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9. Differéntial Equations

(Previous years Questions 2017 -2025 Solutions)
2022 March :

1.

The number of arbitrary constants in the particular solution of a
differential equation of second order is (are)

(A) O
B) 1
€ 2
D) 3

2.

The integrating factor of the differential equation (x + 3y2)g—y =y is
X

(A vy
B -y
© 2
¥
@ -=
¥
3.
2 T
If y = Ae®™ + Be ™, then a% 1s equal to
(a) 25y (b) 5y (c) 25y d 15y
4,

The order and degree of the differential equation of the family of
parabolas having vertex at origin and axis along positive x-axis is

A 1,1

(B 1,2
) 2,1
D) 2,2
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5.
The order and the degree of the differential equation

(3 3
[—y} + —3: +5x=0 are

(A) 3;6
(B) 3;3
< 39
(D) 6;3

2023 March:

1.

The sum of the order and the degree of the differential equation

2 3
% + (ii—ii] =siny is:
(a) b (b)

(c) 3 (d) 4

[E]

2.

The general solution of the differential equation x dy — (1 + x2) dx = dx
e

X3 X3
(a) y=2x+?+C (b) y=210gx+?+C

)

]

2
(c) y=XT+C (d) y=910gx+x7+0

-

: : ; ; d ,
Degree of the differential equation sin x + cos (ﬁﬂ =y2is

Aa) 2 @) 1
(C) not defined (D) 0
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The integrating factor of the differential equation

dx

(l—yz)d—y+yx=ay, (-1<y<1)is

@A) =

©)

S.

(B)

(D)

1

Vy? -1
1

2

Ly

The solution of the differential equation % - d?y = i

(a) l+l:C
> S
e =xy=0C

6.

(b)

(d)

logx—logy=C

x+y=C

What is the product of the order and degree of the differential equation

2 3
4 _ysiny+(g) oosyzﬁ?

dx? dx

(a) 3

(c) 6
7.

The integrating factor for
X g—i - y= 2x? is :

(a) e

(e) X

(b)
(d)

solving

(b)
(d)

2
not defined
the differential
e—X
1
X
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The order and degree (if defined) of the differential equation,

2 ;
2 3
[d_y] 4 (j—y] =x sin (?) respectively are :
X

dx? X
(a) 2,2 (b) 1,3
e 2,3 (d) 2, degree not defined
9.
The number of solutions of the differential equation ‘:11_}? = I i , when
X X-
L =% 38 ¢
(a)  zero (b) one
(e) two (d) infinite
10.

The sum of the order and the degree of the differential equation

SEIE

(a) 2 (b) 3
() 5 (d 0
11.

T z 3
The order and the degree of the differential equation (1+3(dl'—3) = L
X

respectively are :
2

(a) 1,§ (b) 3,1

€ 3,3 @ 1,2

Prepared by : BALAJI KANCHI
4|Page



, B @kanchibalaji7

==

= () +91-8099454846
BT @ @ikbmaths?
12.
. . . . . v dX .
The integrating factor of the differential equation (3x* + y) 5, =1
v 4
1 ! 2 Il
(a) — b)  — () =— d ==
X <2 X X
13.

The difference of the order and the degree of the differential equation

q2 2 d 3
_{y + (—y) 3 xt=01is;
dx? dx

(a) 1 (b) 2 () -1 d 0
12.
Solution of the differential equation (1 +y2) (1 +logx)dx+xdy=0 is:
2
(a) tan~ly +log |x| +M)—:C
(log | x )°
(b) tan~ly—log |x| +%:C
2
(c) tan_]-y—logh{[—w =
9
(d) tan‘1y+log|x|—w =C

i

13.

: ; . : d &
Integrating factor of the differential equation xd—y ~ 2y =4x? is:
X

(a) x? (b) —i‘)

o

(c) iz d) -x?
X
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14.

The solution of the differential equation dx + dy _ 0is:

X Y
(a) 1+l=C (b) xy=C
X Y
(¢) logxlogy=C (d =x+y=C
15.

Assertion (A) : The differential equation representing the family

of parabolas y? = 4ax, where ‘a’ is a parameter, is
dy
— —2y=0.
iz Y
Reason (R):  If the given family of curves has n parameters, then it is

to be differentiated n times to eliminate the parameter

and obtain the n'* order differential equation.

16.

The sum of the order and the degree of the differential equation

of %y ’ d’y
3x2[ =2 | +5 +9=01s:

&?)  dx’
(a) 5 (b) 6
(c) 4 (d) 2
17.

A particular solution of the differential equation
dy=ytanxdx;y=1whenx=0,is:

(@ y=0 (b) y=1+secx
(c) y=secx (d ycosx=0

Prepared by : BALAJI KANCHI
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18.

The general solution of the differential equation % =XV is
(a) eX+e¥=C (b) eX—e¥=C

(c) —eX—e¥=C (d) eX—-e¥=C

19.

The sum of the order and the degree of the differential

By) . (a%)
equation [—?—;) - 3x[ {} = lggs. 18
dx

dx~
(a) b (b) 6
(¢ 7 (d) 4
20.

For what value of n is the following a homogeneous differential equation:

3 n

dy x°—y

dx ~ X%y + xy?

Prepared by : BALAJI KANCHI
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1.

" ) . d
The integrating factor of the differential equation (1 — 2) d_i + Xy = ax,

—1<x«<l,is:
1 1
(A) (B)
x* -1 x2 -1
1 1
(C) 3 (D)
1-x L0
2.
2P 2
- . . dy dy
The order and degree of the differential equation |:1+(a;] :| = 2
' b

respectively are :

(A 1,2 (B) 2,3
< 2,1 (D) 2,6
3.

. " ; d
The integrating factor of the differential equation x E% —y=x%-3x

is :

(A) x (B) -x
© x! (D) log(x))
4,
i i y . dy 1 3
The solution of the differential equation —= = is :
dx logy
(A) logy=x+c (B) ylogy-y=x+¢
(C) logy-y=x+c (D) ylogy+y=x+c

Prepared by : BALAJI KANCHI
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The differential equation % = F(x, y) will not be a homogeneous

differential equation, if F(x, y) is :

(A) cosx-sin (X) ® X
X X
2 2
© =XL (D)  cos? (E]
Xy g
6.

The degree of the differential equation (y”)2 +(y)3 =xsin (y)is:
4) 1 (B) 2

(C) 3 (D) not defined

: . d :
The number of solutions of differential equation d—i —y = 1, given that

y(0)=1,is:

(A 0 @B 1

C) 2 ' (D) infinitely many
8.

The degree and order of differential equation y”2 + log (y) = x respectively
are :

(A) not defined, 5 (B) not defined, 2
(C) 5, not defined D) 2,2
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The differential equation % = F(x, y) will not be a homogeneous

differential equation, if F(x, y) is :

(A) cosx-—sin [-X-] (B) y
. X : X
2 2
o) R (D)  cos? [E]
Xy ¥
10.

x log x % +y =2 log x is an example of a :

(A) wvariable separable differential equation.

(B) homogeneous differential equation.

(C) first order linear differential equation.

(D) differential equation whose degree is not defined.

11.

The general solution of the differential equation x dy ty dx=0is:

(A) xy=c B) x+y=c
(C) x2+y2=c? (D) logy=logx+c
12.

The integrating .fs.ictor of the differential equation (x + 2y?) % =y(y>0)

is :

@ B) x
1

© y o
y

Prepared by : BALAJI KANCHI
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13.

The number of arbitrary constants in the particular solution of the
differential equation

log [%J = 33; + 4y; y(0) = 0 is/are

A 2 B) 1
) o : D) 3
14.
The integrating factor of the differential equation % +%y =0,x#018:
@ 2 B)
x
© o (D) @

15.

The order of the following differential equation

9 5 4
i)L+Jc 4 =4lo L3 4 is :
da® \dx dx*

(A) not defined B) 3
C) 4 D) 5
16.

4 2
The order of the differential equation :_x%— sin{ﬂ—y] =5His:

-dx2
A 4 B) 3
©) 2 (D) not defined
17.

The general solution of the differential equation

j—y:e’”yis:

X

(A) e*+eV=¢ (B) e*+e¥=c
(C) ex+Y:c (D) 2ex+}'=c

Prepared by : BALAJI KANCHI
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2025 Mark :
1.

Which of the following is not a homogeneous function of x and y ?

A) yi-=xy (B) x—3y

(C) sin2 L4+¥ (D) tanx—secy

X x

2.

. : d .
The integrating factor of differential equation (x + 2y3) d—i- =2y is

ol 1
o (B)
(A) 7;'
-
© = M) e ?
y2
3.
. : ; ; . dy LAY .
The integrating factor of the differential equation Te +y= 18
%
ex
(A) xe* B) —
x 1
©C) — D) xe=
ex
4.

dy = dzy
The order and degree of differential function |1 + (—) =—= are

dx dx?
(A) order 1, degree 1 (B) order 1, degree 2
(C) order 2, degree 1 (D) order 2, degree 2

Prepared by : BALAJI KANCHI
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5.

If p and q are respectively the order and degree of the differential equation

A3
—d—[i‘—} =0, then (p—q) is

da L dx

(A) 0 B) 1
<€ 2 D) 3
6.

