
146 0 CHAPTER 4 "

• Add the vector aD/ at (which has the same units, A/m2
, as J, and which vanishes for a static field) to J.

Then, because
.. ( aD) . a. ap apdtv J + - = dtv J + - dtv D = - - + - = 0

at at at at
the contradiction of Problem 4.39 is avoided. The term aD/ at is known as the displacement current density, in
contrast. to J, the conduction current density.

4.41 Give in point form Maxwell's equations for time-varying electric and magnetic fields.

• aB
curlE= -- at

aD
curIH=J+-. at
divD=p
div B=O

(Faraday's law; fixed surface)

(Modified Ampere's law)

(Gauss' law for D)
(Gauss? law for B)
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4.42 Express Maxwell's equations, (1)-(4) of Problem 4.41, in integral form.

1, E. ds = - !!. f B . dSt dt s

1, H. ds = f J . dS + !!. f D . dS'
jc s dt s

LD.dS= LPdV

f B .dS=O
s

4.43 A portion of a circuit containing a capacitor is shown in Fig. 4-12. Show that the displacement current id
between the capacitor plates is precisely equal to the conduction current j outside the plates.

Fig. 4.12

Therefore, id = i.

4.44 For a material medium characterized by conductivity 0 and permittivity E: exposed to a sinusoidally varying
E-field of frequency w, obtain the ratio of the conduction current density, IJel, to the displacement current
density, IJdl. .. .
• Let the field (in phasor form) be E = Eodw,. Then

'. . aD .
Je = aE = aE()e'<V1 and -Jd = - = jwD = jWE:E = jWE:Eoe'W1at

so that, by division,
IJel a-=-
IJdl WE:


