
1: 

(x2  +xy)dy ( =x2  +y2 )dx

Solution:  

The given differential equation can be written as
2 2

2

dy x y

dx x xy





…..(1) 

Let F (x, y) 

2 2

2

x y

x xy






Now, F  
   

    
 

2 2 2 2
0

2 2

x y x y
x, y F x, y

x xyx x y

 
  

  

 
  



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 d
v x

dx dx


 

Substituting the values of v and 

dy

dx

in equation (1), we get: 

 

 

22

2

x xd
v x

dx x x x






 



2dv 1
v x

dx 1






  



   22 1 c 1dv 1
x v

dx 1 1 v

dv 1
x

dx 1

1 dx
d

1 x

2 1 dx
d

1 x

2 dx
1 d

1 x

 




















  
   

 


 



 
   

 

  
  

 

 
   

 

Exercise 9.5  Page: 406 
In each of the Exercises 1 to 10, show that the given differential equation is homogeneous
and solve each of them.
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Integrating both sides, we get: 

 

 

2og 1 log x logk

v 2log 1 log x logk

 



    

     

 
2

2

k
log

x 1

y k
log

x y
x 1

x




 
   

  

 
 
  
  

  
  

 
2

y kx
log

x x y

 
   

  

 

 

-y
x

2

-y
2

x

kx
e

x y

x y kxe

 


  

This is the required solution of the given differential equation. 

2:

x y
y '

x




Solution:  

The given differential equation is: 

x y
y '

x




dy x y

dx x


  ….. (1) 

Let F(x, y) = 
x y

x



Now,    0x, y x y
x, y F x, y

x x

 
  




  

Thus, the given equation is a homogeneous equation. 

To solve it, we make the substitution as: 

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

dy dv
v x

dx dx
 

Substituting the values of y and 
dy

dx
in equation (1), we get:

dv x vx
v x

dx x


 


dv

v x 1 v
dx

  

dv
x 1

dx



dx

dv
x



Integrating both sides, we get: 

v log x C

y
log x C

x

y xlog x Cx

 

  

  

This is the required solution of the given differential equation. 

dy

dx


x y

x y





..... (1) 

Let F (x, y) 
x y

x y






   0x y x y
F x, y F x,y

x y x y

 
  

 

 
   

 

Thus, the given differential equation is a homogeneous equation. 

To solve it, we make the substitution as: 

y = vx 

3: 

(x  −y)dy ( −x  +y)dx  =0

Solution: 
(x  −y)dy ( −x  +y)dx  =0
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d d

y vx
dx dx

dy dv
v x

dx dx

 

  

Substituting the values of y and 
dy

dx
in equation (1), we get:

 

2

2

d x x 1
x

dx x x 1

dv 1 1 (1
x

dx 1 1

dv 1 v
x

dx 1

1 dx
d

x1

  


 

   


 








 
  

 

   
  

 


 




 



2 2

1 1 dx
dx

1 1 x 

 
   

  
Integrating both sides, we get 

 1 2

2

1

2 2
1

2

1
tan log 1 log x C

2

y 1 y
tan log 1 log x C

x 2 x

y 1 x y
tan log log x C

x 2 x

 





   

    
        

     

  
     

   

 

 

1 2 2 2

1 2 2

y 1
tan log x y log x log x c

x 2

y 1
tan log x y C

x 2





            

 
    

 
This is the required solution of the given differential equation. 

4:

 2 2x y dx 2xydy 0  

Solution: 
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The given differential equation is: 

 2 2x y dx 2xydy 0  

 2 2x ydy

dx 2xy

 
  ….. (1) 

Let (x, y) 
 2 2x y

2xy

 


 F x, y  
   

  

2 2
x y

2 x y

 

 

 
 
  

 2 2x y

2xy

 
  0F x,y

Therefore, the given differential equation is a homogeneous equation. 

To solve it, we make the substitution as: 

y = vx 

   
d d

y vx
dx dx

 

dy dv
v x

dx dx
  

Substituting the values of y and 
dy

dx
in equation (1), we get:

 

 

22x vxd
x

dx 2x. vx




 
   

  
2d v 1

x
dx 2v





 

 

2 2 2

2

2

d v 1 v 1 2v
x v

dx 2v 2v

1 vd
x f

dx 2v

2v dx
dv

1 v x





  
   


  

  


Integrating both sides, we get: 

 2 C
log 1 v log x logC log

x
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2

2

2

2 2

C
1 v

x

y C
1

x x

x y Cx

  

 
   

 

  

This is the required solution of the given differential equation. 