The order and degree of the differential equation

2
2 2
-d—l + [_@Z] =xsin(§l] are :
dx? dx dx
(A) order 2, degree 2 (B) order 2, degree 1
(C) order 2, degree not defined (D) .order 1, degree not defined

7.

The integrating factor of the differential equation
dy

I +ytanx—secx=0 is:
(A) —cosx (B) secx
(C) logsecx (D) gheox
8.
The solution of the differential equation g—y S represents family of :
Xy
(A) parabolas (B) circles
(C) ellipses (D) hyperbolas

Prepared by : BALAJI KANCHI
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9.
The integrating factor of the differential equation
[32&- y Jd" s
Vx o Wx |dy
(A) e"”& (B) 02/&
© e D) oW

10.

The sum of the order and degree of the differential equation

3
dy ’ d?%y .
1+ — = —= is:
[+(dx]] s
_
A) 2 (B) % C) 3 (D) 4
11.

The integrating factor of the differential equation

dx xlogx .

s

dy — logx-y
X

(A) £ (B) e
8x

(C) elogx (D) logx

12.

The integrating factor of the differential equation

dx _-(1+ginx) s
dy x+ycosx

(A) logcosx (B) 1+sinx
(C) &1+ %in x) (D) elog cos x

Prepared by : BALAJI KANCHI
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13.

The order and degree of the following differential equation are,
respectively :

4
e g
A -4,1 (B) 4, not defined
© 1,1 (D) 4,1

14.

The solution for the differential equation log [%‘!] =3x+4y is:
X

(A Set+4e3x4+C=0 (B) e¥**4y 4+ C=0
(C) 8e3 4+4e4x4+12C=0 (D) 8e 4 +4e3*4+12C=0
15.

The order and degree of the differential equation

d2 2
L +4 [ﬂ] = x log [El__y_] are respectively :

dx? dx dx?
A 0,3 (B) 2,1
(C) 2, not defined (D) 1, not defined

Prepared by : BALAJI KANCHI
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I. Degree and order Based Problems:
1.

Find the sum of the order and the degree of the differential equation :

2 2
x+d—y = dy +1
dx dx
Sol.

Given differential equation can be written as

2 R
x2+[@] +2xﬂ={ﬂ] +1

dx dx dx
‘ g dy
1€. X~ +2x—=1;0rder=1, degree =1
dx

Sum of order and degree =1+ 1=2

2.
Find the value of (2a — 3b), if a and b represent respectively the
order and the degree of the differential equation

&2y ) dy\? vy dy
ay L - ) P
: y(dng “‘(de x dx

Ans.

order = 2. depres = 3

. 2a-3b=4-9=_5

Prepared by : BALAJI KANCHI
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a. Logical/indirect equations degreee :
1.
. L .l dyy’|*
Find the order and the degree of the differential equation x ﬁ = {l . (&%) } ,

Order of the highest derivative = 2

and power of H is 1

dx?
So, order of differential equation = 2

Degree of differential equation = 1

2.
Find the product of the order and the degree of the differential equation

[%(Xyg)]. %+y20.

Ans.
Given differential equation can be written as

g 2
dx

Order X degree =1 x 2 =2

dy
e y=0 Order= 1, Degree =2

+3
dx

ot

Prepared by : BALAJI KANCHI
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Il. Simple general/particular solution :
1.

Find the general solution of the differential equation 3_}' = a, where a is an

X

arbitrary constant.

dy
Ans. = = 1 Idy = Ia.dx
=S y=ax+c¢
2.
Find the general solution of the differential equation e¥ ~* cdi_y = 1.
%

Ans: Given differential equation is e¥dy = e* dx

Integrating to get e¥=e*+ C

3.
Find the particular solution of the differential equation % = y tan x,
when y(0) = 1.
Ans: %zy ‘tanx = | édyzj tanxdx = y=c-secXx
y(0)=1= c=1 .. particular solution is y = sec x
| prepared by : BALAJI KANCHI
4.

Solve the differential equation cos [i—yJ =a, (a €R).
2

Sol.

dy £ o
gy = cos T a =3 jdy—cos a-de

y=xcos_] a+c

Prepared by : BALAJI KANCHI
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Solve the differential equation :

dy
log | =L |=x—y.
Og(dx] ¥—y

Sol.

Given differential equation 1s
dy i
—_ QA J
dx

te. eVdv=e"dx

mtegrating both sides, we get

e’ =e"+C

6.
Find the particular solution of the differential equation g—y =2y2, given
X
y=1whenx=1.
Sol.
Given differential equation can be written as
dy
—5 =2dx
¥
dy
I_Q = 2I dx
v]r‘
—1
—=2x+C
Y

Prepared by : BALAJI KANCHI
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7.
Find the general solution of the differential equation : log (g—yj = ax + by.
¥
Sol.
dy
log {—1} =ax+by
dx
dy _ax+bhy
—=¢
dx
dy ¢
ay — o™ -eb}-
dx
Ty y
LE‘:/, = J‘em dx
e '1
_ e—by e ax
— + C prepared by : BALAJI KANCHI
b a
8.
Solve the following homogeneous differential equation :
dy
— =x+
X, SEHY
dy dv
Ang: Lety=wx & ———VdX—
ns ety=wvx .. — =

. x(v-kxg]=x+vx = xizl 1
’ dx J

jdv=j§dx = v=log|x|+e¢

= y=x(log|x]|+c)

Prepared by : BALAJI KANCHI
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9.

Find the general solution of the differential equation : ed/d¥ = x2,
Sol.

cﬁ "dx 1,2

dy

- foga” =2 log x

o <

(ST
I' - ZIIOg s BALAJI KANCHI

y=2[logxxx— I ldx|

y=2[xlogx—x]+C

10.
Show that the function y=ax+2a’is a solution

of the differential equation 2(ﬂ] +x[d—y]—v:0.
dx dx )

Answer:

dy
y= ax+2a’ 3—= a

o 2] o2

1 (ax-f-Za ) 0=RHS

=2(a) +x(a

11.
. . . . . dy _ Xty
Find the general solution of the differential equation — =e :
X
Ans.

Given differential equation can be written as:

dy

dx
Integrating both sides, we get

=g"-¢' e Vdy=e"dx

<Y =¢e"+c¢

Prepared by : BALAJI KANCHI
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lll. Integral factor (IF) based problems:
1.

w

Find the integrating factor of x g—y +(1+xcotx)y=x.
%

Sol.

dy 1
The differential equation can be written as: 7+ [—] y=1
dx \x+cotx

1
Integrating factor = | (‘*“"“‘ ]“" : .- ; .
g g e \ X - e(l{)gx+logsmx} s elog[x sinx) _ X St

2.
Find the integrating factor of the differential equation y% —2x=y%% V.
y

Sol.
2 )
L X =y
dy 'y
I_E{]} 7 ao v |
IFE=2¢ ¥ =% =—"0
V2
3.
Find the integrating factor of the differential equation x [(:11_}7 — 2y = 2x2.
X
Sol.
dy 2 proey
J Sy -2 IR= =
dx x X~

Prepared by : BALAJI KANCHI
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I. Variable separable method : [ x&y terms under multiplication]

a. Direct model :

1.

Find the particular solution of the differential equation % =y cot 2x,

given that Y[‘:—] =2.
Sol.

dy = ycot2x = J‘ﬂ e Icot 2 xdx
dx Y

= log|y |=%log| sin2x | +logc

Thus, y =ca/sin 2x

T ;
when_v(z) =2, givesc=2

proparad by : BALAJI KANCHI |

S = 2+/sin 2x is the required Particular solution of given D.E.
2.2023

Solve the following differential equation:

e* tany dx + (1—ex)sec‘2y dy =0
Sol.

The given D.E. is

sec? e
Ydy = - ——dx

tan y 1-e*

Integrating

=log|tany|=log|1-¢e*| +logC

=tany=C(1- %) [preparedby: BALAII KANCHI
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2.a

Find the particular solution of the differential equation
e“tan y dx + (2 — ) sec” y dy = 0, given that y= % when x = 0.

Sol.
Separating the variables, we get:

sec” y
Y g
tan y

X

dx

et -2

= logltan yl = log le* — 2| + log C
= tany=C(ef-2),forx=0,y=n/4, C=-1

Particular solution is: tan y=2 —¢".

2.b 2022

Find the general solution of the differential equation
sec?x.tan y dx + sec?y . tan x dy = 0.

Sol.

2 2
sec” x sec” y
dx + —dy=0
tan x tan y

Given differential equation can be written as

Integrating, log|log x|+ log|tan y|=1log C

tanx-tany=C

[ prepared by : BALAJI KANCHI |
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2.C

Find the particular solution of the differential equation

cosydg+ (l+e¥)sinydy=0

given that y = g when x = 0.

dx sin
Ans: - Y dy

~ Separating variables
l+e cosy e & )

e.‘i
— I l+e"dx:_'[ tan ydy

= logle® +l‘ =log|cos y|+¢

Ther =0 s o
whern X . ¥ 4

y 3
logle™ + l| = log ‘cos y| - ;log 2

or y=cos ' <
242

Prepared by : BALAJI KANCHI
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3

Find the particular solution of the differential equation
xdx—yeY {1+ x2 dy=0, given that y = 1 when x = 0.
Sol.

