this equation with respect to x, we get:

dr dy

dv Wa —x* dx

:>L?I}’_ 1 d(: .:}

ay
Substituting the value of dx in the given differential equation, we get:
L.H.S. = x+yﬁ=:r+ Jat -3 x—2
dx at =t
=x-Xx
=0
= R.H.5.

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



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

(A)O(B)2(C)3 (D)4

Answer

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

Therefore, the number of constants in the general equation of fourth order differential

equation is four.

Hence, the correct answer is D.

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

(A)3(B)2(C)1 (D)0

Answer

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

Hence, the correct answer is D.



X v

a b
Answer
a b

Differentiating both sides of the given equation with respect to x, we get:

| Ly _

B =0
a  bdx

:;.l_,_l:..’_ ]
a b

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

1

D+—1"=0
h
1,

= —y" =1
i

= y"=0

Hence, the required differential equation of the given curve is+ =~ 0.

ll-'? = {J{.I'l?? —.ff ]
Answer
.LI? = {J{Jr?? —.fj ]

Differentiating both sides with respect to x, we get:

A __ i
2 T al—2x)

= 2y =-2ax

=y = —ax A1)

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



Ve + " =—a
ﬂ{j"}: + ' =—a A 2)
Dividing equation (2) by equation (1), we get:

(J”JJ +J_'_}-'"= -1

» —ax

=" +x() =" =0

This is the required differential equation of the given curve.

Ix

v=ae  +he
Answer
y=ae" +bhe™" A1)

Differentiating both sides with respect to x, we get:

V' =3ae’ —2be" (2)

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

V' =9ae’™ +4be el 3)

Multiplying equation (1) with (2) and then adding it to equation (2), we get:
(Em.’h +2be }+ (Jue?" —2be™" ] =2y+)

= Sae’ =2y +)'

2y+)

¥

=ge’ =

L]

Now, multiplying equation (1) with equation (3) and subtracting equation (2) from it, we
get:
{:3.:36“ +3be" }—(3{:@“ —Zhe':‘} =3y=y

= She ™ =3y -y

3y=y'

5

= b‘__} 2x —

Substituting the values of @€ and be ™" jn equation (3), we get:



_Ln _g {E'J: 1 .-.III }+4{3JI .}I}
5 5
b Oyt Ty — o
e 18y +9) +1-) 4y
) 5 3
. 30v+5y
==V =
' 3

= V' =6y+)’
=y -y -6y=0

This is the required differential equation of the given curve.

y=e" I[u +bx)

Answer

_1'=c?:‘{a+h,i‘} A1)
Differentiating both sides with respect to x, we get:
y'=2&"(a+ b ) + e h

=y =e""(2a+2bx+b) .(2)

Multiplying equation (1) with equation (2) and then subtracting it from equation (2), we

get:
V' =2y=e"(2a+2bx+b)—e (2a+2bx)
= ' =2 =he™" -.(3)

Differentiating both sides with respect to x, we get:

'k =2y = 2be™ L(4)
Dividing equation (4) by equation (3), we get:
¥y =2y _5

V=2

= ' =2y'=2y" -4y
= V' =dy' +4y =10

This is the required differential equation of the given curve.



v=e"{acosx+bsinx)

Answer

v=e"(acosx+bhsinx) A1)
Differentiating both sides with respect to x, we get:
V' =e"(acosx+bsinx)+e' (—asinx+bcosx)

=y = [{u+h]cos_r—[u—h)sin_1'] |

J

Again, differentiating with respect to x, we get:
y'=e"[(a+b)cosx—(a—b)sinx |+ e[ —(a+b)sinx—(a—b)cosx |
V' =e"[2bcosx—2asinx|

y'=2e" (beosx—asinx)

IJ.l

—>JT =¢"(hcosx—asinx) |

il
—

Adding equations (1) and (3), we get:

¥+ J? =¢' [{ i+ F}]msx ~(a- F})sin .r]

v
= y+—=y
2

= 2y+y" =2y
= V" =21"+2y=10

This is the required differential equation of the given curve.

Form the differential equation of the family of circles touching the y-axis at the origin.
Answer

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

Let (a, 0) be the centre of the circle.

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

Now, the equation of the circle with centre (a, 0) and radius (a) is

{x—u}: +yv =a.

= x° +J.'J = 2ax L)



e
'IF.JC

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

Now, on substituting the value of a in equation (1), we get:

-

Syt =2+ )
= x' 4y’ =2x + 2
= 2x +x° =)’

This is the required differential equation.

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

Answer
The equation of the parabola having the vertex at origin and the axis along the positive

y-axis is:

x = day il



e
@

Vi |
Differentiating equation (1) with respect to x, we get:
2x =4m 2]

Dividing equation (2) by equation (1), we get:

2x  4day’

X day

= xy' =2y
= xy' =2y =1

This is the required differential equation.

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

Answer

The equation of the family of ellipses having foci on the y-axis and the centre at origin is

as follows:

— =1 . A1)



¥y
e
X X
- o .
0l |

Differentiating equation (1) with respect to x, we get:
T4 Py

i + —2'1'} =0

h™ b

= —+——=10 vl 2)

Again, differentiating with respect to x, we get:

[RCATRTRTL
P PR g
b a

= b]: + a]—(n +0")=0

1 1/ .2 u
e —:{L + )y )

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

x{—#({y’]: - ..;.;p"]} - '1"1; =0

o

= —J.'{J-"]I: —x0"+ 0 =0
= xp"+x()) -3’ =0

This is the required differential equation.



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

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

axis is:
2 2
X ! .
———=1 (1)
a- b
Yy
X" ¥
- = -
vy

Differentiating both sides of equation (1) with respect to x, we get:

2x 2y
————=1
a’ h*
r ow
= ——=—=1 A2
a- b

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

1Y+’

~ =0
as b

Substituting the value of ¥ in equation (2), we get:
X
Ih_‘

= x()' )+ = =0

{[,1"}: +.1-11-‘")— ‘:E =1

— " +x(y) -’ =0



This is the required differential equation.

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

Answer
Let the centre of the circle on y-axis be (0, b).

The differential equation of the family of circles with centre at (0, b) and radius 3 is as
follows:

3 2 3

x“+(y-b) =3
:b:r:+|:.1.'—h}2:9 il

Ite

Y.

o

vy

Differentiating equation (1) with respect to x, we get:
2x42(y=h)-y'=0

= (y-b)-y' =-x

= y-h= _1
.‘I

Substituting the value of (y — b) in equation (1), we get:



= x [[}}' - I] =9(y')’
:b{x: —‘J]{y’]l +x* =0

This is the required differential equation.

V=ce" e

Which of the following differential equations has- “as the general solution?

d_‘? +y=0
A,

d_J, Cye0
B. dx’

4V 10
c. dx’

d‘{ 1=0
D. dx’
Answer

The given equation is:
v=ce +ee” A1)
Differentiating with respect to x, we get:

ey

——=ge -c,e
dx

-1

Again, differentiating with respect to x, we get:



dy . -
—— = +c,.e

dr

-4

d-
ax
a.l'_

.11
—=J

S y=0
fri'e
This is the required differential equation of the given equation of curve.

Hence, the correct answer is B.

Which of the following differential equation has-* = * as one of its particular solution?

dy L dy
——x ——+xy=Xx
A. dx’ dx
d*y dy
e X=XV =X
B. dx alx
i,rl s + v
‘ 1 —-X" ) +xy=10
c. dx’ dx
v ey
‘ 1 +x—+xy=10
D. dx dx
Answer

The given equation of curve is y = x.
Differentiating with respect to x, we get:
dy
oy (1)

dx

Again, differentiating with respect to x, we get:

d-y
— =1 2
2 (2)
vy iy
‘ 1 , and @
Now, on substituting the values of y, dx dx from equation (1) and (2) in each of

the given alternatives, we find that only the differential equation given in alternative C is

correct.



rﬁr—"f—ch£+xy=l:i—x:-l+.1:-x
dy” dx
=—x"+x

=0

Hence, the correct answer is C.



Exercise 9.4

Question 1:

dy  l-cosx

dx B 1+cosx

Answer

The given differential equation is:
dv  1-cosx

dx ) l+cosx

-~

=

| g

b
S R R

dy [ 1 ]
= —=|sec ——1
dx

Separating the variables,we get:

{ T &
dy = Lscr ——1 }dx
2

A

b |

Now, integrating both sides of this equation, we get:
. X 2 X
_“ﬂf '= J{scc“ ——I]dx = jsec‘ —dx —de
2 2

X .
= = 3tan;—x+(.

This is the required general solution of the given differential equation.

Question 2:

dy >

Y Ja-y (-2<y<2)

ax

Answer

The given differential equation is:



-

@ _

=.d—p
dx !
Separating the variables, we get:
= dy = = dx
4y

Now, integrating both sides of this equation, we get:

a¥

=5 8in =x+C

::»Ja]zsin(,r+(_‘}

= y= 251n{x+C}

This is the required general solution of the given differential equation.

Question 3:

v

i+_|::1 {y;tI]
dx

Answer

The given differential equation is:

dy

——+y=1

dx

= dv+ydy=dx

= dy=(1-y)dx

Separating the variables, we get:
dv

= W _
-y

Now, integrating both sides, we get:



[~ fax

l—v
= log(l-y)=x+logC
= ~logC~log(l1-y)=x
= logC(1-y)=-x

=C(l-y)=e¢

-1

1
=l-y=—c¢

C

| I
= y=l-—¢

C

. ]
= v=I1+A4de " (where 4 = —E]

This is the required general solution of the given differential equation.

Question 4:

sec” xtan ydy+sec’ ytanxdy =10
Answer

The given differential equation is:
sec” xtan ydr+sec” ytanxdy =0

sec” xtan ydx +sec” ytan x dy

0

lan xtan v

sec” x sec” y
v + J dy =10
tan x tan ¥
H.Ei.:: X HHC: 15
dr = -
tan x tan y

dy

Integrating both sides of this equation, we get:

sec” x sec” v
[ Zdy=— [y (1)
tan x tan y




Let tanx =1.

.t
lanx )=
v ( ) e
, dt
= seCT X =—
o

= sec” xdv =dt

sec’ x

MNow, I dy = E dr.,

tan x
=logt
= log(tan x)
. sec’ x
Similarly, I dv = ]ug[lan v).
tan x

Substituting these values in equation (1), we get:

log(tanx)=—log(tan y)+logC

= log(tanx)= Iug[ ¢ J
! tan v

= lanx =
tan v

= tanxtan y=0C

This is the required general solution of the given differential equation.

