8. Electricity and Magnetism (Fall 2003)

Consider a vacuum diode which is a parallel plate capacitor (in vacuum) with plate area A and plate
separation d. The cathode plate, which is at ¢ = 0, is heated as to thermionically emit electrons
which then travel to the anode plate (at ¢ = V) (this arrangement acts as a diode due to the fact
that in reverse bias, no charges will flow). Assume a steady-state bias V' and diode current I. You
may model the electrons in the diode as a cold fluid with density n{z) and velocity v(z). You may
assume that the electrons are born from the cathode with zero velocity.

(a) Find the 1-D potential distribution in the diode, ¢(x). (Hint: Try a power law solution.)
(b} Find the diode current as a function of bias voltage V.

(¢) What unphysical result is caused by the assumption that electrons are born from the eathode
with zero velocity?
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