[image: image1.png]RAMIE 95 BEE [FHAR) mohe B8 EZHHE5040

TR PLD. Qualify Examination, Oct. 12, 2006
Please describe your answers as complete as possible

Electrodynamics Part I (50 poits)
1. (10 points) The time-averaged potential of a neutral hydrogen atom is given by
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Where g is the magnitude of the electronic chaige, and &

. ap being the Bohr radius. Find the
distribution of charge (both continuous and discrete) that will give this potential and interpret your
result physically.

2. Two concentric conducting spheres of inner and outer radii a and b, respectively, cawry charges Q.
The empty space between the spheres is half-filled by a hemispherical shell of dielectric (of
dielectric constant &/g). as shown in the figure.

(5 points) (a) Find the electric field everywhere between the spheres.
(5 points) (b) Calculate surface-charge distribution on the inner sphere.
(10 points) (c) Calculate the polarization-charge densi

y induced on the surface of the dielectric at
=a.
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3. (20 points) A potential in the x-z plane is independent of = and is given by a repeating step function
of magnitude 27, and period of 2a. In addition. the plane defined by y=y,is held at ground
potential. Find the potential for all points of space in the region of 0 < v < y,.
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1. (a) Find the magnetic field a distance z above the center of a circular loop of
radius R, which carries a steady current I, shown as Fig. 1. [10 points]

(b) Find the magnetic filed at point P on the axis of a tightly wound solenoid
(helical coil) consisting of n turns per unit length wrapped around a cylindrical
tube of radius a and carrying current I (Fig. 2). Express your answer m terms of 6,
and 6,. Consider the turns to be essential circular, and use the result of (a). What is
the field on the axis of an infinite solenoid? [15 points]

2. Show that the magnetic field of a dipole can be written in coordinate-free form:
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where 170 is the magnetic dipole moment. [10 pomts]

3. Consider the motion of a particle with mass m and electric charge q. in the filed of
a stationary magnetic monopole g, at the origi:

B=1ton;
47 r?
(a) find the acceleration of q., expressing your answer in terms of qe , Gm,
(position of the particle) and v (its velocity).

1s a constant of the motion.

v

(b) Show that the speed v =|

(c) Show that the vector quantity G =m(7 x7) —//‘fi‘q"r‘ is a constant of the

motion.
[15 points]
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(20 points) The electric field of an electromagnetic wave in vacuum is to given by

E =0
E, —30cos(z«x10°t—rz/3).
E =0

‘Where E is in unit of Volts/meter, # in seconds, and x in meters. Determine:
(a) The frequency fand the wavelength 4. (5%)
(b) The direction of propagation of the wave. (5%)
(c) The direction and magnitude of the magnetic field. (10%)

S

(20 points) Consider a possible solution to Maxwell’s equation in vactum as:

A(x.t)= 4, expi(k-F—a1) for the vectorpotential, and
$(x.1)=0 for thescalar potential.

Where 4, . k.and @ areconstants. Give and interpret the constrains on

A4, , k.and @ imposed by each of the Maxwell's equations. (20%)

[

(10 points) What is the attenuation distance for a plane wave propagating in a
good conductor? Express your answer in terms of the conductivity o,

permeability 4 . and frequency @ . (10%)




