Electrodynamics II Exam 3. Part A (140 pts.) Closed Book Radiation from Acceleration
Name KSU 2006/05/09 14:00 - 15:50

Instructions: Some small derivations here, state your responses clearly, define your variables in words if
2 2
they are not common usage. Electron constants: 7o = =5 = 2.82 x 107 %m. 7 = %% = 6.26 x 10724,

1. A point charge ¢ moves on the trajectory r%(7) with 4-velocity U®(7), where 7 is the proper
time.

a) (8) Write a formula that gives its 4-current J(x) at space-time point x, which is the
source current in the wave equation for the 4-potential, under the Lorentz gauge,

0308 A% () = %J“(x)

b) (8) Write a covariant expression for the retarded Green function G,(z — z’) needed to
solve this wave equation.

¢) (12) Show how to use the retarded Green function to get the solution for A%(z) expressed
in covariant form (i.e., the Liénard-Wiechert potentials).



. (8) If a charge is moving on some path non-relativistically with a given velocity #(t) = ¢3(t),
what is the formula for the total instantaneous radiated power?

. (8) If a charge is moving on some path relativistically with a given 4-momentum p(7), what
is the covariant formula for the total instantaneous radiated power?

. (8) For a charge in arbitrary relativisitic motion, what is a formula for the part of its electric
field that produces radiated power?

. (12) Generally, explain what happens to the angular distribution of radiated power from an
accelerated charge when the motion is strongly relativistic (compared to the non-relativistic
case).

. (8) If an energtic charge undergoes relativistic cyclotron motion at frequency wp, what range
of frequencies will typicallly be present in the spectrum of its radiation?



Recall the Liénard result for the instantaneous power radiated by an accelerated charge is

2 €2 . S
= 5?76[(5)2 — (B x 5)2]

7. An electron of total energy 5.11 MeV is undergoing linear acceleration due to application of
a uniform electric field of strength Ey = 1.0 MV /m.

a) (12) Rewrite the Liénard result to express the radiated power for this case, in terms of
the applied force.

b) (6) How large is the force, in newtons?

¢) (6) Calculate the instantaneous radiated power in watts.

8. (8) Analysis of conservation of energy in a radiation problem leads to what result for the
radiation reaction force Fiaq?



9. An electron of total energy 5.11 MeV is undergoing cyclotron motion in a uniform magnetic
induction of strength By = 3.33 mT.

a) (12) Rewrite the Liénard result (page 3) to express the radiated power for this case, in
terms of the applied force.

b) (6) How large is the force, in newtons?

c) (6) Calculate the instantaneous radiated power in watts.

10. (12) The characteristic time below which radiation reaction forces are important is 7 =
%me—; For an electron undergoing cylcotron motion in a uniform magnetic induction B, at
approximately what strength of B (in tesla) do the reaction forces become very important

to the problem?



Electrodynamics II Exam 3. Part B (72 pts.) Open Book Radiation from Acceleration
Name KSU 2006/05/09 14:00 - 15:30

Instructions: Please show the details of your derivations. Explain your reasoning for full credit. Open-
book and 1-page note summary allowed.

1. A particle of charge ¢ and mass m is accelerated linearly from rest by a constant force F
applied during a short time interval, 0 < t < tg, after which the force is turned off. We are
interested in how to calculate the radiation properties. The motion is relativistic.

a) (12) Calculate exactly the total energy radiated due to this acceleration.

b) (16) For the rest of this question, we need to know B(t) and 3(t). Find exact expressions
for the time dependence of these in terms of F' and other needed constants.

c) (16) Write an expression (an integral over time) that will give the angular distribution
of the radiated energy, ‘;ll—g. You do not need to evaluate it, but make sure it shows the
dependence on angular coordinates out to a distant observer.

d) (12) Determine the total distance travelled by the particle over the interval 0 < t < t.

e) (16) Consider the radiated energy you obtained in part a), and the distance you obtained
in d). If the motion was highly relativistic, how large was the average radiation reaction
force acting on the charge? Under what conditions will the reaction effects crucially
change the motion in this problem?



2. (BONUS) This problem considers radiation reaction effects on a non-relativistic electron

performing cylcotron motion (zy-plane) in a uniform magnetic induction B = B2. Assume
= 2 ¢?

the radiation reaction force is Fyaqg = m7v, where 7 = £ =.

a) (12) Write the differential equations of motion for the components of the velocity, v, (t)
and vy (t), including the Lorentz and radiation reaction forces.

b) (16) Partially solve the equations, assuming the usual harmonic dependence like e,
Determine w, but not any constants of integration. Note that this complex w is different
than the unperturbed cyclotron frequency, wp = ;—BC.

¢) (12) When radiation reaction effects are weak, determine how the velocity components
decay with time.



