‘Wh .
@6&? infJetus
sure ! EDUCATION SERVICES

Class 12 Maths NCERT Solutions Chapter -9

Differential Equations Exercise 9.1

Q1:

4 »
Determine order and degree(if defined) of differential equation {j l +sin(_|-"'] =0
Answer -

4 »

= y""+sin(p")=0

The highest order derivative present in the differential equation is y™. Therefore, its
order is four.
The given differential equation is not a poly nomial equation in its derivatives. Hence, its

degree is not defined-

2:
getermine order and degree(if defined)of differential equation }'+5y =0
Answer:
The given differential equation is:
y'+5y=0
The highest order derivative present in the differential equation is }'. Therefore, its order

is one.
It is a poly nomial equationin 1 The highest power raised to _1-" s 1. Hence, its degreeis

one.
Q 3: p 4 -
; ? : . : [ ds) ds
Determine order and degree(if defined)of differential equation lTJ +3.~;T =0
. it v/
Answer: '
/ j‘ ‘]'i !" .
{‘—J +352=0
\ (!’ J I:-{’_
The highest order derivative present in the given differential equation is ‘-j ‘ . Therefore,
at”
its order is two.
- . . d's ds . ds.
It is a polynomial equation in——-and—— . The power raised to —is 1.
dt o dr’

Hence, its degree is one.



Q 4:

": {dv)
Determine order and degree(if defined) of differential equation ‘ — ‘ +CDSLT =0
- ax )
Answer: '
2y (dy
‘ R (—J=0
\ ax® ) | dx

iy

The highest order derivative present in the given differential equation is ;—L Therefore,
e

its order is 2.

The given differential equation is not a polynomial equation in its derivatives. Hence, its

degree is not defined.

Q5:
Determine order and degree(if defined) of differential equation ﬂ =cos3x+sin3x
Answer: dx”

d -

Li‘t"

_(,m?t'-i-%m 3x

- 1 —cos3x—sin3x=0
dx” p
The highest order derivative present in the differential equation is ff ‘ Therefore, its
ax”

order is two.

» »

. ) o .dy , dy
It is a polynomial equation in —!a-and the power raised tc—!i-is 1.
dx” dx”
Hence, its degree is one.

Q 6:
Determine order and degree(if defined) of differential equation

w2 w2 144
(") +(7) +(»)' +* =0
Answer
w2 w3 P . |
(") (") () =0
The highest order derivative present in the differential equation is ,1-'"'. Therefore, its
order is three.

The given differential equation is a polynomial equation in »*, y",and y".

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



Q7:
Determine order and degree(if defined) of differential equation ¥"+2y"+ 1" =0
Answer:

YV +2y"+y' =0

The highest order derivative present in the differential equation is 1" . Therefore, its

order is three.
It is a polynomial equation in ™ " and '. The highest power raised to v"is 1. Hence, its
degree is 1.

Q8:

Determine order and degree(if defined) of differential equation y+y=¢€
Answer:

The highest order derivative present in the differential equation is V'- Therefore, its order
is one.

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

raised to V'is one. Hence, its degree is one.

Q9:

Determine order and degree(if defined) of differential equation _1-"+(_1"')'1 +2y=0
Answer:

¥ +(3) +2y=0

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

order is two.
The given differential equation is a polynomial equation in y"and )Jand the highest

power raised to "is one.

Hence, its degree is one.



Q 10:

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

Answer:

P42y +siny =10

The highest order derivative present in the differential equation is 1" . Therefore, its
order is two.

This is a polynomial equation in y"and y'and the highest power raised to y" is one.

Hence, its degree is one.

Q11:

The degree of the differential equation

3 ,\|1 ‘ I'\": , __.\
[E-Z—L +(f—{-1— +sinli}lj+l=0 is

dx” | \dx) dx

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

Answer:

I/d_“_-“} ‘.h.‘\: ; 'd,l, Y

‘ =| +| =—| +sin +‘+I=0
\ dx” dx } 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.

Q12:
The order of the differential equation
2029 3, 0

oy’ dx is
(A) 2 (B) 1 (C) 0 (D) not defined
Answer:

o) ”’119‘ tl’l'
2x* = e i BN

L] V= 0
dx” dy

. - . . . ; .l
The highest order derivative present in the given differential equation is Em Therefore,
”
its order is two.

Hence, the correct answer is A.



Exercise 9.2

Q1

y=e" +1 : Y'=y'=0
Answer:

y=e" +1

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

dy d <

—_—= (e +1)

dy  dx '

=y = (1)

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

d,; n df
Z0)=—\€)

=y'=e

Substituting the values of ¥’ and y"in the given differential equation, we get the L.H.S.
as:

Y-y =e"-e"=0=R.HS.

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

Q 2:

y=x"+2x+C Y -2x-2=0
Answer:

y=x'+2x+C

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

Y= b (x*+2x+C)

£y
=y =2x+2
Substituting the value of ¥'in the given differential equation, we get:

L.H.S. = ‘1"— x—2=2%4+2-2x—2=0= R.H.S.

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



Q3:

y=cosx+C : V+sinx=0
Answer:
y=cosx+C

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

i(cos.\' +C)

=
fx

= y'=-sinx

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

LH.S. = y'+sinx=-sinx+sinx=0= R.H.S.

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

Q4:
3 ' xy
y=vl+x P ¥ =E——
|+ x
Answer:
y=v1+x

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

y L ()

dx
1"z;-i|l+x:}
N T A

, 2x
Y = ——
2414 x°
X

* X )
=y = =xy1+x
1+ x°

¥ '\‘
— '1' = = .}_r
| +x°
" xy
=2y = —
I+x°
S L.H.S. = R.H.S.

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



Q5:
y=Ax : ' =y(x#0)

Answer:
y=Ax
Differentiating both sides with respect to x, we get:

Substituting the value of y'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.

Q6:
y=xsinx  : xy'=y+xx’ =) (x#0andx> yorx<—y)
Answer
y=xsinx
Differentiating both sides of this equation with respect to x, we get:

] ;
V' = —(xsinx)
dx
’ d id ;.
= ' =sinx:—(x)+ x-—(sinx)
dx dx

= y'=sinx+xcosx
Substituting the value of V'in the given differential equation, we get
L.H.S.=x) = x(sinx+ xcos x)

=xsinx+x"cosx

= y+x°4/l-sin’x

y+x° l—("—)
X

=y+xyy —x

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



Q7:

xy=logy+C
Answer:
xy=logy+C

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

d d,
—(xy)=—(logy
uf.t(') ah‘(‘ 2y)
d dv 1 dy
= y—(x)+x —=——
dx dy vy ody

’ | L)
= y+xy'=—y
8 4

=y +xpy =)y
.

= (xy—1)y =-)’

¢ ."'.:
=>)y=
I—xy

++L.H.S. = R.H.S.

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

Q8:

y—Ccosy

I
=

Answer:

y—Cosy=x

: (ysiny+cosy+x)y' =y

1)

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

dv d d
dx dr(cos'l]ﬁcit('t)
= ) +siny:y' =1
= y'(1+siny)=1

I

=y =—
l+siny

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



LHS.= (_}-‘Sill y+Ccosy+ _‘t’)}"

=(ysiny +cosy+ y—cosy)x v
+sin y

= y(1+sin y)-
! Y) 1+siny

=.‘-|"|

=R.H.S.

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

Q9:
x+y=tan"y : VY +y +1=0
Answer:

x+y=tan"y

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

%(.’. +y)= %[ tan”"' y )

r | r
=l+y = = |
1+ y
o1
=7y -=1|=1
| 1+ )7

=y | ———|=1

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



=—1-y +3 +
=0
—RHS.

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

Q 10:

y=va'-xxe(-a.a) : x+ 1i =0(y=0)
' dx

Answer:

y=va' -x

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

b _d(fi-F)

dy  dx
dy I dii 2
Y. 1 gy
dc g -x* dx
1
- ——(-2¥)
2Wa' -x°
— _‘1‘
a’ —x°

dv
Substituting the value of—‘;lin the given differential equation, we get:
dx

dy = -X
LHS. =x+y—=x+Va —x" x—/—m
dx Va =x°

=X=X
=0
=R.H.S.

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



Q11:

The numbers of arbitrary constants in the general solution of a differential equation of

fourth order are:

(A)0O(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.

Q12:

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

(A)3(B)2(C)1(D)O0

Answer:

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

Hence, the correct answer is D.



Exercise 9.3

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

| Ly _

=0
a bdx

11,
=>—+—y'=0
a b

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

0+—y"=0
b
L
=—3y"=0
b’
=55 =)

Hence, the required differential equation of the given curve is y" = (),

Q2:

y= a(! P _x? )
Answer:

P = u{b" —x* )

Differentiating both sides with respect to x, we get:

ly
2y = a(-2x)

dx
=2y =-2ax
= ' =—ax D)

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



y-y'+yw'=-a
=(¥) + 1 =—a .(2)
Dividing equation (2) by equation (1), we get:
(V) +»"  -a

woo —ax
="+ x( _1-*'_)j - " =0

This is the required differential equation of the given curve.

Q3:

y=ae* +he™

Answer:

y=ae’” +be™ il B)

Differentiating both sides with respect to x, we get:

V' =3ae™ = 2be™ wlk2)

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

v =9ge™ + 4be** (3)

Multiplying equation (1) with (2) and then adding it to equation (2), we get:

(Zm.*:r +2be™™ ) - (.3ueh' ~2be™" ) =2y+)

h

Now, multiplying equation (1) with equation (3) and subtracting equation (2) from it, we
get:

(3ae™ +3be™ )~ (3ae™ - 26" ) =3y -y’

= She™ =3y -y

::’h}-i.\' 3,13—,1"
e i

5

L o

Substituting the values of ae’* and he " in equation (3), we get:



‘ (Zy+)') +d (3y-»')

y'=9
’ 5
. 18y+9y" 12y—-4y
>y =—t :
’ 5 5
» 30y+5y
Y= —_—

3
=y =6y+)’
=y'-y-6y=0

This is the required differential equation of the given curve.

Q 4:
y=e""(a+bx)
Answer:

y=¢"(a+bx) fl)
Differentiating both sides with respect to x, we get:
y'=2e"(a+bx)+e™ b

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

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

y'—2y=e"(2a+2bx +b)-e" (2a+2bx)

= y' -2 =be* ..(3)
Differentiating both sides with respect to x, we get:
vk =2y =2be* o (4)

Dividing equation (4) by equation (3), we get:

(R T
-2y,

v =2y
=y'=2y'=2y'-4y
=" =4y +4y=0

This is the required differential equation of the given curve.



