Physics 712
Chapter 8 Solutions

1. Consider a wave guide consisting of two long parallel
flat conductors, separated by a distance d in the y- {d
direction, and having width w in the X-direction, with w
>> d (ignore edge effects). Find general formulas for the electric and magnetic field for
waves moving in the + z direction, if the electric field has magnitude E¢. Find the time-

averaged Poynting vector <S> and integrate it over the space between the conductors to

find the rate of energy transmission.

For TEM modes, the electric field can be derived from a potential whose value is
constant on each of these two conductors. In the limit w>> d , this produces a uniform field
which points from one side to the other, so we simply have E, = E,y, or including the z-

dependence, E = E, "y . The magnetic field is then given by B, = \/suzxE, for waves in the z-

direction, which means B= —@Eoe‘kzi. Each of these should then be multiplied by e and

the real part taken to get the actual space and time dependence.
The resulting Poynting vector is given by

S=ExH =%(ExHe—2i(xf[+EXH*+E*XH+E*XH*GZiwt).
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When we time average, the factors of ™' average to zero to yield the usual expression,
(S)=%(ExH +E" xH)=3Re(ExH")=1x"Re(ExB’)
In this case, this yields
(S)=—p"Jeu tRe(E "y x Epe %) =1 e/ |E,| 2
If we integrate this over the region between the conductors, we get a total power

P=[(s)-2da=4wd[e/ulE,["



2. Electrical power is transmitted by the use of wave guides using TEM modes, with one
conductor being the wire and the other being the Earth. We will model this as a coaxial
cable with wire radius a = 1.0 cm and “Earth distance” b = 10.0 m, with air (vacuum) in
between.

(a) For TEM modes of the form given in class, if it is travelling in the +z direction, find

the time-averaged Poynting vector <S> . Integrate it over the whole area between

the conductors to get the rate of power transmission.

The electric and magnetic fields were already worked out, so we write them in the form

Eﬁeikz—ia)t . B= Cyéotsy et
p p
We then get the time averaged Poynting vector using the same equation as before, namely
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To get the power, we integrate over the region between the cables, which implies

= [(s) zda—— 80[” ¢j:pdp 7C2 ey ] 1t IN(b/a)
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(b) If the power transmitted is 1.00 MW, determine the voltage difference between the
inner and outer conductors.

The voltage difference between the two conductors will be
AD = q)(b) _q)(a) = —IbE pdp= _Ceikz—iwtj'bd_p —_Cce*iot | (b/a)
a a p
The voltage difference is a function of time and space (not surprising for a traveling wave), but
the magnitude of this difference is just given by A® =C In(b/a) . Solving for C, we can then

see that
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We then solve this for the voltage difference and substitute in concreted numbers to find
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(A®)2=M ﬂzl(l.ooxlo6 Js)In(10°) 4’”1012 N/A_l ~
T & T 8.854x107"* C°N

=8.28x10° Nms*"NmC A" =8.28x10° N°m°C* =8.28x10° V?,
AD =28.8 kV.




