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PHYS 301 
Electricity and Magnetism

Dr. Gregory W. Clark

Fall 2019

Today!

Electric potential

Conductors

Capacitors

Magnetic fields
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Fundamental Equations of Electrostatics

• In terms of potential:
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LaPlace’s
equation

if ρ = 0
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Electric Potential

• The workhorse of electric potential looks a lot 
like its electric field counter part: 
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• Ideal conductors: Material with unlimited supply 
of completely free electrons!  [fiction]

• Properties:

 inside a conductor.

 inside a conductor.

 Any net charge resides on the outer surface

 V is constant throughout a conductor.

 is normal to the surface just outside a conductor.

• Charging by induction: Electric fields can induce 
charge separation in a conductor

Conductors
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• The normal component of     is discontinuous 
by an amount σ/εo at any boundary:

“above” and “below
The boundary! where ˆ  unit normal vector to the surface n 

The parallel component of       is continuous.E
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• The electric potential is continuous 
across any boundary:
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“normal derivative of V”

Conductors

• The electric field immediately outside
the surface of a conductor is
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• Similarly, the potential is then expressed as

o

V

n





 





11/13/2019

5

Solutions to LaPlace’s Equation

• Called harmonic functions
• No points of stable equilibrium (electrostatic)
• No local minima or maxima 

(membrane stretched over frame)

• Thus, the value of V(r) at point P is the average value of V(r) 
over a spherical surface of radius R centered at P

• Suggests computation method:
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in 2 D

relaxation method
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Uniqueness Theorems

• The solution to LaPlace’s equation in some 
region of space is uniquely determined if the 
value of V(r) is specified on the boundaries of 
the region.

i.e., V(r) is uniquely determined if ρ(r) and V(r) on 
the boundaries are given.

• In a region containing conductors and a 
specified ρ(r), the electric field is uniquely 
determined if the total charge on each 
conductor is given.
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Method of Images

• Solution?  Whatever works!

• The classic problem:

grounded conducting plane
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Find V in region 
above the plane!
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