Physics 200C


Mid Term Exam 

06-May-09
Dr. Cebra






Name:  _________________

Instructions: Work all parts of each problems (each problem worth 50 points). No notes, calculators, etc. Please write your name on every page – they could be separated. Staple additional sheet to their respective problems.
1. Consider a non-conducting medium in the absence of sources:
a) Starting from Maxwell’s equations, develop wave equations for the potentials.

b) How are these wave equations expressed in covariant notation for the 4-potential?

c) In linearly dispersive media,  and  are functions of  and complex. From the wave equations for the fields, one can determine the real and imaginary parts of the wave vector k. From plane wave solutions to the wave equation, one can determine the Poynting vector as a function of k and r. Use this to determine the absorption curve as light passes through the medium.
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2. The Lorentz-Drude model is a simple construct that explains many on the features of the response of media to electromagnetic waves. In the Lorentz-Drude model, the dielectric susceptibility is:
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where 
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is the plasma frequency, r is the resonant frequency, and  is the damping frequency. 
a) Beginning with Maxwell’s equations for a plane, longitudinal wave in a medium with no free charges or currents ( = J = 0), show that the frequency of oscillations satisfies the dispersion relation
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  which has the solution:
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b)  In the low frequency limit, this model can be used to understand conductivity. Use Ampere’s law and Ohm’s law to develop an expression for the conductivity as a function of frequency.

c)  In the high frequency limit (rand), this model describes the behavior of a plasma. In a hot gaseous plasma, both the electrons (mass = me) and the positive ions (mass = M) are mobile. What is the effective plasma frequency in this case?
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3.  Consider a TM wave in a rectangular wave guide. The wave guide is made of a transparent non-conducting medium, while its walls can be considered to be perfect conductors. The wave is propagating in the z direction with wavelength .  

a)  Show that: 
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    satisfies the wave equation:




[image: image6.wmf]0

2

2

2

=

¶

¶

-

Ñ

t

E

E

r

r

em



    and the boundary conditions.


b) What is the cutoff frequency for the TM11 mode?


c) Why is there no TM10 mode?
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