Physics 200C


Mid Term Exam 

08-May-07
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.  The complex dielectric constant of a material is calculated as function of the frequency of the electric field by treating the electrons and ions as classical damped oscillators:
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     where 0 is the binding or resonant frequency,  is the damping constant, and 
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 is the plasma frequency. The equation of motion for the motile charged carriers in this medium is given by:
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a) The imaginary part of the wave number is known as the absorption coefficient of the attenuation constant. Derive an expression for the attenuation constant as a function of frequency. Draw of plot of the behavior in the frequency region near the resonant frequency, but well below the plasma frequency.

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 (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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Name:  _________________

2. For generation of laser pulses on the second harmonic of the fundamental, one must use both the non-linear and the anisotropic nature of a medium. Typically Potassium-dihydrogen-phosphate (KDP) is used as a doubling crystal.
a) In this part, ignore the anisotropy of KDP for simplicity. Start with the Helmholtz equation (with source term) for a second order non-linearity
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Use the equation for the second order non-linearity
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to develop an equation  for dE2/dz in terms of E1(z), assuming transverse waves and assuming that dE/dz is small.
b) Now consider the anisotropic nature of the KDP crystal to develop a phase matching condition for the second harmonic wave. The KDP crystal has an index of refraction which is different on one axis, known as the optic axis (no and nc). In phase matching applications, the incident laser beam creates an angle q with the optic axis. The index of refraction perpendicular to the plane defined by the optic axis and the incident beam is the ordinary index of refraction (no); the index of refraction in the optic plane is called the extraordinary index of refraction (ne). KDP is also a dispersive medium, therefore there will be different indices of refraction for the fundamental (no and nc) and for the second harmonic (n’o and n’c). Diagram this configuration and determine the angle of incidence necessary for phase matching for second harmonic generation (no = n’e) in terms of no , nc, n’o and n’c.
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