Given equation can be written as

x dx = ye'v1+x? dy

X
= dx = |y-e¥dy
'[\Jl+:|<2 I
= VJl+x* =e'(y-1D+C

whsny =1, x=0=C=1

Required solution is ¥1+x* =e¥(y — 1) +1

3.a

Solve the differential equation (eX+ 1) ydy =eX(y + 1) dx.

CX
Ans: I -

el

v+1

= log(e®*+1)=y-log(y+1)+c

Prepared by : BALAJI KANCHI
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3.b

Find the particular solution of the differential equation :

(1+ e dy + (1 +y°) e¥dx = 0, given that y(0) = 1.

Sol.

.(l-f- ez“)dy-!- (1+ yz')eX dx =0

= (B[

1+y? 1+e2*
X
= tzm_|y=—j = — dx
I[+e"

Put e* = t, so that e* dx = dt

tan ! y :—J‘ = tan ! y :—tan_'(e")+C

2

1+t

Substituting y = I, when x = 0 in equation (i)

tan_l(l) =—tan_l(1)+C ==

o8

— T - . <t . 5
Substituting C =7 Inequation (i) = tan™ y+tan I[_'a")=

o] A
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3.c
- : : dy .
Solve the differential equation : (x + 1) e 2¢ Y- 1;y(0) = 0.

Given equation can be written as

dy  p dx
ngf_1_jx+1

y d
= J‘Qiey dy:‘[}(:l

= —logl2—e” I+logc=log|x+1I

=2 - E+1)=c¢

whenx =0 ¥y=0=¢g=1

o Solutionis (2 —¢eY) (x+ 1) =1

4,

_ - . . d
Solve the differential equation : (x + 1) _(i% =269+ 1 50 =0

Answer:
Given differential equation can be written as

dv  dx
22741 xal

e’ dx
:>-[2+e-" i :I.1*+1

= log|2 +e’|=log|x+1|+1logC
=24e = C(x+l)
whenx=0,y=0=C=3

~.Requiredsolutionis2 +e” =3(x+1)ore’ =3x+1

Prepared by : BALAJI KANCHI
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5.

Find the particular solution of the differential equation :
n
xcosy dy = (x e* log x +e*) dx given thaty = = when x = 1.

Sol.

x cos y dy = (x log x + D)e* dx
L) &
= _[c.osydy=_[ log x+—|-e" dx
: %,

= siny = log x.e* + C (--'f[f(xwf'(x)]-ef‘dx =f(x)-e" +C)

| prepared by : BALAJI KANCHI |

OR

Separating the variables and integrating:
Icosy dy = Ie‘ [logx+ l) dx
X
= siny=e"logx+c
Using y =§,x=1, we get c=1

.. the particular solution is, siny =1+¢" log x
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5.b

Find the general solution of the following differential
equation :

(4+y2) 3+logx)dx+xdy=0

Given diff. equation can be written as

2' X
BB oy iyt
X 4+y°

Integrating to get

1 o D
—QB+logx) " +—tan —=C
5 ( gx) > 5 -
Or, (3+log x)2 +tan "t % =
5.c 2024
. . . . . dy
Find the general solution of the differential equation d— =xy log x logy.
X
; : s : dy
Separating the variables and integrating, j = leogx dx
ylogy

= log|legy‘ =Iog3{%‘]—jl-§dx+c
X

+

= log‘logy‘ = X?zlogx—): +c

|prepured by: BALAJI KANCHI |
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6. 2025

Solve the differential equation 2(y + 3) - xy %’-: 0; given y(1) = —2.
x
Sol.

Given differential equation can be written as

y _ 2
3 . 1
=y — 3log|ly + 3| = 2log|x| + C

y=-2,whenx=1=C = -2

Hence, the required particular solution is

=y — 3logly + 3| = 2log|x| — 2 [preparedny: BALAJI KANCHI |

6.a
For the differential equation xy g_y =(x + 2) (y + 2), find the
X
solution curve passing through the point (1, — 1).

Sol.
Given differential equation can be written as

y xX+2
— dy = dx
y+2 X

| dy= | (1+%](fx

y—2logly+2l=x+2loglxl + C

1—

yv+2

[t passes through (1, 1)
~1=-0=14€C = C==2

. required solution curve is y— 2 log ly + 2l =x + 2 log Ixl - 2

Prepared by : BALAJI KANCHI
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b. Indirect Model:

[After simplification using Lcm,factorization,

Formulas : if log(x)=y then x=eY, e**Y=e*eY, sin(x+y), Sin(x-y) ]

1.
: : . . . ody 1 &
Find the general solution of the differential equation i 5=

Answer:

Given differential equation can be written as

A e e P B
ax x e’ -1 x
dy __dx

:>J.e —1 Y x

:>f 8_1_.41-’— i
“l1-¢” X

= log|l - e_'1'| = log|x| +logC

=l—e” =Cx

2.2022

Find the general solution of the following differential equation :

dy =y, 2.y
— =€ + X°¢
dx

Prepared by : BALAJI KANCHI
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3.
Solve the differential equation g—y =1 4% % y2 + x2y2,
X
given that y = 1 when x=0.
Sol.

Given differential equation can be written as

d—y:(l+x2)(l+y2)
dx

Ilj};z :J.(x2 +1)dx

”

tan ™ y:%+x+C

k=0y=1=E=

&l

; P _ X T
So particular solution is tan ! y= Y x4+ 2

4,
Find the general solution of the differential equation log (ﬁ%) =3x +4y.

Ans: Separating the variables and ntegrating as :

J e_b—"d}-' = [ e dx

+e (or be”™ +ae® + k= 0)

b a

| prepared by : BALAJI KANCHI |
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5.
Find the particular solution of the differential equation

d_y = sin(x + y) + sin(x — y), given that when x = %, =
X

Sol.
Given differential equation becomes
d .
Y —2inxcos y
dx

= secydy=2sinxdx
Integrating we get
log |secy+tany|=—2cosx+c

T
x=z,y=0givesC= N2

.'. particular solution is log | sec y+tany |=—2 cos x +\E

[preparedby: BALAJI KANCHI |
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Il. . Homogeniuos equation in terms of only x&y
(degree of the terms same): then y = vx

1. 2022
. _ . d 2 + ol
Solve the differential equation : L
dx Xy
Sol.
Let y=wx ﬂ:y.,.xﬁ
X dx
v 1+v?
V+Xx—=
dx v
Gives x¥ = 1
dx v
vdv = d—l
s
Integrating we get
Vv
—=log | x|+C
5 —logl
p?
— = log|x|+C prepared by : BALAJI KANCHI
2"
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1.2 2024
. ' . ; ; dy xZ+y>
Find the general solution of the differential equation — = ——~—
dx 2xy
Put y = vx so that o d =v+xd—v
dx dx
V+Xd_v_x2+v2x2
dx 2XVX
2v
[-dx= [—dv
= log|x| = —log| 1 — v?| +logC
log | x(1 — 172) | =log C [preperedvy: BALAJI KANCHI

2

::»x(l—y—):(]orxz—yz:Cx

x2

Prepared by : BALAJI KANCHI
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1.b

Find the particular solution of the differential equation j—y = S

X x2+y

given that y = 1 when x = 0.

Sol.
dy xy
— = — 1)
de x4y
’ fr' (h"
Pu‘[l =wiey= wr:>i =v+x—
x dx dx
o B dv v
Equation (1) givesv+x—=——
dx 1+v
dv v’
= x—=——
ax 1+v°
1+ dx
:>I —dv=—|—
v x
= — s +log|v‘=—log|x‘+log ¢

: % e Emmd
putting v=-—and simplifying gives
X

=log|—
ul,

2y

now,x =0, y=1givesc=1
; . 4

required solution I8 =log|y] propared by - BALAIT KANCHI |
L."

Prepared by : BALAJI KANCHI
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1.c

Solve the following differential equation:
(x2-y2)dx+2xydy =0
giventhaty=1whenx=1

Sol.

Put < =V = y=vX and so d—y=v+x£
X dx dx
dv v2_1 xdv  (1+v?)
dx 2v dx 2v
2vdv S
Id—x=—J -Vd\ﬂ = logx=-log(1+v°)+logC
X 14+ v~

|

Py

= x(1 +v¥) =Cso X[I+LJ =Corx’>+y’=Cx
X

| prepared by : BALAJI KANCHI |
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1.d 2025

Solve the differential equation (x2+ y2)dx + xy dy =0, y(1) = 1.
Sol.

=-— , Put y = vx, d—y=v+xﬂ
dx Xy ¥ dx dx
X
dv. 14V dv_ 1+42v°
=> V+X—=— =>X—=-—
dx v dx v
1 4v 1
:>—I : ,dv=—‘|.—dx
47 1+2v° X
1
iZlog(1+2v2)=—log|x|+logC

(e Y _D
- log(1+ 2v2) =log— =1+ 2(l] =—,D=C*
X X X

For x=1,y=1,D=3,

.. The solution of the differential equation is, (Zy2 +x* ) x*

Prepared by : BALAJI KANCHI

39| Page



B @kanchibalaji7
(% +91-8099454846
(&) @ikbmaths?