Q5:

y=e"(acosx+bsinx)

Answer:

y=e¢"(acosx+bhsinx) wf1)
Differentiating both sides with respect to x, we get:

V' =¢"(acosx+bsinx)+e’ (—asinx+hcosx)

=y =e'[(a+b)cosx—(a—b)sinx| 42)

Again, differentiating with respect to x, we get:

yV=e [(a+{a)cos x—(a—b)sin .\‘}.L e’ [—(_u+b)sin .r—(a—b]cos.\'_]
V' =e"[2bcosx—2asin x|

y"'=2e"(bcosx—asinx)
L]

) : . .
= -=¢"(beosx-asinx) i 3)

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

L4
yro-=e [(c‘:+h)ms.'r—[u—h)sm.\']
W
= y+—==)
T2
=>2y+y" =2y
=y"-2y'+2y=0

This is the required differential equation of the given curve.

Q 6:

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—a): +y'=a’.

= x’ +y' =2ax A1)



e
-

Ty

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

=S x+w'=a

Now, on substituting the value of a in equation (1), we get:
X4y =2(x+p)x

= +y' =2x" +2xp

= 2xyy +x° = )7

This is the required differential equation.

Q7:

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 (1)



Y4

478

.

Y'Y

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

2x =4ay’ wl(2)
Dividing equation (2) by equation (1), we get:

2x  4ay'

X 4ay

=xy =2y
=xy-2y=0

This is the required differential equation.

Q8:

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:
x oy :
—p e = ] - (1)
b a



478
.

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

Ty 2 .':'-
i+ i;_‘—=0

BB

X 9 A2

b a

Again, differentiating with respect to x, we get:

1 Yy +yy”
+ Ty =

b’ a
I l [ 12 "
:?—,'l'—,(.\-' +.¥:}' ): 1]
b~ a’ :

=0

T T
b—:——u—:(_l' +_'l_l)

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

) Lfp N2, 1_1'_
"'[_a_f(-(-"' )+ }]+ =0

=-x(y') —xp"+py'=0
=0y +x(3) -’ =0

This is the required differential equation.



Q9:

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:
-‘_' 1':
a- b
Yy
X X
- = -
Yy

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

3 T T,

=22 =0

a bh”

S (2)
a b

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

1 y-y'+p'
- — - - o o :0
a b

= 11 - ], ((‘1--')I +_\-_1-"]

1
Substituting the value of

+in equation (2), we get:
a

Xfrnt, o\ W _
F((l ) +,‘|".1' )_?_{}
= x()') +x0 -3 =0

=+ ,\‘(_r' ): —-y'=0
This is the required differential equation.



Q 10:

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:

2 +(y-b) =3
= x> +(y-b)' =9 (1)
Y
(, b)
X X
- 0 Ll
Yy

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

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



= ((',)” + I] = 9(1]
=(x*=9)()') +x* =0

This is the required differential equation.

Q11:

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

A. i—‘- +y=0
ax"

d*y

dx”

_-rzﬂ.

c. 22 1=0

dx”

D. ﬂ_|=0

dx”

Answer:

The given equation is:
y=ce +ce’ (1)

Differentiating with respect to x, we get:

Again, differentiating with respect to x, we get:



dy .
a
d“_l' _y=0
dx”

This is the required differential equation of the given equation of curve.

Hence, the correct answer is B.

Q12:
Which of the following differential equation has » = x as one of its particular solution?
A. d"}-‘ —x° ﬂ +xy=x B. Q + X ﬂ +1y=Xx

dx’ dx dx” de

d:_i-' s dy - g
c R R ‘“‘f*-‘i":o D. i'l-:~.1-£‘—+,\-r=n

X clx dv’ dv -
Answer:

The given equation of curve is y = x.
Differentiating with respect to x, we get:

j—“ =1 (1)
Again, differentiating with respect to x, we get:

-
dax”

0 42)

V ay
Now, on substituting the values of y, T and :i_ from equation (1) and (2) in each of
dx X

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

d’y L dy ]
——x"——+xy=0-x"-l+x-x
dx” dx

=-xl+x°

=0

Hence, the correct answer is C.



Exercise 9.4

Q1:

dv _l-cosx

;E " l+cosx

Answer:

The given differential equation is:
dy  1-cosx

dx  1+cosx

Separating the variables,we get:

dy = [ sec’
\

"—11(1,1-
¥,

1o | =

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

faﬁ-’ = J.(scc? %—l]dx = ‘.‘s.cc3 %uﬁr— Idr

X .
=y = 2tan;—x+(_

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



Q 2:
dﬂ =y4-)" (2<y<2)
v

Answer !
The given differential equation is:

ﬂ =.4-)*

dr
Separating the variables, we get:
=X - dx

Ja-y*

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

jﬁ = [ax

-1

|

=5 sin =x+C

i

- sin(x+C)

= y=2sin(x+C)

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

Q3:

[f]..'
—+y=1{y#l
de ( )
Answer

The given differential equation is:

dy
—+y=1
dx

= dy+y dy=dx
=dy=(1-y)dx
Separating the variables, we get:
NS

-y

=dx

Now, integrating both sides, we get:



-2 = fax

=3
= log(l-y)=x+logC
= ~logC~log(l-y)=x
=logC(l-y)=—x
=C(l-y)=¢€"

-

I
=>1-y=—e
C

¥

|
= y=l-—¢
@

= y=1+A4e”" (where 4= —%;

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

Q 4:

sec’ xtan ydx +sec’ ytan xdy =0
Answer:

The given differential equation is:
sec’ xtan ydx +sec’ ytanxdy =0

sec’ xtan ydx +sec’ ytanxdy 0

tan x tan y

sec’ x sec’ y
dx + .
tan x tan y

dy =0

sec’ x sec’ y
dx =- ~dy
tan x tan y

Integrating both sides of this equation, we get:

SBC: X ’:H:!l.:2 v
[F—dv=- [y (1)
tan x tan y




Let tanx=r.

¢ (tanx)=
dx

5 dt
=S8 x=—

dx

dx

= sec’ xdx =dt

sec” x ]
Now, I dy = _[— dr.
lan x t
= logt

=log(tanx)
seC” .\'(‘{-‘lf

Similarly, I =log(tan y).

tan x

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

log(tanx)=—log(tan y)+logC

Z
= log(tanx)=1
og(tan x) Ug(lan_v]

~

= lanx =
tan v

= tanxtan y=C

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

Q5:
(e"+e™ )dy—(:e' —e "_]d.r= 0

Answer:

The given differential equation is:
(e"+e™ )dy - (:e" -e " ] dx=0
=> (e' +e "]afl-‘ = (e" —e” )ct\'
= dy= |:e': - e’__':_ }fx
e +e

Integrating both sides of this equation, we get:




—y= £ l+C 0]
e +e’ T
Let e+ €*) =t.
Differentiating both sides with respect to x, we get:

dy . .y dt

_[g + & ):_

dx dx
L dt
=g - =—
dt

=5 (ef —e" )uf\' =dt

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

v=|-dir+C

y= |

= y=log(s)+C

> y= Iog(e" +e” )+C

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

Q 6:

?:(H:ﬁ)(lﬂ':]

X
Answer

The given differential equation is:

&

Z;=(l+.r3)(l+_r3]
(1)

Integrating both sides of this equation, we get:

[

1+

=>tan"' y= J{h‘ + Ixzci\‘
Y'{
=tan"' y= x+'?+(;‘

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



Q7:

viog ydx—xdv=0
Answer:

The given differential equation is:
viog vdx—xdv=0

= ylog ydx = xdy

dy d_t
viogy «x
Integrating both sides, we get:

b= Fs )

ylogy :

Let log y =t.
d dl
So—(logy)=
d_l-‘[ ey) dy
1 di

y dy

|
=—dv=dt
y

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

dr  pdx

s
= logt =logx+logC
= log(log y)=logCx
= logy=Cx

= p=¢™

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



Q 8:

s dy 5
X ===y
dx
Answer:
The given differential equation is:
5 d‘ 5
X — ==
dx
dv  dx
I
y X
Ix dy
= £~— + {—:— =0
Xy

Integrating both sides, we get:

J‘Q - Iﬂ* =k (where & is any constant)
7 :

y

= |x " dx+ Jy"‘nfl-’ =k

oy
=—+—=k
-4 4
4 4
=>x +y =-4k
— 4.|.'|.' 4 =C ((11—4‘.)

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



Q9:

= =sin'x
dx
Answer:

The given differential equation is:

Y _ e -l
——=sm X

dx

= dy=sin"x dx

Integrating both sides, we get:
J-Lfv = J-sin" xdx

= y= [(sin” x-1)dx

ax

= y=sin"'x- j{l)u’x— “i:[%(sin" x)- J-(|)d.l‘

= y=sin 'x-x—j{ I - ~x}a’x
vI=x*

oy ]
= y=xsin" x+ |—=—=dx
J. ‘{I—.":
Let 1-x* =1.
=9 (1-2)=2
dx dx
=-2x -ty
dx

|
= xdv=——dt
-

-

I

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



l"l%il’l Y+J
J'

I —
e | = e 2
= y=xsin- X+ j(t] dt

'

—~
|-

+C

= y= xsin” x+

| —
by —

:>y=.\'sin'1x+\/;+c
= y=xsin" x+Vl-x* +C

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

Q 10:

e’ tan ydx + (l -e )sec3 ydy=
Answer:

The given differential equation is:
e tan ydx +(1 -e )sr:c2 vdy=0
(1-e")sec’ ydy = —e" tan ydx
Separating the variables, we get:
-

dy = —dx
tan y I-¢

sec” y

Integrating both sides, we get:

j‘&it‘,(:: 4 ﬂ‘fl j‘ - (I)

tan y

Let tan y = u.
- du
= —(tany)=—
dy

du

=sec’ y=—

dy

= sec’ vdy = du

sec’
& Yay= [2 =logu=log(ta
_[ iy I ogu =log(tan y)



Now, let | —¢" =1.

2L (1-¢")= 2

dx dx
.t
= - =—
dx
= —e'dv=dt

— j;_‘; dr= I-‘? =logt = log(i ~€')

sec’ y —g"
Substituting the values of I— dv and I—tdl in equation (1), we get:
tan y l-¢
= log(tan y) =log(1-¢" ) +logC
= log(tan y) = Iogl:C(I -é' )]
:>tany=('(|—e")
This is the required general solution of the given differential equation.
Q 11:
3 2 dv 2
(x +x -+x+l)—= 2x"+x:y=1whenx=0
m.