5: 

2 2 2dy
x x 2y xy

dx
  

Solution:  

The given differential equation is: 

2 2 2dy
x x 2y xy

dx
  

2 2

2

dy x 2y xy

dx x

 
 …. (1) 

Let F(x, y) 

2 2

2

x 2y xy

x

 


 
      

 
 

2 2 2 2
0

2 2

x 2 y x y x 2y xy
F x, y F x, y

xx

   
  



   
   

Therefore, the given differential equation is a homogeneous equation. 

To solve it, we make the substitution as: 

y = vx 

dy dv
v x

dx dx
  

Substituting the values of y and 
dy

dx
in equation (1), we get:

   
22

2

x 2 vx x. vxd
x

dx x




 
 

2d
x 1 2v v

dx


    

2d
x 1 2v

dx
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2

d dx

1 2v x


 



2

1 dv dx

12 x
v

2

 



2

2

1 dv dx

2 x1
v

2

 
 
  
  
  
   

Integrating both sides, we get: 

1
v

1 1 2
log log x C

1 12
2 v

2 2

1 y

1 x2
log log x C

1 y2 2

x2

1 x 2y
log log x C

2 2 x 2y



 

 



  




  



This is the required solution for the given differential equation. 

6: 

2 2xdy ydy x y dx  

Solution 6: 

2 2xdy ydy x y dx  

2 2xdy y x y dx    
 

2 2

2

y x ydy

dx x

 
   ….(1) 

Let  
2 2

2

y x y
F x, y

x
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 F x, y   
     

2 2
2 2x x y y x y

x x

  



  
   0F x,y

Therefore, the given differential equation is a homogeneous equation. 

To solve it, we make the substitution as: 

y = vx 

   
d d

y vx
dx dx

 

dy dv
v x

dx dx
  

Substituting the values of v and 
dy

dx
in equation (1), we get:

d
x

dx


  

 
22vx x vx

x

 

2d
x v 1 v

dx


    

2

dv dx

x1 v
 


Integrating both sides, we get: 

2

2

2

2 2

log v 1 v log x logC

y y
log 1 log Cx

x x

y x y
log log Cx

x

   

   

 
 

2 2 2y x y Cx   

This is the required solution of the given differential equation.

7: 

y y y y
xcos ysin ydx ysin xcos xdx

x x x x

          
            

          

Solution:  

The given differential equation is: 
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y y y y
xcos ysin ydx ysin xcos xdx

x x x x

          
            

          

y y
x cos ysin y

x xdy

dx y y
ysin x cos x

x x

    
    

    

    

    
    

 ….. (1) 

 

y y
x cos ysin y

x x
Let F x, y

y y
ysin x cos x

x x

    
    

    

    

    
    

 

y y
x cos ysin y

x x
F x, y

y y
ysin x cos x

x x

 
  

 
 

 
  

 

    
    

    
 

    
    

    

 0

y y
xcos ysin y

x x

y y
ysin xcos x

x x

F. x, y

    
    

    

    

    
    



Therefore, the given differential equation is a homogeneous equation. 

To solve it, we make the substitution as: 

y = vx 

dy dv
v x

dx dx
  

Substituting the values of y and 
dy

dx
in equation (1), we get;

 

 

x cos v vxsin v .vxdv
v x

dx vx sin v x cos v x
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2

2

2 2

dv vcos v v sin v
v x

dx vsin v cos v

dv vcos v v sin v
x v

dx vsin v cos v

dv vcos v v sin v v sin v vcos v
x

dx vsin v cos v


  




  



  
 



dv 2vcos v
x

dx vsin v cos v

vsin v cos v 2dx
dv

vcos v x

1 2dx
tan v dv

v x

 


 
  

 

 
   

 
Integrating both sides, we get: 

log(sec v) – log v = 2log x + log C 

 2

2

2

secv
log log Cx

v

secv
Cx

v

secv Cx v

 
  

 

 
  

 

 

2y y
sec C.x .

x x

 
  

 

y
sec Cxy

x

y 1 1 1
cos .

x Cxy C xy

y 1
xycos k k

x C

 
  

 

 
   

 

   
     

   
This is the required solution of the given differential equation. 