1.f

Show that the differential equation ZX}T% =x? +3y? is homogeneous

and solve it.

Sol.

ay _ syt 143 ()

¥
dx 2xy 25

d dv
PLllX=V=>y=VX=>—y:V—I-X—
X dx dx
V_|_de_1+3v’2 :>de_1+v2
dx 2V dx  2v

= [— dvzf%:log(1+v2) =logx + logc

1+v2

=>1+(§)2:cx,x=1,y=0=>czl

= x? + y? = x? is the required solution

Prepared by : BALAJI KANCHI
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1.g
If the solution of the differential equation

dy _2xy-y* .

B 5 s 2% =blog |x| + C, find the value of a and b.
dx 2x y

Sol.

Ans. The given differential equation can be written as.

2
d_yzzﬂl(z)
dx x 2.x

y dv
Put y = vx, d—x=\’+xd—x, we get
)
v2
VHX—=Vv—-—
X 2

1 1)1
= v = ) ;dx , integrating both sides

————ilo Ix+¢
=% v > g

1
= _£=__10g|X|+C-. a:—l’ b:_i
y 2

1 1
or =—log|x|+c.a=l,b=5

A
y 2

Prepared by : BALAJI KANCHI
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1.h 2024

Find the particular solution of the differential equation given by

2xy + y2 — 2x2 j—i =0;y=2,whenx =1.

Sol.

Given differential equation can be written as
@G _To+y ¥ ¥
dx  2x2 a_ X sza

s . v
Lety—v.xzbdx— v+x—
The equation becomes

Integrating both sides, we get

_1—11 |x] + C
w30

= x—ll x| + C
—y—z()gx—l-

y=2,x =1 gives C:—%

The particular solution 1s

x_ll x| 1 B 2Xx
_y_ ogx—zor,y—

2 1—log|x|

Prepared by : BALAJI KANCHI
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1.i 2024

Solve the following differential equation :
x?dy +y(x+y)dx=0

Sol.

xzcly+y(x+y)dx=0 zg=—£—[£]_

dx X X
D dy dv
Putting —=v =y =vx, =V+X—
X dx dx
dv g
VHEX—==-V—V",
dx

separating the variable and integrating

I ! dv =—J‘idx

v +2v
:I;,dv:—.ldx
(v+1) -1 "X
=>110 > =log|—

T

The solution of the differential equation is,

r 2 .
_32 =-C—}_ or X’y = k(y+2x)
v+2x| x

| prepared by: BALAJI _KANCHI
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1.k 2023

Find the general solution of the differential equation :
(xy — x%) dy = y* dx.

Sol.

Given differential equation can be written as

du u’ du u
S u+Hx—= =>X—=—
dx u-1 dx u-1

Separating the variables and integrating

‘[(l—l}lu=jE =>u—logu=log|x‘+c=>z—logz=log|x|+c
u X X X

|prapmed by: BALAJI KANCHI ]
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Find the general solution of the differential equation

2 dy 2 2
X X xEy.
] Xy +7%

Sol.
d 515
dx b X

Put% =piey=1ux

>Z Pt JcE
dx ax

Equation becomes

dv
v+x—=v2+v+1
dx

1 q _dx
PRI g

Integrating, we get

tan'v=log |x] +C =>tan‘1§: log|x| + C

Prepared by : BALAJI KANCHI
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2.2 2022,2025

Find the general solution of the differential equation

x?y dx — (x3 + y3) dy = 0.

Sol.
dy _ xzy
dx 3 +y3
Put y=wx, —= v+x~£ﬁi
X dx
dv v dv_ —v*
V+x— = = X—= 3
X J+v dx l+v
1+ dx
I 3 dv=—-|—
L,‘ -X‘
Ildv+_[liv log|x|+C
— —dyv=— : -
vt ¥ .
3 +log|v|=—log|x|+C | prepared by : BALAJI KANCHI |
=P
3 : _x
%+10g s =—log|x|+Cor %+10g|_}-’|=C
3y X 3y

Prepared by : BALAJI KANCHI
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2.b

Find the general solution of the differential equation X’y dx — (XS +y ] dy=0

3 el
Ans: dx _x"+y

dy %y
dx dv
Putx=vy = —=v+y —
dy dy
vy (v’ +1
vy ¥ (: + )
.. § ¥ r
dv 1
= ydy v?
2 1
5 vidy=
¥
Integrating both sides, we get
3 3
% X
—=logy+c=>——=logy+c¢
3 3y

= x’ =3y’ logy +3cy’

Prepared by : BALAJI KANCHI
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2.C

Find the general solution of the differential equation
x (y3 + x3) dy = 2y* + 5x%y) dx.

Sol.

Given differential equation can be written as
dy 2y4 +5x7y

= il
dx x:v3 +x* )
Let, "1.,-' =N ﬁ =v+X ,d_v
dx dx
; : dv 2V +5y
Equation (1) becomes v+ x—=———
d_r ]:3 + l
dv vy
= X—=
dx 41
Vil dx
dv=—
v +4v X
43+ 4 dx
- dv = 4J.—
v +4v X

log| v+ 4v|=log (.\‘)4 +log C

1f4+ 4y’ 4
log|————|=log Cx
%
,1-’4 & 4"%3 — B [ prepared by : BALAJI KANCHI
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2d

Prove that x2 — y2 = c(x® + y?)? is the general solution of the differential equation
(x3 = 3xy?)dx = (y* - 3x2y) dy, where C is a parameter.

Sol.
X2 —y? = C(x? + y»)? = 2x — 2yy’ = 2C(x* + yP)(2x + 2yy")
2 2

. r Lx+2yy) = (7 + - yy) = (€ - Y)2x + 23y)
Yy X

= E—)=

) 2 2 d ) o) o)
= [2yx>-y)-y(y*+ X‘)]i = 2x(x> ) - x (¥ + x9)

= _3"2”% = (' - 3xy)

= (v - 3x%y)dy = (> — 3xy?)dx

Hence x> — y* = C(x* + y%)? is the solution of given differential equation.

Prepared by : BALAJI KANCHI
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3.a

Find the particular solution of the differential

equation (x-y) g—y = (x + 2y), given that y=0 when x= 1.
x

Sol.
2y
dy x+2y_l+Y
dx X—y 1_1
X
\ dv 1+2v
S = g = =V+X V+Xx—=
X X dx dx 1—-v
dv 142v-_v+v’ v—1 dx
= X— = - = jid»vz——
dx v-1 ve 4+ v+1 X

% jﬂdv - I—%dx

v2+v+l
:>_[ 2+l dv—‘SJ. : 7d\-’z—J.zdx
vi+v+l 1 2 \E = X
(H_] "

% o B ol BEELR 2
= log|v +v+l|-3.—tan" | —— | = log |x|" + ¢
V3 NER

= log|y? +xy+x° |—2\/§tan_l{2y:XJ =3
3x
3
¥=1 wy=0=8 =—2\/§-£=—£n

6 3
2v+x \E
s

10g|y2 +xy+x2|—2\/§ta11 [

Prepared by : BALAJI KANCHI
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3.b

Solve the differential equation :

dy _x+y
dx x-y
Sol.
y
d_y_x+y_l+;
dx x-y s
X
Put y/ s B oy
t =¥ § at — =YV ——x
ut y/x = v so tha ix ™
dv 1+v dv 1+v [+V—V+V>
. VEX—= = —_— —V =
dx 1—-v dx 1-v l—v
l—v d d
:>j _dv=[=2 j _dv ——j _dv= —x
iy X 14+ v?> 1+ v>
. |
— tan lv=;log|l+v2‘+]0gl)(I+c
| X%+ y2
— tan ’(l}=—log 4 +loglx |+c
X

5

X

(7). 1 2, 2
or tan | = |==loglx " +y l+c
X/ 2

s

Prepared by : BALAJI KANCHI
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3.c 2023
Find the particular solution of the differential equation
dy x+y
" g ML) =D
dx &
Sol.
dy . xty Oy y
i = = 1 -+ e
LetZ=v. Thenxd—v+ v:d_y
k. dx dx

So, Differential equation becomes.
x% +v=1+vV

= dv = %I

=v=Ilog|lx|+c¢

= y=xlog|x| +cx
=>x=1,y=0=>c=0,y=xlog |x|

[can also be solved, taking first order linear diff. eqn]

’ preparedby : BALAJI KANCHI
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4,

Solve the differential equation given by
xdy —ydx— x?+y? dx=0.

Ans.
Writmgd—y:y+ 'X_+y_ :X-—i- l—l-(z]
dx X X X
Put L. S
Uk dx dx

. : 5 dv
Differential equation becomes v+ x = = v+y1+v?
dx

oodvpdx
:>'[ I+v2_jx

v+ v?
= v+yl+vi=cx = y+ﬂx2+y2 = cx?