Answer:

The given differential equation is:

. dy .
(x"+x‘ +.r+l);=2x‘+x
dx
dy 2% +x
::. —= 'F"—
dx (.\" +.\"+:r+l)
2x° +x
=dy=

(x+ ])(_‘r: +l)d"r

Integrating both sides, we get:

2% +x
= |———d il
J‘é' '[(x+l)(x3+l) : (1)
Let 2x +x A Bx+C (2)

: ~ = +—

[x+l){.\-‘+l] x+1 x" +1

o 2x4x Ax” + A+(Bx+C)(x+1)
(x+|)(::::+l') (x+1)(x*+1)

=2’ +x=Ax*+ A+ Bx’ + Bx+Cx+C

=2 +x=(4+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:

Substituting the values of A, B, and C in equation (2), we get:
2¢+x 1 1 +l(3.\’—|]
(x+1)(x7+1) 2 (x+1) 2(x7+1)

Therefore, equation (1) becomes:

Lol 1 3x-
| e

I I * 1 1

= y= 2|0g(\+l) > "-_t1+ -u{\—zj-‘_hrl-{i\
3 2

= y= Ilng(v+l) : j ,‘x dy — l tan ' x+C

2 x+1 2

I 1
=y= El og(x+1)+ 1In‘g(\r +l) Elan Ly +(C

2log(x+1) +JIUE(\' +]]] |[;1n-|_\-+(-

=2l
[(r+| r +I)] > tan”' x+C ~(3)

.a.—.r..—

Now, y=1 whenx =0,

::»l—llm(l]——lan 0+4C

== ! x0——xD+C
a2

=C=]

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

:%[log(,\wl)z(xl +I)3]—%tan'1 x41



Q12:

dy

J.‘(Jr1 —l); =1; y=0 when x=2
dx
Answer:
5 " {f"
xlx —-1]—=1
( )dt
=dy = d

- .\'[_\'~1)(.\‘+l)dx

Integrating both sides, we get:

Jao = I.r(.r—l'lj(.wl}dr “.
| A B  C
Lt _1'('_\'—l){_r+|]:;+_\'—l+_\'+|' &
| ~ ‘4(,1.‘-I.'](._,'r+l}+ B.\'.(.,\'+ I‘]+(*x(r—l)
= x(x-D)(x+1) *(x—1)(x+1)
_(4+B+C)x*+(B-C)x-4
- x(x=1)(x+1)

Comparing the coefficients of X%, X, and constant, we get:
A=-1

B-C=0

A+B+C=0

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

ra | =
| -

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

x-1)(x+1) x  2(x-1) 2(x+1)

Therefore, equation (1) becomes:




L1l 11
f‘ﬁ’z_jxd”zj.x-ldwzj‘xn‘ﬁ

= y:-logx+%I(}g(x—1)+%lng(x+ 1)+ logk

-~

e ilog[.k?(x—lz)(xﬂ)]

Now, y =0 when x = 2.

k*(2-1)(2+1
2 4
3k
= log| — [=0
%)
3k
=—=]
4
=3k’ =4
:>k’=§
.

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

1, [4(x=1)(x+1)
5‘93—}

! 4(~f31)]

y=—lo .
Y=2'%8| 732




Q 13:
dv

co&.[—} =a(aeR);y=1whenx=0
dx '

Answer:

= dy =cos” adx

Integrating both sides, we get:
j‘a‘y =cos 'a jdx

= y=cos a-x+C

= y=xcos 'a+C (L)

Now, v =1 when x =0.

=1=0-cos"' a+C

=C=1

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

y=xcos 'a+l

j -

= =C0s " a

X

= COS| - =q
X

Q 14:
ﬂ =ytanx;y=Iwhenx=10
dx
Answer:
dy
— = ytan.x
de

dy
= — =tanxdx
y

Integrating both sides, we get:



dy

——=— |tan x dx

=

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

= y=Csecx i)

Now, y=1 when x =0.

= 1 =Cxsecl

=1=Cxl

=T =1

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

y = sec x

Q 15:
Find the equation of a curve passing through the point (0, 0) and whose differential

equation is y'=e¢"sinx.

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

J.dfl-’= Jc"sin.\'ci\' sl 1)
Let/ = Ie.‘ sin xdx.

= [ =sinx |e'dx— J-[‘—f‘(sin x)- je‘dr]uir

dx



= [=sinx-e" — Icos x-e¢'dy

= [ =sinx-e' {cosx‘ Je‘dx— j(i{cos x)- e’dr}uir]
dx

=> [ =sinx-¢’ —[cos xe' - _[(—sin .v)-c*"u'x}
= [=¢"sinx—e"cosx -1
= 2/ =¢" (sinx—cosx)

e’ (sin x—cosx)
2

=/=

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

y:e"(sinx—cosx)JrC 2)

"

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

e (sin0-cos0
0= { )+C

Substituting ¢ :l in equation (2), we get:
2

e'(sinx—cosx) 1
y= : et
2 2

= 2y=e"(sinx—cosx)+I

= 2y—1=¢"(sinx—cosx)

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



Q 16:

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

Answer
The differential equation of the given curve is:

B _(x+2)(y+2)
dy

g 9
:>( 2 ]c{vz['““)d\'
y+2 X
' v )
:>(1— ~ ]ch'z(H-)dx
. yt2 x

Integrating both sides, we get:
. 2 2)

ﬂl— ]d_\': ﬂn—Jd.r
\ |'+2 \ X

= jafv—?. ﬁd\ = j‘cf.x-+zj_—:_a\-

x)

= y-2log(y+2)=x+2logx+C

= y—x-C=logx’ +log(y+2)’

= y-x-Cs= Jng[,\r:(_m~+’.’]:] (1)
Now, the curve passes through point (1, -1).
=-1-1-C= log[(l):(—nz):]

=>-2-C=logl=0

= C==2

Substituting C = -2 in equation (1), we get:
y—x+2=log [.\"1 (y+ 2]3}

This is the required solution of the given curve.



Q17:

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

(,r. 1] 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.

dy
We know that the slope of a tangent to the curve in the coordinate axis is given by the I
ox

According to the given information, we get:
dv

X
dx

= ydy = xdx
Integrating both sides, we get:

f\ dy = J.,r dx

= LIRS +C

2 2
= y?-x?=2C (1)
Now, the curve passes through point (0, -2).

= (-2F-0*=2C
=2C=4

Substituting 2C = 4 in equation (1), we get:
y’-x*=4
This is the required equation of the curve.



Q 18:
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.

The slope (m,) of the line segment joining (x, y) and (-4, -3) is "'+3_
x+4
We know that the slope of the tangent to the curve is given by the relation, ‘j_l
ax

. Slope (m, ) of the tangent = -C—?—.-
«ox

According to the given information:

m, = 2m,
i B 2(y+ 3)
clx x+4
r.)fl‘ _ 2dx
y+3 x+4

Integrating both sides, we get:

dy (e
Im :I.\‘+4

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

= log(y+3)logC(x+ 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).
=1+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.



Q19:
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.
Answer:
Let the rate of change of the volume of the balloon be k (where k is a constant).

dv

—=k
dt
(4 3 . 1 3
= < — T )= k [Volumc of sphere = —mr
d\3 3
gl & Ly
3 dt

= dur’ dr = kdt
Integrating both sides, we get:

4n J!‘:{ff‘ =k [dr
= 4r- % =kt +C

= 4ar’ =3(kt+C) )
Now,att=0,r=3:
24nx3* =3 (kx 0+ C)

= 108n = 3C
= C = 36n
Att= 3, r=6:

=4nx 6% =3 (kx 3+ C)
= 864n = 3 (3k + 36n)
= 3k = -288n - 36n = 252n
= k= 84n
Substituting the values of kand C in equation (1), we get:

4r’ =3(84nr +36n ]
= dnr’ =4n(631+27)

= r’ =63r+27
I
= r=(63t+27)p
I
Thus, the radius of the balloon after t seconds is(63r+27):.



Q 20:
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.
dp ro

> 2L,
dr 100 )
; _

Pe. [_ d
p 100

Integrating both sides, we get:

dp_ r
p 100

=logp= -%-+k

n

= p:é’""f‘q L)
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:
E bk
200=¢"
= 200 =e! - ¢'
=200=¢"-100 (From (2))

— )

.
= —-=log 2
T

= —0.6931
10
= r=6.931

Hence, the value of ris 6.93%.



Q 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"'; =1,648).
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.

dp [ 5
=>—=|—|p

de 100
~®_2r

de 20

p 20
Integrating both sides, we get:
J‘Q = L dr

p 20

i .
:In)g;)=T0+(

: +H

::»I?=€3”. (])

Now, when t = 0, p = 1000.

= 1000 = €€ ... (2)

At t = 10, equation (1) becomes:
D :elflr

= p=e"" xe"

= p=1.648x1000

= p=1648

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



Q 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 humber 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.

dy
SO Y
dr
dy -
— ? = ky (where & is a constant)
[
-

3
Integrating both sides, we get:

dy

— =k |dt

.F j
= logy=kt+C (1)
Let yo be the number of bacteria at t = 0.
=logy,=C

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

log v = &kt +log y,

= logyv-logy, =k

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



110

= ¥V=—1¥,
100
y 11
oy W g bl il 3
¥, 10 G)

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

T
LB Tnge] 2
E(10]

1 11
=k =—log| —
2 "(l(]]

Therefore, equation (2) becomes:
llug[i)-l =lo 'fi]
2 10 EL Yo
?_log( X ]
Yo

Si=—"" w(4)
lug[:‘l})

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

=>y=2ypatt=1=t

From equation (4), we get:

'l_.‘
2log| =
. g[,ru J __2log2

Tl (i

2log 2
Hence, in ———2~_ hours the number of bacteria increases from 100000 to 200000.

- (11]
El 10



Q 23:

The general solution of the differential equation f.il = "Mis
A " +e " =C “

B. ¢ +¢' =C

C.e"+e'=C

D.e"+e'=C

Answer:
d" T+ g %
—=¢ =g e
dx

dv
> —==¢'dx

™

= e 'dv=e"dx

Integrating both sides, we get:

J-e Ydy = Ic"rh’

= - =e"+k

e +e’ ==k

=e'+e’ =¢ (e=—k)

Hence, the correct answer is A.



