
EECE 557 Electromagnetic Theory
Spring 2009 Exam II

13 March, 2009
Name__________________________

Calculator, inside back cover of book and 1 side 3”x5” card of notes permitted.

1. (8 pts) Use the Biot-Savart law to find the magnetic field intensity H at the center of a 1-cm 
radius wire loop carrying current 1mA.

2. (6 pts) The figure shows a 1-m-long “rail gun” with a uniform magnetic flux density B = 1T 
directed into the paper along its length (dots).  The rails are 1 cm apart.  How fast could a 
conductor carrying 0.5A (downwards on paper) and weighing 1g (=0.001kg) get moving by the 
end of the gun, if friction and current welding can be ignored? 

           1cm

2 m



3. (4 pts) The “paw-to-paw” or limb-to-limb resistance of just about any land vertebrate is about 
100 ohms, dominated by the resistance of the skin.  If we model the skin as a lossy dielectric 
with σ = 0.01S/m, εR = 10, what is the effective limb-to-limb capacitance of a typical 
vertebrate?

4. (6 pts) A common transmission line for cell-phone-frequency signals on a PCB is a strip 
conductor above a ground plane, as shown in cross-section below (heavy lines are metal).  If the 
conductor is 2mm wide and 100um above the ground plane, what is the per-unit-length 
capacitance of the strip line?  Use  εR = 2.5 for the PCB plastic; assume the distance between 
plates is small compared to their width, and don't forget image theory!

5. (2 pts) Two insulating materials have  εR1 = 10 and  εR2 = 3.  Suggest two possible physical 
differences between the materials' atomic/molecular structure that might cause this difference in 
dielectric constants.

2 mm

Plastic 100um thick



6. (2 pts)  Why are magnetic fields, rather than electric fields, used to steer electron beams in 
CRTs?

7. (2 pts) Suppose a loop of wire carrying a current I is suspended close to a grounded conducting 
plane.  If the plane is perfectly conducting, qualitatively describe the force on the wire.

8. (2 pts) Given your answer to #7, postulate how magnetic levitation (in which a magnet floats 
above a piece of superconductor) works.

9. (6 pts) If a MOSFET gate capacitor is 1nm thick and 100nm on a side, and the oxide has 
dielectric constant 10 and breakdown strength 100 MV/m, what voltage is needed to cause 
breakdown of the capacitor? What total charge on the capacitor would create that voltage?

10. (4 pts) Suppose a particle carrying a charge Q and moving at a velocity v  in the x direction 
enters a region where E = E0 along z.  What magnitude and direction of magnetic flux density B 
is needed to cancel all force on the particle?  This situation can be used to select only particles 
of a single velocity out of a stream.

I


