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6.013/ESD.013J — Electromagnetics and Applications

Prof. Markus Zahn

Problem Set 8 - Solutions

Fall 2005

MIT OpenCourseWare

Problem 8.1

A
At t =0,
v =vp+uv- =1 N ()
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Aftert =0,Ts¢ =1and I';, = 0.
U;Z‘V‘(Z:Jr)
A
) |
| }-—
1 21
C C

Figure 1:

Problem 8.2

A
At t=0,
v =vpt+ov_=W I ()
i :YO(U+_U_):O}:>U+—U_
B

After t =07, ', = —1 and I'g = 0.

Time dependence of voltage load. (Image by MIT OpenCourseWare.)




Problem Set 8

6.013, Fall 2005
Av (Z = O)
- Vo
Ve Zyi(z=0)
- A
2 21
C VO
> +o
l t 2—|
c _t
l 21
Yo Vo L 21
2 2 c c

Figure 2: Voltage and current at z = 0. (Image by MIT OpenCourseWare.)
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Figure 3: Current at z = [. (Image by MIT OpenCourseWare.)
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Figure 4: Voltage and current for 0 < z <[ at time ¢ = T'/2. (Image by MIT OpenCourseWare.)
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Problem 8.3

a

Figure 5: Rectangular waveguide. (Image by MIT OpenCourseWare.)

A

The mode that has the lowest cutoff is the 1, 0 mode for that mode a corresponds to a half wavelength.

i:a:>(2a)f:c:>f:i

2 2a
B
The next modes with a higher cutoff frequency would be the 0, 2 and 1, 0 modes.
¢ ¢
=%~ n

The range of frequencies where only one mode propagates are

7.5 % 10° Hz < f < 15 x 10° Hz.

Problem 8.4

A
gs :fl [Dl —DQ]
TE,, : tangential ' only = o5 =0
TM,, : 05 = +¢eky cos(nm) cos(wt — kyx) = +eky(—1)" cos(wt — kyx) on top plate
o5 = —cky cos(wt — k1) on the bottom plate
B

k:ﬁX[Hl—Hg]

E
TE, : Kiop = W_lg[kz cos(nm) cos(wt — kyx)|iy

= —k(—l)”kz cos(wt — k)i,
n

Ey
K ottom — T kz t— kz i
bott nk[ cos(w )iy
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Ey

TM,, : Kiop = ——(—1)" cos(wt — kpx)i, top plate
n
Ey .
Khottom = — cos(wt — k)i, bottom plate
n
C
dz ks nmw
o +k—z tan (Fz) tan(k, )
= /kw tan(kyz) do = /kz cot(k,z) dz
= +Infcos(kyz)] = — In[C'sin(k.z)]
1
—_— = s1 kz
cosua) Csin(k,z)
B 1 sin(k,z) cos(k,x) _
cos(kzxo) sin(kzo) sin(k. z0) cos(kzz0)
D
dz E

z kw
prial o +k_z cot(k,z) cot(kyx)

= /kz tan(k.z) dz = /kw cot(k,x) da

= —In(cos(k.z)) = In(C'sin(k,x))

1
— — — Csin(k,
P C'sin(kyz)
sin(k,x)cos(k.z) ]

sin(k,20) cos(k20)
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Figure 6: Magnetic field lines for TE;. (Image by MIT OpenCourseWare.)
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Figure 7: Electric field lines for TM;. (Image by MIT OpenCourseWare.)
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