8: 

dy y
x y sin 0

dx x

 
   

 

Solution: 
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dy y
x y sin 0

dx x

 
   

 

dy y
x y xsin

dx x

 
    

 

y
y xsin

dy x

dx x

 
  

 
      …… (1) 

Let F(x, y) =

y
y xsin

x

x

 
  

 

   0

y y
y xsin y xsin

dy x x
F x, y F x,y

dx x x


 


  



   
    

   
   

Therefore, the given differential equation is a homogeneous equation. 

To solve it, we make the substitution as: 

y = vx 

   
d d

y vx
dx dx

 

dy dv
v x

dx dx
  

Substituting the values of y and 
dy

dx
in equation (1), we get:

dv vx xsin v
v x

dx x

dv
v x v sin v

dx

dv dx

sin v x

dx
cosecvdv

x


 

   

  

  

Integrating both sides, we get: 

C
log cosec v cot v log x logC log

x
    

y y C
cosec cot

x x x
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y
cos

1 cx

y y x
sin sin

x x

y y
x 1 cos Csin

x x

 
 
 

  
   
   
   

    
      

    
This is the required solution of the given differential equation. 

9: 

y
ydx xlog dy 2xdy 0

x

 
   

 

Solution: 

y
ydx xlog dy 2xdy 0

x

 
   

 

y
ydx 2x x log dy

x

  
     

  

dy y

ydx
2x x log

x

 
 

  
 

  ….. (1) 

Let  
y

F x, y
y

2x x log
x


 

  
 

 F x, y 

   
 0y y

.F x,y
y y

2 x x log 2x log
x x





 



  
   

    
   

Therefore, the given differential equation is a homogeneous equation. 

To solve it, we make the substitution as: 

y = vx 

 
d d

vx
dx dx

dy dv
v x

dx dx

 

  

Substituting the values of y and 
dy

dx
in equation (1), we get:
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dv
x

dx
 

vx

2x xlogv




dv v
x

dx 2 log v
  



dv v
x v

dx 2 log v

dv v 2v vlog v
x

dx 2 log v

  


 
 



dv
x

dx
 

vlogv x

2 log v






 
2 logv dx

dv
v log v 1 x






 

 

 

1 1 log v dx
dv

v log v 1 x

1 1 dx
dv

v log v 1 v x

  
  

 

 
   

 
Integrating both sides, we get: 

 
1 1 1

dv dv dx
v log v 1 v x

 
  

 
dv

log v log x logC
v log v 1

   
 ….. (2) 

 

Let log v 1 t

d dt
log v 1

dv dv

  

  

1 dt

v dv

dv
dt

v

 

 

Therefore, equation (1) becomes: 
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dt
log v log x logC

t

y
log t log log Cx

x

y y
log log 1 log log Cx

x x

   

 
   

 

    
       

    



 

y
log 1

x
log log Cx

y

x

  
  

   
 
  

x y
log 1 Cx

y x

y
log 1 Cy

x

  
    

  

 
   

 
This is the required solution of the given differential equation. 

10: 
x x

y y x
1 e dx e 1 dy 0

y

   
          

Solution: 
x x

y y x
1 e dx e 1 dy 0

y

   
          

x x

y y x
1 e dx e 1 dy

y

   
           

x

y

x

y

x
e 1

ydx

dy
1 e

 
  

 
 



   …… (1) 
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Let F(x, y)  

x

y

x

y

x
e 1

y

1 e

 
  

 




   

x x

y y

0

x x

y

x x
e 1 e 1

y y
F x, y F x,y

1 e1 e

 

 



 




  

   
      

   
   


Therefore, the given differential equation is a homogeneous equation. 

To solve it, we make the substitution as: 

x = vy 

   
d d

x vy
dy dy

dx dv
v y

dy dy

 

  

Substituting the values of x and 
dx

dy
in equation (1), we get: 

 v

v

v v

v

e 1 vdv
v y

dy 1 e

dv e ve
y v

dy 1 e

 
 



 
  


v v v

v

v

v

dv e ve v ve
y

dy 1 e

dv v e
y

dy 1 e

   
 



 
   

 
v

v

1 e dy
dv

v e y

 
   

 
Integrating both sides, we get: 
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 v

x

y

x

y

C
log v e log y logC log

y

x c
e

y y

x xy c

 
       

 

 
   

  

  

This is the required solution of the given differential equation. 

   x y dy x y dx  

 x ydy

dx x y

 
 


….. (1) 

Let F (x, y) 
 x y

x y

 




 
   x y x y

F x, y
x y x y

 
 

 

   
   

 
 0F x,y

Therefore, the given differential equation is a homogeneous equation. 

