Problem 6.18 An electromagnetic wave propagating in seawater has an electric
field with a time variation given by = ZEycoswt. If the permittivity of water is
81¢p and its conductivity is 4 (S/m), find the ratio of the magnitudes of the conduction
current density to displacement current density at each of the followémiéncies:

(a) 1kHz
(b) 1 MHz
(c) 1GHz
(d) 100 GHz
Solution: From Eq. (6.44), the displacement current density is given by
Ja= %D = S%E

and, from Eq. (4.67), the conduction currentlis- cE. Converting to phasors and
taking the ratio of the magnitudes,
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(a) At f =1 kHz, w = 2mx 10° rad/s, and
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The displacement current is negligible.
(b) At f =1 MHz, w = 27 10° rad/s, and
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The displacement current is practically negligible.
(c)At f =1 GHz,w = 2 x 1(° rad/s, and
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Neither the displacement current nor the conduction current are negligible
(d) At f =100 GHz,w = 27 x 10! rad/s, and
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The conduction current is practically negligible.
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