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Problem 6.4
Magnetic Field Energy and Self-Inductance.
A long straight solid cylindrical conducting wire with radius R carries a steady uniform current 7.

(a) Calculate the magnetic field energy inside a length £ of the wire.

(b) What is the contribution of the interior portion of the conductor to the total self-inductance?
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Problem 6.4

Magnetic field energy and self-inductance.

(a) From the results of problem 5.2, we have the following expression for the magnetic field
magnitude inside the wire as a function of distance r from the wire’s axis:

polr
B =
21 R?

Using Giancoli Equation (30-7) (p. 761), we can express the magnetic field energy density
(that is, Joules per cubic meter) as

" B? 1 (,uOIr)Q pol?r?

- 240 - 200 \ 21 R? ~ 8n2R!

Consider now a cylindrical shell of length ¢, radius r, and
thickness dr within the wire. Such a shell has volume

d(volume) = 2xrldr ,

and in the limit dr — 0 the magnetic field energy density
is constant throughout the shell. The total magnetic field
energy inside a length ¢ of the wire can thus be found by
integrating:

R (o I?r? wol?\ R, pol?l
Ui =/ud(volume)=/0 (87r2R4 (2nrldr) = = /0 rodr = Tk
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(b) From the relationship between stored magnetic field energy and self-inductance (Giancoli
Equation (30-6), p. 761), we can identify the self-inductance due to the interior of the wire:

1 ,U/012£ ,U/og
(]in:_LinIQZ = Lin = — .
2 16m 8

The wire therefore has a self-inductance per unit length /87 associated with its internal
magnetic field.
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