To solve it, we make the substitution as: 

y = vx  

   
d d

y vx
dx dx

dy dv
v x

dx dx

 

  

Substituting the values of y and 
dy

dx
in equation (1), we get:

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

11: 

(x  +y)dy ( +x  −y)dx  =0;y =1 when x=1
Solution: 

(x  +y)dy ( +x  −y)dx  =0

⇒
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22

2

2 2

x vxdv
v x

dx x vx

dv v 1
v x

dx v 1

v 1 v v 1dv v 1
x v

dx v 1 v 1

1 vdv v 1 v v
x

dx v 1 v 1

v 1 dx
dv

1 v x

v 1 dx
dv

1 v 1 v x

 
 




  



  
   

 

   
  

 


  



 
      
Integrating both sides, we get: 

 

 

2 1

2 1

2 2 1

1
log(1 v ) tan v log x k

2

log 1 v 2tan v 2log x 2k

log 1 v x 2tan v 2k







    

     

    
 

2
2 1

2

y y
log 1 x 2tan 2k

x x


  

     
  

 2 2 1 y
log x y 2tan 2k

x

    ….. (2) 

Now, y 1 at x 1 
1log2 2tan 1 2k

log2 2 2k
4

log2 2k
2





  

   

  

Substituting the value of 2k in equation (2), we get: 

 2 2 1 y
log x y 2tan log2

x 2

  
    

 
This is the required solution of the given differential equation. 

12: 
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 2 2x dy xy y dx 0  

 2 2x dy xy y dx   

 2

2

xy ydy

dx x

 
         …..(1) 

Let F(x, y) 
 2

2

xy y

x

 


 
 

 

 
2

2

2 2

x. y y xy y
F x, y

xx

  
 



    
     0F x,y

Therefore, the given differential equation is a homogeneous equation. 

To solve it, we make the substitution as: 

y = vx 

   
d d

y vx
dx dx

dy dv
v x

dx dx

 

  

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

 
2

2

2

2

x.vx vxdy
v x v v

dx x

dy
x v 2v v(v 2)

dx

  
 

    

      

 

 

 

dv dx

v v 2 x

v 2 v1 dx
dv

2 v v 2 x

1 1 1 dx
dv

2 2 v 2 x

 


  
   

 

 
     
Integrating both sides, we get: 

x dy ( +xy  +y2 2 )dx  =0;y =1 wherex =1

Solution: 
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2

1
log v log v 2 log x logC

2

1 v C
log log

2 v 2 x

v C

v 2 x

      

 
  

 

 
   

  

2

2

2

y

Cx
y x

2
x

y c

y 2x x

 
   

 

 


2
2x y

C
y 2x

 


    ….. (2) 

Now, y = 1 at x = 1 

2

2

1
C

1 2

1
C

3

 


 

Substituting 
2 1

C
3

 in equation (2), we get; 

2

2

x y 1

y 2x 3

y 2x 3x y




  

This is the required solution of the given differential equation. 

13: 

2 x
xsin y dx xdy 0; y when x 1

y 4

  
     

  

Solution: 

2 x
xsin y dx xdy 0

y
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2 y
xsin y

xdy

dx x

  
   

  
  …. (1) 

Let F (x, y) 

2 y
xsin y

x

x

  
   

  


 F x, y  

2 2
x y

xsin y xsin y
y x

x x


 



            
      

   0F x,y

Therefore, the given differential equation is a homogeneous equation. 

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

y = vx 

   
d d

y vx
dx dx

dy dv
v x

dx dx

 

  

Substituting the values of y and 
dy

dx
in equation (1), we get:

2

2 2

2

2

xsin v vxdv
v x

dx x

dv
v x sin v v v sin v

dx

dv
x sin v

dx

dv dx

sin v dx

   
 

        

  

  

2 dx
cosec dv

dx
  

Integrating both sides, we get; 

cot v log x C

cot v log x C

y
cot log x logC

x
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y
cot log Cx

x

 
  

 
…. (2) 

Now, y at x 1
4


 

1

cot log C
4

1 logC

C e e

 
  

 

 

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

y
cot log ex

x

 
 

 
This is the required solution of the given differential equation. 