Question 5:

(e” +e’ }n{v—(e‘ —e " )dx =0
Answer

The given differential equation is:
{ g e }f;’y - (e" -’ ]a’x =0

-, (eT +e ")afv = {e‘ —e ’}Lﬂ\:

= .:gvz[e' ¢ }m

e +e’

Integrating both sides of this equation, we get:



j-fi'j.-: J‘i:gr_e_; }h‘+f
e +e

:>_1.-=j{”f“ . }Ixﬂf (1)
€ +e !

Let (¥ + ™) = t.

Differentiating both sides with respect to x, we get:

d . .y dr
— {lr_.l' =2 ) = —
dy ey
. . dt
=g - =
dr

:»(eT—e *]uﬁr—d’r

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

y=|-dt+C

y=J

= y=log(r)+C

= y= |0g(c.’” +e "} +C

This is the required general solution of the given differential equation.

L (o) 1407

Answer

The given differential equation is:

L= (140)(1457)

X
ey - )
ey (147 )ax

Integrating both sides of this equation, we get:



f dyﬁ = J‘{]-Ihr:)dx

1+
=tan' y= Iﬂﬁ' + I.x':ffx

= tan 'J-‘:x+%+(_'

This is the required general solution of the given differential equation.

Question 7:
viog ydv—xdy=10
Answer
The given differential equation is:
viog vy —xdy=0
= vlog vdx=xdy
dy _dx

viegy x

Integrating both sides, we get:

o )

ylog v x

Let log y=1.

el ol
log v)=
f{!-'( ev) dy
I dt
vy
:>if{;-':r.ﬂ'
y

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



dr pdx

K
= logi =logx+logC
= log(log y)=logCx
= logy==Cx
— }_1 — E{'.‘r

This is the required general solution of the given differential equation.

Question 8:

X ==y
dx '

Answer

The given differential equation is:

5 ﬂj" 5
X ===
el !
dv __dx
Y X
R

Integrating both sides, we get:

é - ﬁ =k (where k is any constant)
x ¥
= |xdv+ j_}-‘""c:fv =k
4
SN
-4 -4
=y +y =4k
=Sx'+yt=C (C=—4k)

This is the required general solution of the given differential equation.



Question 9:

Q =sin'x
dx
Answer

The given differential equation is:

a =sin"' x
.
= dy=sin"' x dx

Integrating both sides, we get:
_[r,{v = J'sin 'y dx
=y = [(sin”x-1)dx

= y=sin"x- [(1)ee- jﬂ%(sin-' x)- j{l)ax” el

) 1
= v =5in 'x-.t—j[ -x ey
i f
= y=xsin" x+ [———dx
- 7=

Let 1—x" =1.
ji[._x:)zﬂ
elx dx
= —2x=ﬂ
ax
— J‘dx:—ldf
2

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

(1)



|
r=xsin x4+ |—=dt
) jg 7
= y=xsin" r+l- I{f] I‘a’r
¥ : s

1
— p=xsin” x+—-—+C
21

2
= y=xsin”' x+t+C
= p=xsin ' x+l1-x" +C

This is the required general solution of the given differential equation.

Question 10:
e tan y dx +(] —c”}sec"?yc{;:ﬂ

Answer

The given differential equation is:
e’ tan ydx + [1 —e" }SCCE vdy=10
(1-€")sec® ydy = " tan y d

Separating the variables, we get:

2 x
sec v -
~dy =

tany = 1-¢'

Integrating both sides, we get:

ISECJF(}}‘= J‘I—cﬂ‘r{h_ (]}

tan v -

Let tany =u.

d i
= —(tany)=—

N i
—=sec y=—
dy

= sec” vy = du

sec” y du
“dv=|—=I = log(tan y
I an y fy _[ -~ =loga og(tan y)



Now, let 1—e" =1.

A 1er)= 2

dx dx
. dr
= =—
dx
= —¢"dr=dt

= J‘l_—i dy = [% =log? =log(1-¢")

2
sec y

dv and ;dt
Substituting the values of = @0V I=¢"in equation (1), we get:

= log(tan y )= lng(l -e }+ logC

= log(tan y )= l{Jg[C(I - }]
:Han_v:C[l—e"]

This is the required general solution of the given differential equation.

Question 11:

{x"’ +X 4 x4+ I};'I: 2y +x:v=1whenx=10
| d:r
Answer

The given differential equation is:

s - Iy )
{x"+,r" +x+])i:2x" +x
X
dy 2 +x

dx {.'c] +.1'1+_'c+l]
2%t +x
(x4 ]]{.!:: : 1}”&.

Integrating both sides, we get:

= dv =



fdv=[ =TT g WA, (1)

(x+| X +l
Tyl 4 e
Let —2X+x __ A  BriC -(2)
{,1;+]}(:|.-'+|] x+l x +1
2x"+x Ax® + A+(Bx+C)(x+1)

= = i
(x+l}{x‘1+|) l:x+l](x"+1}

=2 tx=Ar + A+ B + Br+Cx+C

=2 +x=(A+B)x’ +(B+C)x+(4+C)

Comparing the coefficients of x* and x, we get:

A+B=2
B+C=1
A+C=0

Solving these equations, we get:

A:l,sziandc?:"_'
2 2 2

Substituting the values of A, B, and C in equation (2), we get:
28 +x ] 1 +|(3x—l]
{.r+1}{,r'1+|) 2 {.r+1} 2{,1(3_]}

Therefore, equation (1) becomes:



1 | 1 p3x-1
Jar= o Iy T
Lol

= }J:%Ir.)g[x+l:|+§ ,'de—— o

X +1 295 +1
= y= ! |£1H[I+|J+3-I Zx dx — I tan ' x+C
Y=, e 4 x40 2 o

-

= J,::EII::-g[x+l;|+§|ng()r1 + 1)—%tun"x+{'

= y= ;[Z]LJg[x+l)+31{1g(_r: + I]}— ; tan ' x+ C

= J-‘=z|[{.ur+l}J (xJ +I)i}—%tun"x+c

Now, y=1whenx=10.

o L e
il—;log(l]—itan 0+C

:‘,»I:lxﬂ—lxth(}
4 2
= (=1

Substituting C = 1 in equation (3), we get:

y:&[lng[x+l}2(x" +l.];]—%tan'] x+1

Question 12:
x(x:—l)%:l;y=ﬂwhen x=2
Answer
9y
~1]—=1
x(x )dx
=dyv= c{x
()
1
=dv=
* x(x=1)(x+1)

Integrating both sides, we get:

-(3)



l

Iqj:: J‘x{x—lj{.f+l}m. (1)

| 4 B o
.t[:r—l}{.‘r+|]:?+.1'—1+.\'+|r ~(2)

| A(x=1)(x+1)+ Bx(x+1)+Cx(x=1)
T a(on)(x41) x(r—1)(x+1)

(A+B+C)x +(B-C)x—4
x(x=1)(x+1)

Comparing the coefficients of x?, x, and constant, we get:
A=l
B-C=0
A+B+C=0

Let

|
B=—and C=
Solving these equations, we get

Substituting the values of A, B, and C in equation (2), we get:
1 ~1 1 1

c(x-(a+l) x 2(x-1) 2(x+)

Therefore, equation (1) becomes:

1
E.




L1l , 11
Jar==ders [y [

= y:—lugx+%lug{x—1}+%It}g{x+ 1)+ log &

e ;|0g|:k:[x—r::}(x+|}]

Now, =0 when x =

5
ol g’k (2-1)(2 |}]
2 ,
:»]og[ ]:

T=
=3k’ =4
:»k:=§
23

Substituting the value of k? in equation (3), we get:

_4{x—1}{x+|]}

i 3x°

4
y=log

J—l]a
R

Question 13:

£]=u{uER];y =1 whenx=0

cos[
i

Answer



v
cos[ ) J=ﬂ
dx

dy

e
= dy=cos " adx

= =¢os '@

Integrating both sides, we get:
j-.c?’y =cos” a ja’r
= y=cos a-x+C

= y=xcos a+C

Now, y=1whenx =10,

=1=0-cos'a+C

=C=1

Substituting C = 1 in equation (1), we get:
y=xcos  a+l

=cos'a

X
F—1

= cns[‘] ]=a
%

Question 14:

dy
@ _ ytanx;y =lwhenx =10
dx

Answer
dy

— =yianx
dr )

::a&:[an_rufr
J_.-'

Integrating both sides, we get:



j-% = —j-mn x v

= log y = log(secx)+log C
= log y = log(Csecx)

= y=Csecx (1)

Now, v=1 when x=10.

= 1=Cxsecl

= 1=Cx1

=(C=1

Substituting C = 1 in equation (1), we get:

y = sec x

Question 15:

Find the equation of a curve passing through the point (0, 0) and whose differential
e

equation g =€ sy

Answer

The differential equation of the curve is:
y'=e"sinx
dv .
— — =& SInXx
dx
= dy =¢"sinx
Integrating both sides, we get:

Iu{v= Je"sin.nf,ﬁ: (1)

Let] = je" sin x o

H . LI d H - - .
=1 =5|n,1j:. dx — J(E{Slﬂ,l}' I d.r]ah



cosx-¢'dy

¥ d - a% -
Cos X - J{.’ dx — ﬂ\E{cos x)- J‘L tJ'.T]cil]

= [=sinx-¢' —| cosx-¢' — “-(—Sinx}-c*”'rh'}

= [ =sinx-¢" -

| T—

= [=sinx-¢' -

_¢

= [=e¢'sinx—¢" cosx—/
— 2/ =¢" (sinx—cos x)
¢"(sinx—cosx)

2

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

= [ =

1I:::"l:sin:r—::4:}5.1.*}+l: )
i} )

Now, the curve passes through point (0, 0).

g" [sinﬂ —cos0)

= +C
2
1{0-1
= 0= { )+{.‘
2
L]
===
2
=

1
Substituting 2in equation (2), we get:

¢' (sinx—cosx)
7

= 2y=¢'(sinx—cosx)+1

= +1
! 2

= 2y—l=¢"(sinx—cosx)

. . C2y=l=¢"[sinx—cosx).
Hence, the required equation of the curve is J ¢ ( )

Question 16:

x_vdi={x+ 2)(y+2).
For the differential equation i find the solution curve passing

through the point (1, -1).



