
Electromagnetic Theory I
Fall 2002 Final Exam

Name__________________________
Calculator, one side of 8.5x11" sheet of notes, Smith Chart tools permitted.  Smith Chart and vector 
derivative equations are attached.
  

1. (16 pts) Given a transmission line 400 m long, with Zo = 50Ω, u = 200106 m/s, with a load 
ZL= 150Ω, source impedance ZG = 30Ω.  If the source voltage Vs is a square pulse 1μs long with 
peak 16V, draw and label a bounce diagram and plot the voltage across the load for 0<t<15 μs.

2. (2 pts) A) Why do most metals appear shiny/reflective? B) Given your answer to part A), why 
do some metals such as cast iron appear black?

3. Slotted line measurements on a transmission line with Zo = 20Ω and ZL unknown indicate: 
VSWR= 4, Vmin at 4.5 cm, 9 cm, 13.5 cm etc measured from the load end.  With the load 
replaced by an open circuit, Vmin are found at 3, 7.5, 12 cm etc. from the load end.

a) (2 pts) what is the wavelength of operation?
b) (2 pts) at what points, in cm, on the slotted line does Zin=ZL?

4. (4 pts) What is the resistance per unit length of the center conductor, radius 0.42 mm, of a 
coaxial cable at a) 10 MHz and b) 100 Hz?  Copper, εR=1, σ = 5.8107 S/m.



5. (6 pts) Match the field types to the adjectives below.  Indicate in each blank all that apply.

__________curl-free A. Static electric field
B. Static magnetic field

__________divergenceless C. time-varying electric field
D. time-varying magnetic field

__________solenoidal

__________conservative

__________source-free

__________irrotational
6. (4 pts) At the frequency of yellow light, pure water has σ = 210-4 S/m, εR=2.3, approximately.
How deep must a fish be in Lake Superior to be invisible to an osprey flying above?  Assume the
optic nerves are stimulated by the power in a wave rather than the field intensity, and remember 
that light must first reach the fish before it can be reflected.  Neglect reflection at the water 
surface.

7. (2 pts) On a 3-cm-long microstrip line the SWR is measured and found to be 2.5.  What will 
the SWR be if the line is lengthened by λ/4?

8. (5 pts) Carefully sketch electric field (flux) lines and equipotentials for the figure below, 
assumign all lines are conductors.  The outer rectangle is grounded and the inner circles are at the
same positive potential.



9. A transmission line with Zo = 100 Ω is attached to a load YL = 0.01- j0.018 S.
a) (2 pts) If the load is to be matched with a parallel short-circuit stub line, what value of 

normalized reactance is needed for the stub?
b) (2 pts) Where should the stub be placed relative to the load?
c) (2 pts) How long a stub (in wavelengths) should be used?

**Clearly indicate your work on the attached Smith Chart!**

10. (6 pts) The simple magnetic circuit shown is being used to generate a uniform field in the 
rather large gap.  If 2000 turns are put on the coil, what current is needed to generate 100 mT in 
the gap, assuming fringing effects can be neglected?  Use R=10,000 for the core.  Core area is 
200 cm2 except for the leg with the gap in it, which has A1=400 cm2.  Lengths given are average 
lengths: gap length is 10 cm and the core is 30 cm on a side.

11. A coaxial cable has inner radius 1mm, outer radius 2 mm.  The dielectric between the 
conductors has εR = 3, σ = 610-6 S/m.

A) (4 pts) What is the electric field between the two conductors, as a function of the 
charge on the inner conductor?

B) (3 pts) What is the capacitance of a 1-m length of this cable?
C) (2 pts) If the cable were left open at one end and charged to 50V across the 

conductors, how long would it take for the charge to completely dissipate, assuming both ends 
are left open after the source is disconnected?

D) (1 pt) Where does the dissipated charge go?
E) (2 pts) What is the conductance G of this cable?

12. (5 pts) Write an equation for the electric field of a z-polarized, negative-y-directed plane 
wave traveling in a medium with μR=1, εR=6, σ = 0, at a frequency of 580 KHz.  Give numerical 
values for all constants.