Exercise 9.5

Q1
(5% +xy)dy = (x +y*)dx
Answer:

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

A o (|)
dx X +xy
x4y

Let F(x,y)=

XT+xy

(,;[_1,-]: +(/1_1'): _ X'+ =A"-F(x,y)

Now, F(Ax,Ay) = - = —
( Y) (Ax) +(Ax)(Ay) X +xy

This shows that equation (1) is a homogeneous equation.
To solve it, we make the substitution as:
y = vx

Differentiating both sides with respect to x, we get:

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



|r+‘yﬂ=M

de  x"+x(w)
_ dv 1+
D V1+x—=
: 1+v
i 2 149 ) =v(1+v
_ v _1evt | (149)-v(14y)
de I+v 1+v
dv _1=v
== XxX—=
e 1+v
- I+v]=d‘?=ﬁ
L=V X
5_
(2 l+1rJd]__=d_'r
L = X
2
= ;—l]a'\":£
\_I_" X

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

=v=log [L]
x(1-v)

y K
>==log| ———
X v
x| ==
i X
y ke
>==log =
¥ (x-»)
kx y
— =g

(x-y)
= (x—y) =ke *

This is the required solution of the given differential equation.



Q 2:

, X4y
¥=

x
Answer:

The given differential equation is:

22Ty (1)

¥

Now, F(1x, Ay) = 2542 - X4y

— =AF(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:

dy v
—— =Y —
dx dx

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

dv  x+wx
V+EX—=
dx X
dv
DVv+x—=1+v
dx
dv
x—=1
dx
dx
= dv=—
X

Integrating both sides, we get:
v=logx+C
— Y logx+C
X
= y=xlogx+Cx

This is the required solution of the given differential equation.



Q3:

(x—y)dv—(x+y)dx=0
Answer:
The given differential equation is:

(x—p)dv—(x+y)dx=0

b _xty ()
dx x-y
Let F(x,y) ="
x-y

AX+Ay x+yv
o F(Ax,Ay)= iy ey ? -F(x,y)

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

y = vx
d d
= E"})_ E("-‘)
dy dv
—>—=V+x—
dx dx

dv
Substituting the values of y and I in equation (1), we get:
ix
dv x+w 1+v
Ve X—= =—
de x—w 1—vw

’ y 1+v—v(l-
v 1ty Tev—v(l-v)

Tdy 1-v l—-v
dv 1+
x—=
de  1—v
|-v dx
= ——dv=

(I +vz) T

1 v dx
= —— — ldv=—
d4+v 1=v X




Integrating both sides, we get:

tan”' v—%log(u v )=logx+C

= lzm"[lJ—i]og[I +(£J ]= logx+C
x; 2 X

=> tan™' (J—J - _l—} log [ £ +,“:—-- ) =logx+C

X X

= tan”' (%J—l’[log(lf +y7)~logx’ ] =logx+C

= tan ' {lJ = :l.lcrg_(r2 + 7 :)+C

X

This is the required solution of the given differential equation.

Q 4:

(x: -y ]d.r +2xy dy=0

Answer:

The given differential equation is:

(.r: -y ] de+2xy dy=0

:}ﬂz —(I:—.l-‘:}
dx 2xy

(1)

Let F(x,y)= _{:7_])
2xy

h () -y |_-(¥-¥) .
S FAXAY)= - = =A"-Fl(x,y

( ) 2(Ax)(Ay) 2xy (x.)
Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y = vx



™
v dv
= — =ptr—
X dx

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

dv x? ~(wx)
V+Hx—=— ————
dx 2x- (\-‘.\']
dv v -1
v+x—=
e LAY
dv v =1 vo—1-2v
Y - -
dx 2v PAL
(h! {] +¥v ]
X — =
dx 2v
2v dx
= —dy =——
1+ x

Integrating both sides, we get:

]og(l +v')=-logx +logC =Iog£
: g

=1+v' =

::»[H%]:g
X x

=x'+y' =Cx

¢
X

This is the required solution of the given differential equation.



Q5:

X —=—=x =2y +xy

dx
Answer

The given differential equation is:
»dy

s = _rl — 2}:“ + ‘}‘:‘_-
dx

dy xX*=2yv+xy :
dx X ( )

2t y
Let F(x.y) = il i

x°
Ax) =2(4) +(Ax)(Ay) ¥ =2y +x
F{,’{x,,i_;-):( x) -2(4y) +‘( O .‘):x y 1y _
(Ax) x
Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:
Y = VvX

A" -F(xy)

dv dv
=S == Yo X —
dx dx

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

dx
dv x'- 2(wx) +x-(vx)

V+x—= :
dx X
dv
= v+x—=1-2v" +1y
dx
v
=>x—=|-2
dx
dvdx
-2y  x
[ ch dx
== I =—
- — "'3 rr
2
| h dx
= = o
2

Integrating both sides, we get:



1
+v
%- II Iog“’;E = log|x|+C
29 —y
-XJ:)—‘ JE 1
| R
I V2 ox|
:Zﬁiog iy = log|x|+C
J2 x
I x+~.5\-'|
=5 log ~|=log|x|+C
22 ey B

This is the required solution for the given differential equation.

Q 6:

xdy = ydx = \[x* + y dx

Answer:

xdy — ydx = \Jx* + y dv
= xdy = [\ +4fx +y? :Iu’..\*

dx X

dv _ y+x+y?

(1)

Ax+y(Ax) +(Ay) ya e+
f-(.r}..\‘./;.‘.‘l-’)= ( ‘.] ( 3 ) _ VHAJX +) =/‘.“‘F(X._1")

AX X

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

y = vx
d o

= d.\'l" )= dx(vx]
dv dv

=—=Vvt+tx—
dx dx



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

dx
dv  vx+xt + ()
V+Xx—=
dx X
dv 3
=S V+x—=v+yl+v
dx
dv dx
= =—

2 "
vi+y X

Integrating both sides, we get:

]0g‘v+v’l+v3

= Iog}x{ +logC

= log E+Jl+¥ =log|Cx
x x
o xt + 37
= log|Z Y TV |- jogCyf
X

= y+yx*+)7 =Cx°

This is the required solution of the given differential equation.



Q7:

i e e

Answer

The given differential equation is:

ol (2l o)
, fel2)on(2)
S =n==gp

(1)

4|‘-: |

[rcosf 2 )+ psin[2
Let F(.x. 1“ [“{]"' '"[“{]}'
t & {lsm = —\cm(v)}l‘
{Axcos{:‘ )+£151n(;{1 ]}
s F(Ax,Ay)=- )
‘ {i}-sin{i ] irsm[ilJ}

1
TCDS( — |+ ‘.’Slll V
X X

()]
bl el

=A"-F(x,y)

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

y = VX
dy dv
=yt x=—
dx dy

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



dv  (xcosv+vxsiny)-vx
v+ xX— = _
dy  (vxsinv—xcosv)-x

] .

dv  vcosv+v siny

SV —
vsinv—cosy

dv veosv+rsiny
- y—=— -y

dx V8inv—cosv
™" ra‘v _veosv+y siny—y’ siny+vcosy

dx VSIinV —Ccosv

dv 2vcosy
oDy

dx  vsinv-cosv

[vsin ¥ —CoS 1=:| 2dx
== — —

VECosy

o)
:>(tan 1-'—1Jd1-'="—£&

Vv X
Integrating both sides, we get:

log(secv)—logv=2logx+logC

= log[sem‘]= log(Cx:)

Vv

secv 5

= ( —] =Cx*
V

= secv =Cx’v

¥ ~ 2 ¥
=sec| — [=C-x* - —

x X

y
= sec| — |=Cxy

X

(») 1 1 1
2¢08| = |=——=——

x)] Cxp C xy

2] (3]

This is the required solution of the given differential equation.



Q 8:

xi—)%xsin[i]:(}
v

Answer:

\ﬂ —y+.rsin[£)= 0
dx X

dy . [\)
= x—=y=-xsin| =
dx X

- _ w1
dx X ( )
y—xsin| =
Let F(x,y)= 2L
x

Ay—Axsin [ j] ] y—xsin ( Y J

S F(Ax,Ay)= X/ = X/ = 2 F(x,y)
Ax X

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
d d
=—(y)=—(wx
dy ) dx ]
v dv
= ——=y+r—
i dx

dv
Substituting the values of y and _u!; in equation (1), we get:

dv _vx—xsinv

Pt X— =

X X
=S Vv+x—=v-—siny

X

dv cx

==
sinv X
dy

= cosec vdy = ——
X



Integrating both sides, we get:

]Og ‘CUSGCV—COI ‘I.-‘\ = - ](Jg x+ IUgC = ]ug C
h
(2)-en(2)-5
= cosec| — |=cot| — |=—
X X x
cos ( d ]
| _ x)_ E
sin {‘] sin[ J!J ¥
X X
= x[l —cos('—‘-']] =(Csin {}_’]
X x

This is the required solution of the given differential equation.

=

Q9:

vdx+xlog [ Y )a{v —2xdy =0
X

Answer:

ydx +x log(l]aﬂv =2xdy =0
: 4

= ydx = [2_\‘ -xlog [—‘- )] dv
X

S — (1)
*. 9y \Iog[’ )
X
v
Let F(x,y)=———.
o ) ).-
2x—x Iug(—]
-
o F(Ax.Ay)= AY = 4 ~=4"-F(x,y)
2(&1‘)—(2.1.'“{@(%) 2_r—1og[-‘—']
Lx X

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

y = vx



dv  d
—=—{(wx)
dy  dx
afv

=D —=y+x—
dx hs

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

; -
+rxr—=—
dx 2x-xlogv
dv v
Svdxr—=
dv 2-logvy
d\.‘ “
= x—= —v
dx  2-logv
dv  v=2v+vlogy
SHy———
dx 2-logv

dv _vlogv-v
Tdv 2-logv
s 2-logv m__dx

v(logv-1) x
1+(1-logv
| L+(-logy) | | _ dr
v(logv—1) x
= —I - —l {h'zil:
| v(logv-1) v X

Integrating both sides, we get:
—dv=|—dx
j log1 ~1) -[ v I

—logv=log x+logC il 2)

- I'F(l()g‘l-‘—-l)



= Let logv—-1=¢

d dt
= —(logv-=1)=—

a’v( & ] dv

_dt

v odv
:ﬁzdf

v

Therefore, equation (1) becomes:

— J.%— logv=logx+logC

= log!t —Iog(£]= log (Cx)
x.

- ]og-log[%)—l}—log(i—j] =log (Cx)

= log

[w(ﬂ e

= lug(i)—l =Cy

X

This is the required solution of the given differential equation.

Q 10:

(1 +e’ }dx +e’ (l— “']aj.r =0
rl:

Answer:

[l+e-‘ deﬂ* (I ——de
v
::-[14-;’:‘ de =-e' (1 —i]ﬁh’
a‘:‘



l+e'
_L,ff'(,_ﬁ] _,L,:(|_£J
| FAx,Ay)= - (.___/z'r = ¥ =1"-F(xy)
L™ I+e’

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

X = vy
d d
= —(x)=—(w
ﬂi" ) Qf"( Ly )
v dv
= —=V+t J—
dy Cdy

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

dy
dv =e'(l-v
oyt 0
dy 1+¢
dv  —e" +ve'
T e
dv I+e

av - +ve' —v—ve'

T dy 1+¢

dv v+e'
= p—=- -
dy l+e
1+¢" dy
= — |dv=——
vie y

Integrating both sides, we get:




=5 log(1-+e")z—ng}-‘HﬂgC = log{E]
y

x =l B
=|—+e |=—
[ " .. ] —1.’

i

= x+ye’ =C

This is the required solution of the given differential equation.

Q11:

(x +v)dv+(x—y)dr=0:y=1whenx =1
Answer:

(x+y)dv+(x—p)de=0

= (x+y)dy=—(x—y)dx

:;,i:__(x--].l) _“‘l}
dx X+y
~(x-y)
Let F(x, v)= ———=,
et F(x,y) oy
i i _()\..\' - !?.__l"] —(,1‘— J.-‘) b )
f' A‘(,_'_ = - :;l_ f' Xy
(4x43) Ax—Ay x+) (x.7)

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

y = vx
d o
- dx (¥)= dx %)
dv dv
_—=v+X—
Y dx

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



dv _ ={x=wx)

v+ x—=
dx X+ X
dv  v-1
=y —_—=
dx  v+l1
Ay v-l v-l-v(v+1)
=iy —v=
d‘r v+l v+l
dv 1--—1—» -V _ (1"" )
d.r v+l v+l
vl dx
LG,
14y X

v | dx
= L+ = |dv=——
l+ve 1+ x

Integrating both sides, we get:

llog(l +t-"1)+tan Tv=—logx+k

::—log 1+v° ]+"’l:m 'v=2logx+2k

:o]nb[ [+ ) 3 ]+7ian 'v=2k

= ]ug[

= log(x" +) )+"tan'l=2k arliz
X

a4y
+2tan”' = =2k
X

2
—

Now, y=1latx =1,
= log2+2tan' 1 =2k
= log2+2x = =2k
4
=X tlog2=2k
2
Substituting the value of 2k in equation (2), we get:
pA

log(x +3? )+"’lan [;"ngnogz

This is the required solution of the given differential equation.



Q12:
x’dy + (t‘} +7 )dx =0;y =1whenx =]
Answer:

xidy+(xp+ 7 )de =0

= x’dy =—(xv+*) dx

b+

: 0

Let F(x,y)= —(A:l';-}")
X

dx x

Ax- Ay +(Ay) | —(xv+1?
F{}.x.iy)z[ ' (;+)( ) ]: (‘:} +‘ ]=/'E”-F(.\'.,1.‘)
ix X

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
d d
=>—(y)=—(wx
dy () dx )
dv dv
=>—=V+X—
dx dx

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

o —[.r-1:1'+(vx)3:| ‘

V+Xx—= z =-v—=v
dx X
dv y
= x—=—v'-2v=—vy(v+2)
dx
dv dx
v(v+2 X




Integrating both sides, we get:

%[I(\g v—log(v+ E)J =—logx+logC

1 v (]
3;]0;_1 =log —

_‘..1
X
y ’
= =—
y+2x -
N .
= — = 2
v+ 2x ( )

Substituting C* =1_ in equation (2), we get:
3

Py 1

y+2x 3

= y+2x=3x"y

This is the required solution of the given differential equation.



Q13:

{xsin" {i—}-']]dx+.wfy = 0;}'% when x =1
¥

Answer:

[x sin’ [ 4 ] - 1:| dx+xdy=10
x
.
—| xsin” L ) )—_1'
dy X
Y4

dx x [l}

e [[ J”

4 o [( 3
(o] )]
s F(Ax. Ay)= Y _ X

- =2“-F'., 5
Ax X (t'l)

Therefore, the given differential equation is a homogeneous equation.

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

o
—- — 1] = —
dx (‘) dx(”)
‘{1} d‘_?
——=Vi+r=—
dx dx

dy

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

b ~[xsin®v-v]

dx X

v+ X

]

= V+X

= —[sin2 y— v] =y—sin’y
X

dv v
= X—=—-5mv

dvx
dv dx
sin’v  dx
= cosec vdy = _&
X

Integrating both sides, we get:



x|-C
= cotv = log|x|+C

—cotv=—log

=> cm(:!: ) = Iog!xl +logC
x

—
a2
S—

= cot[l) = log|Cx]|
x
N = atx=1
ow, y=— atx=
Y=4

=5 col[%} = log|C]|

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

col[£J=log
X

This is the required solution of the given differential equation.

X

Q 14:

dy ¥ f

L A +coscc(i] =0;y=0 whenx=1

dv  x x

Answer:

v ; Ty

i—iﬂzosec[i) =0

dy X W -
v 7 v ]

niziucosec[lj [l}
dy  x X

Let F(x,y)= 2 —cosec[i].
X &

. F(axdy)=22 - msec( y_]
Ax Ax

= F(Ax,Ay)= 4 cosec[l) =F(xy)=4"-F(xYy)

X b »

Therefore, the given differential equation is a homogeneous equation.



To solve it, we make the substitution as:

y = vx
o o

= o y)= 5(“‘)
dv dv
— =y+x—
dx dx

Substituting the values of y and j—‘ in equation (1), we get:
A%

dv
V4 X—=V~-=COSEC V
ly

dv dx

coscc v X

; dx
= —sinvdy = —
X

Integrating both sides, we get:

cosv = log x + log C = log |Cx|
::-cos[l)= log |Cx| w2}
X

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

=>cos(0) =logC

= l=logC

=C=e'=¢e

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

Y ”
cos | l) = log|(ex)|
WX -

This is the required solution of the given differential equation.



Q 15:
5 ,dy
2xy+y =2x"==0; y=2 whenx =1
dx
Answer:
L dy

F7AY

0

2xy+y* =2x

. dy "
= 2x —=2xy+y
dx

dv 2xy+y
B o
dy 2x° ( )

_2(Ax)(Ay) +(Ay) _2xy+)y°

2(Ax) 2x°

o F(Ax,Ay) = 2" F(x,y)

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

y = vx

d o
= lE=Z )
dv

v
i —- ‘!' + "‘ —
dx dx

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

5

dv _ 2x (v )+ (vx)
dx 2x*

dv  2v+y?
=vV+x—-=
dx 2

>
v v
=SV X—— =V —
dx 2

vV+x

2 dx
= —dv=—
v X

Integrating both sides, we get:



=241

Vv

32— = log x|+ C
2
= —-— =Iog‘x‘+C
1.‘
2
= —% = log|x[+ C
x
2x
= -"=log|x|+C il 2 )

14
Now, y = 2at x = 1.
= -1=log(1)+C
=C=-1
Substituting C = -1 in equation (2), we get:

£
= log|x|-1
1.‘

") -
S ~log|x
‘ll.l
2x :
S y=——°0,{(x20,x¢)
1-log|x|"" '

This is the required solution of the given differential equation.

Q 16:

Y
X
Jcan be solved by making the

dx ]
A homogeneous differential equation of the form a’_ = h( -
v y

substitution

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

D.x=v



Answer:

dx x

For solving the homogeneous equation of the form I = h[—], we need to make the
T lr

substitution as x = vy. - .

Hence, the correct answer is C.

Question 17:

Which of the following is a homogeneous differential equation?

A. (4x+6y+5)dy- (3y+2x+4)dx=0
B. (xy)dx—(x"+)")dy=0
C. (.\j +2y° )dx+ 2xvey =0

D. ' dx +(j,~r: —-xy* =y ]af\' =0

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:
_l-‘rfi.\'+(.1'3 -xy-)’ )d_ =0

dy -y’ v
:> — l T =
de x"—xy—y
, v’
Let F(x,y)=—5———.
VXX

)
() +(2x)(49)~(4x)

n
"

= F(Ax,Ay)=

1

A%

)L:('_v" -I-,l"_l"—,'t‘?}

20 V
— A 3 b
Y Hxy—x

=A"-F(x,»)

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



Exercise 9.6

Q1:

dx

Answer:

The given differential equation is % +2y=sinx.
X

This is in the form of % + py =Q(where p=2 and O =sinx).
ox

ey )

Now, LF =eJM =eI“ =,

The solution of the given differential equation is given by the relation,
»(LE)= [(Qx1F.)dx+C

= ye'* = Isinx‘e:"d\wt L)

Let/ = J‘s.’n x-e

= [ =sinx- [¢"dy— I[%(sin.t)‘ j{?“'d\‘ch.r
dx

) r_._:l {‘3 X
= ] =sinx- - ﬂ/cns X dx
2 \ 2
P

9
esinx | » 1'
=d T % ‘os.r-_[r: m51) je “dx |dk

g Fwt —l{ J-l( sin x) }2’1‘]
2

2
==L ;lnx i :05 2 1 j{sin xe )d.‘»:
>1=% (.-.”sin.r—cos.x]—if
5 iy , )
= =] =—(2sinx—cosx)

—- %(2sin.‘r~cns.\']



Therefore, equation (1) becomes:

v, €
ye™ = T(Z sin x —cos x)+C

2x

= y= %[?.sin x—cosx)+Ce

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

Q 2:

dx

Answer

The given differential equation is %4— py=0 (wherep=3and Q=¢).
dx

N(-.“.. ]'F = efﬂr#’\' = e[‘uf\. =e.‘.\‘

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

= ye'* = I(e i xe‘”)+(‘

= ye = I(?"errC

= ye =e¢" +C

2% v
=>y=e " +Ce™

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



Q3:
dy v 2

+==x

dr x
Answer
The given differential equation is:

Ll + py =0 (where p = L and O = x?)
dx x

|
pdx alx i
Now, LF = r.j = ef' =™ =y,

The solution of the given differential equation is given by the relation,
y(LF)= [(QxLF.)dv+C
= y(x)= I(x: -.1')(i'r +C

=Xy = I.\""dt +C

4
X .
=>xy=—+C

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

Q 4:

Fa

dy T
—+secxy=tanx| 0sx<—
dx 2

Answer
The given differential equation is:

{Th, + py = Q (where p =secx and 0 = tan x)
ax

ol | Uiug(scc Fran )

Now, LF =¢'™* =¢
The general solution of the given differential equation is given by the relation,
y(LF.)= I(Qx LF.)dx+C

= y(secx+tanx)= J- tan x(sec x +tan x ) dv + C

=secx+tanx.

