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6.013/ESD.013J — Electromagnetics and Applications Fall 2005 

Problem Set 8 - Solutions


Prof. Markus Zahn MIT OpenCourseWare 

Problem 8.1 

A 

At t = 0, 

v 
i 

= v+ + v 
− = V0 

= Y0(v+ − v 
−

) = 0 

� 

=⇒ v+ = v 
− = 

V0 

2 

B 

After t = 0, ΓS = 1 and ΓL = 0. 

Figure 1: Time dependence of voltage load. (Image by MIT OpenCourseWare.) 

Problem 8.2 

A 

At t = 0, 

v = v+ + v 
− = V0 V0


i = Y0(v+ − v 
−

) = 0 
=⇒ v+ = v 

− =
2


B 

After t = 0+ , ΓL = −1 and ΓS = 0. 
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Figure 2: Voltage and current at z = 0. (Image by MIT OpenCourseWare.) 
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Figure 3: Current at z = l. (Image by MIT OpenCourseWare.) 

D 

Figure 4: Voltage and current for 0 < z < l at time t = T/2. (Image by MIT OpenCourseWare.) 
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Problem 8.3


b 

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. 

λ c 
= a =⇒ (2a)f = c =⇒ f = 

2 2a 

B 

The next modes with a higher cutoff frequency would be the 0, 2 and 1, 0 modes. 

c c 
f = = 

2b 4a 

The range of frequencies where only one mode propagates are 

7.5 × 109 Hz < f < 15 × 109 Hz. 

Problem 8.4 

A 

σS = n̂ · [D1 − D2]


TEn : tangential E only =⇒ σS = 0


TMn : σS = +εkx cos(nπ) cos(ωt − kxx) = +εkx(−1)n cos(ωt − kxx) on top plate 

σS = −εkx cos(ωt − kxx) on the bottom plate 

B 

k = n̂× [H1 − H2] 

E0
TEn : Ktop = [kz cos(nπ) cos(ωt − kxx)]iy

ηk


E0

= (−1)nkz cos(ωt − kxx)iy

ηk


E0

Kbottom = − [kz cos(ωt − kxx)]iy

ηk
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TMn : Ktop = − 
E0 

η 
(−1)n cos(ωt − kxx)ix 

Kbottom = 
E0 

η 
cos(ωt − kxx)ix 

top plate 

bottom plate 

C 

dz 

dx 
= + 

kx 

kz 
tan 

� nπ 

d 
z 
� 

tan(kxx) 

=⇒ 

� 

kx tan(kxx) dx = 

� 

kz cot(kz z) dz 

=⇒ + ln[cos(kxx)] = − ln[C sin(kz z)] 

=⇒ 
1 

cos(kxx) 
= C sin(kzz) 

C = 
1 

cos(kxx0) sin(kzz0) 
=⇒ 

sin(kz z) cos(kxx) 

sin(kz z0) cos(kxx0) 
= 1 

D 

dz 

dx 
= 

Ez 

Ex 
= + 

kx 

kz 
cot(kzz) cot(kxx) 

=⇒ 

� 

kz tan(kzz) dz = 

� 

kx cot(kxx) dx 

=⇒ − ln(cos(kz z)) = ln(C sin(kxx)) 

=⇒ 
1 

cos(kz z) 
= C sin(kxx) 

=⇒ 
sin(kxx) cos(kz z) 

sin(kxx0) cos(kzz0) 
= 1 
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Figure 6: Magnetic field lines for TE1. (Image by MIT OpenCourseWare.) 
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Figure 7: Electric field lines for TM1. (Image by MIT OpenCourseWare.) 
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