April 16, 2010
PHYS 5583 (E & M II)

Exam 2

1. 33%
A time dependent electric dipole, located at the origin has 4-current

(1) = [=ep(t) - V& (r), p(6)5(r)],

and a retarded 4-potential (in Gaussian units)
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(a) Compute the radiation part (i.e., the ~ 1/r part) of the electric
and magnetic fields, E and B for the above dipole. {Hints: The
radiation parts depend on second derivatives of the dipole moment,

and you should find that B,,q = 7 x E, 4.}

(b) What type of polarization, plane or circular, will be seen by a
distant observer coming from a dipole with

p(t) = po cos(wt)k?
(c) Use the Poynting vector to compute

)

the time averaged power radiated into a unit solid angle, as a
function of the spherical polar angle 6 for a dipole with
N

p(t) = po[cos(wt)i + sin(wt)j].
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In the absence of polarizable and/or magnetizable material (i.e., only
free charges and currents present) Maxwell’s equations, in the Lorentz
gauge, reduce to the inhomogeneous wave equation:

¢ cp

A* A | o
U aw (ST where [J= (Zé%) - V-
AZ JZ

A time dependent charge Q(t) = Iy t, t > 0 is fixed at the origin

Iy )

Vv

v

of a cylindrical polar coordinate system (p, ¢, z) The charge increases
linearly with time because a constant current /o flows in along a thin
wire attached to the charge on its left, see the figure. Assume the wire
carries no current for ¢t < 0, however, at t = 0 a current I, abruptly
starts flowing in the +z direction and remains constant for ¢ > 0.
Assume the wire remains neutral as the charge at the origin grows.
Find the following quantities at time ¢ for points (p, ¢, 2):

(a) The charge density p(t, p, ¢, 2),

(b) The current density J(t,p, ¢, 2),

(c) The retarded scalar potential ®(t, p, @, 2),
(d) The retarded vector potential A(t, p, ¢, 2).

Hints: The retarded Green’s function for the [J operator is:
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2. 33%
~ An electron starts from 7 = 0 at rest on the negative plate of a capac-
itor and is accelerated 20 cm to the positive plate through a potential
difference of 5x10° Volts (see the figure). The electron then (through a
pin hole in the positive plate) enters a uniform magnetic field By = Bok
which turns the electron in a semi-circle orbit of radius 10 cm.

. 20 cm
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— 5 x 10° volts

(a) Find the (lab) time the electron takes to reach the positive plate
and the (lab) time it takes to move around the 1/2 circle.

(b) How much total energy does the electron loose as radiation during
its linear acceleration in the capacitor and during its 1/2-circle
orbit in the magnetic field? What fraction of the electron’s total

energy is lost to radiation?

()

{Hints: The Larmor formula is

Py = -2 (d—pﬁ@)iq—zwﬁ (B2 — (5 x B

3m2e3 \ dr dr 3¢

and the acceleration is caused by the Lorentz force

izﬁ = gFﬂ/\u/\
dr ¢ ’

mec® = 0.5MeV, 1 eV=1.6x10""2 ergs, e=4.8 x 107'? statcoul. }
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