Answer

The differential equation of the given curve is:

nj: =(x+2)(y+2)

:>|I/ ! 1-:{’1'= IIE\]L’E{T
x

'\.}'I+2; A

[

! 2%
c{l-‘Z[HHJa’x
2

i
:>|1—
L X

+

.ll

A

Integrating both sides, we get:

' - " - -y
ﬂ |- de: [l 1+= |ax
\ ,F"'z_, \ xS

| |
= Ic{v—? Tﬁ Ic.‘ﬁ. +2!;dx
= y-2log(y+2)=x+2logx+C
= y—x—C=logx’ +log(y+ 2}:

= y-x-C -1og[r”(_1'+ 2) }

—
C—

Now, the curve passes through point (1, -1).

= -1-1-C=log[ (1)’ (-1+2)'|

= -2-C=logl=0

=(C=-2

Substituting C = -2 in equation (1), we get:

y-x+2= log[r {_v+2}2}

This is the required solution of the given curve.

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

X, ¥ . . i

[ 'L}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.

Answer

Let x and y be the 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,

ﬂr}’

dx

According to the given information, we get:

dy

Sy

|.ll
dx

= vdyv=xdx

Integrating both sides, we get:

J}"ﬂ{l' J:r el

=y —x"=2C (1)

Now, the curve passes through point (0, -2).

2 (-2)?-0%=2C

=>2C=4

Substituting 2C = 4 in equation (1), we get:
y2 _ X2 =4

This is the required equation of the curve.

At any point (x, 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).

Answer



It is given that (x, y) is the point of contact of the curve and its tangent.
y+3

The slope (m;) of the line segment joining (x, y) and (-4, -3) is x+4

We know that the slope of the tangent to the curve is given by the relation,
dy

dv

. Slope (m, ) of the tangent = %

According to the given information:

m, =2m,
dy  2|{y+3
v _ (v+3)
dx x+4
dv 2dx
y+3 x+4

Integrating both sides, we get:

By
el

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

= 1L’:g{_1'+ 3}10g Clx+ 4}:

= y+3=C(x+4) (1)
This is the general equation of the curve.

It is given that it passes through point (-2, 1).
= 14+3=C(-2+4)

= 4=4C

=(C=1

Substituting C = 1 in equation (1), we get:
y+3=(x+4)>

This is the required equation of the curve.



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.

Answer

Let the rate of change of the volume of the balloon be k (where k is a constant).

fv
SN L
it
(4 | | - 4
L, ¢ “ar =k Volume of sphere = —ar
dr\ 3 - )
4 , dr
-3 =g
3 ot

= 4w dr =k dt
Integrating both sides, we get:

dn j;--‘m- —k '[m

= 4;11-% =kt+C
|

= 4nr’ =3 (ke +C) (1)
MNow,atfr=0,r=3:

>4nx3°=3(kx0+C)

= 108n = 3C

= C = 36n



Att=3,r=6:

24nx63=3(kx 3+ C)

= 864n = 3 (3k + 36n)

= 3k = -288n - 36n = 252n

= k = 84n

Substituting the values of k and C in equation (1), we get:
4nr’ =3[84xs +361)
= dr’ =4 (636+27)

= =631+27
|
= r=(63r+27)

I
(63r+27)

Thus, the radius of the balloon after t seconds is

In a bank, principal increases continuously at the rate of r% per year. Find the value of r
if Rs 100 doubles itself in 10 years (loge 2 = 0.6931).



Answer
Let p, t, and r represent the principal, time, and rate of interest respectively.
It is given that the principal increases continuously at the rate of r% per year.

o) o
qae | p
et [Iﬂl};

N [_ |ar
JZ 100
Integrating both sides, we get:
dp _r

——=——"|dt
po 100

rt
=logp=——+1
=00
=p —em” (1)

It is given that when t = 0, p = 100.

=100 = €“... (2)

Now, if t = 10, then p = 2 x 100 = 200.
Therefore, equation (1) becomes:

&

200 ="

=200=¢"-¢*

=200 =¢""-100 (From (2))
el =2
= L. log 2
10 <
— L —0.6931
10

= r=06.931



Hence, the value of ris 6.93%.

In a bank, principal increases continuously at the rate of 5% per year. An amount of Rs

(e"-‘ = 1,648}

1000 is deposited with this bank, how much will it worth after 10 years
Answer
Let p and t be the principal and time respectively.

It is given that the principal increases continuously at the rate of 5% per year.

P "

g:r] f 5 1
= —=|—|p

de 100

a_r

dt 20

dp dt
= ——=—

p 20
Integrating both sides, we get:
j‘@ = L dlt

po 20

i -
=logp=—+C(
- 20

! \C

= p=e™ (1)
Now, when t = 0, p = 1000.

= 1000 = e€ ... (2)

At t = 10, equation (1) becomes:
_I\Illi'

p=e

= p=e"xe"

= p=1.648x1000
= p=1648



Hence, after 10 years the amount will worth Rs 1648.

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?

Answer

Let y be the number of bacteria at any instant t.

It is given that the rate of growth of the bacteria is proportional to the number present.

by
Sy
el
1' .
— ‘5? = ky (where k is a constant)
[
dy
= =kt

A
Integrating both sides, we get:
I,r.
& k Ic.ﬁf
y
= logy=hkt+C (1)

Let y, be the number of bacteria at t = 0.

= logy,=C

Substituting the value of C in equation (1), we get:
log v = &r+log y,

= logv-logy, =kt

v ht
:103['— |—Fc.f
_.l|1||/l
A

\ Yo

= Kkt =log

A

Also, it is given that the number of bacteria increases by 10% in 2 hours.



110
= V=—1
o100
¥ _II

—_ (3
¥, 10 (3)

]

Substituting this value in equation (2), we get:
)
1 11
=k =—log

2 b( ]ﬂ]

Therefore, equation (2) becomes:

{

k-2=log n
W10

111 v
—log| — |-t =log| —
2 E[ IUJ E[J'.;_.J

[y
Elog| - ]
==t/ .(4)

Iur"[“\I
=10

" A

Now, let the time when the number of bacteria increases from 100000 to 200000 be t;.

=>y=2yoatt=t1

From equation (4), we get:

IogL ]
Hence, in 10 hours the number of bacteria increases from 100000 to 200000.



Question 23:

The general solution of the differential equation dx

A e t+e’=C
B. ¢ +e' =C
c.¢ +e' =C

p. ¢ +e'=C

Answer
ﬁ — ET—_I' — LJ.'.' el.
dr
dv .
= —=e'dx
&

= e "dv=e"dx
Integrating both sides, we get:
IL’_ "dv = jcf dx
- = +k
=& +e =k

=e el =¢ (e=—k)

Hence, the correct answer is A.

15



[.1.‘? + !.‘_1']{4!1-‘ = {..1.‘? +y° Jci\‘
Answer

The given differential equation i.e., (x* + xy) dy = (x* + y?) dx can be written as:
dv x'4+)°
b ) )

de X +x

Let F(x,y)= xXry
X+ xy

Ax) +(AyY 2 4y
Now, F(Ax,Ay) [ ] (% } =23V e F(x.y)
(Ax) +(Ax)(Ay) x +xy
This shows that equation (1) is a homogeneous equation.
To solve it, we make the substitution as:
Yy = vx

Differentiating both sides with respect to x, we get:

dy
Substituting the values of v and dx in equation (1), we get:



dv X +(1-‘x}1

VX — -
dx .T'+x{vx}
dv 147
= v+x—=
dy l+v
dv 1+ [+ ) =v(l+v
e (1) v(e)
dv 1 +v |+
dv 1-v
v 1+v

(|+1*] dx
= =dv=—
l=v x

:}[2—|+v]m‘=d‘c
l—w x

:.‘»( 2 —1]d1'=£

l—v x

Integrating both sides, we get:
—2log(1-v)-v=logx—logk
= v=-2log(l-v)-logx+logk

=v=log {Lﬁ]
J.‘{I —v]'

= (x—y) =kve *

This is the required solution of the given differential equation.



Answer
The given differential equation is:

. X+
¥ o=
x

dy  x+y
=>——=—" el

dy X [ )
Let F(x,v)= =y

X

Now, F(Ax.Ay)= AIT Ay Xy A'F(x.y)

AX X
Thus, the given equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
Differentiating both sides with respect to x, we get:
ay v
Py
dx dx
dy
Substituting the values of y and dx in equation (1), we get:
dv  x+vr
V+x—=
dx X
1
= v+x—=I1+v
'
v
x—=1
dx
= dv=—
X

Integrating both sides, we get:
v=logx+C

- logx+C
v

= y=xlogx+Cx



This is the required solution of the given differential equation.

Question 3:
(x—y)dv—(x+y)dx=0

Answer

The given differential equation is:

(x—y)dv—(x+y)dx=0

dv  x+)
s —— = 1
dr x—y ( }
X+
Let F = .
e (Jl 1 } _-.['__p
o F(Axay)= 22X A _XVY g0 p(xy)

Ax—Ay x-—y
Thus, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
7l o
3‘;@)—;(”]
dv dv
= —— =yt r—
kY dx

@
Substituting the values of y and dx in equation (1), we get:

dv x+wvr 14w
Vb x—= =

de x—we l—vw
Td\=_1+1' 1:I_I+1=—'»,'|'LI—'|-‘J
R l—v

dv 1407
= x—-=

de 1—v

| ~dx




Integrating both sides, we get:

1 ; ,
tan”’ "_;lﬂi-’.{l"’ v ) =logx+C

= Lan"(i]—llug[l 4{‘]—] ]=1ngx+C
| X 2 x

{ R
= Lan"| J']— : lug[Jl +?J’ J:lugxﬂf_‘
X X

3

= tan ' [%] —%[Iog[r"’ +y° ]— log x* ] =logx+C

= tan '[i]: llcrgff +y7)+C
X ".l \ J

This is the required solution of the given differential equation.

Question 4:

{x: -y ]d,r+ 2xv dy =1

Answer

The given differential equation is:
{x: -y ]d,r+ 2xv dy =1

@y _—(¥-»’)
:}E "y (1)

Let F[.r.}-‘)=_[x;—1:::},

FHMJ,F[HIJ:—{4.1'}:]: ) o )

2(Ax)(Ay) 2xv

Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y = vx



dx el
dv dv
= —=v+x—
kY dx
@
Substituting the values of y and dx in equation (1), we get:
dx 2x-(vx)
dv v -1
V+x—=
d 2v
dv v -1 o vi—1-2v"
dx 2v At
e 147
o U)
dx 2v
v —dv = —ﬁ
1+ x

Integrating both sides, we get:

lng(] +1-‘2): ~logx+logC = IL‘JngE
x

=1+ =

2|1+ |=—
X X

=y +) =Cx

C
P

This is the required solution of the given differential equation.

