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With the given values of ¢, and ¢/, it is clear that 8 = w. /igey = w/fe, and so

A=2m/8=2r¢/w =3 % 10'/10'0 = 3 c¢m. It is also clear that a = 0.
b) €. = 1.04 and €] = 9.00x 10~*: In this case ¢” /¢! << 1, and so 8 = wy/elfe =213 em™,
Thus A = 27/3 = 2.95 cm. Then

oowe’ fu wel ke w el 2 % 1010 (9.00 x 10-1)

2 Ve 2 \/{_;__%\/Eziax.'ixloﬂ V1.04
=9.24 x 1072 Np/m

™

For part (¢), A = 1.33 cm and a = 335 Np/m.

2.
If E, = (60/r)sinf ¢ 7" ag V/m, and H, = (1/47r)sinf e~ as, A/m in free space, find the
average power passing outward through the surface r = 108, 0 < 8 < #/3, and 0 < ¢ < 27.

15sin® @
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Then, the requested power will be

r  pw 3 15si 29 /3
= / [ 2 Y ar - a, r?sin8dode = 15 f sin® 6. do
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2nr?
"3 25
=2 _313W
o 3 3 W

=15 (—% cosB(sin? 8 + 2)) |

Note that the radial distance at the surface, r = 108 m, makes no difference, since the power
density dimishes as 1/r2.

A hollow tubular conductor is constructed from a type of brass having a conductivity of
1.2 x 10" S/m. The inner and outer radii are 9 mm and 10 mm respectively. Calculate the
resistance per meter length at a frequency of
a) de: In this case the current density is uniform over the entire tube cross-section, We
write:

L 1
R(de) = 2 = A2 1007 (017 — 0087

=14x10~* Q/m
b} 20 MHz: Now the skin effect will limit the effective cross-section. At 20 MHz, the skin
depth is
8(20MHz) = [m fpga) /2 = [1(20 x 10%)(dw x 107 7)(1.2 x 107)]"1/2 = 3.25 x 10 m

This is much less than the outer radius of the tube. Therefore we can approximate the
resistance using the formula:

R(20MHz) = L = L 1

B _ -2
oA~ 2mbs (12 x 107)(2n(01))(3.25 x 10-%) — 411077 /m

c¢) 2 GHz: Using the same formula as in part b, we find the skin depth at 2 GHz to be § =
3.25 x 107% m. The resistance (using the other formula) is R(2GHz) = 4.1 x 10~ Q/m.

You should verify that to a good approximation, the cross sectional area used in (b)
is indeed 2bd. Notice that in the solution of (b) the conductivity symbol ¢ is
incorrectly omitted from the denominator [1/ 27bd] although the value correctly
appears after the general formula. The formula should have [1/ ¢ 27bd].
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