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Electromagnetics:
Electromagnetic Field Theory

Resistor Examples

Outline

* Parallel plate resistor
* Inhomogeneous resistor
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Example #1:

Parallel Plate Resistor

3
Example #1
Step 1 — Choose a coordinate system.
Cartesian
Step 2 — Assume applied voltage is V,
Vo _
ez,=0
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Example #1
Step 3 — Solve Laplace’s equation in the area between the plates.
V¥V =0
a’v

=0 V(0)=0and V(d)=V,

V(z):E 0<z<d
d

|4
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Example #1
Step 4 — Calculate the electric field intensity E
E=-VV = —d—V&Z
dz
E:—i(E] i 0<z<d
dz\ d
F=-Ys o0<:<d
d
Vo
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Example #1

Step 5 — Calculate total current /

S s d
n oV,
I:—O'—OHaZOd§ =— do S
\S_,_/ The sign can be ignored since the direction of the
S current is known.
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Example #1

Step 6 — Calculate equivalent resistance R using R = V/I.

_Kh_n _4d
] O-—VOS oS R_ d
; -
oS
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Example #2:

Inhomogeneous Resistor

\\\\\\
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Example #2
Suppose there exists an
inhomogeneous resistor as
shown here.
WEMPossble o sideo
10




10/20/2022

Example #2

The inhomogeneous resistor is
separated into a network of
homogeneous resistors.
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Example #2
Calculate the resistance of each
homogeneous resistor independently.
dl _ dl
0,8, om
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Example #2

homogeneous resistor independently.

j) Calculate the resistance of each
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Example #2
Calculate the resistance of each
T homogeneous resistor independently.
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Example #2

View the inhomogeneous resistor as a

series/parallel combination of homogeneous
resistors.

The equivalent resistance is
=R,

R, =R|R,+R,
( d |
O-ltwl‘

R :l|:dlo-102W1W2 + d, :|

€q
t| ow +o,w, oy (w+w,)

dl d2
o,tw, | oyt (w +w,)
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