Question 5:

¥’ d_ ¥ =2y +xy

dx
Answer
The given differential equation is:
L dy 3 ;
o 2y +xy

dr



alx X

X —
Let F(x.v)=
" F(/‘._T xh-‘:l= (

2y +
2
.
_\'}: -

A

Xy

2(“13’}: +(Ax)(4y) X —2_1:: Ay

A F(xy)

{/’.x}: x

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
v
= i —p+x
i v

dy

Substituting the values of y and dx in equation (1), we get:

dv  x - 3(‘1»')(]‘[T +x-(vx)

vtHxX—=
PiAS x°
dv ;
= v+x—=1-2v"+v
dx
v
= x—=1-2%
dx
dv oy
[-2v x
| v dx
— 3 L ] =
2 1_2 3
2
l ey a oy
: X

Integrating both sides, we get:



|
+v
%~ : —log "F = log|x|+C
2 —¥
2o 2
1 +y
I J2ox
= log =log|x|+C
J2oox
1 X+ 2}'|
= log | =log|x|+C
22 i?x—~.-'{5y| g| |

This is the required solution for the given differential equation.

Question 6:
xdy = vdx = Jx7 + v dx
Answer

xdy — vy = x* + v dx

= xdy = [y+ i 47 ]a’x
v _y+ xt ! (1)

¥

dr X

y+ :4:3 + _1»':

Let F'(x.y)=

L F(Ax.Ay)= - =A"F(xy)

Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y = vx
o d
=4 (3)=4 ()
dv dv
= —=v+ri—

dx dx



dy

Substituting the values of v and dx in equation (1), we get:

dv v+ xt ()’

vtx—=

dx X
= VA x— = v+ 1+
dx
dv ax
= = —

Jiev' X

Integrating both sides, we get:

log v+ 1+ v =]:Jg|x|+lngc
= log E+Jl+£ =log|Cx
X X
= log YINE AV log |Cx
X

=y 7 =07

This is the required solution of the given differential equation.

Question 7:

! £ 1 i o 2
J xcos| i]+_‘|-‘fiin| J—”J-‘r.ﬁ-: {ysin| b4 |—xm:-s[lﬂ>xf{‘|-‘
WX ey \x ) x|

1_

Answer
The given differential equation is:



X X

\ fl2)orel2)
ol oo
oy el
el
:
6

{xmﬂ[ f"} +_vsin[}'J} yix = {ysin[i]—xcus[i]}xﬂﬁ:

{ Axcos

.‘:-..1

}]+/Iysm j'} ]})L
F(Ax,Ay)= A ’
a

e

;

{ Lysin ] irhm[

b

= A_u . F(x*J.l]
Therefore, the given differential equation is a homogeneous equation

To solve it, we make the substitution as:

y = vx
dy dv
= ——=v+x=
dx dx

dy

Substituting the values of y and d in equation (1), we get



v [x COSV+vrsin v} VX
VX —= :
el [vxsmv—_rcum']-x

dv  veosv+y siny

= V+r—=—
dr  vsinv—cosv

dv  veosv4rTsiny

= y—=—
e veinv—cosy

-y

3 - e .
ﬂr'l" PCOSVHV SNV —v sInv4+vCcosy
= y—= -
v veinv—cosy
dv 2vcosy
>r—=—
dr vsinv-—cosy

VSN v —cosy 2l
:} —

dv="""

veosy X

2
:>[tan v—lJm*:'—d&

Vv X
Integrating both sides, we get:

log(secv)—logv=2logx+logC

= log{m—v] = log(sz )
v

D(Saﬂ:cv] oy
1K

= secy = Cx’v

V Loy
=>sec| — |=C-x"-—
X X

= scc(iJ = Cay

X

[r] 11
= cos| — |= =—-
¥, Cxy C xv

i;}-cos[i]:k [;;zl]
X C

This is the required solution of the given differential equation.



Question 8:
xﬁ—}w xsin [L] =0

fei X
Answer

xﬁ—y+xsin[£J=ﬂ
dx x

-d-}l ! [-1:]
= x— = p-xsin| —
dx

X
! [rl.l]
¥—xsin
' X
= —=—"= A1
v x { )
;.-'—xsin[i_']
Let F{x, v)= X7,
(v)="—
1_1,-—/Ixsi|1[:y] _v—xsin[y]
SR (Ax Ay) = SRS X3 F(xy
[ }) Ax X { Y)

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
e d

= )= )
dv dv

= =v+i—
dx iy

aﬁ;
Substituting the values of y and dx in equation (1), we get:

dv  wvx—xsinv
P xy—=—"T
x X

dv .
= VtX—=v—sinv
ey

v cle

sinv X
dx
= Ccosec vdy = ——
X



Integrating both sides, we get:

C
log |UUSEEV—COI 1»‘| =—logx+logC =log
X

) (2
= cosec| — [—cot| — |=—
X X X
cos Y
1 X C
= - =

2] nf2) ¢
~fp-o(] e

This is the required solution of the given differential equation.

Question 9:

v+ xlog [ h ]dy —2xdy =0
X

Answer

vy +x Iog['—v]dy =2xdy =0
X

= ydv = {21‘ -xlog [ b4 ]:| dy
X

- T - )
* Ex—xlog[}]
x

et F(ey)m Y

2x-xlog (1—]

X
L F(Ax.Ay)= AY — = u ~=A"F(x.y)
z(z_r}-[,i_r}lng[j—J] 2_~r-1ng[-‘—']
X X

Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y = vx



oAbl

; av

= —=v+x—
kY dx

dy

=Sv+x—-=
dv 2-logh
dv v
= x—= —-v
de 2-logv
dv _v=2v+vlogy
v 2=logv
Tﬁ_\-‘lngv—r
Cdv 2—logv
—logv :
g, _ds

v(logv-1) x
1+(1-logv
_ ﬂ] ol

- v(logv-1) X
— ;—l (ﬁr:ﬂ
v(logv—1) v x

Integrating both sides, we get:
dv=|—db
fp{m;,l_g I I '

—logv=logx+logC

= j"—
1-‘{10g1‘—1}



= Let logv=1=¢

o dr
= —[logv=1)=—
dv{ & ] dv
I dt
voodv
d.
:l=dr

v

Therefore, equation (1) becomes:

dl
= j‘f—;—logv =logx+logC

ﬁillog{'—r]—l}:ﬂr
¥ x
¥ s
= log| = [-1=Cy
X
This is the required solution of the given differential equation.
Question 10:
= . x
l+e” |dv+e’ [l— ]dv:{}
}E‘
Answer

[1+e-"]dx +e' (]—E]aﬁe 0
-J_J
::>[] +ce:H ]dx =—¢ [] —ﬁja’}’
¥



d}'_ =
I+e’
e
Let F(x.v) = —L.L
l+e
u Ax ) ox
—E“[l—;—'J —ce"LI——_J
nF(Axay)=———"2 - 30 F(xy)
I+e* [ +¢

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

X =vy
7 d
e P = — ¥y
&= )
dx v
= —=v+y—
dy dy

dx

Substituting the values of x and dy in equation (1), we get:

dv e (1-v
v+ y—= {—]
dy I +¢'
dv e +ve
=y =— =V
dy l+e
dv  —e" +ve’ —v—ve'
= yp— = .
dy l+e

Integrating both sides, we get:



= 10g(v+ e"}=—|ogy+|r:rg€ = lﬂg[C]

rLI
x . cC
=|—+e |=—
V ¥

X

= x+ye’ =C

This is the required solution of the given differential equation.

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

(x+y)dv+(x—y)de=0

= (x4 3)dy =—(x-v)ds
()

= |
dx x+y { }
Let F(x.v)= —(x—y}t
xr+y
_ . —[2.\'—/1;.-'} —{x—y} R
_‘_f" /’L'_\ = = :,:!_-,L__:
(x.4) Ax—Ay x+y ()

Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y = vXx
o o
=>drb)—dx(w}
dv av
= —=Vv+ri—
dx dx

dy

Substituting the values of y and dx in equation (1), we get:



dv  —(x—wx)

Y+x—=
dx X+ VX
dv v—1
= V+iX—=
dr v+l
dv v=1 v—l-v(v+1)
>x—= —v=
dr v+l v+

Tdv_v—l—v:—v:'{l"‘"!)

Td v+l 41
+1
I
1+v X
:a[ v,+ lj}z‘v:—ﬂ
l+v° 1+ x

Integrating both sides, we get:
] i b
EIDg[]H-" }+tan "v=—logx+k

= lﬂg(1+r3]+21an v=-2logx+2k

:>10g|:{1+1-‘:)~x::|+213n 'v=2k
.]'": 2 (I

ﬁlﬂg[{l+f1-x }+Etan —=2f
X X

::vlng(_r3+y:)+2tan'1%=2k -(2)

Now, y =1atx = 1.

= log2+2tan' 1=2k
= log2+2x> =2k
4
= §+ log2 =2k
Substituting the value of 2k in equation (2), we get:
T, .2 iy i_m
]crg(x +y _}+ 2tan [ x]— S +log?2

This is the required solution of the given differential equation.



Question 12:

xdy +(xy+y3}dx =0;y=1whenx=1
Answer

X7y + (.Xj.-‘ + 97 }.:Er =0

=x'dy= —[x_v+ 3 )a’x

&)

dx x* (1)
Let F(x,y)= M
. . [AI‘E}I-'-{R'V}J] _(‘ﬂl-l_-.';} il .
R

Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y = vx
o o
= )= ()
v dv
= =vir—
k" v

dy

Substituting the values of y and dx in equation (1), we get:

dv —[I-1:r+{vx]_’:| 1

Y+ x—= - =—v—v
dlx x
:>xd—v=—v2—2v=—v{v+2}
dx
v el
1 = e —
v(v+2) X
R )
::‘nl {L+b} : r.ﬁ»:—ﬁ
20y v+2} X
A1, d
2lv v+2 X



Integrating both sides, we get:

%[Iogv - Iog{v+2]] =—log x+logC

1 v C
= —log =log—
2 x

2 v+ 2
v [CT
= ==
v+ 2 X
Yy 2
)
Y9 x
X
- r C
y+2x x
¥y,
e = vl 2
v+ 2x [ ]

Now, y =1atx = 1.

C'=—
Substituting 3in equation (2), we get:

xy 1

y+2x 3
= y+2x=3x"y

This is the required solution of the given differential equation.

