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For goods conductors o /we >> 1 and then we have
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The quantity 1/4 measures the depth at which electromagnetic way, chter
conductor is attenuated to 1 /e of its initial amplitude at the surface. It ig knowy, lig :

aﬁ;hn
o

depth or penetration depth into a conducting medillI_ll. '.I‘hu-lsr_‘slfil!l depth § for
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” Obviously, skin depth § decreases with increase 1n frequency and condy tivity, For
good conductors at high frequencies ¢ is very small. That is why in high frﬁqu:ency

circuits current flows only through the surface of good conductors. This Phenomeng ;
called skin effect. Due to this effect the ac resistance of a conductor is greater thap i e
resistance. For this in high frequency circuits it is better to use a number of fine strandeg
wires instead of a thick wire. It increases surface area for a given area of Cross-sectio
and reduces resistance. At microwave frequencies § for Ag is very small (~ 103 i),

: As a result, in the microwave region the performance of a waveguide made of pure Ag
and another waveguide made of Ag-coated brass would appear to be identical. T
technique is used to reduce the material cost of good conductors.

The attenuation of electromagnetic waves in the conducting sea water creates problen
in radiocommunication with submerged submarine.

Wavelength, propagation speed and the index of refraction

The real part of &, i.e., a determines the wavelength, the propagation speed of the wave
and the index of refraction of the conductor, in the usual way. Thus,
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For a good conductor a = - and hence,
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Lat the skin depth § as givep by (15.7-1 3)

’ . fﬂl‘ ago
. of the wavelength A. in the Conductor 4 800d condyct g can be expressed
i

0 j:c

e

2m’

| 841

jative directions of E, H and L
e

Subﬁtit"tiug e sotations (IS7-7) dn Eqs. (15'7‘1) and (15.?—2) we get

k'E—":U and E'ﬁl‘:{]_

These equations indicates that E and g -

Pmpagatinn. So Electmmﬂgnettc_q:gyﬂ MMM@M 5

Agein, the substitution of the solutions (15.7.7) in Eac 1¢

jkxﬁz—-#(-—jmﬁ) or Exﬁ:mﬁ

(15.7-15)
anq jEx ﬁ=a§-—jme§ or kxH =

~(we+jo)E.  (15.7-16)

These two equations imply that £ and H are mutually perpendicular and also they

e perpendicular to the direction of propagation Vector b e e o
L rape— P R—— ; —— e ——at

Relative phase of E and H
from Eq. (15.7-15) we have

H:-L(Exg)=£—;—(ﬁx§)—u:jﬁ(ﬁxﬁ). (15.7-17)

This €quation shows that £ and H are not in phase in a conductor.

Writing o 4 iB = \/a? + p2e7?; ¢ = tan~!(f/a) and using (15.7-7), Eq. (15.7-17)
"% be rewritten as

K = i(R-F—wi— 5

G Val+s (ﬁ s Eu) . eI (FF-wt=9) (15.7-18)
Lo
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1/4

Va2 + 2 =w\/feu [l + (i)i]

Thua’ i lags behind E in time by the phase angle

¢ = tan™" g - %tﬂn_l (i)
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or good co ~ b
E and H fields in a perfect Eanduct_‘m: is 49
Relative magnitudes of E and H 15
1/4
- | = "
=1~ —E_{; - pue ! we€
E

For good conductors

eyl \—E‘:
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Thus, in this case, ) K
H l > ‘E l

medium the field energy 1s not equally shared
tirely magnetic in nature.

which indicates that in a good conducting
between E- and H-fields but it 15 almost en

Poynting’s vector
The time average Poynting’s vector 1s
(E} — %RE(E X .H") .
Using Eq. (15.7-17),
' 2 2 " = _
(5) = Vel o [Ex (ﬁ.x E“)] e =7

Vol + B g [ (B B) - B+ (E 1) e
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Now putting E -7t = 0 and using Eq. (15.7-11) we get

2 2
(5’) S \/ﬂ' +ﬁ .Ege_gﬂﬁ_i.-

_ 21w (15.7-20}
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For good conductors a ~  ~ Muz,u and ¢ = 45°. Then

1 [ o L
(3 = 2 ‘ EEEE*EﬁH-rﬁ- (15_?’.21}

Thus. energy flow is along the direction of propagation of the wave and is dmnpfd of

exrponentially.
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ctric energy density is

(ue) = 3 Re3 (E | ﬁ*) = z€Re (E - E*) = 1eE2 . =20 T

Average ele

rage magnetic energy density is

() = 3 Rel (B . H) = 1uRe (H _ H) _ 1, H2e 00

Ave

Thus,

((z:::)) - %g"gg B [1 * (E)QJ " (15.7-22)

Obviously, for good conductors (um) > (u.), i.e., the field energy inside is almost
entirely magnetic in rature.

Total time averaged energy density is
<u) = <ue> . & (um) == %3_231&-7" [EEg 4+ #H{ﬂ

Using Eq. (15.7-19) we can write
—2B%-F 2
(i) =’ a0 o B8 {1+ 1+ (i—) J (15.7-23)

In term of e, the real part of wave number as given by (15.7-10), it can be expressed

2

(u) = —= Ege 2T, (15.7-24)
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