= y(secx+tanx)= I sec x tan xdx + ]‘tan: xdx+C
= y(secx+tanx)=secx+ J('sec: X— l]d.\' +C

= y(secx+tanx)=secx+tanx-x+C



Q5:
=z

_[3 cos 2xdx
)

Answer

m
Let [ = _['3 cos 2x dx

JzF(.’r}

By second fundamental theorem of calculus, we obtain

I:F(%]—Fﬂn

A

— 1 sinit —sin 0
2

sin2x
Icu:; 2xdr = [

-

|
ZEW—ﬂzo

Q 6:
dv .
2y 2y=x"logx
dy
Answer:
The given differential equation is:

dy
x—+2y=x"logx
'

d_p 2
=>—+—y=xlogx
de x

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

dy 2
—+ py =0 (where p =— and O = xlog x)
dx X

Py x 2koe x og 2
Now, L.LF =eI =e’[" =t = gl = 2

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



y(LF)= [(QxLE)dx+C
=yt = I(x log x- x° ).::’.\:+C

>y= _[(.r‘F Iog.\‘) dx+C

= x*y =log x- jx dx - j[;—i( log x)- Ix ‘dx}lx +C

A "t &Y
:x:'l_.zlog"-.-\_— l.l— i\"i‘c
4 4

_.\'
", P
= xly="2 g% L J_\"‘dx+C
' 4
4 . 4
P log x —l"‘—+C
' 4 4 4

= x'y= %x‘ (4logx—1)+C

=y =%.r“(4 logx—1)+Cx*

Q7:

"

X

2
xlogx—+y=—logx
x

Answer:
The given differential equation is:

dy 2
ylogx—+y=—logx
dx X

d, vy 2

-

de xlogx «x

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

2
and 0 =)

xlogx x

i4— pv =0 (where p=
dx

|
ih
el .[.. og{log ¥
Now, L.F :ej =g P = MY S ooy,

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



y(LF) = [(Qx1F.)dx+C

)
= ylogx= ﬂ%logx}hwt’ a1}

L X

Now. I[ 2‘ Ing.\‘]r.r’.\'z 2[[I0gx- I, )dr,
¥ X

-2 :Ing x- L—_l;a[r— I{;—i(log x)- le: dt}dx]
A )]

=2| - gy + J.L,d\‘]

- _l“-‘-‘l_‘__]}

5
=-=(1+logx)
X

2
Substituting the value of j( —log .t]afr in equation (1), we get:
X

vlogx = -E(I +logx)+C
x

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

Q8:

(1427 )y + 2xy dix = cot xdbe(x # 0)
Answer:

(147 )y + 2xy dx = cot xd

v 2xy cotx
= ‘-‘2 i - 5 = 3
de 1+x° 1+x

This equation is a linear differential equation of the form:

7 ~ )
nl‘;JFPJ’=Q (where p=——" and 0= L
d"‘ I+x° 1+ x°

2x
pady J-_ dr Togl i+ " 4
Now. L.F =eI =g = ) =1+x".



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

y(LF) = [(Qx1F.)dx+C

:_1.‘(|+_\—3)= I[]Lf:“ x(l-!-x:)}[r+(’
X )

= _L'(I +x° ) = Icol xdx +C

= y(l +x° ) =log ‘sin .\'| +C

Q9:

‘rﬂ +y-x+xycotx=0(x=0)
dx

Answer:

dy
X—+y=x+xycotx=0
dx

dv
= x—+y(l+xcotx)=x

dx
L
= ——+| —+cotx |y=1
dv \x _
This equation is a linear differential equation of the form:
dy

+ py =0 (where p= 2z +cotxand O=1)
dx x

J e “ AL Jes log x-+og{ sin x log| xgin x .
Now, LF :e‘l =e = elErrioelsing _ gloelxsinT) _ o qin x.

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



y(LF.)= J(QxLF.)ds+C
= y(xsinx)= J-(lx xsinx)dx+C
= y(xsinx)= I(xsinx)dx+(‘

d

= y(xsinx)=x |sinxdx~ || —(x)- |sinxdyx |+C
y(xsinx) 1Iqmr J‘[dx(r) Iﬁmn ]
= y(xsinx)=x(-cosx)- Il (—cosx)dx+C

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

—XCosx  sinx C
+ +

: ..L.‘ o - . -
xsinx  xsinx  xsinx
| C
= y=—Ccol-x+—+—;
X xsinx

Q 10:
dv
x+y)]—=1
(s ")dr
Answer:
dy
x+yl—=—=I1
( ’ ]dx
ﬂ_ 1
dx x+y
dx
= —=Xx+)
dy
dx
=>——x=y
dy

This is a linear differential equation of the form:

j—+ px=0 (wherep=—land O=y)
X

Now, LF = eIM =ef"¢' =e™,

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



x(LF.)= [(QxLF.)dy+C
= xe’ = I(}f* ")ci}-'+C

>xet=y- je""aﬁ* - J'[:;(x} Je'-"d}.']d\' +C
= xe™" = 3-’(—.?"")~ I(—e'"' )a{r +C

=Sxe’ =-ye + Je "dy +C
=>xe'=—ye’ -’ +C

=>x=-y-1+C¢’

=>x+y+1=Ce’

Q 11:

ydx+ {x —y }af y=10
Answer:

¥ u’.r+(.r -y )u’t =0

= ydx = (_)-'3 —x)af}-'

dx  y'-x x
=> [ = y —_—
aiv .'L.' .‘3
dy  x
=D —t+==y
dv vy

This is a linear differential equation of the form:

L4 + px =0 (where p = land =y
dx y

flo
¥ lig »

: oy
Now, I.F =ej =e =g =y

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

= xy= j_l-’:(f__\-‘ +€
i
=y ="—+C



Q12:

(x +3y° }% =y(y>0)

Answer:

- "~ ﬁt: ?
(J. +3y )d.r )

dj" B v
dx  x+3)°
dc x+3y° «x
—_—= —=—413y
dy y y
dy x
= ———— =3y
af_‘_.- y

This is a linear differential equation of the form:

:;‘ + px =0 (where p=- ! and 0=3y)
] -F

I;.m‘l' il j‘:‘ —lon v |l)1_'_||: : | l

=¢ #=¢ V=—,

Now, LLF =e

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

x(LF.)= [(Qx1F.)dy+C

=X xl = ]'[3},-' X l]dy +C
y J.'

x
==—=3y+C
y

= x=3y"+Cy



Q13:

ﬁ +2yvtanx=sinx; y=0 whenx = 2

dx 3

Answer:

The given differential equation is ﬂ +2ytan x = sin x.
dv

This is a linear equation of the form:

dv :

= + py =0 (where p =2tanx and 0 =sinx)

dx

If'l-‘l [31;:” Taly 2 log|sec 1 1{1_u|"¢|:‘\ \]
= ¢’ o = g

Now, ILF =¢ =e =5ec’ x.

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

= _l'(SCC: .\‘) = I[sin x-sec’ ,l‘)d,\‘ +C

= ysec’ x I(scc x-tan x Jdx + C

= ysec’ x =secx+C (1)

Now, y=0atx=

W

Therefore,

Substituting C

-2 in equation (1), we get:

ysec  x=secx—2

.
= y=c0sx—2¢0s" x

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



Q 14:

(|+.‘l‘1]ﬂ+2}\j’= : ~:y=0 whenx=1
Tdx I+x° 7
Answer:
(I+.r3]ﬂi+2.\jr= : <
- dx 4 x°
dv  2xy 1
_+ ]

=¥ - = -
de 148 (142°)

This is a linear differential equation of the form:
_1
(1 +x ]

dy 2x
—+ py =0 (where p = —and 0 =
d 1+x°

)

J'_‘.m‘._\ o
NO“‘_ [‘F _ E'J-ru)-; . PP _ eln;_ll:li-.,. ' N l g IJ ‘
The general solution of the given differential equation is given by the relation,

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

;,-(;H—x"'] dx +C

(] +x° )

= y(_l+x:)= I] +Ir: de+C

::»_1-'(l+_r:)=

= y(l+x*)=tan"' x+C (1)

Now, y =0 at x = 1.
Therefore,

0=tan'1+C

Substituting C = -~ in equation (1), we get:
4

,l-'(l +.'r2)= tan "' x—g

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



Q 15:

dv . n
——3ycotx=sin2x;y =2 whenx = e
-—T -
Answer:
dy

The given differential equation is ~3ycotx =sin2x.

dx

This is a linear differential equation of the form:

j_‘ + py = Q (where p=-3cotx and Q =sin 2x)
X

[ 1
paly =3 cot x ol ~Slosglsin x| !‘"r'é ] ]
Now, LLF =('! =e I = g tEnt 2 o sl o =5
51 X

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

»(LF)= [(QxLE.)dx+C

1 : 1 “
= y——= || sin2x.—— |dx+C
SN X sm- x

= ycosec'x =2 I{ cot xeoseex ) d +C

= ycosec x = 2cosec x +C

2 3
— y=— —+ 3
cosec™x cosec x
= y=-2sin" x+Csin’ x (1)
n
Now, V= 2atx= o

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.



Q 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, ¥) is equal to the sum of the coordinates of the
point.

Answer

Let F (X, y) be the curve passing through the origin.

dy
At point (x, y), the slope of the curve will be —-.

dx

According to the given information:
dy
—=x+y
dx

dy
=>——y=x

dx

This is a linear differential equation of the form:

t_?l + py = Q { \\-’hl.‘l‘e p= _l 'dnd Q - I)
ox

Y =)
Now, LE = &% = ofh _ o
The general solution of the given differential equation is given by the relation,

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

= ye ' = I.\'ﬂ'"d.\'-t-—(' (1)
Now. I,\'a"’":h' F Itr""cil‘ - Il:%(\) Iv""rir}af.r.
=—xe - I—e' “dlx

=—¢ " (x+1)
Substituting in equation (1), we get:
yve ' == (x+1)+C
= y=—(x+1)+Ce"
= x+y+1=Ce" -2)
The curve passes through the origin.

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

= Xx+y+l=¢
Hence, the required equation of curve passing through the origin is x+ v+ 1=¢".



Q17:
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
dv

to the curve at (x, y) is T
dx

According to the given information:

dy _
—+3=x+y
x
dy
=>——y=x-5
dx

This is a linear differential equation of the form:

i?— +py=0 (where p=—1and Q=x-35)
dx

Now, LF =™ =% o o~

The general equation of the curve is given by the relation,
y(LE)= [(QxLF)dy+C

= y-e'= [(\ ~5)e 'de+C 1)

Now, j{x—ﬁ]e ‘de =(x-5) J-e ‘:ir—"‘[i_(,\'—ﬁ].je 'af\']dr.
=(x-5)(-e)- j[—e " Jx

=(5-x)e ™ +(-e™)
=(d-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=C¢C
=2 -2=C
=2 C=-2



Substituting C = -2 in equation (2), we get:
x+y—4=-2e"

= y=4=-x-2e

This is the required equation of the curve.