Question 13:

r] /

[x:f.in2 ['—T—y]]dx+xdy=ﬂ;}-'g when x =1



Answer

|:_'|: sin’ [] ] —_1} de+xdy =10
.
—|xsin |~ |-y
B L

m.

— LAl
- v X (1)

A
—|:.TSI'I'I:(J J—J.:|
Let F(x,v)= S
X
o . 7 /?..T . . .L"z1|_~\"
—| Ax-sin » -Ay| - xsm‘| = |_J.

s F(Ax Ay) = - = S =A"-F(x,y)

Ax X
Therefore, the given differential equation is a homogeneous equation.

To solve this differential equation, we make the substitution as:

y = vx
o o
:‘E(J]—;{W}
dy dv
= =vtr=—
dx dx

dy
Substituting the values of y and dx jn equation (1), we get:
v —[stirl2 1'—1:1']

V+X—=
a X

Cﬁ'r .7 .7
= V+XxX—= —I:S]n_ V= V] =v—8In" v
X

(-h-' .7
— X—=—3In" v
[

dv dx

sin” v dx
. dr
= cosec vy = ———
x

Integrating both sides, we get:



—cotv =—log|x|-C

= cotv = log|x|+C

= cot [ y]: Iug|x| +logC
x

= CDI['—V]=|Dg|{l\.‘| -(2)
X
:
y=— atx=1
Now, 4

B
= cot| — |=log|C
[4] 5[
= l=logC
= C=¢=¢

Substituting C = e in equation (2), we get:

cot(iJ = log
X

This is the required solution of the given differential equation.

X

Question 14:

@v_y +cq::5ec("—p] =0,y =0 whenx=1

de  x x

Answer

dv v (v}

———+cosec| — |=0

dr x X

_:)ﬁ:'—v—cusec['—vj {I:l
dr X X

Let F'(x,») = ‘—:—cose«:['—:}

F()I,_\'., zl_v} = ﬁ - uu&uc[ﬂ]
Ax Ax

= F(Ax.Ay)= S cosec[i] =F(xy)=A"F(xy)
X X

Therefore, the given differential equation is a homogeneous equation.



To solve it, we make the substitution as:

y = vx
o i
= E“ ) _E{H}

fv dv
= —=Vv+i—

dx dx
dy

Substituting the values of y and dx in equation (1), we get:

dv
V4 x— =v—cosec v

v
dv dx
COSEC v X

. dlx
= —sin vdv=—
x

Integrating both sides, we get:

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

Cx

v
= cos| — |=log
x )

This is the required solution of the given differential equation.
Now, y =0atx = 1.

= cos(0)=1logC

=1 =logC

=C=¢=¢

Substituting C = e in equation (2), we get:

:05[ '—] =log {Ux}|

X

This is the required solution of the given differential equation.



Question 15:

gxy+y3_2f;_'tv:[}; v=2whenx=1
ey

Answer
2xy+ ¥ = 2x° dy =0
v

= 2_1': ﬂ = 2_1'.]] _|_J_.~:
dx

dv  2xy+y

T -

iy

Y0 F(xy)
2(x) 2x*

Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y = vx
o
:‘E(JJ—E{W}
: v
= ——=v+r—
dx dx

b
Substituting the value of y and dv in equation (1), we get:

dv 2x{vx}+ {m'x]l:
de 2x°
dv 2v+1°

= v+r—
v 2

v+x

Integrating both sides, we get:



2+1
!

2.
-2+1

=log x|+ C
5

= -—= Iug_|_r|+C
v

5
3—%:Ing|x|+c
x
2x
= === =log|x|+C -(2)
¥y
Now, y =2 atx = 1.
= —l=log(1)+C

=(C=-1
Substituting C = -1 in equation (2), we get:

B log|x/ -1
y

= 2x =1 —1ug|x
v
2x
=S y=——(x#0 xze)
1-log|x

This is the required solution of the given differential equation.

dx x )

=h
dv

A homogeneous differential equation of the form ™ ¥/ can be solved by making the

substitution

A.y =vx
B. v = yx
C.x=vy
D.x=v

Answer



dx )

=h

For solving the homogeneous equation of the form dy Y/ , we need to make the

substitution as x = vy.

Hence, the correct answer is C.

Which of the following is a homogeneous differential equation?

A (4x+6y+5)dy—(3y+2x+4)dx =0

B. () e — {_f +y }c{..- =1
C. {-\‘1 +2,1-':}.—fr+ 2xvdy =0

D. vy +{,1.': —xpt =y ]nft’ =1

Answer

Function F(x, y) is said to be the homogenous function of degree n, if
F(Ax, Ay) = A" F(x, y) for any non-zero constant (A).

Consider the equation given in alternativeD:

}':a'.r+(.r: —xp—y }n’} =0

dv - 3V

-

de X -xy—y Y 4xy—x’
. i

Let F(x,y)=—5———.
VoA —xo

(Ay)
{/ly}'l +{AI}{,«L1';'I—{/'-,.1:]J

-

= F(ix. ly)=

ATy

/?.ﬂ{}"ﬁ +xy—.‘cﬁ}

o
Ly - J
=A"F(x.y)

Hence, the differential equation given in alternative D is a homogenous equation.



Exercise 9.6

Question 1:

L +2y=sinx
dx
Answer
& +2y=sinx.
The given differential equation is dx

ﬁ+p}-:g{whemp: 2 and O =sin x).

This is in the form of ¢

2l

Now, LF — el _ gl _

The solution of the given differential equation is given by the relation,
»(LF)= [(QxLF)dv+C
=yt = Isinx-e:"n{r+c (1)

Let | = _|-sin.r~e:"'.
= [ =sinx- IH“G’.\'— [[i[sin x)- Je“cir]dx
ey
=/ =.<.-in.~r-€_ - ﬂ/cm‘,x-e_ Wu{x
2 2

et sinx
=/ =

esinxy e cosx 1o,
== - - I(smnr ]dr
2 4 4

== i(ESinx—msx]—lf
4 4

=27=€ (2sinx—cosx)
PR
e
= [ =—(2sinx—cosx)

5



Therefore, equation (1) becomes:

ye'l = 5 (2sinx—cosx)+C

Ix

'l . }
= y= E{Zsmx—cosxhcff .

This is the required general solution of the given differential equation.

Question 2:

av .
— +3y=¢""
'

Answer

‘—‘ﬁr+ py=0 (wherep=3and O=¢ ).
X

The given differential equation is

Now, LF =¢ Jor = EJ’M': =g,

The solution of the given differential equation is given by the relation,
y(1F.) = [(QxLF.)dx+C

= ye'' = I{ e xe™)+C

= ye'’ = Ic-.**dfr +C

=y =" +C

= y=e " +Ce™

This is the required general solution of the given differential equation.

Question 3:

B Yoy

dr  x

Answer

The given differential equation is:

’ 1 .,
& +py =0 (wherep=— and 0 =x")
dx x

1
Py alx "
MNow, LF = r:j = e'[-* =" =y,



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

= y(x)= ij -x)afr+C

= xy = J-xja!r +C

4

X
= xy=—+C
4

This is the required general solution of the given differential equation.

Question 4:

; m
—}+stcxy = tan x({J =X <_]
dx 2

4

Answer

The given differential equation is:

& + py = (where p =secx and O =tan x)

Now. LF = ol 2 e _ goetseenvans) _ o 4 pan .

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

= y(secx+tanx)= J-Ian x(secx+tanx)dr+C

= y(secx+tan x Isec xtan xdx + Itmf xdv+C
secx+tanxy—x+C

}:
— y(secx+tanx)=secx+ J{sec’ :r—l}u"x+£’
}:

=¥ [5;&:1: Xx+tanx

Question 5:

If cos 2xdx

Answer



n

Let/ = ‘[3 cos 2y dy

T TR
(sm 2x)_ F(x)
4

By second fundamental theorem of calculus, we obtain

I =FE]—F(0)

el

[sint —sin0 |

j-ms.' 2xdy=

fodt |

[0-0]=0

bd | = pd | -

Question 6:

dy )
P 2y=x"logx
dx

Answer

The given differential equation is:

dy 2
r—+4+2y=x"logx
I ) g

dy 2
= —+—y=xlogx
dv x

This equation is in the form of a linear differential equation as:
dv 2

—+ py =0 (where p=— and O = xlog x)

dx x

2
palx iy o v st 3
Now, LLF :eI :eL =M = gl =

The general solution of the given differential equation is given by the relation,



y(LF)= [(QxLF.)dx+C
= yex = j‘(xlugx-_r:)dlﬁc
=x'y= ﬂ.\"‘ log .\')dx +C

= x’y = log x- [,w.'“dx-j ;i(lﬁﬂ x)- [,\'“dx}fxﬂf
B | oy =

S
= xy=logrx—— | —— fo-i—C
x4
4
.\ 1 logx |
=Xy = =X |vdv+C
4
4 4
, xlogx 1 ox
:>.1.“_1»'=—L"——-—+C

4 4 4
= xy :%xJ (4logx—1)+C

= p= L (4logx—1)+Cx*
16

Question 7:

xlog rﬂ +y==logx
dle x
Answer

The given differential equation is:
dy 2

.rlog,\:i+ y=—logx
dx x

dv ¥ 2
= —+——=—
dr  xlogx x°

This equation is the form of a linear differential equation as:

and 0= 23}

xlogx x

E+ pv =0 (where p =
el

|
el J o o bog ¥
Now, L.F =ef S T A

The general solution of the given differential equation is given by the relation,



y(LF)= [(Qx1F.)dx+C
= ylogx= J{%logx}h+f {]}
X
2 ( |
Now, J.[ . Inngc;h':ZI log x - ﬂ]d‘r.
X \ x*

I P . P ‘
_Ehlog:« sz dlx hdr{:log:«} J'X: dx}n’m}
el ]

L x ¥ hox
=2 —m£+ _I-L,cir}

x x°

_ o[ _logx _lj|

X A

:—E(I+Iugx}
X

"
J.[%logx)dx
Substituting the value of "+ in equation (1), we get:

viogy = —E{l-{- logx)+C
X

This is the required general solution of the given differential equation.