= log =log|xI+logc

wiien. x =1, 5y =0=¢=1

“ §a X2+ y? = x° preparcd by : BALAJI KANCHI |

Prepared by : BALAJI KANCHI
53| Page



), @ @kanchibalaji?
(% +91-8099454846
(@) @ikbmaths?

lll. Diffrentail equation contains

sinZ ,cosz ,tanz
X X X

y

y
,ex log% terms:;:v,y:vx:

a. Trigometric :

l.a
: : . ; : . d
Find the particular solution of the differential equation xd—y+ x cos? (Z): V;
x X
given that whenx=1,y = g
Sol.
Given differential equation can be written as
d f] 1 ]
i=;—coszi s D)
dx x X
dv dv
Let y=vwx /. —=v+x—
dx dx

(1) Becomes ¥ +x— = ¥ —cos” v
dx
dx
se02 vy = —
P
Integrating both sides we get

tanv=-log|x|+c¢

V
tan—=—log| x| +c
)

v
¥=l, y=—es]

. . y
. Particular solution is tan—=—log|x|+1  [preporedby: BALAJI KANCHI |
X
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1.b 2024
Find the particular solution of the differential equation given by

d . =
2 Y — Xy = x2 cos? (—y—], given that whenx=1,y= -
dx 2% 2
Sol.
ay. ¥ 2y
dx  «x TG (21)
Puty = vxso thatﬂ =v+ xd—v
= dx dx

. 22
SV+Xx-=v+ cos (2)
zfsecz(g) dv = fi dx
= 2 tan G) =log|x| + C
:>2tan(i)zlog|x|+€

2tan§=10g1+C:>C=2 :>2tan( ):log|x|+2

&£,
2x

Prepared by : BALAJI KANCHI
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1.c 2025

APA I
(.x‘ sin~ (J - y) dr+xdy=0giveny= & when x = 1.

Sol.

[x.sinzi—y].dx+x.dy:0
¥ cin2E

= —-==—sin?_

dy dv
== e i
Puty = vx ot e

dv 2
S X—T V=V — S§SInTv
c]X+

= — [cosec?’vdv = fd?x
= cotv=1log |x|+¢c
= c0t§:loglxl+c

m
x=1,y=; =c=1

= cot§=log|x|+1

Prepared by : BALAJI KANCHI
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2.2 2022
Find the particular solution of the differential equation :
Xd—y sin(zJ +X—-Yy sin(z) = 0, given that y(1) = uf
dx x X 2
Ans.
xﬂsil{ilH{ —ysin{iJ:O
dx x X
.dy y 1 "
= —==- : k3]

dx x [yJ
sin| <
X

; i i d dv
Put Fe vie.,y=vxin (i) so that Y =v+x—V
X dx dx
dv 1
VX —=V——
dx sinv
. |
annvd\/:_[——dx
X
— _COS V = —log[x[+C:>cos[%]=logixl+c (i)

T
Substituting ¥ =5 when x = 1 in (ii)

cos{£]:10g1+C:>C:0
2

i

preparedby: BALAJI KANCHI |

Required solution is cos(lj =log x|
K
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::
2.b

Solve the following differential equation :

d .
xZL—y+xsin=0
dx x

Sol.
d 5
x—y—y+xsmzz 0
dx %
d :
dx X b &
dv 3
2V+X—=1V—S5Inv
dx
dx
cosecv dv = —

= log | cosecv — cotv| + log|x| = log C

y et N
=X (CUS@C; — cot ;) =C ’prepuradby= BALAIJI KANCHI I

3.a 2025
Find the particular solution of the differential equation

X cos(z]@ = ycos(z] + X, given that y =£, when x = 1.
X

X ) dx
Sol.
dy _ y y
T o—— = =
= x+secx
Puty = vx
dy dv
= ==V+ X—
dx dx

dv
=>V+X§=V+ secvVv

= [cosvdv= f%

= sinv =log |x| + ¢

= sin L =log x| + ¢ propared by : BALAJI KANCHI |
X
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5. 2025

. Find the particular solution, satisfying the given condition, for the following differential
equation:

d_Y_X_,_COSec[X]:O;y:O when x=1
dx x X

Sol.

dy vy y
— = — — Co0SsecC —
dx x X

Puty = vx

dy dv
— — =YV X—
dx * dx

dv
= V+X—=V— cosecvVv
dx
- — P52
= — [sinvdv= |-
= cosv =log x| +c
=3 cos)—{:log|x|+c

x=1y=0=¢=1

= cos L= log [x] +1 prepared by : BALAJI KANCHI
X

Prepared by : BALAJI KANCHI
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dy y

Solve the differential equation x e y—x tan=.

X
Sol.

The given differential equation can be written as,
dy vy v
dx x X
dy dv
Put y= vx=>—}= V+Xx—
dx dx

dv
L VHEX—=vVv—tanv
dx

dv dx
o
tany X
= log‘sin v| = —log‘x‘ +logC

= sinz = E = xsinE =C [preparsaby: BALAII KANCHI

X X X

Prepared by : BALAJI KANCHI
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b. Logarithmic :
1l.a

Find the general solution of the differential equation x j—y =y(logy—logx+1).
X

Sol.

X Ll = y[log y —logx+1]
dx

@ =£[log£+l}

dx x X

Y=

dy dv

A T,

dx dx
v+x—=v[logv+1]
rﬁ vlogv

" dx .

1v |
vl [

log|logv| = log|x| + log C

log (%) = Cx [ propared by: BALAJI KANCHI

Prepared by : BALAJI KANCHI
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1.b
Find the general solution of the following differential equation :

y dx + x log (Xde—Qxdy=0
%

Sol.
Given differential equation can be written as

dy y
% y
@ 2x—xlog—
X

Clearly it is homogeneous let y = wx

dy dv
—— = dig—
dx dx
dv v
Vb —=———
dx 2-logv
dy v vlogy
= Xr— —
dx 2 logv
logv—-2 _dx
v(logv—1) X
I T dx
e —— dp ey
v v(logv-1) ;.
= log v—log llog v — Il =—log lxl + log C
VX
=
logv—1

prepared by : BALAJI KANCHI |

= y= C(logi— l]
, '{-

Prepared by : BALAJI KANCHI
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c. Exponential :
1.a 2022

Solve the following differential equation :

(1+ey’!X)dy+ oYX (I—Z]dxz()(xim.

X

Ans.
Given differential equation can be written as

vixl ¥ .
> A e ]
dy _° ( J

dr 14/

dy dv
put y=wx and —=v+x—, we get
dx dx

dv ' (v-1)
V+X— = —————
de  14é

dv —e' v

X—=

dx 1+e"

)\‘ Iy
J.(L.-’-l)dv:— ﬁ
e +v X

log|e" +v|=—log|x|+logC

S 1’. C s 4
3-1" “ JeFo— O xe—" bt +y= C |prepmed by: BALAJI KANCHI [

Prepared by : BALAJI KANCHI
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1.b 2023
Solve the following differential equation :
Yy
xe¥—y+x dy =4
dx
Sol.
x
Given differential equation 1s 2y pE
dx x
Lety=vx Sy xZ
dx dx

: . dv
The given equation becomes v + ik A eV

= ¢ Vagv=Z
X
Integrating both sides, we get

eV=log|x|+C

y
—e x=log | 5 | +C prepared by : BALAJI KANCHI |

1.c 2024

Find the particular solution of the differential equation

¥y
(xe* +y)dx=xdy, given that y=1whenx=1.

Sol.

dp = y % , _— ; ;
? =e¢” +—= f(=) so, its a homogeneous differential equation
X % #

dh
Lety=wm=—=vix

dv
Now, v+x—=¢" +v
dx

=% j e 'dv= Jédx

-y

= —¢ " =log|x|+c= e ¥ = log|x|+c.....(D)

. =3
Now,x=1, y=1 givesc=—¢

—y

ThUS, log | Yl +e ¥ = e—l prepared by : BALAJI KANCHI

Prepared by : BALAJI KANCHI
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1d
Find the general solution of the following differential

equation :

9x &% dy + (x — 2y &%) dx = 0
Ans.
Given diff. equation is

dv  2ye’’* —x

i PR 2L
y dy dv

Put, —=v=>——=v+x—
X dx dx

Integrating to get, 2¢’ =—log|x|+ C

ViX
=2 +log|x|=C [ prepared by : BALAJI KANCHI

Prepared by : BALAJI KANCHI
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IV. Diffrentail equation contains

. X X X E X X

sin- ,cos- ,tan- , ey ,log— terms:—=v,x = vy:
y y y y y

1l.a

Find the particular solution of the differential equation

2y e¥¥ dx + (y — 2x e¥) dy = 0, given that x=0 when y = 1.

Sol.
Given differential equation can be written as
dx  x 1
dy vy 2&¥Y
dx dv
- — = v+y—
Put x =vy = d v ydy
N dv 1
Vty— = v———
dy 26"
prepared by : BALAJI KANCHI |
d ;
ety I o —2J' e“dv
4
= log|y| = —2¢" +¢ = —2"7 +¢

whed k=D ¥=13€=2

:. log |yl = 2(1 — €9%)

Prepared by : BALAJI KANCHI
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1.b
X X,

Solve the differential equation y - e; <= (& eT + yz)dy, (y#0).

Answer:
Given differential equation can be written as

X

= 7
dx xe’+y*

- 1{,6’-1.'
X dx dv
Put—=v = —=v+y—
'1} C!_}' (j‘}:
dv ve' +y dv y
= V+y—=— = p—=
dy g dy ¢

J.e‘“ dv = J‘;{}: = & =p+C

= ¢’ =y+(C,whichis therequired solution.

