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ABSTRACT 
 

     Our aim in this search is to find the values of separation constant ( ) for the complete 

solution without using any conditions for some classified of the linear second order partial  

differential equations for all cases which contains the case 
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B      since that is not easy to find the values    ( )  without using any conditions for an 

application homogenous linear partial differential equations (L.P.D.Es) which is solving by 

separation of variable method. 

 

 المستخلص
هدفنا هو ايجاا  يمةاث با ال ان  ام    نهحام اناااو  ادأي شر طالأع ناصني ا انم اا انةنا ناث انا اجاهمث انجطيماث ان  ماث  ا

 انلاصث انثانمث نكم انحالاا اناي يكوي فمها   
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  دأي شر طلأع لار ا صمق حول انةنا لاا انا اجهمث انجطيمث    انلاصث انثانمث . )(حمث نمس    انسهونث ايجا  يمةث 

 

1- INTRODUCTION 
 

    One of the power full methods of generating asset of solutions for a given homogeneous linear 

partial differential equations is the method of separation variables. 

    The dependent variable in separation variable is assumed to be a product of functions and by 

finding the partial derivatives in the original partial differential equations by this method we obtain 

ordinary differential equations are independent of each other, and each ordinary differential 

equation must be affixed to constant (separation of constant) which is supposed to be( ) and by 

substituting initial and boundary conditions we obtain the values of separation constant  ( ) . 

We could find in   the complete solution order linear partial differential equations by using the 

assumptions [2]: 




 dyyvdx
x

xu

eyxz
)(

)(

),(    ,      



 dy

y

yv
dxxu

eyxz

)(
)(

),(            and 

 

                                         

                                   



 dy

y

yv
dx

x

xu

eyxz

)()(

),(       , 



Journal of Kerbala University , Vol. 9 No.3 Scientific . 2011 

 

981 

 

which are converted linear partial differential equations of second order to linear ordinary 

differential equations of first order, and classified linear partial differential equations to many cases. 

In this search we take all cases which is concerned the case  
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for finding ( ) without using any conditions.  

 

2- Basic Definitions  [1] 
 

2-1 Definition  

   A partial differential equation is an equation that contains partial derivatives. 

 

2-2 Definition  

   The equation whose derivatives of the first degree are not multiplied together , is called linear 

partial differential equation. 

 

2-3 Definition  

   The equation whose partial derivatives are equal in the order , is called with homogeneous terms 

linear partial differential equation. 

 

 

3-Extension of Linear Second Order Partial Differential Equations 
 

   The linear second order partial differential equations, which have the general form  

 

0),(),(),(),(),(),(  zyxFzyxEzyxDzyxCzyxBzyxA yxyyxyxx …(1), 

where some of  ),(),,(),,(),,(),,( yxEyxDyxCyxByxA  and   ),( yxF  are functions of x  or  y   or 

both   x  and  y  . 

In order to find the complete solution of the equation(1), in[2]  search function )(xu   

and  )(yv  such that the assumptions    
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represent the complete solution of the equation (1). 

 

4- Classified and Complete Solution of Second Order Linear Partial Differential Equations 
 

Case 1:    

   
)0.(

),2(01

2
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

eBi

FzEzCzxzDzxA yyyxxx 
 , 

and F   are constants and not identically zero. 

   
ECDA ,,, 11
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The assumption   



 dyyvdx

x

xu

eyxz
)(

)(

),(   …(3) , 

represents the complete solution of equation (2), 

this assumption will transform the equation(2), to first ordinary differential equation by finding  

xxyx zzz ,,  and yyz   from the equation (3), and substitution the above partial derivatives in 

equation(2), we get  
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the equation (4), is of the first order ordinary differential equation and contains two independent 

functions )(xu  and  )(yv , then the complete solution of equation(2),is given by : 
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Case 2: 
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represents the complete solution of equation (5), 

this assumption will transform the equation(5), to first ordinary differential equation 

then the complete solution of equation (5) is given by : 
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Case 3: 
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represents the complete solution of equation (7), 

this assumption will transform the equation(7), to first order ordinary differential equation, 

then the complete solution of equation (7) is given by: 
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Case 4: 
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11111 ,,,, BECDA  and F are constants and not identically zero. 
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represents the complete solution of equation (9), 

this assumption will transform the equation(9), to first order ordinary differential equation,then the 

complete solution of equation (9) is given by: 
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5- How to Find The Separation of Constant( ) For Linear Partial Differential Equation 

Case 1: 
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then the complete solution becomes 

 

)(ln
44

)(4
sin

44

)(4
cos),(

2

2

1

2

111
22

2

1

2

111
1

2
)1(
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Case 3: 
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1 )1(
4

1

AA

D 
 

2

1

112 )1(
4


A

DA
  

then the complete solution becomes 

 

))(ln(),( 2

4

)(4
)1(

4

1

2

4

)(4
)1(

4

1

1

)1(
2

1
)1(

2

1

11

2
1112

1

1

11

2
11121

1

1

1

1

xcyayayxyxz
CA

ADFA

C

E

CA

ADFA

C

E

C

E

A

D






























 

Case 4: 

)0(,011

2

11

2

1  BFzxyzByzEzyCxzDzxA xyyyyxxx  

ii)    If   3

2

2

4
A

A
  

When 1
1

11
2 




A

BD
A


 and 

1

1

2

1
3

)(

A

FEC
A





 

Proof: 

Since   3

2

2

4
A

A
   hence 







0
)(

)1(
4

1

1

1

2

12

1

11

A

FEC

A

BD 
 

 

02      …(11) 

 

where 
 

11

2

1

11111111

4

4422

CAB

EACABABD




      and 

           
11

2

1

1

2

111

2

1

4

42

ACB

FAAADD




    ,   04 11

2

1  ACB  

and by solving the equation(11) we can know the value of )( . 
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6- Examples : 
 

Examples 1:   To solve the partial differential equation 

 

                  0342  zzzxzzx yyyxxx , 

by using the (case(1),ii) then 12  , thus the complete solution has the form 

 

))((),( 2

1

21

2 cyxaxaeyxz y    

 

 

Examples 2:   To solve the partial differential equation 

                                         

                     033 22  zyzzyxzzx yyyxxx     

 by using the (case(3),iii) then 12  , thus the complete solution has the form 

 

  )ln()(),( 2

1

21

11 xcyayayxyxz    

 

Examples 3:   To solve the partial differential equation 

                                         

                042525 22  zxyzyzzyxzzx xyyyyxxx  

by using the (case(4),ii) , we get  )0( 2   , thus either 0   or  1 .  

 

If 0 ,then the complete solution has the form 

                       )ln(),( 3

2 xckxyxz   

 

If 1  , then the complete solution has the form 

                )ln(),( 3

3 xcykxyxz  . 
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