Question 8:

(l +x° )n’p + 2xy dx = cot xdx(x # 0)
Answer

(l +x° }afv+ 2xv dx = cot xdx

ﬂ+ 2xy _ cotx

= - <
de 1+x 1+x°

This equation is a linear differential equation of the form:

. 9
£+m-‘=Q(whcn‘:p: .,.r1 and Q:COIX,]
dv 1+ x° 1+x°

2x ;
E.J’li-.‘-:rh _ eh"j!‘ll:r ] -

Now, LF :eﬁm =



The general solution of the given differential equation is given by the relation,

y(LF.)= j(Qx LF.)dx+C

= _1.-(| +,1;3} = ﬂCﬂtl; x{l+x:)-‘dff+[‘

1+ x°
= y{l +.1r3}= Icnt xedv +C

= y[l +.'(3}= ]Ug|5in x| +C

Question 9:

Y
x—+yp—x+xycotx=0{x=0
- (x=0)
Answer
dv

r—+4y=x+xvcoty=1(
dlx

= x£+y|[l+.rcotx]=x

dx
dy [I ]

= ——+|—+cotx |v=1
de |\ x )

This equation is a linear differential equation of the form:

£+ pv =0 (where p= l +cotx and O =1)
dx x

. |
I -'“‘ 'l". J-l :‘-L.UI * |“I:I I'\.'E’ U4+ Hauf S N [l ] BUSIR | "
Now, LF =¢' =¢ = pluerleelsins) _ pleslesinnl _ i v,

The general solution of the given differential equation is given by the relation,



y(LF) = [(QxLF.)dx+C
= y(xsinx)= _[[] xxsinx)dv+C

= y(xsinx)= I[.rsinx]dx%i’

= y(xsin x)=x Iﬁin_\' dx = I{i(r} Isin xair} +C

e
= _}'[l'}ji]'i.‘{'}= x[—t:u:i.r}— II -[—L‘U:ix)dx +C

= y(xsinx)=—-xcosx+sinx+C

—xeosx  sinx C
= ¥y= : +—
Xsnx Xsmx Xs5INXx

1 C
= y=—cot X +—+—
X  XsIinx

Question 10:
dv

{Jf +;1:}—’1 =1
dx

Answer

If-ﬁ-’
+) 2
{T+}}a’x

dy 1

= ==
de x4y
dx
= —=x+y
dv
dx
;‘>——x=JJ
v

This is a linear differential equation of the form:

?+;}.¥=Q (where p=—1and 0= y)
X

Now, L.LF = cfm = c:‘[_'# =g,

The general solution of the given differential equation is given by the relation,



x(LF) = [(QxLF.)dy+C
= xe ' = I{_v~€ ' ]Iafv+C

= xe =y je'-"dy - I{i (¥) JE""afv:| dy +C

= xe " = y(—e""}— I{—e'-" )dy +C
=xe ' =-ye '+ je Ydv+C
=xe ' =—ye '—¢ " +C
= x=—y-1+C¢’

= x+y+1=Ce’

Question 11:
ye+(x—y")dy=0
Answer
ye+(x=y")dr=0

= ydv = {y: —.1') dy

dv vi-x X
:"‘5 E— = J,' PR

dy y v

de X
=S —t—=y

dv v
This is a linear differential equation of the form:
dy !
e +px=0 (wherep=—and 0= 1)

] v

]
iy dy

Now, ILF = EJI - e[‘ =" =y,

The general solution of the given differential equation is given by the relation,



x(LF) = [(QxLE.)dv+C
= xy= j{_v-_v}r;.{v+c

=Xy = j_vzc.’y +C
.1":'
= xy= Y ic

v C
=S x="—4—
3oy
Question 12:

(.‘L‘ * 3_];3)% = }'(_v = {}}

Answer
2 v
v 3y |]—=
(x+307) =)
d__¥
dv x+3y
dr  x+3y X
= = =4 3}
dy —y oy
& _X_3,
dv
This is a linear differential equation of the form:
ﬂfr+p:vr=Q (where p = - 1 and O =3y)
dy y
i b I""ll; 3 ].
Now, L.F =£JI : =¢ J’-T =e " = 1| =—,
J.-‘

The general solution of the given differential equation is given by the relation,



x(LF.)= [(QxLF.)dy+C

= xxl= J-(Byxi]afwr(f
¥ Y

== Jy+C
J.l
= x=3y"+Cy

Question 13:

dy . m
i+ 2ytanx =sinx;y =0 when x=—
v 3

Answer
ﬂjr

——+2ytan x =sin x.
The given differential equation is dx
This is a linear equation of the form:

dv .
L pv =0 (where p=2tan x and (J =sinx)

ax

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

= p(sec .\'] = J{sin x-sec’ x )y +C

r-' ran ¥l _ {:’: loglsec | _ EI-.\-_L'.['::L" g

-y =sec” x.

Mow, LLF =¢

= ysec’ x = j{scc x-tan x v +C

= psec’ x =secx+C (1)
y=0 aty=_—.
Now, 3
Therefore,
2T T
(=see” — =scc?+[‘
=0=2+C
=C=-2

Substituting C = -2 in equation (1), we get:



ysec’ x =secx—2

.
= p=cosxy—2cos x

Hence, the required solution of the given differential equation is y=cosx—2cos x.

Question 14:

{l+x:)£+21_>: ! —;v=0whenx=1
P l+x

Answer

{|+.T:}£+2.¥_L‘= : -
dx 1+ x

ﬁ+ 2y

de 14 x (|_|__,(1}j

This is a linear differential equation of the form:

: e
ﬂ+ pv =0 (where p = ] =X 5 and 0 = ;1}

dx + x {l+.‘l.':)_

2wl
il J e ||~3|:|+_|:'|
=&

3 4
Now, LF :e'[ =g It =l+x.

The general solution of the given differential equation is given by the relation,

y(LF)= J(QxLF)dx+C

%-(nf} dy +C

= p(l+x7)= s,

= p(1+x7)= I] +Ix_, dr +C

:>}=[l+_r:}:Lan" x+C (1)
Now, y = 0 at x = 1.
Therefore,

D=tan'1+C



i T
C=-—
Substituting 4in equation (1), we get:

(14 x?) = tan- x— ®
}[I+r) tan x 2

This is the required general solution of the given differential equation.

Question 15:

dy . T
- 3ycotx =sin2x;y =2 whenx=—
e

Answer
= —3ycotx=sin2x.
The given differential equation is @¥

This is a linear differential equation of the form:

dv - :

d‘— + py =0 (where p=-3cotx and {J =sin 2x)
v

|
. =3 cot xc < ko -
NO“I I F _ E;_--{II.ET . ..I-LI)I.\. i —e ._|L-,£_.|_\||-|-|- —e 3’ .|| _ I

=—
s5mox

The general solution of the given differential equation is given by the relation,

#(LE)= [(QxLF)dr+C

| . I :
— :J[smlr, — }u’x+(‘.
sl X s X

= peosec’y =2 j{ cot xeosecx | dx +C

=y

= pcosec x = 2cosec x+

2 3
= p=— —+ .
cosec’y  cosec'x
. N
— y=-2sin" x+Csin’ x (1)
i
yv=2atx =5
Now, =

Therefore, we get:
2=-2+C
=C=4



Substituting C = 4 in equation (1), we get:
y=-2sin’ x+4sin’ x
— y=4sin’ x—2sin’ x

This is the required particular solution of the given differential equation.

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 the origin.
ﬁ
At point (x, y), the slope of the curve will be d
According to the given information:

—=x+y
dx

= @ y==x
A

This is a linear differential equation of the form:

dy .

—+ py =) (where p=—1 and 0 = x)

dx
Now, LF = e/ = ol _ ot
The general solution of the given differential equation is given by the relation,

»(LF.)= j([:)x LF.)dx+C

= ye ' = Ixn""tit +C (1}
. IS R R N i P .
Now, I.‘l.c ol = x _[L clx IL&_[I} I{. fh}h.

=—xe¢ " — J.—c'“ufr
=—xg +{_¢a"" )

=—¢ " (x+1)



Substituting in equation (1), we get:

yve 'l == (x+1)+C
= y=—(x+1)+Ce¢’
= x+y+1=Ce¢" -(2)

The curve passes through the origin.
Therefore, equation (2) becomes:
1=C

>C=1

Substituting C = 1 in equation (2), we get:
x+y+l=¢

Hence, the required equation of curve passing through the origin is""'lrf*1= €

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. The slope of the tangent
ﬁ

to the curve at (x, y) is dx

According to the given information:

dv

—+5=x+y
dx

u|'1
= '—L—_r =x—5
dy

This is a linear differential equation of the form:



& + =0 (where p=—1 and J=x-3)
dx

Now, L.F = efk :eﬁ M e,

The general equation of the curve is given by the relation,
y(LF) = [(QxLF.)dx+C

=y = [{1 ~5)ede+C (1)

Now, J{A‘—S}e"'a{rzl:x—ﬁ} Jﬁ'”cir— J‘[%{x—ﬁj.jy"'a{r}m
=(x—5)(-e ”)— ‘[{—e ]d‘c'

=(5-x)e" +(-€™)
=(4-x)e”
Therefore, equation (1) becomes:
ve "=(4-x)e " +C
= y=4-x+Ce¢
= x+y—-4=Ce¢" -(2)
The curve passes through point (0, 2).

Therefore, equation (2) becomes:

0+2-4=ce

Substituting C = -2 in equation (2), we get:

x+y-—4=-1¢

= yp=4-x-2¢



This is the required equation of the curve.

The integrating factor of the differential equation- dx
A.e™
B. e”

1

C. ¥
D. x
Answer

The given differential equation is:

ay ,
r——y=2x"
dv
dvy
——==12
dy  x

This is a linear differential equation of the form:
; 1 :

& + =0 (where p=—— and 0 =2x)

dx ¥

The integrating factor (I.F) is given by the relation,

_[_.x.'.

e

¢l
ilt loglx7! I
S LF = e_ﬂ'l g ) 1

Hence, the correct answer is C.

The integrating factor of the differential equation.

- 'y
|l =y | —+w=av|-1<yv=]
(1-. ]{{r w=ay(=1<) }is

A. _1'-‘ -1

y=2x



p, V1=V

Answer

The given differential equation is:

This is a linear differential equation of the form:

) ay

?[ '
% + py = (where p = _— and Q0 = )
. 7

) =] -7
The integrating factor (I.F) is given by the relation,

EIJ)(:':

i | 3 long
ey 2 e
ey T =l - ¥
IF _EJ"“ =g I=v — 2 I: ) :I__,

S I

Hence, the correct answer is D.




