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Lecture 18

1 Stored energy in inductors

Inductor L such as the solenoid coil considered above can be used to store energy.
An inductor connected to an external circuit with a quasi-static current I develops a voltage drop

dI ) )
V =1L = across its terminals.

Instantaneous power that it absorbed is P=VI= % G LI 2) [W]

Stored energy W= %LI SR

For a long solenoid with inductance L = N?u,Al, stored energy is W = éLI z = % Uy |H,|2Al

—_

Stored magnetostatic energy per unit volume is w = %,uoH -H

This is similar to electrostatic energy per unit volume

2 Inductance of shorted coax

Consider a coaxial cable of some length [ which is
“shorted” at one end, and a steady current / can
flow on the inner conductor of radius a to return on
the interior surface of the outer conductor at radius
b after having circulated through the short.

Ny

a) Calculate magnetic field B in between the conductors

Consider the inner conductor with current I, use Ampere’s

( ‘r‘ ‘f“ ‘Jf‘f“ ‘FO Law

f B-dl= Uol
T C
,u'o " . . ~ L. .
B= 27r'r¢ We get the magnetic field in ¢ direction
B = Mol
2nr
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b) Calculate magnetic flux

w:f 5.ds =
S

Note that B is position dependence (E x %)
¢) Find inductance L

L= L
=7=
Discussion
1) The inductance of the coax per unit length is
In g
L=—
27_[ nu’O
2) The capacitance of the coax per unit length is
2m
C= _b €o
In—
a
3) The conductance of the coax per unit length is
21
G=—0
In—
a

In summary,
¢ Inductance, capacitance, and conductance are associated with (., €,, and o, respectively.
e The geometric factor (blue part) for the capacitance, and conductance is the same; while
the geometric factor for the inductance £ is the inverse of the geometric factor of the
capacitance C. Or, LC = u,€,

Inductance of parallel plates
Conservation of charge

Continuity equation

Ampere’s Law and displacement current
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