Q 18:

The integrating factor of the differential equation \:% -V= 2x" is
A.e”
B.e’
c. .t
X
D. x
Answer:

The given differential equation is:

(!f'l’ 3
X——y=2x"
dx
dv v
— —==2x
de x

This is a linear differential equation of the form:

? + py =0 (where p= — and QO = 2x)
X X

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

" j;m i

e log(+"') l
LB =ghe :e'i"":(ﬂ f' l:_r': -
X

Hence, the correct answer is C.



Q 19:
The integrating factor of the differential equation.

5 D .
[I—_l-")F:;Jr_}--:\‘ =ay(-l<y<l) is

I
¥y -1

A.

Answer

The given differential equation is:
5y dx
(1-y* ) —+x=ay
dy

dv ax ay
: — > = 72
de 1-y° 1-)"

This is a linear differential equation of the form:

iy ' )
£2 2 - and Q= a}:}
y

1— 5

+py=Q (wherep = !
.‘! -

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

e[ﬂh'

L.ﬂfl

5 LF =EIM =" =

(-7 |

- |

I ) I
¢ -:—]n-g‘:-_'l"? o g

Hence, the correct answer is D.



Miscellaneous Solutions

Q1
For each of the differential equations given below, indicate its order and degree (if
defined).
d’y dy
— | =6y =1logx
h l\ dx J €
il .
(i )\“) ELJ +7y=sinx
(LAY

4

o od'y [d‘;-']
——S8In =
i dx* . dx’ p

Answer:
(i) The differential equation is given as:

0

]

d’y _ (dyY

——+35x| — | —6yv=logx

dx” dx
7

:::: 5x [(h] -6y—logx=0
dx”

]

The highest order derivative present in the differential equation is -{j-':ﬂ . Thus, its order is
de’

two. The highest power raised to -d—l is one. Hence, its degree is one.

dx’
(ii) The differential equation is given as:

Lﬂ] —4[£'1J +7y=sinx
dx dx ’

o K3 2
() (2] +1y-sinseo

_dx AN



({1!
The highest order derivative present in the differential equation is a'_ Thus, its order is

: . v
one. The highest power raised to % is three. Hence, its degree is three.
dx

(iii) The differential equation is given as:
d'y . [d"y}

——sin ;
dx dx

d’y
The highest order derivative present in the differential equation is -i 1 Thus, its order is
dx

0

four.

However, the given differential equation is not a polynomial equation. Hence, its degree
is not defined.

Q 2:
For each of the exercises given below, verify that the given function (implicit or explicit)

is a solution of the corresponding differential equation.

- ) {: ! 4
(1) y=ae' +be™ +x° ‘ : 422 -xy+x =2=0
dv dx
. 1"y h
(i) y=e"(acosx+bsinx) =225 42y=0
dx” dlx
- d’y ,
(iii) y=xsin3x : “+9y—6c0os3x=0
dx’
. 5 5 2 o ay
(iv) " =2y’ logy - ¥4+ y |l=—-xy=0
o (e o)L

Answer:
(i) y=ae* +be”™ +x°

Differentiating both sides with respect to x, we get:

Y ad(e)+bL(e*)+L(x)
dx det dy’ dx
= ﬂ =ae' —be" +2x

dx



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

n

d’y :
l =qe' +he™" +2
dx”
Now, on substituting the values of i and %l in the differential equation, we get:
v I
L.H.S.
X dt +2—=xp+x =2
dlx” clx

= :r(uﬁ" +be™" + 2) + Z(m*‘ —bhe " + 2.1.‘} - .\‘(ue' +he™ +x° )+ x=2
= (u.\'c"“ +hye "+ 2.r)+{2ue" —2be™" +4..\‘)—(u.re* +bhxe "+ .T:)+x3 .1
=2ae" —2be”" +x* +6x-2

=0

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

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

(if) y=¢" (frcos x+bsin \] =ae" cosx+be' sin x

Differentiating both sides with respect to x, we get:

z:'; =q- —[e cnn)«{»h —(c ﬁiﬂ\)

:si—u(c COSX —¢ ‘ill‘ll)+h [c sinxy+e¢' cnm)
dx

= ? =(a+b)e cosx+(b-a)e sinx
dx

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



-

%:(G"’b)'%[e’ C()S.\']-{r—(b_a)(;_i{evsinx}

:‘b%=(Q‘+b)-[e-rcos.\-_e\'sinx:|+(b_a][e.vsinx+e_,c05x:|
dy o o '.

= = =e [(a+b)(cos.1-bm.\)+(b—a)(5m .\+cos.1_):|

-

1 : . . . "
= =e'[acosx—asinx+bcosx—bsinx+bsinx+bcosx—asinx—acos x|
X

-

dy ,
= =|2¢"(bcosx—asinx
dx” [ ( ):I
_— d’y dv . ) :
Now, on substituting the values of pE and I in the L.H.S. of the given differential
: 4

equation, we get:
d’y dy

—+2—=—+2y
dx’ dx

=2¢" (bcosx—asinx)-2¢"[(a+b)cosx+(b-a)sinx]+2e" (acosx+bsinx)

| (2bcos x—2asinx)-(2acosx+2bcos x)

~(2bsinx - 2asinx) +(2acos x + 2bsin x)
=¢" [(2b -2a-2b+2a)cos .\'] +e' [(_—?.a ~2b+2a+2b)sin .‘r]
=0
Hence, the given function is a solution of the corresponding differential equation.
(iii) v = xsin3x
Differentiating both sides with respect to x, we get:
dv _d

——=—(xsin3x)=sin3x+x-cos3x-3
de  dx

= ﬂ =sin3x+3xcos3x
dx

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



—~‘— di(qm 31}4-3—{) cos3x)

dx
dz'? =3cos 3.r+3[c05 3x+x(-sin lt)d]
dx”
d’y _ -
= —5 =6¢083x—9xsin3x
dx
- d'y. : : : :
Substituting the value of d—‘: in the L.H.S. of the given differential equation, we get:
i3
_1
~— +9y—6co0s3x
dx”
=(6-cos3x —9xsin3x)+9xsin3x — 6cos3x
=0

Hence, the given function is a solution of the corresponding differential equation.
(iv) ¥’ =2y’ logy

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

2x=2-—=|y°logy
dx [ B ]

=>x=|2y-logy- i+v -L-ﬂ
= dx ' dx

‘l' '
= x= i{ 2ylogy+y)
dx

dy x
e o T
dc  y(1+2logy)

d"l-‘
Substituting the value of d._ in the L.H.S. of the given differential equation, we get:
X

(x*+)7° )%:: —xy
X

- (2)-* logy+y” )m :

¥

=y (1+2logy) ————xy
A 2y) y(1+2logy)

=Xy —Xxy

=0

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



Q3:

Form the differential equation representing the family of curves given by

z 3 5 . .
(x—a) +2)y° =a’where a is an arbitrary constant.

Answer:

(x—a) +2y* =a’
=x +a’ -2ax+2y’ =da’

=2)? =2ax-x° sl 1]

Differentiating with respect to x, we get:

dy 2a-2x
lr;  —

oy -
T odx 2
dv _a-x
dx 2y

dy  2ax-2x° .
b _to-ie (2)

dx dxy
From equation (1), we get:

2ax =2y" +x°
On substituting this value in equation (3), we get:

dy 2y +x"-2x°

dx 4xy
dv 2y° = x*
dx dxy

PR RYCRNE
Hence, the differential equation of the family of curves is given as ﬂ ==Y =%

dx 4xp



Q4:

4

Prove that x° —_1-': - (‘(.\‘: +_1.-'3 ) is the general solution of differential

equation (x': —3xy’ )dx = (1 —3x’y)dy, where c is a parameter.

Answer:

(=397 )as = (-3 )

3 3
dy x'=3xy

3 >
dx y -3xy

This is a homogeneous equation. To simplify it, we need to make the substitution as:

d Il
—fy)=—wx
dx ) fh‘( )
dv dv
= —=V+x—
dx dx
T av .
Substituting the values of y and d_ in equation (1), we get:
¥

dv  x' — 3.1‘[1-')«)J
+x = . 3 5
dx [m‘] —3x° (\-‘.\']

dv  1-3*
=V+X == 3
dy v =3y
dv  1-3
=X T e
de v =3y
dv 1-3v —v(v' -3v)
=D X—= T -
dx v —3v
dv 1=y
X—=—
de v =3y

| . N\ oy
| l—-v ; x



Integrating both sides, we get:

—¥
o Vv vdv
Now, || - -
oW I[ = J J-I—l 3,[1_1.4
3 . ,}. » iy
:’J-[‘I —3:\ Jdr:!' ~31,, where /, =J.|‘—d‘r and /, :I]]d]4
—y -V

1-v

Let1-v'=¢

Letv' =p
d o\ _dp
4 '(p')_d]
=2 ﬁ
dv
= vdv = d‘n
R tog/t 2] = Ljog L+
PT20-p i T i e

Substituting the values of I; and I, in equation (3), we get:

:
1-v*

=Y 1+v?

V=3 | v 3
J-[ -~ ]dvz—;log(l—v*l]—zlog

Therefore, equation (2) becomes:



1+v
- =logx+logC’

| 3
Elog[l—v*)—ilng

1-v

=5 _1Iog{(l—v‘](l+v:] ]: log C'x
4 I-v

(l+1r1)4 .
=>——‘T={(’i‘]
(1I-v)

55
y
1+ =
o)
23 A
J:" (_ ‘T
==
X

5 .
N (¥*+») '!

2 P-) C'

= (x"' -y’ )3 ={" (.\-3 +y° ]4

=

4

—x (xz B ,l’: ) —c (.T" + _‘-"‘ ]3
=>x7 -y =C(x* +y’ }I , where C ="

Hence, the given result is proved.



Q5:

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 (@, @) and radius (a) which
touches the coordinate axes is:

(.\'—a'):-f-(}-'—nj):=a: (1)

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

2(x-a)+2(y-a - 0

=(x-a)+(y—a)y'=0

> x—a+y'-ay'=0

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

- I+

== d

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

rl-’v‘f“"] i X+ i '.1.‘+|~.:']:
i = +| y- - - 2
) -G
- (x=y)y NESA S

(] T .“"’) I + _)" I + J.-'

= (x-3) -y +(x-3) =(x+2')
= (x= 2 [1+ () | = (et )

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

(x-y _)-‘ [' * (."'):] =(x+ _;:.!"_]'1 !

-



Q6:

Find the general solution of the differential equation ;i+ :—_v =1
X -X

Answer:

Integrating both sides, we get:

sin”! y= —sin”' x+C

=sin"'x+sin” y=C

Q7:

dv v +y+l
LA

Show that the general solution of the differential equation
de x +x+1

= is given by
(x+y+1)=A(1-x-y-2xy), where A is parameter

Answer:

de  x +x+1

L ()

dr X 4x+l
dy —dx
= —— =—
¥+y+l x+x+l
dy 0 dx 0

YV 4+y+l x+x+1

Integrating both sides, we get:



dy I dx C

b 4 + b - %
y+y+l ‘x +x+l
:I "j '3+.[ fﬁ 7=C
BN
2) 2 2 ;!
* 1
2 I _1.".+'_j' 3 | J.'+_)
= —=tan” £ |+—=tan 2|=cC
5| B
. 2 2
= tan™' 2y+1]+tan"|:2x+li|=£(’
B V3 2
[ 2p+1 2x+1
- 3 3 =\|6C
, (2y+1) (2x+1) | 2
IR BN}
= tan ' V3 =J§C
l_(43:|r+21‘+2y+l] 2
4
e 2'46_(:1'4*_1:‘—1' )N J3C
3-4xy=2x=-2y~-1 2
s tan! V3(x+y+1) :\Ec
2(1-x—y-2xy) 2
3(x+ v
V3(x+y+1) P Jac I e—— J3c
2(1-x-y-2xy) 2 2
28,
=D x+y+l=—4(l—-xy—2xy
d Vr:,:( y=2xy)

= x+y+l=A(l1-x-y-2xy), where 4 =

S

Hence, the given result is proved.



Q8:

Find the equation of the curve passing through the point (O.E}whose differential

equation is, sin.xcos ydx+cosxsin ydy =0
Answer:

The differential equation of the given curve is:
sin x cos ydx + cos xsin ydy =0

$in x cos vdx + cos xsin vdy
= = e =0

COS X COS ¥
= tan xdx + tan ydy =0

Integrating both sides, we get:
log(secx)+log(secy)=logC
log(secx-secy)=logC

=>secx-secy=C (1)

T
The curve passes through point (OIJ

sIxy2=C

=C=+2

On substituting ' = -/Z in equation (1), we get:
secx-secy =2

=Ssecx: | = \}E

cos y

S€CXx

J2

= Cosy=

sec.x
Hence, the required equation of the curve is cos vy = \/E ‘




Q9:

Find the particular solution of the differential equation

[:I +e:‘:)({v+(l + ¥ )e'dr =0, given thaty = 1 when x = 0
Answer:
(1+e™ :)dv-&(l +y7)e'dx =0

dy e'dx

=>——F+ —=0
I+y 1+e™

Integrating both sides, we get:

e'dx
+

] +¢™

Lete" =1=>¢™" =t.

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

tan ' =C

=tan ' y+tan ' t=C

2

=tan"'y+tan"'(¢")=C w(2)
Now, y = 1 at x = 0.
Therefore, equation (2) becomes:

tan"' l+tan"'1=C

=SEsa=C
4 4
=C=n—
2

Substituting C:% in equation (2), we get:

tan~ i+tdn 1((’ )—;

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



Q 10:
Solve the differential equation ve'dx = [-’i‘é"" +3° ]ﬂﬁ-’(}-‘ =0)

Answer:

X T *
ye'dx = [xe Y4 y? ]aﬁv

4]
) .L—| “)

Lete' =z.

Differentiating it with respect to y, we get:

d| 3|
—| e -
dv dy

= d [\J dz
= e =

dy\y) dy
dx
3 A
dy o
=g | ——|=— (2
[ ™ (2)

From equation (1) and equation (2), we get:
L

dy
= dz=dy

Integrating both sides, we get:

'+ C

ot

=>e’=y+C



Q11:

Find a particular solution of the differential equation (x— y)(dx+dy)=dx—dv, given that
y =-1,when x = 0 (Hint: putx -y =t)

Answer:

(x—=y)dx+dy)=dx—dy

= (x—y+1)dy=(1-x+y)dx

dy _1-x+y
de x-y+1
ﬁ=l—(x—y) (1)
dx  1+(x-y) T
Letx—y=1L.
d dt
=—(x-y)=
a’.\‘(‘ Y) dx
dv dt
-] ——
dy oy
dt dv
= | -——=
dv oy

d
in equation (1), we get:
dx

Substituting the values of x - y and



dr_"l—r

dx  1+f

dt [I*I)
=>—=]-—
dx l+1

:ﬂ (1+£)—(1-1)

dx 1+¢
ct B 21
de 1+t

j('ﬂ]ma(ﬁ
!

]
S—

:»[Hl]d.r:_-u'x o |
S

Integrating both sides, we get:

I+Iug‘r| =2x+C

= (x=y)+ Iog‘x— y|=2x+C

= log|x—y/=x+y+C -(3)
Now, y = -1 at x = 0.

Therefore, equation (3) becomes:
logl=0-1+C

=2C=1
Substituting C = 1 in equation (3) we get:

logi.\' —‘_n-" =x+y+I1

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



Q12:
eV y |dx
Solve the differential equation | —————= |—=1(x#0
; ! & f}m (#20)

Answer

~24x

e—l\.‘.t B L ﬁ _ I
Ve o Vx |dy
d‘ [

&

Vv

=>_‘_J.:
de  Jx Jx

dv vy e
v,y _

“d x Ax

This equation is a linear differential equation of the form

dy I o
—+Py=0,where P=— and O = ”
g -

X

1
. Pude [ e o
NO‘W. [l— - (,I =g W Zgv

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

y(LF)= [(Qx1F.)dv+C

- e-:\u'? -
=)y = xe™" |de+C
Jx

2%

= ye = J%d.r +C
x

= ye* =2/x+C



Q 13:
: , ; ; ; o Ay ; \
Find a particular solution of the differential equation T + ycot x=4xcosecx(x#0),
dx

given that y = 0 when y = !

2
Answer
The given differential equation is:

d »

3 + veot x = 4xcosec x

dx

This equation is a linear differential equation of the form

dy
d + py = 0, where p = cotx and O = 4x cosec x.
AN

Now, LF=e¢ I e!
The general solution of the given differential equation is given by,

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

= ysinx = !( 4xcosec x-sinx)dx +C

el ol s
= (_‘k,, i ¥

=sinx

= ysinx=4 -‘-xdx +C

i X
:>}'smx=4‘7+(‘

= ysinx=2x" +C sl

Now, y=0atx =

|

Therefore, equation (1) becomes:

-

u: -’)(n_+(:

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

5

. > H
ysinx=2x" - —
o '3

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



Q 14:

Find a particular solution of the differential equation (,1- + I')

when x = 0
Answer
(,\'+I:)d+‘j= 2e™ -1
X
dv  dx
2’ -1 x+1
e'dv  dx

2-¢e"  x+l

Integrating both sides, we get:

e'dy . :
J.Z—(’L =log|x +1|+logC sl
Let2-¢" =t.
d(z —6"r)= dt
dy dy
. dt
= -’ =—
dy
= e’dt =—dt

Substituting this value in equation (1), we get:
—dt
_‘-—= log|x+1|+log C
t

= —log|t| = log

C(x+1)
= -log|2-e¢’|=log|C(x+1)
I

V
aA—E

=

=C(x+1)

T C(x+1) w42}

Now, at x = 0 and y = 0, equation (2) becomes:
:bZ—lzL__

=L =1

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

dy

dy

2¢ " ~1, given that ¥ = 0



x+1
2 |
=e' =2-
x+1
. 2x4+2-=1
=e' =
x+1
2x+1
=e' =
x+1
2x+1| |
= y=log y(x#-1)
x+1|

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

Q 15:

The population of a village increases continuously at the rate proportional to the number
of its inhabitants present at any time. If the population of the village was 20000 in 1999
and 25000 in the year 2004, what will be the population of the village in 2009?

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
Sy
dr
dy g '
== = ky (& is a constant)
dt '
=P - g

v
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:



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

25000 Z§
= 5k=lo =log| —
g{zuuouJ g[4]
50
log| — A3
s[qj (3)

In the year 2009, t = 10 years.

Now, on substituting the values of t, k, and C in equation (1), we get:

k=

| —

5
log y = lﬁxélog[i} log(20000)

5\
= log v = log {ZUUOUX[I&) ]

=5 y= ?.()'l]'()(]xéxE
’ 4 4

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

Q 16:
vdx = xdy

-k‘

The general solution of the differential equation =0is

A.xy=C

B. x = Cy?

C.y=Cx

D.y = Cx?

Answer:

The given differential equation is:

vdx — xdy -0
y

. ydx — xdy _

xy

0

= : dx - --l-afl-‘z 0
X y



Integrating both sides, we get:

log M - log M =logk

= log d logk
5
= = k
.l‘.r
1
= y=—x
Tk

= y=Cx where C = kl

Hence, the correct answer is C.

Q17:

v
The general solution of a differential equation of the type I +Px=0Qis

- T
A. _1-'eﬁ'} = J-[er! ! )},a[v+(‘.
B. ,L'-r:["";:" = j[(JleJ""'“ }.‘:l‘+(.'.

c. xel" = _[(U,efl'"h }r_’u-'+(_‘

D. ,\'e[”'d‘ = J.(Qlejpm )d.\'+C

Answer:

i Y ey
The integrating factor of the given differential equation % +Px=Q, is ej! =
dv

The general solution of the differential equation is given by,

x(LF.) = [(Qx1F.)dy+C
= x-eI W J-[Qlff e }f"*‘ C

Hence, the correct answer is C.



Q 18:

The general solution of the differential equation e"c{;'+(__ve* - ?..':)dr =0is
A.xe¥ +x*=C

B.xe’ + y*=C

C.ye+x*=C

D.ye’+ x> =C

Answer:

The given differential equation is:

e'dy+ (}-'E"' +2x )ci\' =0

dv 5
e —+ye" +2x=0
dx
dy =
= —+y==2xe"
dx

This is a linear differential equation of the form

dy ‘
—+ Py=0,where P=1and Q=-2xe™".
¥
f ot fr |
Now, L.F = L"I =g’ =g

The general solution of the given differential equation is given by,
y(LF) = [(Qx1F.)ds+C

= ye' = ﬂ.—lx‘e Y. )n’,\'—k('

= ye' =- IE.\' dx+C

= ye* =—x*+C

=y’ +x2=C

Hence, the correct answer is C.
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