1.c 2024
Find the general solution of the differential equation :

ex»’y[f_l]
dx _ y

dy  1+eX/V
Sol.

dx dv
letx=vw= — =v+y—

dy dy

Substituting in the given differential equation, we get

dv eV (v-1) dv eV +v)
Ve g s
dy e o | dy el o |
v
e’ +1 d
= — dv =- &
e +v y
Integrating we get
log |eV+v|=—log |ly|+logC
N e oryeX/Y + x=C [prepareaby: BALAJI KANCHI

y ¥

Prepared by : BALAJI KANCHI
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V. Linear differential Equation : % + Py =Q

a. Direct form : (term with single variable y )

1.2 2024
Find the particular solution of the differential equation
dy

& oxy =322 e ; y(0) = 5.
dx

Sol.
Given differential equation is a linear order differential equation with:
P=-2x, Q=23x%"

“Ivdx
I 2xdx —x?

Integrating Factor =e =e
The general solution is: y- e = I e™ .3x%e  dx+C = y- e =x*+C
Putting x=0,y =5, we get, C=5

. The Particular solution is: y-¢™* =x"+5 or y= (x3 + S)e‘z

|prepared by : BALAJI KANCHI

Prepared by : BALAJI KANCHI
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2.a2017

Find the general solution of the differential equation
dy ;
— —y=sinx.
dx s

Sol.

. - . .. dy .
Given differential equation 1s d— =¥ =gmX
X

= Integrating factor =¢™™

Solution is: y e * = jsin xe Tdx +c

X

I, = —sinxe ™ +Icosxe_‘ dx

= —sinxe * +[-cosxe " —j+sin xe dx]

L= 5[—5&11){—(:05:&]6_K
¥ e = Bo R e
Solutionis ye ™= E(_ SINX —CosSX)e — +¢
Y x
or y= —5(5111x+cos X)+ce prepared by : BALAJI KANCHI |

Prepared by : BALAJI KANCHI
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2.b 2025

Solve the differential equation g—y = cos X — 2y.
%

Sol.

The given differential equation can be written as:

=COSX
dx

2x

Integrating factor is given by, 1= eI e

. . 2 2;
.". The solution is, v-e™* = J.e *cosxdx

2x x
v ¢ : ¢
Let, I, = I cosx-e*dx=cosx —I(—sm X) —dx
2 2
e cosx
[ COSX- —d\}
e*cosx esinx 1 e’
=, = + ——I =1, =—(2cosx+sinx)
2 4 5

.. The solution of the differential equation is

1x
lx

y-e (200sx+smx)+C = s-——(2cosx+smx)+Ce
2.c 2023
Find the general solution of the differential equation
dx % X
Sol.

=
J—:dX [
Integrating factor= e X =g~ 208X —

X
. 1 £ .4
Solution is y. — =| =sin; dx +C
%2
1 1
Let:— =1,— —du=dt
X X"’

i .. 1 : |
5 J —  8in ~ d}{:—.[ sint dt=cost=cos —
x= X X

1 1

&Y —5 =08 — #C [srepareaby : BALAJI KANCHI |
3= X

Prepared by : BALAJI KANCHI
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2d
Solve the following differential equation :
dy ;
— +y = cosxXx—sinx
dx
Sol.
LE. =¢"

Solution is y.e* = [(COS x —sin x)e* dx+C

ye*=¢e"cosx+C or y=cosx+Ce™

3.a

Find the particular solution of the differential

L + 2y tan x = sin x, given that y=0 when x = %

dx
Sol.

dy )
= + 2y tanx = sinx

LF. = ef 2tanxdx — g2logsecx — gac2x

. ysec’x = [ sinxsec’x dx = [ secxtanxdx
=secx+c

y=0,x=§=>0=2+c=>c=—2

= ysec’x =secx—2 Or y =cosx— 2cos?x

Prepared by : BALAJI KANCHI
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3.b
Find the particular solution of the differential

Cdl_y — 3y cot x = sin 2x, given that y=2 when x = %
X

Sol.

—3log (sin 1)

f o _ \
i st SRS =cosec” X
solution is given by:

y - cosec’ X = jsin 2x-cosec” x dx +¢
= 2jc0t X -cosec x dx +c

=-—2COSeC X+ C

) 5.3
s y=-2s8in" X+ ¢ sin” X

T
wheny=2,x = g = c=4

preparedby : BALAIl KANCHI

. 5 . 3
S y= =-=-2sin°X + 4 sin°x

Prepared by : BALAJI KANCHI
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3.c 2023

Find the particular solution of the differential equation

d—y + cot x .y = cos? x, given that when x = %,y: 0.
X

Sol.
J.cotx dx | !
Integrating factor is € =g e MK = iy %
Solution is y sin x = J cos2 x sin x dx + C
3
. Cos™ X
=ysinx=—— +C
3
T
X= E, y=0=C=0
3 3
‘ . Cos™ X cos
.. particular solution isy sin x = — ory=-— .cosecx

[ prepareaby: BALAJI KANCHI |

3.d
Find a particular solution of the differential equation
g—y + ¥y cot x = 4x cosec X, (x # 0), given that y = 0 when
X
T
X=—
Ans.
dv
e M y.cotx=4xcosecx
dx
_ J-cot.\‘dx _log(sinx) - .
I.F.=e =e =S$In X
Solution is given by :

v.(sinx) =I (4x.cosecx).sin x dx
=5 SN X :I 4x dx

= psiny=2x"4C

2

T ; T
Now,y=0,x=—gives C=——
2 2
72
: g 3 : 2 re| e :
Required solutionis: y.sin x =2x~ e [ereparedty : BALAJI KANCHI

Prepared by : BALAJI KANCHI
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4,
Find the particular solution of the differential equation
gy +ysecXx=tanx, wherexe |0, EJ
dx 2

given that y = 1, when x = g

sec xdx laolssamatain
Ans: [F.= eI — ploplecx+tany| _ o0 1 tanx

y(secx+tanx) = I tan X(sec X + tan x)dx

= secXx+tanx—X-+¢c¢

When X=£«y=1 we get g
4 £ 4

y(secx +tanx) =secx + tan x — X -4-E
5. 2023
Find the particular solution of the differential

—L t+sec?x.y=tan x. sec? x, given that y(0) = 0.

dx
Sol.

) J.scc 2 x dx )
Let (a) Integrating factor = e = elanx

Solution is ye!dl X = J tan X sec? x e X dx + C
Lettanx =t sec” x dx = dt
5 J e X tan x sec? x dx = J eltdt=el (t—1)

ye[aﬂ X = elafl X (tanx - l) +C
y(0) =0 gives C = 1
Particular solution is ye!® X =@ X (tan x — 1) + lor y = tanx -1 + e

Prepared by : BALAJI KANCHI
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b. Indirect form : (term with single variable y)

[ write % value followed by the term with single variable y ]

6.a

Solve the differential equation :

(1+x2)dy + 2xy dx = cot x dx
Sol.

d+=> )dy + 2xy dx = cot x.dx.

dy 2x cot X
= =

‘)-y_ :
dx 1+x?2 1+ x2

[ 2X i

{
IF. = ¢

2
Do X 2
- eloc(_H'_\ ) — (1+ x-)

.. Solution is, y-(l+x3):jc0tx dx=loglsinx |+c

1 :
ory = ~-log|sinx |+
I~ Iex"

6.b 2022

| prepared by: BALAJI KANCHI |

Solve the following differential equation :
(y —sinzx)dx + tanxdy = 0
Sol.

(p— sin” X)dx+tanxdy =0

.2
dy y sin” x
_.+ = —

dv tanx tanx

dy ET—
—+(cotx) y=sinxcosx
dx

IF = eJ cotxdy _ elog(sm %) _ -

Solution 1s given by

; & 3
ysmx = JSII]_ xcosxdx prepared by : BALAJI KANCHI

Prepared by : BALAJI KANCHI
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ysinxzjzzdr csinx =t,cosxdx =dt
I3
ysinx=—+C
sin” x
ysinx = +C
6.c

Solve the differential equation (tan ' x —y) dx = (1 + x%) dy.

Sol.
Given differential equation can be written as
1 dy | tan

(l+x3)d—y+y —tanlx=> 4+
dx dx  1+x

_ etau—l

Integrating factor )

tan_] X 1 dx

T

. 1 =
Solution is y - ™" "x = jtan X-e

-1 X e
= y.e® x=e® x.(tanlx-1)+c

= _tan—1x
or y=(tan1x—l)+c.e""m *

Prepared by : BALAJI KANCHI
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6.d

Find the particular solution of the differential equation
dy = cos x (2 — y cosec x) dx, given that y=2 when x =
Sol.

Given differential equation can be written as

d

—y+yCO'[X =2 ¢cos X
dx

= |ecotxdx inx ;
LE = =B _ oinx

Solution 1s given by

ysinx = IZSiﬂX cosx dx = Jsin 2x dx

—Cos 2X
=—— " +¢
2
prepared by: BALAII KANCHI
| = y=2 "
whenx=— y=2 =S¢=7
s 2

o ; 1 : .
Solution 1s given by ysinx = iy R 2x + 5 Or y=cosecx +sinx

i

Prepared by : BALAJI KANCHI
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7.

