
Lecture 19 Carl Bromberg - Prof. of Physics

PHY481: Electromagnetism

Solving Laplace’s equation via “Separation of Variables”
1) Cartesian coordinates (review)
2) Spherical coordinates
3) Cylindrical coordinates
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Potential via M.o.I  is two dipoles (SAME DIRECTION)
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Find potential of an upward facing dipole above a grounded conductor
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Double dipole potential on z-axis for z >>z0
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4.10a continued
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Where is charge
 density zero?
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Coefficients in a Fourier Series
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Find Fourier series expansion of f(x) = V0

Be careful to break 
integral into pieces !!
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Coordinate independence in separable solutions

   V (x) = X (x)Y ( y)Z(z)

Translational independence  x --> x’
   V ( !x ) = X ( !x )Y ( y)Z(z)
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Values of the last two terms (Y and Z terms) have not changed.
Yet the sum is still ZERO. Each of the 3 terms must be a constant.
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Character of solutions
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Example: Long narrow channel
Large top and bottom grounded plates, potential V0 on the end plate
Find potential everywhere between the plates. 

problems without z dependence
all start the same way
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  V (x, y) = X (x)Y ( y)

Laplace’s equation

Each term must be a constant
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Any one of these values for k, satisfies the 
boundary condition at top and bottom, But
an infinite series is needed to satisfy V(0,y) = V0

Solution with coefficients 
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Example (cont’d)

Finally a solution
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Separation of Variables - spherical coordinates
Laplace’s equation for potential in Spherical coordinates (no phi dep.) 
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Solving for functions  R(r) and Θ(θ)
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Familiar problem in spherical coordinates
Orthogonality of Legendre
polynomials:   
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Cylindrical coordinates
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Laplace’s equation in cylindrical coordinates
Separation of variables

r dependence φ dependence

Constants sum to zero

Separate solutions

Solution with series to insure boundary conditions can be satisfied
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Cylinder problem
Half cylinders, radius R.  V = +V 0 on right half, and V = -V 0 on left half
Find potential inside and out.
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