
1Differential Equations

1.	 (i)	 The given differential equation is 
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Here, highest order derivative is d y
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2 whose power is 3.

So, its order is 2 and degree is 3.

(ii)	 The given differential equation is (3x + 5y)dy – 4x2dx = 0
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Here, highest order derivative is dy
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, whose power is 1.

So, its order is 1 and degree is 1.

2.	 The given differential equation is
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Here, highest order derivative is d y
dx

2

2 , whose power is 1

So, its order is 2 and degree is 1.

\	 Required sum = 2 + 1 = 3.

3.	 Given, y A
x A

y x A A=
+

⇒ + =( ) 	�  ...(i)

Differentiating (i) w.r.t. x, we get
	 y· 1 +(x + A)y1 = 0 

⇒ + = − ⇒ = − −x A y
y

A x y
y1 1

.

Substituting the values of x + A and A in (i), we get
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= − −
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⇒	 y2 = xy1 + y

Hence, y A
x A

=
+

 is a solution of the given differential 

equation.
4.	 Given, x2 = 2y2 logy	�  ...(i)
Differentiating (i) w.r.t. x, we get
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Hence, x2 = 2y2 log y is a solution of the given differential 
equation. 
5.	 Given, y = em cos–1x � ...(i)
Differentiating w.r.t. x, we get
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Differentiating w.r.t. x, we get
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Dividing both sides by 2 dy
dx

, we get
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2− − − =x d y

dx
x dy
dx

m y

Hence, y = emcos–1x is a solution of given differential 
equation. 
6.	 We have, y = cosx

⇒ = −
dy
dx

xsin
  

⇒ = −
d y
dx
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⇒ = − ⇒ + =
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y d y
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2 0, which is given differential 

equation.
\	 y = cosx is a solution of given differential equation.
Also, when x = 0, y = cos 0 = 1        \ y(0) = 1

and when x = 0,  dy
dx

= − =sin0 0     \ y′(0) = 0

Hence, y = cosx is a solution of given initial value 
problem.

7.	 We have, y = xex + ex		�   ... (i)

⇒ = + +
dy
dx

xe e ex x x( )1
�

	 = xex + 2ex	�  ... (ii) 

⇒ = + +
d y
dx

xe e ex x x
2

2 1 2( )
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	 = xex + 3ex = 2(xex + 2ex) – (xex + ex) = −2 dy
dx

y

� (Using (i) and (ii))

∴ − + =
d y
dx

dy
dx

y
2

2 2 0, which is given differential 

equation.
\	 y = xex + ex is a solution of given differential 
equation.
Also, when x = 0, y = 0 e0 + e0 = 0 + 1 = 1	 \   y(0) = 1

when x = 0, ′ = + = + = ∴ ′ =y e e y0 2 0 2 1 2 0 20 0 ( ) ( )

Hence, y = xex + ex is a solution of given initial value 
problem.

8.	 We have, dy
dx

x= +log( )1

⇒ = +dy x dxlog( )1

Integrating both sides, we get

	 dy x dx C∫ ∫= + +log( )1

⇒ = ⋅ + −
+

+∫y x x x
x

dx Clog( )1
1

	
= + − −

+
+∫x x

x
dx Clog( )1 1 1

1
	 = x log (x + 1) – x + log (x + 1) + C
	 = (x + 1) log (x + 1) – x + C
9.	 Given cosec3x dy – cosec y dx = 0, it can be written as
dy
x

dx
y

y dy x dx
sin sin

sin sin3
3= ⇒ =

⇒ = −sin sin siny dy x x dx3 3
4     

� (Q sin3x = 3 sin x – 4 sin3x)
On integrating both sides, we get

	
− = − +



 +cos cos cosy x x C1

4
3 3

3 1

⇒	 12 cosy = 9 cosx – cos3x + C, where C is an arbitrary 
constant.	

10.	 Given, (x + 1)
dy
dx

xy= 2

⇒ =
+

⇒ = −
+
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dy x
x
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Integrating both sides, we get
	 log |y| = 2(x – log|x + 1|)  + c
⇒	 log |y| + 2 log|x + 1| = 2x + c 
⇒ 	 log|y(x + 1)2| = 2x + c
⇒	 |y (x + 1)2| = e2x + c

⇒	 y(x + 1)2 = e2x· ec = Ae2x, where A = ec � ...(i)
Given that y(2) = 3 i.e. when x = 2, y = 3
⇒	 3· (2 + 1)2 = A e4 ⇒ A = 27 e–4.
Substituting this value of A in (i), we get
	 y(x + 1)2 = 27e–4 · e2x  ⇒  y(x + 1)2 = 27e2(x – 2), which is 
the required particular solution.

