
Question 4: Solve the Laplace equation in three dimensional cylindrical coordinates ),,( zr  . 

Solution: We know the Laplace equation in three dimensional cylindrical coordinate ),,( zr  is  
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In order to apply the method of separation of variables assume that )().().(),,( zZFrRzru    is a solution of (i). 
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Putting these values in equation (i) we get, 
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Since the left hand side of (ii) is a function of r and   while the right hand side is a function of z only then 

the equation (ii) is true only if each side is equal to the same constant. 
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  02  ZZ  .................(iii)   
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Since the left hand side of (iv) is a function of r  only and the right hand side is a function of   only then the 

equation (iv) is true only if each side is equal to the same constant. 
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and  02222  RRrRrRr   

 or,   02222  RrRrRr  .................(vi) 

Equation (vi) is a Bessel’s differential equation and it’s general solutions are: 

 )()()( 11 rJBrJArR     for fractional  . 
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 and )()()( 11 rYBrJArR    for integer  . 

Also the solution of equations (iii) and (v) are 
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 Therefore the required solution of equation (i) are 
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 Here 321321 ,,,,, BBBAAA  are arbitrary constants. 

Question 5: Solve the Laplace equation in three dimensional Spherical polar coordinates ),,( r . 

Solution: We know the Laplace equation in three dimensional Spherical coordinate ),,( r is 
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In order to apply the method of separation of variables assume that )().().(),,(   FrRru  is a solution of (i). 
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Putting these values in equation (i) we get, 
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Since the left hand side of (ii) is a function of r and   while the right hand side is a function of  only then 

the equation (ii) is true only if each side is equal to the same constant. 
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Since the left hand side of (iv) is a function of   only and the right hand side is a function of r  only then the 

equation (iv) is true only if each side is equal to the same constant. 
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Putting the values of    and cot  in (vi) we get, 
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Equation (vii) is associated with Legendre’s differential equation and it’s general solution is: 
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and the solution of equation (iii) is  
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   )1(  nn rFrE   ..............(xi)     [ zer  ] 

Therefore the required solution of equation (i) is 
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 Here, FEDCBA ,,,,,  are arbitrary constants. 
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