Preliminary Examination: Electricity and Magnetism
Department of Physics and Astronomy
University of New Mexico
Spring 2006

Instructions:

* The exam consists of 10 problems, 10 points each;

* Partial credit will be given if merited;

* Personal notes on two sides of an 8 | 11 page are allowed;
* Total time is 3 hours.

Problem 1. Consider a ring of radius R with a charge ¢ uniformly distributed on the circumference.

Show that the electric field a distance z from the origin on the axis of the ring is,
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Show that the limit z>>R (keeping first nonvashing term) is what you expect.

Problem 2. Now let the ring rotate at angular speed " . What is its magnetic moment?

Problem 3. A dielectric medium of permittivity #fills half of a parallel plate capacitor. Each plate has
area 4. The distance between the plates is d. What is its capacitance? (Ignore fringing fields)

*

# d
4

Problem 4. A model of an atom consists of a point charge e is imbedded inside a uniform cloud of charge
-e distributed throughout a spherical volume of radius a.
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An external electric field is applied which polarizes the atom, displacing the cloud (without distorting it) a
distance b from equilibrium. Calculate .



Problem 5. A square ring of iron, with very large magnetic permeability |, is wrapped with a coil of wire
with n; turns per unit length on one side and another coil with n, turns per unit length on the opposite side.
What is the mutual inductance between the coils?
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Problem 6. Consider a circuit with resistor and capacitor, driven by an ac-voltage source Vocos(" t). In
steady state, show the voltage across the resistor as a function of time is:
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Comment on the limits

Problem 7. The electric field associated with a plane wave traveling in a nonmagnetic dielectric medium
is given by,
E(r,t) = (10Volts/cm)(cos@em'* z! 30ns* t)R+ cos(Zm''z! 30ns* t)§)

(1) To what part of the electromagnetic spectrum does this wave correspond?
(i1) In what direction is the wave propagating?

(ii1) What is the polarization of the field (linear, circular, elliptical)?

(iv) What is the dielectric constant of the medium?

(v) What is the intensity of the radiation?

Problem 8. A electromagnetic wave travels through a neutral plasma generating a current density J. Use
Maxwell’s equations to show that the electric field satisfies the wave equation,
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Problem 9. According to classical physics, an electron orbiting the nucleus will decay due to
electromagnetic radiation. For a hydrogen atom, modeled as an electron in a circular orbit initially with
radius a (Bohr radius), what is the instantaneous rate of decay of energy at time /=0?

Problem 10. An infinite line charge, with charge $ per unit length in the “lab frame” moves at a speed
%-v/c=.8, where c is the speed of light. Using relativistic length contraction, find the electric and magnetic
fields (magnitude and direction) in the lab frame and rest frame of the rod. Show that these satisfy the
Lorentz transformation of the electromagnetic field.
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where || and & denote the vector components parallel and perpendicular to the direction of relative motion
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