Physics 200C


Final Exam 


16-Jun-04

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.  A light wave with frequency  and p-polarization in air is reflected from a thick metallic surface with conductivity  dielectric constant , and permeability .
a) Calculate the reflection coefficient, Rp. Express your answer in terms of the skin depth, , as much as possible.

b)  Find the value of  for which Rp is a minimum.

c)   Draw a plot of Rp vs .
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2. The Lamor formula (
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) gives the total power radiated by an accelerating, non-relativistic charged particle. This formula can be generalized to give the total radiated power for a relativistic charged particle. The Lienard generalization is
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a) Derive the Lienard generalization.

b) Determine the rate of energy loss per turn in a synchrotron.

c) Compare the energy loss per orbit in the Advanced Light Source (1.9 GeV electron in a 31 m radius ring) to that of the Tevatron (1 TeV proton in a 1 km radius ring).
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3. If n1 > n2, then there exists a critical angle, c, above which an incident ray is totally internally reflected. This is used for loss-less transmission in fiber optic waveguides

a) Determine c for a cladded fiber optic with n1 =1.8 and  n2 = 1.5.

b) Consider the Fresnel coefficient r12s. Apply Snell's law to derive an expression for r12s in terms of n1, n2 and I.

a) A positive value for r12s indicates no phase shift. A negative value indicates a phase shift of . An imaginary r12s indicates an arbitrary phase shift. Write an expression for the reflection phase shift, , for this fiber optic wave guide.

b) The hollow conducting wave guide transmits specific wavelengths by metallic reflection. A fiber optic wave guide operates using total internal reflection, and again only certain wavelengths are allowed. Derive an expression relating the wavelength , the fiber width a, the angle of incidence , the reflection phase shift , and an arbitrary integer m. This is an interference phenomenon requiring successive wave fronts to be in-phase.
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4. A lambda () is an unstable neutral baryon that was discovered in bubble chamber pictures through the observation of the tracks of its daughter pion () and proton (p). The mass of a pion is m and the mass of a proton is mp. The pion is emitted at an angle of  degrees with respect to the momentum vector of the proton in the laboratory frame. The momentum of the proton is pp and the momentum of the pion is p
a) What is the magnitude and direction of the momentum of the ?

b) What is the total energy of the ?

c) What is the invariant mass of the ?
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5. The time averaged Poynting vector for electric quadrpole radiation is found to be:
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where Q0 is the magnitude of the quadrupole moment tensor.

a) Plot the magnitude of the intensity as a function of angle (use a polar coords).

b) What is the total power radiated?

c) A Quadupole antenna can be constructed by placing two dipole antennae side-by-side (in this case, Qxy = -3qd2). The radiation resistance of an electric dipole antenna is defined using the 
[image: image4.wmf]2

/

2

0

I

R

P

r

tot

=

. For a half wave dipole antenna (l = /2,  = 2c/), the radiation resistance 73.1 ohms. What is the radiation resistance of the quadrupole antenna?
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6. The Bethe-Bloch formula for energy loss of a massive charged particle in a medium is given by:
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a) Derive this equation assuming only Coulomb interactions between the incident heavy charged particle and the electrons of the medium.

b) The energy loss for electrons is different from that of massive particles, because in an electron-electron collision, a large fraction of the initial energy may be transferred to the struck electron (which is we can not tell apart from the initial electron). In addition, because the electrons are subject to large accelerations, they must radiate energy through bremsstrahlung or braking radiation. The total energy loss for an electron has a collision term and a radiation term. Develop expressions for each of these two terms. Assume the electron is always relativistic (i.e. do not consider energies below 1 MeV). 
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