Miscellaneous Solutions

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

dl Sr[d] -6y =logx
(i) n’r el

A3 2
(d—lj —4[£] +7y=sinx
(ii) dx dx

4 , 1 r
fi I —sm[j{ ]=U
Gii)y *
Answer

(i) The differential equation is given as:

L‘F+51[ﬂ] —boyv=logx
de” v

1 Y
iu-ﬁ [ L] —6y—logx=0
i’ dx

d'y
The highest order derivative present in the differential equation is dx’ . Thus, its order is
d’y
two. The highest power raised to d’ is one. Hence, its degree is one.
(i) The differential equation is given as:

e i , 2
Li] —4[m—‘] +7y=sinx
ey dx

~(4]-4(2]
ax dx

+Ty—sinx=10




ﬂi’l"
The highest order derivative present in the differential equation isE . Thus, its order is
ﬁ
one. The highest power raised to dx s three. Hence, its degree is three.
(iii) The differential equation is given as:

4, i 1'_.\|
u’_l_. d’) ~0

X \ i J

d'y
The highest order derivative present in the differential equation is dr* . Thus, its order is
four.
However, the given differential equation is not a polynomial equation. Hence, its degree
is not defined.

For each of the exercises given below, verify that the given function (implicit or explicit)

is a solution of the corresponding differential equation.

y=ae' +he™ +x° : X dr-':‘ +2 b —xv+x =2=0
() dx dy
y=g [.:mr.}xx +hsinx) : {,r-_,:. -2 9 F2y=10
(i) ov” dx
¥ =xsin3x : a;q +9y—b6eosix=10
(iii) v’
=2y logy : [_\': + \Hjﬂ -xy=0
(iv) ey

Answer
(i) v :L-'{'.’v +J'l:'{'.’ } +.‘L':
Differentiating both sides with respect to x, we get:

LR R
E_”.:.'f'c'{li ]+hd_1:{( ]+c£r[1 ]]

dv . -
= —=qge¢ —he" +2x
dx



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

—=ge' +he™ +2
d_'l;"

dv d'y

Now, on substituting the values of dx and dx’ in the differential equation, we get:
LL.H.S.

d’y ; 3
J'—'t—~2m;—x;-'+x' -2

dx” clx
= .1'(:;&’1 +he" + 2} + 2(({3’" —bhe™ + 2.1'} - .r(ae Cabe 4 x° )+ =2
= (u.\‘{"' +hve "+ 2.tJ +(2r.r€" —2be " + -l.r)—(u.rc*" +hye "+ .T1)+ x'=2
=2ae" —2be" +x* +6x-2
=)

= L.H.S. # R.H.S.

Hence, the given function is not a solution of the corresponding differential equation.

v Y=g [u cos x+ bsin x}= ae'’ cosx+he” sinx
(i) -

Differentiating both sides with respect to x, we get:

dy

e a- ;I(L’ cos J:) +h ~%{.el sin T}

:‘»T'j =ale’ cosx—e sin .r}+h~[ce‘ sINX+e¢ cns,r)
(x ’

dv .
= TL =(a+b)e cosx +{b —a)e’ sinx
X

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



d:;-'

(—i(e"sin.\')

= [.cr + b] -%[E” cos 1] +(b —u)

dx” dx
-4 ={a+b}-[e”cusx—e"sin x]+{b —a][e”ﬂin x+e' L‘st]
d*y .
el [a+b)(cosx—sinx)+(b—a)(sinx+cosx) ]
1||
= ] .—E [.:.rco-:t asinx+hcosx—hsinx+bsinx+bhcosx—asinx— acosr]

X

; ["e (bcosx—asin 1}]

(
dy  d
Now, on substituting the values of d’ and 4 in the L.H.S. of the given differential
equation, we get:
} + 2£+ 2
dx” dx
=2e" (hcosx—asinx)-2e’ [[a +b)cosx+(bh—a)sin I:I +2e" (acosx +bsinx)

( cosx—2asinx)—(2acosx+2bcos x)
—(2bsinx - 2asinx)+(2acosx + 2bsinx)

=e" I:{Eh ~2a-2h+2a)cos _\':I +e’ I:{—E.cr— 2b+2a+ EF}]sin_r:I
=0
Hence, the given function is a solution of the corresponding differential equation.
(i) V= xsin3x
Differentiating both sides with respect to x, we get:
dv

Y = i{xs.in 3x)=sin3x+x-cos3x-3
dx :

= ﬁ =sin3x+3xcosix
dx

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



ﬁ?"?:l'

= %{sin 3x) _,_3%{1‘::115 3x)

v’
{f'y =3cos3x+ 3[1:05 3x + x(—sin3x)- 3]
e
d’y .
= —1 = beos3x—9xsin3x
dx”

d’y
Substituting the value of d’ in the L.H.S. of the given differential equation, we get:

3" '
% +9y—6eosix
e

= (6-cos3x —9xsin3x)+9xsin 3x — 6cos3x

=0

Hence, the given function is a solution of the corresponding differential equation.
(iv) ¥ =20 logy

Differentiating both sides with respect to x, we get:

2x=2. % = {yi Iﬂg_v-|

dy o 1 dy
= x=|2yv-logy-—+y ——
dx v dx
v
—x=2(2y log y+v)
dx
dy x
de  y(14 Elng_w‘}
dy

Substituting the value of d¥ in the L.H.S. of the given differential equation, we get:



] dy

.'1+ ol —=——xy
|{1 3 ~ x)

i ) 1 X
=2y logy+y | ———— =2y
{ ) y(1+2logy)

> x
=y (1+2logy)—————xy
. e) y(1+2logy)
=_1:].1 .\-}'
=0

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

Question 3:
Form the differential equation representing the family of curves given by

2 a4 -
x—al) +2v =a . .
( } . where a is an arbitrary constant.

Answer

{x—a}: +2y =a

= x +a —2ax+ 2;-“1 =a’

=2y’ =2ax-x’ (1)
Differentiating with respect to x, we get:

dv  2a-2x
p & _

2 =
oy 2
dy a-x
a2y
dv 2ax-2x°
O _2mo2y (2)
dx dxy

From equation (1), we get:

2ax =2y% + x°

On substituting this value in equation (3), we get:
dy 2}-‘2 + 7 =2x°

de dxy
dv 2y -x

dx dxy



dv 2y —x

Hence, the differential equation of the family of curves is given as dx 4y

Question 4:

Y-y =c[x+7*)
Prove that ‘ ( ‘ ] is the general solution of differential

{A‘3 3y’ }dx = {,v'} —3x7y)dy

equation , where c is a parameter.

Answer

(¥ =307 )de = (" =3¢y )y

(1)

dy  x'—3x°

de v =3x'y
This is @ homogeneous equation. To simplify it, we need to make the substitution as:
P =

bl o
=2 (y)="(m)

dx dx

Vv d‘l:l

= ——=v+r—

dx ax

dv

Substituting the values of y and dx in equation (1), we get:

, .'*_3. :
1=+x':h: x'=3x(vx)

dx [1‘_1:]i -3 [1‘1‘]
dv 1-3°
S VX = —
de v =3v
dv 1=
=5 X — = — -y
de v =3v
gy 1= —v(113 —3v]
= y—= .
dx v =3y
_a’t! 1= v

3
de v =3v

(3 2
o[

4
L l—v X



Integrating both sides, we get:

.-:'_"‘.
1[1 ! ]cﬁ-zlnngngC' -(2)

-
Vv vedv
dv = -3
] J 1-v* j 1-v*

W _3 s
Now, j(‘ :
\
=3 vidv vdv
:,J‘[ 1_‘1_4 Jaﬁ:f, —31,, where [, :j|—1'4 and 1, :I|_1.4

1=

Let1-v' =1
d 4yt
(1= =5
r;ﬁ'{ ) v
= gy’ = ﬂ
dv

=0
4

Now, [, :j%:—&lﬂgf=—&|ug(l—v*)

And, I, = J- vdt: =J vdv :
=)
Letv' = p.
d g .y dp
(v )=
a’v( J dv
=2 —ﬁ
dv
:M'cﬁzE
2
] ] 1 1, |1+
:;,j:_j.dp’_ log +ﬂ|:_1 +'|‘
P2 d-pt 2% T|1-p| 4 T
Substituting the values of I; and I, in equation (3), we get:
v —3v ] : 3 1—v*
— ldv=——log[1-v"')-=1lo .
J{]—r"} 4 g[ ] 4 gl+v"

Therefore, equation (2) becomes:



_Iog(l—v']—ilug :il: =logx+logC’
:>_llng [I—v‘]le‘: \I|: =logC'x
4 - 1-v* ) ;
!

[y
:>[ o }J =(Cx) "
(l—v")
A
I+'1: |
X S
= 2132 _CHTI

w4

D{xz —.1':): = l’.‘”‘(.‘r: +.V:J
— {.‘r! -y’ ] =C" {_1'! + 3’ ]:
=x' =y =C(x +y ): . where C=(C"

Hence, the given result is proved.

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

the coordinate axes.

Answer
The equation of a circle in the first quadrant with centre (a, a) and radius (a) which

touches the coordinate axes is:

{.‘l{—ﬂ}:-f'{_].’—ﬁ}::a: (1)



Wet )

Differentiating equation (1) with respect to x, we get:
dy
o
=(x—a)+(y-a)y'=0

2x—a)+2(y-a) 0
= x—a+w-—ay=0
= x+ ' —a(l+))=0

x+ '

—a= -
I+

Substituting the value of a in equation (1), we get:
F Y : (4 S : - A :
e X+ J I X+ | X + 1
1+ ’ 1+ 1+
— (x=»)y N Rt x+ v
(1+ I'L"} 1+ 1+
= (x=p) ) +(x-y) =(x+0)
] '[.\' - I_'i-'}z |:I + {r]."l}::| = [_1; + Jj;']:

Hence, the required differential equation of the family of circles is

(x —y}] [] +{y'}:] = {1‘+Jj='}2 :




Question 6:

Find the general solution of the differential equation dx
Answer

dy

o —dx
JI=9* A1=¢

Integrating both sides, we get:

sin”' y=—sin'x+C

= sin 'x+sin” y=C

Question 7:

dy 1V +y+l _0
Show that the general solution of the differential equation dv  x'4x+] is given by
(x+y+1)=A(1-x-y-2xy), where A is parameter
Answer
dv vy +y+]
— =
de x +x+l

. v+ y ]

Ldy_ ()

dx r4x+l
dy —dx

Y = "
y+y+l x+x+l

0

—

g (kY
: dy | 1 i —0
YEy+l x4+ x+]

Integrating both sides, we get:



dv +§ ax

B 3 =C
yv+y+l Jx+x+l
S N —
[v+1 +[ﬁ] [x+]] +(\ﬁ]
T2 2 2 2
[ !
2 | y+".| 2 | x+j‘ C
= lan~ = |+ =—=1lan" = | =
V3 YRR 3
L 2 2
L[ 2p+1 L[2x+1] JBC
= tan”'| = +tan™ =
R
I 2y+l+2x+l
= tan”' V3 V3 :\EC
I [2y+l} {2x+l} 2
NEREIN]
Ix+2y+2
= tan ' V3 = V3¢
]_[4xj:+2:r+2y+l] 2
L 3
— tan ! 2ﬁ{x+_v+l:| ]=J§C
3—dxy-2x-2y-1 2
= tan ' \-"'I‘:{x+y+l} = V3c
2(l-x-y-2xy) | 2
3 h 1 3 “»
= J_(TJF}—H] = tan £C = . where B =tan J;C
2(1-x-y-2xy) 2 2
| 23{1 22
= x+r+l= —xy—2xy
) NG 1 ;
1= A( 2 here 4 = 25
=x+y+l= —X—¥—2xy), where 4 =—=
) y=2xy) NG

Hence, the given result is proved.