11.	 Given differential equation is 
dy
dx

xy
x

=
−

+
2

12

⇒ = −
+

dy
y

x
x

dx2
12         [On separating the variables]

⇒	 dy
y

x
x

dx∫ ∫= −
+

2
12 	 [Integrating both sides]

⇒	 logy = – log(x2 + 1) + log C

⇒	 logy + log(x2 + 1) = log C	

⇒	 log{y(x2 + 1)} = log C  ⇒  y(x2 + 1) = C	�  ...(i)

Since, the curve passes through (1, 2).
\	 y = 2, when x = 1
\	 From (i), 2(1 + 1) = C  ⇒ C =  4
\	 Putting the value of C in (i), we get y(x2 + 1) = 4
This is the required equation of the curve.

12.	 Given cos (x + y)dy = dx ⇒ =
+

dy
dx x y

1
cos( )

 � ...(i)

Put x + y = v ⇒ + = ⇒ = −1 1dy
dx

dv
dx

dy
dx

dv
dx

Substituting these values in (i), we get
dv
dx v

dv
dx v

− = ⇒ = +1 1 1 1
cos cos

⇒ =
+

dx v
v
dvcos

cos
.

1
On integrating both sides, we get

x v
v
dv C

v
dv C=

+
+ = −

+




 +∫ ∫

cos
cos cos1

1 1
1

	 = − +v v Ctan
2

⇒ = + −
+

+x x y x y Ctan
2

⇒
+

= +tan x y y C
2

� ...(ii)

Given that y(0) = 0 i.e., when x = 0, y = 0
⇒	 tan 0 = 0 + C ⇒ 0 = C.
Substituting this value of C in (ii), we get 

y x y
=

+tan ,
2

which is the required particular solution.

13.	 Given, dy
dx

ex y= + −1 	�  ...(i)

Put x – y = v ⇒ 1 – dy
dx

dv
dx

dy
dx

dv
dx

= ⇒ = −1 .

Substituting these values in (i), we get

1 1− = + ⇒ − = ⇒ − =−dv
dx

e dv
dx

e e dv dxv v v .

On integrating both sides, we get
e–v = x + C ⇒ ey – x = x + C, where C is an arbitrary constant.
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14.	 Given differential equation is

dy
dx

e

e x
y

dx
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Put, x = vy. Then, 
dx
dy

v y dv
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= +

From (i), v y dv
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e v
e

v
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+
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v

v
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On integrating, we get

	
1 2

2
+
+

= −∫∫
e

v e
dv dy

y

v

v

⇒ + = − +log| | log| | logv e y Cv2

⇒ + = ⇒ + =| |
| | | |

/v e C
y

x
y

e C
y

v x y2 2

⇒ + = ± = = ±x
y

e C
y

k
y

k Cx y2 / , where

⇒ + =x ye kx y2 / .

15.	 The given differential equation is (y2 – x2)dy = 3xydx

⇒ =
−

dy
dx

xy
y x

3
2 2

		� 
...(i)

This is a homogeneous differential equation.
Put y = vx

Then, dy
dx

v x dv
dx

= +

Now, differential equation (i) becomes

	
v x dv

dx
x vx

v x x
v

v
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−
=

−
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⇒ =
−

− = −
−
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v v v
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⇒ −
−
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dv dx
x

2

2
1

4( )

On integrating, we get

	

v
v v v

dv dx
x
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−
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−

−
+
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1
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3
8
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8

1
2v v v

dv dx
x

C. .

� [Resolving into partial fractions]	

⇒ − − − − + = +1
4

3
8

2 3
8

2log| | log| | log| | log| |v v v x C

⇒	 2 log|v| + 3(log |2 – v| + log |2 + v|) = –8 log|x| – 8C

⇒	 log|v2(4 –  v2)3| = –8log |x| + log k, where – 8C = log k

⇒ − = 





log| ( ) | logv v k
x

2 2 3
84

	

⇒ − = ± =v v k
x

a
x

2 2 3
8 84( ) ,  where a = ± k

⇒ −








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y
x

y
x

a
x

2

2

2

2

3

84

⇒	 y2(4x2 – y2)3 = a, where a is an arbitrary constant
This is the required solution of the given differential 
equation.
16.	 Given, (x3 + y3)dy – x2ydx = 0 

⇒ =
+

=
+ 





dy
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x y
x y
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x
y
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3 3 3
1

� ...(i)

Since, equation (i) is of the form dy
dx

f y
x

= 



 , it is a 

homogeneous differential equation.