14: 

dy y y
cosec 0;y 0 when x 1

dx x x

 
     

 

Solution: 

dy y y
cosec 0

dx x x

 
   

 

dy y y
cosec

dx x x

 
    

 
  ….. (1) 

Let F (x, y) 
y y

cosec
x x

 
   

 

 F x, y  
y y

cosec
x x

 

 

 
  

 

  F x, y   
y y

cosec F x,y
x x

 
   

 
 0F x,y

Therefore, the given differential equation is a homogeneous equation. 

To solve it, we make the substitution as: 

y = vx 

   
d d

y vx
dx dx

dy dv
v x

dx dx

 

  

NCERT Solutions for Class 12 Maths Chapter 9- Differential Equations

https://byjus.com/?utm_source=pdf+click
https://byjus.com/?utm_source=pdf+click


Substituting the value of y and 
dy

dx
in equation (1), we get:

dv
v x

dx
 cosecv 

dv dx

cosecv x

dx
sin vdx

x

  

  

Integrating both sides, we get: 

cosv logx logC log Cx  

y
cos log Cx

x

 
  

 
….. (2) 

This is the required solution of the given differential equation. 

Now, y = 0 at x = 1. 

 

1

cos 0 logC

1 logC

C e e

 

 

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

 
y

cos log ex
x

 
 

 
This is the required solution of the given differential equation. 

15: 

2 2 dy
2xy y 2x 0;y 2 whenx 1

dx
    

Solution: 

2 2 dy
2xy y 2x 0

dx
  

2 2dy
2x 2xy y

dx
  

2

2

dy 2xy y

dx 2x


     ….. (1) 

Let F(x, y) 

2

2

2xy y

2x
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 F x, y  = 
    

 

2

2

2 x y y

2 x

  




=

2

2

2xy y

2x


 0F x,y

Therefore, the given differential equation is a homogeneous equation. 

To solve it, we make the substitution as: 

y = vx 

   
d d

y vx
dx dx

dy dv
v x

dx dx

 

  

Substituting the value of y and 
dy

dx
in equation (1), we get:

   
2

2

2

2

2x vx vxdv
v x

dx 2x

dv 2v v
v x

dx 2x


 


  

2

2

dv v
v x v

dx 2

2 dx
dv

v x

   

 

Integrating both sides, we get: 
2 1v

2. log x C
2 1

2
log x C

v

 

 
 

   

2
log x C

y

x

   

2x
log x C

y
   …..(2) 

Now, y = 2 at x = 1 

 1 log 1 C

C 1

  

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

2x
log x 1

y
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2x
log x

y
 

 
2x

y , x 0,x e
1 log x

   


This is the required solution of the given differential equation. 

16: 

A homogeneous differential equation of the form 
dx x

h
dy y

 
  

 
 can be solved by making the 

Substitution 

A. y = vx

B. v = yx

C. x = vy

D. x = v

dx x
h

dy y

 
  

 
, we need to make the 

Solution: 

For solving the homogeneous equation of the form

substitution as x = vy. 

Hence, the correct answer is C. 

17:  

Which of the following is a homogeneous differential equation? 

   

   

 

 

3 3

3 2

2 2 2 2

A. 4x 6y 5 dy 3y 2x 4 dx 0

B. xy dx x y dy 0

C. x 2y dx 2xydy 0

D.y dx x xy y dy 0

     

  

  

   

Solution: 

Function F (x, y) is said to be the homogenous function of degree n, if    F x, v 'F x,y  

for any non-zero constant (λ). 

Consider the equation given in alternative D: 

 2 2 2 2y dx x xy y dy 0   

2 2

2 2 2 2 2

dx y y

dy x xy y y xy x
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Let F(x, y) 

2

2 2

y

y xy x


 

  F x, y 
 

      

2

2 2

y

y x y x



   


 

 

2 2

2 2 2

y

y xy x






 

 

2
0

2 2

0

y

y xy x

F x, y





 
  

  



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