Question 8:
i

)
4 whose differential

0,
Find the equation of the curve passing through the point L

equation is, $IN ¥ cos yelv +cos xsin yay =0

Answer
The differential equation of the given curve is:
sin xcos vdy + cos xsin ydy =10

§in x cos ydx + cos xsin ydy

0
COS X COS y

= tan xdx + tan yey =0
Integrating both sides, we get:
log (secx)+log(secy)=1logC
log(secx-secy)=logC

= secx-secy=0C (1)

The curve passes through point
~1xy2=C

= C=42

On substituting C :‘"E in equation (1), we get:

SECX-s5eC V= \JE

]
= SeCX- = JE
Cos v

se
= COsy =

V2

5eC.X

cosy = \."_
Hence, the required equation of the curve is 2



Question 9:

Find the particular solution of the differential equation

(14+€ )dy+(1+y7)e'dy = O given that y = 1 when x = 0

Answer
(l - e:"}afv +[l +y? )e*dx =0

dy . e“dv

z =0
I+yv l+e

Integrating both sides, we get:

& dx
tan”' v+ — = vl 1
! J-l+£:"‘ {}
lete' =t=>¢"" =1,

d oy _dt
= E{’E }_cir

. dt
=€ =—
dx

= e'dy =i

Substituting these values in equation (1), we get:

. dt
tan”' v+ —=(
[+t

= tan ' y+tan 't=C
= tan”'y+tan'(e")=C (2)

Now, y = 1 at x = 0.

Therefore, equation (2) becomes:

tan'l+tan'1=C
:>E+E=C
4 4
::=C=K
2

Co T
Substituting 2in equation (2), we get:

tan ' y+tan”' (e”} =

A



This is the required particular solution of the given differential equation.

Question 10:

ve'dx = [xe-" + ]ﬁj-‘l{_}’ =0)
Solve the differential equation

Answer

ye'dx = [xe-" +y° ]f{r

[
SR A (1)

L

Lete’ =z,

Differentiating it with respect to y, we get:

d| .| d=
—_— — —
dy dy

d[x} d=
=e —| = |=—
_1:‘

dy dy
dx
N T
el | — [=E ~(2)
»’ dy

From equation (1) and equation (2), we get:
iz
dv
= dz = dy

=1

Integrating both sides, we get:



z=y+C

= e’ =y+C

Question 11:

(x=y)(dx+dv)=dx—dy

Find a particular solution of the differential equation
y=-1,whenx =0 (Hint: putx -y =t)
Answer
(x—y)(dx+dy)=drx—dy
= (x-y+1)dv=(1-x+y)dx
dyr l=x+y

= ===
dr x—y+1

o l=lx—y
_ v _1-(x=y) (1)
de 1+(x-y)
Letx—v=r
el
= x—-y)=
u"x[ »)
:l_fﬂrzdr
dx  dx
dv v

i
el

ﬂj"

Substituting the values of x — y and dx in equation (1), we get:

, given that



dit 1=+¢

[

dv 1+t
dr [I—r]
= —=1- —
dax 1++
l+#)-(1-t¢
e _(1+)-(1-1)

dx l+¢
dt_ 2
dx 1+t

:b[lj]drzzfi‘c
I

::»[1+}]d.r=2¢h: -(2)

Integrating both sides, we get:

=2x+C

t

t+log

= (x-p)+ lug‘x—}'| =2x+C

—
Tl
L

= log|x—y|=x+y+C

Now, y = -1 at x = 0.
Therefore, equation (3) becomes:
logl1=0-1+C

=>C=1

Substituting C = 1 in equation (3) we get:
log|x—y|=x+y+I

This is the required particular solution of the given differential equation.

Question 12:

Solve the differential equation [

Answer



dy ey
de Nxo Jx
N e

This equation is a linear differential equation of the form

d}" -I E_: 1.";
—+Py=0,where P=— and 0 =——.
- % =

v X

_[ ||: i 5 1.".1:

¥ — t.,,-

FJ' "ol

The general solution of the given differential equation is given by,

Mow, .LF=¢e =g

y(LF)= [(QxLF.)dx+C

- e s .
= ye = N e |dv+ C
x

.

e e
X

— -}JE“_-«.".-. — 2\"?4":

Question 13:

dy

=+ yeot x = 4xcosec x(x = 0)
Find a particular solution of the differential equation dx ,

T
r=—

given that y = 0 when 2

Answer

The given differential equation is:

dy

i + veot x = dxcosec x

friy

This equation is a linear differential equation of the form



:1 + py =, where p = cot x and = 4x cosec x.

Now, LF = /™ = oot _ ghetans _ i

The general solution of the given differential equation is given by,
y(1F)= f(Qx1F)dx+C

= ysinx = j{ 4x cosec x-sinx)dv +C

= psinx = 4Ixfi\'+f

: x
= ysinx=4.—+C

= ysinx=2x" +C (1)

y:ﬂat_\':E_
Now, 2

Therefore, equation (1) becomes:

T
0=2x—+C
4
?[:
= C=-—
2
c--%
Substituting 2 in equation (1), we get:
ysinx=2x" - T

This is the required particular solution of the given differential equation.

X+ I}£= 2e7 —1
Find a particular solution of the differential equation dx ,giventhaty =0

whenx =0

Answer



dv .
[m+|]a_2@ -1
dv dx
2¢7 —1 x4l
. e'dy _ dx

2—e¢'  x+l

Integrating both sides, we get:

f edy _ log|x+ l| +logC (1)
2-¢
Let2—¢e" =1
" i(z—{""}: ﬂ
ey dy
. dt
— = —
dv
= e'dt =—dt

Substituting this value in equation (1), we get:
—dt
IL= log|x+1+log C
f

= —log|r| = log|C(x+1)|
= — lug‘z - E'T| = Iug‘(.'{x + I}|
1

= =C(x+1
2_6:"' { ]
. 1
=2-¢" = 2
C{x+|} { }
Now, at x = 0 and y = 0, equation (2) becomes:
::~2—1:l1
C
=C=1

Substituting C = 1 in equation (2), we get:



x+1
. |
=g =2-
x+1
2x4+2-1
—
x+1
. 2x+l
=g’ =
x+1
2x+1 ,
= y=log \ {:rz -1)
x+1

This is the required particular solution of the given differential equation.

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 20000 in 1999
and 25000 in the year 2004, what will be the population of the village in 20097

Answer

Let the population at any instant (t) be y.

It is given that the rate of increase of population is proportional to the number of

inhabitants at any instant.

dy
=y
dr
dy . .
= =ky (k isa ccmst:mtjl
of
e
Y ks

Integrating both sides, we get:

logy =kt+C.. (1)

In the year 1999, t = 0 and y = 20000.
Therefore, we get:

log 20000 = C ... (2)

In the year 2004, t = 5 and y = 25000.

Therefore, we get:



log25000=4-5+C
= log 25000 = 5k + log 20000

25000 5
= 5k=1Io =log| =
g[z{]{]ﬂﬂ] g[4J

Iog(%] -(3)

In the year 2009, t = 10 years.
Now, on substituting the values of t, k, and C in equation (1), we get:

.I;
log y =10x l Iog(i]+ log(20000)
>N

= logy=log llﬂ{]ﬂﬂ x (%) }

:3_}-'=2ﬂﬂﬂﬂx%x%

= y=31230
Hence, the population of the village in 2009 will be 31250.

Question 16:
ydv—xdy _
The general solution of the differential equation Y is
A. xy =C
B. x = Cy?
C.y=Cx
D.y = Cx?
Answer

The given differential equation is:

Vel — xdv -0
.l.l
. vy — xely _

Xy

0

= 1 dv — 1 dy =10
X v



Integrating both sides, we get:

log|x| - log|y| = log &

:>|ﬂg£ =logk
S

¥
=

! k

=» y=Cx where C =%

Hence, the correct answer is C.

Question 17:
b
“ . Px=0Q,
The general solution of a differential equation of the type “V is
1»{’ fret I[Q e frar ]a'} +C
V- (*‘rt - j-[() -:*J‘I'“ }a',!. +C
Iy vy ) )
A‘C’.‘J‘I ¥ ﬂu]ep A H»F_'-('
C. /
ol Qe e
D. "
Answer
E-I—I-‘J. =Q, is '{'dr.

The integrating factor of the given differential equation *-

The general solution of the differential equation is given by,

x(LF) = J(Qx I.F.}ufy+(.‘
= x-e Jrs I[QU W v+ C

Hence, the correct answer is C.



e'dv+{ve" +2x)dv =0
The general solution of the differential equation - ( } is

A.xe’ +x*=C
B. xe’ + y? =
C.ye" + x*

C
C
C

D. ye’ + x*

Answer

The given differential equation is:

e'dy +(ye' +2x)dx =0

dy .
e —+ye +2x=0
dx

urll-" -
= —+y=-2xe
fris

This is a linear differential equation of the form

::;L + Py=(0,where P=1and O =-2xe™".
v

Now, L.F = c‘im = (f'l;'h =g’

The general solution of the given differential equation is given by,
¥(LF) = J[(QxLF.)ds+C

= ye' = I{ —2xe "-g" )cf,r+C

=y’ =— Il\‘a’,\‘ +C

= pe' =—x"+C

= ye' +x° =C

Hence, the correct answer is C.