Solve the differential equation :

dy _ _{x+ycosx}

dx l+sinx

Sol.

The given differential equation can be written as:

d Cos X —%
dy |

. = : :
dx l+sinx | +sin X

¢ COS X

dx . - )
LF. = e l+sinx  —gloglFsing g4 gy ¢

Solution of the given differential equation is:

y(l + sin x) = J'_—?ix(l+sin x)dx +c¢
1 +sin x
2 2
= (l+sinx)=_x +& or ¥= .
7 2 2(1+sin x)

Prepared by : BALAJI KANCHI

78 |Page



B @kanchibalaji7
(% +91-8099454846
(&) @ikbmaths?

8.2024

Find the general solution of the differential equation

ydx—xdy+xlogx)dx=0
Sol.
1

. ; : . . dy
The given differential equation can be written as, d—'—— v=logx
X X

% P=—l., Q=logx
X

The solution of the differential equation is:

y-l =Ilogx-1dx

- _(logx)" X)

S——t- ¢, 0ry-5x (logx) +cx

[preporedh!: BALAIJI KANCH[]

Prepared by : BALAJI KANCHI
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y

. . . . .. d
c.Divide entire equation by the coefficient Ofﬁ :
[ term with single variable y ]
la
Find the particular solution of the differential equation x g—y —y=x% e,
X
given y(1) = 0.
Sol.
2
a9 I |x e’ =xe*
dx x X
[ 11
FF=d % :e—logx :elogx -
%

= | :
Solution is yx—= J.e" dx

x
L=e*4+(

X
y=xe*4+Cx

prepared by : BALAJI KANCHI
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1.b 2022
Find the particular solution of the differential equation
xgjty + 5 =0, given that y(1) = 0.
dx 1+x~
Ans.
: s ; ; ; dy 1 -1
Given differential equation can be written as —+—y = ——a-
& & iex")
1
= Jdx log x
LE.=e* =g = =x
N -1
Solution1s y-x= J. 3 dx+C
1+ x

1

= xp=—tan x+C

Now y(1)=0= C =§

: .. T 48
. Particular solution is xy = ——tan y | preparea by : BALAJI KANCHI |
1.c

Find the particular solution of the differential equation

x% + 2y =x?log x, given y(1)=1.

Sol.
dv
X—+ 2y=leogx
dx
dy 2
= —y+—-y=x10gx
dx X

J‘:d-‘i Moo 2
l_F_ — e X :e_lo‘:x - x_
Solution is given by

y-x2 :Ixz(xlog X )dx

= yx% = _[x" log x dx

Prepared by : BALAJI KANCHI
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X 3 C
=3 §y = —Rgx——g
4 xR

¥,

when x=1,y=1, we get C = 16

Required particular solution is

9
X~ | 17
y=—logx——x"+ -
16 16X~

prepared by : BALAJI KANCHI

1.d

Find the particular solution of the differential equation

dy ; ; (n)
X—+y=XcosX+sinx;given y 5 =1

dx
Sol.
The given differential equation can be written as
dy vy sin x
—+ = =C0sX+
dx x X
I%d\ logx

The integrating factor, LF.= ¢’ =™ =x

.. the solution 1

Put, x=g,y=l=>C=0

.". the particular solution is y =sinx

Prepared by : BALAJI KANCHI
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2.a
Find the particular solution of the differential

(14 XQ)% +2xy = tan x, given y(0)=1.
Sol.
Given differential equation can be written as

d_y 2X tan x

ax T l+x2.y e

4

.I‘|h_-3dx Inu{l+\3; Z
B = 8" =§"* = 1+X
Solution is given by

2 tan X 9 -
& o — - (1+x7)dx
y - (1 +x9) II+x‘ ( )

e Itanxdx
=loglsecx|+C
When x =0, ¥ =1 gives C= ]

. ¥ . . i
Required particular solutionisy - (1 + x°) =loglsec x| + 1

log Isec x| . 1
1+x° 1+x%"

ory = [ preparedby: BALAJI KANCHI |

Prepared by : BALAJI KANCHI
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2.b 2023
Find the particular solution of the differential equation

1+ xg)d—y+ 2xy = #, given that y = 0 when x = 1.

X 1+x>
Sol.
Given diff. eqn.can be written as
dy 2x |
. 2 ‘.1: = )
de I+x (1+x2 )'
J.:—"-,‘fﬁ\' 5
LE.=e'* =1+4+x"
solution 1s given by: y. (l +x° ) = I . ~dx
€y
::>_1f.(l +x ) =tan" x+C
, T
Nowx=1,y=0givesC = —fz
: . ) _ Vs
Reqired solution : y.(l+x') =tan" x— 5 [preparedby: BALAJI KANCHI

2.c 2023

Find the general solution of the differential equation :
d ;
(a2 + l)a‘§+ 2xy = a2 + 4
Sol.

Rewriting the given differential equation as:

dy, 2x _x'+d

1.‘-_ 2
dx 1+x 1+x

Integrating factor =e’ ¥
. solution of the differential equation is

dx _ eIl]g(l+x:) —d XZ

Prepared by : BALAJI KANCHI
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(1+1£2 J‘H (l+x )dx+c

=IVx'+4dx+c
1)= xVx’ +4
2

x+\/x2+4|+c

[ preparea by : BALAJI KANCHI |

ny(1+x +2log

2.d 2025

Solve the differential equation (1 + x2) % + 2xy — 4x2 = 0 subject

to initial condition y(0) = 0.
Sol.
9 - /
Given equation is i-ﬂ- s —.y= o -
dx 1+x° 1+ x”

5
2x
dx

LE = ¢ " =]4+x°

Solution is given by,

(14X

+ X de —J‘4x dx

2 '4-){3
=5 ¥eil-X ):T+c

when x =0, y =0=¢=0 | preparea by : BALAJI KANCHI

3 3(1+ x?)

Prepared by : BALAJI KANCHI
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2.e 2025

dy

Solve the differential equation : (1 + x%) d T2V - 4x% = 0, subject to the initial

condition y(0) = 0.

Sol.

: . dy 2% 4x?
Given D.E. 1s =+ — Y =
dx 1+x2 y 1+x2

X - "
Integrating factor is e/ 752%™ = 109 (1+3%) = (1 4 x2)

Solution is y(1 + x?) = [4x%dx +C
3
y(1 +x3)=2-+C

x3
y(0) =0 gives C = 0, hence solution is y(1 + x?)= %

[ prepared by : BALAJI KANCHI |

Prepared by : BALAJI KANCHI
86 |Page



B @kanchibalaji7
(% +91-8099454846
(@) @ikbmaths?

4.
Find the particular solution of the differential equation

d
(1 + sin x) ﬁ =—x-ycosx,giveny(0)=1.

Sol.

e 1
(1 + sin Xx) x =—X—YCos X

Given equation can be writte as

dy  cosx —X

. Yy si————
dx 1+sinx [ +sin x

COsX

]_.F. = te—gi[]x dx = eID_EI]—S]'l'iX} = l + Sin X

Solution is given by

- qu - (1 +sin x)dx
(1+sinx)

y - (1 + sin x)

2

= f—xdx &= —%+C

preparedby : BALAJI KANCHI |

Now, whenx=0,y=1=C=1

. . . . x’
. Required particular solution is y - (1 + sin x) = = +1
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d. % + Py = Q form : after taking Reciprocal on both sides :

. . . . d
[ single variable y term should come in numerator after writing d—i’ ]
1l.a

dx

Find the particular solution of the differential equation (y + 3x%) Fa = K
¥

given that y =1, when x = 1.

Ans.
Given differential equation can be written as
d dy 1
xd—y —y=3x%0or =———y=3x
% dx x
1

» ¥ a4

IF=el 7% = p-togx = -1 =

X

Solution 18 ¥ > J 3xidx 5 i
¥ x

2
—=3x+C [prepared vy : BALAJI KANCHI
X

¥=1, y=1 gives C=-2

% r 5 ? 3
Particular solution is & =3x—2 or y=3x"-2x

X
1.b
Solve the following differential equation
(y + 3x%) s =X
dy
Ans.
dx dy 1
( +3x2)—=x — ——y =3x
¥ dy dx X d
1
i e.[_;d :e—logtm _l
X

I ] 5
Solutionis Y -—= J3X —dx = y=3%" +cX
X X
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2.2022
Find the particular solution of the differential equation
(2x2 +y). % =x; given that y = 2 when x = 1.
y

Sol.

