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Problem 1: Radiation from a non-relativistic charge in a constant magnetic field

We have a magnetic field B which is independent of time but varies in B 0 x<0
space as indicated. A particle of mass m and charge q is initially in the - -B,2 x>0
magnetic-field-free region x < 0 with velocity V, = XV, , where V, <<'.

At t =0, the particle crosses into the region x > 0, feels the qvxB force due to the magnetic
field there, moves in a semi-circle of radius R,, and then exits the region x > 0 (see sketch).

Assuming there is no energy loss due

to radiation, the particle’s position

along the semi-circle as a function of Z
time is given by

X(t) =R, [Xsin ayt —§ cos mt ] y
O<t<7z/a,
where R, =V, / o, RO

(a) Using the equation of motion of
the particle when it is in the magnetic

field, show that B X

@, =0qB, /m

Note: if you cannot prove this equation, the rest of the problem is doable assuming it is true.

(b) An observer is located along the positive z-axis at a distance D >> R,,. This observer will
see a burst of electric dipole radiation lasting a time 7z /@,. On the graphs sketch the shape of

the x-component and the y-component of the electric dipole radiation field as a function of time
at that observer’s position. You do not have to indicate the absolute magnitude of the electric
field components, but you do have to get the shapes correctly.
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(c) Another observer is located along the positive x-axis at a distance D >> R, . This observer
will also see a burst of electric dipole radiation lasting a time z/@,. On the graphs sketch the

shape of the z-component and the y-component of the electric dipole radiation field as a function
of time at that observer’s position. You do not have to indicate the absolute magnitude of the
electric field, but you do have to get the shapes correctly.

E

D/c D/c+m /o

D/c D/c+T /®,
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(d) What is the total energy radiated into electric dipole radiation in this process? Give your
answer in terms of g, m, Bo, Vo, and fundamental constants.

2
q—z. What is the ratio of the total
4remc

radiated energy from part (d) to the initial kinetic energy of the particle? Write this ratio in terms
of re, Ro, Vg and c alone. [Hint: your answer should have no dimensions--that is, it should only
involve the ratios of lengths, speeds, etc.].

(e) Let the classical radius of the electron be 1, =
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Problem 2: Rotating Cylindrical Shell

A long cylindrical shell has length L and
radius R, with L >> R. The cylindrical shell is
suspended so that it can rotate freely about its
with no friction. The cylindrical shell carries a
charge per unit area o which is glued onto its
surface, whereo > 0. Along the axis of the
cylinder is a line charge with charge per unit
length 1 =-27Ro <0. Thus the static
electric field is given by

r
Estatic (th) = r 80
0 r>R

Now, we begin spinning the cylindrical shell at
angular velocity o(t) with wR <<c. The

motion of the charge glued onto the surface of
spinning sphere results in a surface current

x({t)=co(t)R

axis

an

the

We assume that we can use the quasi-static approximation to get a good approximation to the

time dependent solution for B (good for variations in x(t) with time scales T ~ . K

(@) Show using the appropriate Maxwell equation that our quasi-static solution for B
(neglecting fringing fields) is given by the equation below. State the Maxwell equation
you use and clearly show the steps in your derivation. Do not make this too complicated,

this is an 8.02 question.

Bquasi-static (r) = {

uk(t)Z = yoo(t)R2

>>B)
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(b) Given this quasi-static solution for B, show using the appropriate Maxwell equations
that the electric field everywhere in space (neglecting fringing fields) is now given by

re, 2 dt
E(r,t) = , ]
——uoa—a)tb r>R
2r dt

(you need only derive the form for E,, we have already given you E, above). State the

Maxwell equation you use and clearly show the steps in your derivation. Do not make
this too complicated, this is an 8.02 question.

(c) What is the total magnetic energy in terms of the parameters given?
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(d) Using the solutions above, show that the total rate at which electromagnetic energy is being
created as the cylinder is being spun up, I —J-E d°x, is equal to the rate at which the total

all space

magnetic energy is increasing.
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. ExB | .
(e) Using the solutions above, calculate the flux of electromagnetic energy j {L} -rda
Mo

through a cylindrical surface of radius r and height L for r a little greater than R and also for r a
little smaller than R. Do your results agree with what you expect from (c) and (d)? Neglect
fringing fields.

surface
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(F) Using the solutions above, calculate the total electromagnetic angular momentum
jr X [gOEx B]d3x in terms of the parameters given? Neglect fringing fields.

11
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(9) Using the solutions above, show that the total rate at which electromagnetic angular
momentum is being created as the cylinder is being spun up, _f —rx[pE+JIxB]d°x, is equal

all space

to the rate at which the total electromagnetic angular momentum is increasing.
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(h) Using the solutions above, calculate the flux of electromagnetic angular momentum,
j [—r X ('T' . F)} da through a cylinder of radius r and height L for r a little greater than

surface

R and for r a little smaller than R. Do your results agree with what you expect from (f)
and (g)? As in all stress tensor calculations, figure out what components you are going to
need before you calculate anything, and then just calculate those. Neglect fringing fields.

13
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