Physics 315 Homewor k #9 Guide Professor Mallinckrodt

Please note that these “ Guides” are intended to go only part way toward a properly “presented” set of solutions. You should
be able to fill in the blanks with drawings, equations, and additional explanation as necessary. If you can't, do not hesitate to
come see me.

9.28 a) Wejust needto find the valuesof ®,,, that arelessthan @ so that the wave will propagate. 1t may be useful to

nJ nJ/ 2
show first that propagation requires m? § 10 j’ +n ﬁié <1 and that, in this case, (%) =0.150 and
w
n! 01% . . .
$ 8 0.762 . Now it should be easy to show that the following modes will propagate: 10, 20, 01, 11.

b) Show that the two lowest cutoff frequenciesare 6.57 GHz and 13.1 GHz so that frequencies between those two will
propagate only in the 10 mode. These frequencies correspond to vacuum wavelengths between 2.28 and 4.56 cm.
(Note that a4.56 cm wavel ength wave corresponds to one for which a half wavelength fits in the long dimension of
the waveguide while 2.28 cm corresponds to one for which awhole wavelength fits in the same dimension. To fit a
half wavelength in the short dimension would require an even shorter wave of wavelength 2.02 cm.)

9.29 a) Firgt, using the result of problem 9.11 and the forms given in 9.176

! " . b b

(S)= L Re(E X B*) -1 Re(Eoe'(”'””) xB e"("z“‘")) 1 Re(Eo X Bo)
24, 24, 24,

Next, using 9.178, along with the fact that E, =0 for a TE mode,

<'S> = Z—ZRe[Eszf(— E.B,j+(EB, —EB,)Z]

Next, inserting E, =0 and 9.186 into 9.180 and substituting the resulting values back into the above, we get

| .
(S)= 1 Re%82(m#/a)sn(m#x/a)cos(rr#x/a)cosz(n#y/b)

211,

!!!!+(’/i!ﬁBj(n#/b)0032(m#x/a)sin(n#y/b)cos(n#y/b)

I'lc

!!!!+ﬁ82%n2#2/bz)cosz(m#x/a)sn (mty /10) + (m#* 1 & )sin® (nvéx / ) cos” ity /)
I'Ic
#21 KB 2

= > §kn” 10?) cos? (mwx / @) sin? (nvy /b) +(m? / a2 ) sin® (rr#x/a)cosz(n#y/b)'(
21, §1 1) 2'(

Next, find the time averaged Poynting flux across the cross sectional areato find the rate at which energy
propagat&s down the waveguide

Y- (5 a= [ e

- 75ka5 n2/b2) +(m? / a2 ab
_2uo[(w/c)2_k2]2[( COMCE

_ mlokBlab “mj +(gﬂ
8u, [(w /c) - kZT a b

_ wkabc2:2 B2
SIJowrm
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b) First, using the result of problem 9.11 and the forms given in 9.176
1. [ = 1z = 1 = (ko) B£r —i(ke-ot) | B dlk-ot) B —i(k-ot)
(u):ZRe e&,E-E'+—B-B :ZRe[EOe =) + B¢ -B,e ]
L Ho
1 = 1
ZzRe g, 0-E0+‘u— o o:|

M

I
I
I

Next, using 9.178, along with the fact that E, = 0 for a TE mode,

(u) :%Re-so(ExE; + EyE;)+#i(BxBZ +BB +BB )}

Next, inserting E, =0 and 9.186 into 9.180 and substituting the resulting values back into the above, we get

2p2
(uy= 1Re sow—B"z[(nzﬂ2 /b?)cos? (mx/ a)sin® (ny / b) +(m°n? /az)sinz(mnx/a)cosz(nny/b)]
4 [(@/c)f-K]
+i$[(m2n2 /a*)sin’ (mx /&) cos’ (nmy / b) +(n’z? /b*) cos’ (mx / a)sin® (nry /b) |
2

Ho [(@ /) - K]

L B? cosz(mnx/a)cosz(nny/b)}

o

:4B_.Li %[(mz/az)sinz(nwx/a)cosz(nfry/b)+(n2/bz)cosz(nwx/a)sinz(nny/b)]

+cosz(rmrx/a)cosz(n7ry/b)}

Next, integrate the time averaged energy density over the cross sectional areato find the average energy per unit
length along the waveguide

du
E: J. <U>da
_ Br?ab| (w/c) +k?
161, |[(@/cf -]
_ Blrfab( o+ K + w?,
- 16u,
o’ab
= 811,07 B,

[(m2/a2)+(n2/b2)1+1

ol

c) Finally, the speed at which the energy travels down the waveguide is

I dz$ duU/dt kc?
= = =—= .E.D.
Voo =¥ 348 T quraz -V O

energy
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