Given diff. equation can be written as

xﬂ— y=2x" or e 1 y=2x
dx -~ dx  x’
IF — gf—%d.\‘ ze_logx _ elog_\l_ :i

X

. Solution 1s y X I 2x »ldx =2x+C
% X

5
= p=2x 4L

whenzx =1, py=2=2=24C=C=0

4 s s 2
= Particular Solution 1s v =2x" [ prepared by: BALAJI KANCHI

3.
Find the general solution of the differential equation

2 .
(2x” +y)dx =x dy.

sol.
(2,\': +.1.f')dx =xdy
:@—l.y:Zx
dxy x
- ln'.r
I.F.=¢ '[-" :l

¥
Solutionisgiven by,

1 1
| = |=|2x.—dx
AFEry

y , 5
==—=2x+C or y=2x"+Cx [ prepared by : BALAJI KANCH] |

X
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VII. Single variable X : Z—; + Px = Q form:

.. d . . .
[ write £ value followed by the term with single variable x ]

1.a 2024

Find the particular solution of the differential equation
(tanly—x)dy = (1 + y2) dx, given that x = 1 when y = 0.

sol.
(tan"ly —x)dy = (1 + y?)dx

dx 1 ¥ tan™ "y
dy 1+ y? 1+5°

1
LF=e/m7® = tan 'y

-1 tan~—! -1
x X etan y:f & etan ydy
1+ y?

=1 . -1 s
= xe® Y = (tan~ly)eBN Y _ oMY 4 ¢

OR

= x = tan~! y—1+4+C e—tan™ly prepared by : BALAIl KANCHI |
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1.b
Find the particular solution of the differential equation

etan_l Y) d_y

(1472 + (x—
Y = dx

=0, given that y=0 when x=1.

Sol.
Given differential equation can be written as

ds % etau_l v

dy l+y2 l—i—yz

dy

IE = e 14—}:2 i etall_ly

Solution is given by

1

tan vy 2tan Y
1, € C tanty 4o €
I+y l+y
1 2 tan ! y
— Xe('cm Yo = +c

prepared by : BALAJI KANCHI |

whenx=l,y=0:>c=5

I s | &
g B t 2tan~y t
. Solution is given by xe'™ ¥ = 5" WY 4— or x=—(e™

; g
}' t e tan } )
2 2

Prepared by : BALAJI KANCHI
91 |Page



, B @kanchibalaji7
Fi

(% +91-8099454846
(&) @ikbmaths?

2.a2 2024, 2017
Find the general solution of the differential equation
y dx — (x + 2y%) dy = 0.
Sol.

Given differential equation can be written as

ydx o P dx 1 x =3
i RO B s e s
dy ¥ dy vy d

- o
Integratmg factor 1s e logy _

rﬂ|

= [2dy=2v+c

. 1
" Solution 1s X-— \
y -~

or x = 2y* + cy. [Preparedby: BALAJI KANCHI |

2.b

Find the particular solution of the differential equation :

ve'dx=(y’ +2xe")dy, y(0) =1

/ ; d . :
AI]S. Y'e}dXz(y5 +2X6‘)dy :>}]'{"_'y&y=y“'-1-2)(‘—:§r
dx 2 o
_—_X o e B
dy y
: - —2 id}«' . . log—lT 1
LE. (Integrating factor)=¢ ¥ = o 2ER oo e =—
y?
Solution 1s
]‘ 2 -y 1 i
X'_?=J'y—.e-‘ 2dy+C=J-e'dy—|—C
y y
= X o4 or X=—ye +cy’  [proraredry: BALAII KANCHI ]
y’_’
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3.2025
Solve the differential equation (x—siny)dy + (tany)dx=0, given
y(0) =
Sol
The differential equation can be written as:

dx i i ; :
e +coty-x =cosy , which is a linear order differential equation
Yy

J- coty dy logsiny

Here, P=coty, Q=cosy, L.F. (Integrating Factor) = e =e " =siny
The solution is , x(sin y) = I cosy-siny dy

= (sm\) (sm‘) +C,For x=0,y=0,C=0.

. W 3 sl y i i
. The Particular solution is: xsiny = = or siny=2x or y =sin' 2x

4,
Solve the following differential equation :

dx 92
—+x=(tany + sec” y)
dy

Sol.

I[F.=e¢ ~ =e
Solution 1s

= :Je) (tan y +sec” y)dy + C

-y

x-e¥=etany+C or x=tany+ce
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VIII. Incomplete D.E — convert to D.E first (diiferentiate ):

1. 2023
Find the general solution of the differential equation :
i(xyz) =2v( 1+x2)
X
Sol.

Given differential equation is
2xy== +y2 =2y(1 +x?)

d
. Y
dx 2x

1
X
1
Integrating factor = e/z% = ¢109 V¥ = /¥
= 5 : \/— . 1 8
Solution is given by yvx = [ (\/_E - Xz)dx

252 65

5
ZNT
=% /x = 2Jx + = +C LOory = & & g =+ \/_E | preparsd by : BALAJI KANCHI
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Case study :

1. 2023

An equation involving derivatives of the dependent variable with respect
to the independent variables is called a differential equation. A

differential equation of the form % = F(x, y) 1s said to be homogeneous if
%

F(x, v) 1s a homogeneous function of degree zero, whereas a function
F(x, v) 1s a homogenous function of degree n if F(hx, Ly) = A™ F(x, y). To

: : : dy
solve a homogeneous differential equation of the type d—} = F(x, y) =
x

g(i] we make the substitution y = vx and then separate the variables.
x

Based on the above, answer the following questions :
(I) Show that (x* — y?) dx + 2xy dy = 0 is a differential equation of the

dx i

(IT) Solve the above equation to find its general solution.

Prepared by : BALAJI KANCHI
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Sol.

(I (x2 - yz)dx + 2xydy =0

dy y2 _x?
dx 2xy

=

(II)y=vx:>3—y =V+xd—y

X dx

dV_V:—l _—l—v2
v % = — Y —
dx 2v 2v

2
= [ Zra=- [

Py

LA4R- X

= log |1+v2‘+log \x‘=logC

or X{l +%} =C

X

or X2 + y2 — Cx [preparea sy : BALAJI KANCHI
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2.2024

A bacteria sample of certain number of bacteria is observed to grow
exponentially in a given amount of time. Using exponential growth
model, the rate of growth of this sample of bacteria is calculated.

Stationary

Log

Lag Time

No. of bacterial cells (log)

The differential equation representing the growth of bacteria is given as :

dp 2 . i »
—— = kP, where P is the population of bacteria at any time ‘t’.

dt

Based on the above information, answer the following questions :

(1) Obtain the general solution of the given differential equation and

express it as an exponential function of 't’. 2

(ii)  If population of bacteria is 1000 at t = 0, and 2000 at t = 1, find the

Lo

value of k.

Ans(1)
@:kpzjﬁzjkm
dt P

= log P=kt +C or P=¢""¢

Ans(ii) logP=kt+C
whent =0,P =1000=C =log1000
whens=1,P =2000=10g 2000 =k +10g 1000
= k=log2
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3. 2025

Camphor is a waxy, colourless solid with strong aroma that evaporates

through the process of sublimation, if left in the open at room temperature.

(Cylindrical-shaped Camphor tablets)

A cylindrical camphor tablet whose height is equal to its radius (r)
evaporates when exposed to air such that the rate of reduction of its
volume is proportional to its total surface area. Thus, ur = kS is the

differential equation, where V is the volume, S is the surface area and

t is the time in hours.
Based upon the above information, answer the following questions :
(i) Write the order and degree of the given differential equation.

(ii)  Substituting V = nr® and S = 2nrZ, we get the differential equation

% = %k, Solve it, given that r(0) = 5 mm.

(ii1) (a) Ifitis given that r = 3 mm when t = 1 hour, find the value of
k. Hence, find t for r = 0 mm.

OR

(iii) (b) Ifit is given that r = 1 mm when t = 1 hour, find the value of
k. Hence, find t for r = 0 mm.
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Sol.

(i) Order =1, Degree = 1

2k 2
(ii) Separating the variable and integrating, Idr = ledt =>r= A kt+C
Putting t=0,r=5, we get C=5
r= E kt+5
3
. 2
(iii) (a) Putting r=3,t=1, 3= Sk(1)+5 = k=-3

5
r=-2t+5,For r=0, t=5hrs or 2.5 hrs

OR
- o i
(iii) (b) Putting r=1,t=1, l=§k+S:> k=—6

5
. r=—4t+5,Forr=90, t=Zhrs or 1.25 hrs
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During a heavy gaming session, the temperature of a student’s laptop
processor increases significantly. After the session, the processor begins
to cool down, and the rate of cooling is proportional to the difference
between the processor’s temperature and the room temperature (25°C).
Initially the processor’s temperature is 85°C. The rate of cooling is

defined by the equation %(T(t)) = - k(T(t) — 25),

where T(t) represents the temperature of the processor at time t (in

minutes) and k is a constant.

Based on the above information, answer the following questions :

(1) Find the expression for temperature of processor, T(t) given that
T(0) = 85°C.

(i1) How long will it take for the processor’s temperature to reach
40°C ? Given that k = 0-03, log, 4 = 1-3863.
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Sol.
(VL= k(1 - 25)
dt
5 B e
T —25

dT
:Jm:—kjdf
=log|l' -25|=—kt+C  ..(a)
Whent =0,7=85
= log60=C
Usinginequation(a),log|7 —25|=—kt+log 60

(ii) When k =0.03,log|T —25|=—0.037+log 60
T-25

= log

‘=—0.03t

=T -25=60.¢7%
When7'=40,1=¢,

15 3
— =€—0.0‘ n

60

,—0.031,

=X =l:>—0.0311=—10g4
4

_log4_1.3863

st =— = =46.21m
0.03 0.03
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