Put y = vx ⇒ = +
dy
dx

v x dv
dx

.

Substituting the values of y and dy
dx

 in (i), we get

	
v x dv

dx
v
v

x dv
dx

v
v

v v
v

+ =
+

⇒ =
+

− = −
+1 1 13 3

4

3
	

⇒ + = − ⇒ +





= −1 1 13

4 4
v
v

dv dx
x v v

dv dx
x

.

On integrating , we get v v x C
−

−
+ = − +

3

3
log| | log| |

⇒ = + ⇒ =
+

log| | | |vx C
v

vx e
C

v1
3 3

1
3 3

⇒ = ± =vx e e AeC v v
1

3
1

33 3 ,  where A = ± eC

⇒ =y Aex y3 33/ , where A is an arbitrary constant, A ≠ 0

17.	 We have, dy
dx

y
xy x

y x
xy x x

y x
y x

=
−

=
−

=
−

2

2

2 2

2 2

2

1
/

( ) /
( )/

/
 ... (i)

	 It is a homogeneous differential equation.

	 Put y = vx ⇒ = ⋅ +
dy
dx

v x dv
dx

1

\	 Equation (i) becomes

v x dv
dx

v
v

+ =
−

2

1  
⇒ =

−
− =

−
x dv
dx

v
v

v v
v

2

1 1

⇒ − =v
v
dv dx

x
1

 
⇒ −



 =1 1
v
dv dx

x
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Integrating both sides, we get
v – log |v| = log |x| + C    

⇒   v = log vx + C

⇒ = +
y
x

y Clog| |

⇒	 y = x(log |y| + C) is the required solution.

18.	 Given, 
dy
dx

xy x+ =2 2 3 	�  ...(i)

It is a linear differential equation in y.

	 I.F. = ∫ =e exdx x2 2

Therefore, solution of (i) is given by

y e x e dx Cx x⋅ = +∫
2 2

2 3

 
= + = ⋅ − × + = − +∫ ∫te dt C t e e dt C te e Ct t t t t1

� (put x2 = t  ⇒ 2xdx = dt)

= (t – 1)et + C = (x2 – 1) ex2
 + C

⇒	 y =  x2– 1 + Ce –x2, where C is an arbitrary constant.

19.	 Given 
dy
dx

y
x

x
x

ex− = −





1 , which is a linear 

differential equation in y.

I.F. =
∫

= = = =
− − −−

e e e x
x

x
dx x x

1
11 1log log (assuming x > 0)

Solution is given by

	
y
x

x
x

e
x
dx C

x
e dx

x
e dx Cx x x⋅ = −





⋅ + = − +∫ ∫∫
1 1 1 1 1

2

(Integrating the first integral by parts, taking 1
x

 as the 

first function)

	
= + 





− + = +∫ ∫
1 1 1 1

2 2x
e

x
e dx

x
e dx C

x
e Cx x x x

⇒	 y = ex + Cx, where C is an arbitrary constant.

20.	 Given, y ey dx = (y3 +  2xey)dy

⇒ = + ⇒ − ⋅ = −ye dx
dy

y xe dx
dy y

x y ey y y3 22 2

It is a linear differential equation in x.

I.F. =
∫

= = = = =
−

− −−
e e e y

y y
y
dy

y y
2

2 2
2 2

2 1 1log| | log| | | |
| |

.

Therefore, general solution is given by

	
x
y

y e
y
dy C e dy Cy y⋅ = ⋅ + = +∫ ∫− −1 1

2
2

2

⇒ ⋅ = − +
−

x
y

e C
y1

12

Given that x = 0 when y = 1
\	 0 = –e–1 + C ⇒ C = e–1

The required particular solution of the given equation is
x
y

e e i e x y e ey y
2

1 2 1= − + = −− − − −. . ( )

21.	 We know that slope of a curve at a point P x y
dy
dx

( , ) =
According to question,

	

dy
dx

y x dy
dx

y x= + ⇒ − =2 2
	�  ...(i)

This is a linear differential equation of the form 
dy
dx

Py Q+ = , where P = –1, Q = 2x

Now, I.F. = ∫ =− −e edx x

\	 The solution of (i) is given by

	
ye xe dxx x− −= ∫ 2

= − − − + = − − +− − − −∫2 2 2[( ) ]xe e dx C xe e Cx x x x

⇒ 	 y = –2x – 2 + Cex

⇒	 y + 2x + 2 = Cex, which is the required equation of 
curve.
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