Ele tromagnetism
September 10, 2003
Work 4 of the 5 problems. Please put ea h problem solution on a separate sheet of paper
and your name on ea h sheet.

Problem 1
Consider a ir ular wire loop of radius R in a nonuniform, ylindri ally symmetri magneti eld,
r2 ;
B = B0 e
where B0 and  are onstants and r is the distan e from the axis of symmetry. The loop
is lo ated perpendi ular to the magneti eld and its enter is lo ated at r = 0. The loop
expands linearly with time: R = at, where a is a onstant. Find the time when the indu ed
emf in the loop rea hes its maximum value.

Problem 2
Consider a parti le of mass m, harge q , dropped from rest from height h above the Earth's
surfa e, through a uniform magneti eld of magnitude B oriented horizontally to the Earth's
surfa e (e.g., near the equator where the Earth's magneti eld losely approximates su h a
eld). Assuming h << R (the Earth's radius) and negle ting atmospheri drag:
a) Write down the equations of motion for the parti le in terms of the y lotron frequen y
! = qB=m.
b) Solve these equations for the velo ity and position of the parti le as a fun tion of time.
) Show that, if ! ex eeds a ertain magnitude, the parti le does not hit the ground.
What is the parti le traje tory in this ase?

Problem 3
The imaginary part of the diele tri fun tion for a semi ondu tor material an be roughly
approximated as
Im (! ) = a for !1 < ! < !2
Im (! ) = 0 otherwise:
Find the real part of the diele tri fun tion and al ulate the stati diele tri
this material.

onstant of

Problem 4
An in nitely long ylinder of insulating material with radius a, permeability  = 0 and
permittivity  = 0 has uniform volume harge density  > 0 and surfa e harge density  ,
and is ele tri ally neutral. It is pla ed in a onstant, uniform magneti eld B = B z. This
magneti eld is ylindri ally symmetri with radius RB (where RB > a) and of in nite
extent in the z -dire tion. The symmetry axes of the ylinder and the magneti eld are
ollinear. The ylinder is free to rotate about its symmetry axis.
a) Find the ele tri eld E everywhere.
b) Compute the Poynting ve tor and momentum density everywhere. Find the angular
momentum per unit length of the system, L^ , with the ylinder at rest.
) The magneti eld is now turned o with time dependen e B(t). Determine the ele tri
eld indu ed by the time-varying magneti eld. Assume that any velo ity at any point in
the harge distribution is small, and any relativisti e e ts an be negle ted.
d) Find the torque per unit length ^ on the ylinder as a fun tion of time and determine
the me hani al angular momentum per unit length of the ylinder as a fun tion of time.
Assume that any velo ity at any point in the harge distribution is small, and any relativisti
e e ts an be negle ted.

Problem 5
The neutral pion ( 0 ) is an unstable parti le with mass of 135 MeV/ 2 that de ays
(almost always) into two photons, with a lifetime of approximately 8  10 17 s. Consider a
mono hromati , parallel beam of  0 s with energy of 500 GeV.
1. What fra tion of the parti les has not yet de ayed after a ight path of 0.5 mm from
the point where the pions were produ ed?
(2 points)
2. What is the minimum and maximum energy of the de ay produ ts (photons) observed
in the lab?
(4 points)
3. A planar photon dete tor is lo ated 10 m downstream, fa ing the beam. What is the
minimum and maximum separation between the impa t points of the two photons from
the de ay of a single pion?
(4 points)
1 MeV= 106 eV, 1 GeV= 109 eV.
Hint: For part 3, you an safely assume that all pions de ay at a single point, provided you
justify this assumption.
Note:

