Physics 200C


Final Exam 


11-Jun-05
Dr. Cebra






Name:  _________________

Instructions: Work all parts of each problem (each problem worth 50 points). No notes, calculators, etc. Please write your name on every page. Staple additional sheets to the page to which they refer.

1. Consider a transmission line consisting of a long straight wire oriented along the z axis. Assume that the charge and current densities are given by:




Jz = c = I0(x)(y)eik(z-ct)
             Assume also that the potentials are given by:




Az = c = -(0I0/2)(lnr)eik(z-ct)
a)  If these quantities are in the lab frame K, and if a second frame K’ has velocity vz relative to K, then use the appropriate transformations to find the corresponding quantities in frame K’ (express in terms of the primed coordinates). 
b)  Verify that the scalar product JA is invariant. 
c)   Show that the above potentials lead to the following fields in K: 



B = Er/c = (0I0/2r) eik(z-ct)

Using the appropriate transformations for the fields, find the corresponding values in K’. Then verify that they satisfy the two field invariants.

Phys 200C






Name:  _________________

2. 4-vectors and 4-tensors:
a) Given that 
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and A are 4-vectors, show that the EM field tensor F transforms like a 2nd rank tensor.
b) Evaluate explicitly components F12 and F14 and then by extension find the 16 components of F.
c) Show that the two inhomogeneous Maxwell’s equations can be written as a single co-variant equation involving the 4-diveragence of F and J.
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3. The scalar and vector potentials of an oscillating dipole with dipole moment p0 and frequency  are respectively:
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a)  Show that these potentials are in the Lorentz gauge.

b)  Find the electric and magnetic fields and the Poynting vector.

c)  Find the total power radiated.
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4. Consider a linearly polarized, monochromatic plane wave which is incident upon an electron. The electric field of the plane wave is given by:
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a) Assuming that the electron is a free electron, determine first the acceleration of the electron and then the time-average power 
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 radiated per unit solid angle?

b) The differential Thomson scattering cross-section is outgoing power per unit solid angle divided by the time-averaged Poynting vector. What is the total cross-section () for Thomson scattering?

c) In Rayleigh scattering we consider a harmonically bound electron such that:
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What is the total scattering cross-section ) for Rayleigh scattering?
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5. The Bethe-Bloch formula for energy loss of a massive charged particle in a medium is given by:
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a) In class, we made the simplifying assumption that Tmax = 2mc222. This is only valid if 2m/M << 1. Demonstrate that for case of large , we would properly get:
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b) In order to derive this equation, we could take an alternate approach to that developed in class; one could integrate the energy transferred to the electron as a function of impact parameter from bmin to bmax. Determine the energy transferred to the electron as a function of impact parameter.
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