Page 1 Name

Electrodynamics, Physics 323 Final exam 8.20 am, June 8, 2004
Spring 2004 Instructor: David Cobden

Y ou have 120 minutes. End on the buzzer at 10.20. Attempt dl the questions if you can

Write your name on every page and your 1D on the first page.

Write dl your working on these question sheets. Use this cover page for extraworking (you might get credit
forit.)

It is important to show your caculation or derivation. You won't get full marks just for stating the correct
answer if you don't show how you get it.

Watch the blackboard for corrections or darifications during the exam.
Thisisaclosed book exam. No notes allowed. No calculators.

Do not turn this page until the buzzer goes at 8.20.

@ g -gv/c 006 e 0 EJ/cE/c Ey/c(_j

Lm =¢-gv/c g 00+ m_& E/c O B, -B~
n_é 0 0 1 0: _G-Ey/C - B, 0 B, :
0 0 014 §E/c B -B 0 ;

3 3 3
A"=(V/c,A) J"=(cr,J) A"=L"A F"=33L"L"F®

mwsm: R&Ys N
b L0LD EVERTRING @

! ToGETRER kfr
|

IS UMFIED ArD TS A THEORY, ST 1T's MOT e
UNFIED THEORY WEVE ALL BEEM LOOW R vor, *




Page 2 Name




Page 3 Name

|. Say whether each of the following istrue or fase. [5 ptsfor the right answer, -1 pt for the wrong answer, O
ptsfor no answer.]

1. [5] Maxwel’s equations are not Lorentz invariant unless they are written solely in terms of Lorentz tensors
(of various ranks).

2. [5] A sphere of uniform charge density r whichisgationary in inertia frame S will appear as an dlipsoid of
charge density (1-u?c®)™?r in frame Sttraveling with velodity u rdativeto S.

3. [9] If event X, occurs later than event X, inframe S it is never possible to find a frame Stinwhich X,
occurs earlier than X;.

2
I1. The dectric fidd in amedium of conductivity s obeysthe equation N°E = ne 111“'25 +1s 2—? Weare

concerned with the propagation of e ectromagnetic waves at frequency w.

4.[5] Why isw < s /e said to be the criterion for a‘good’ conductor?

5. [15] Show that in a good conductor, the wave decays exponentialy with length scdle d = (2/msw)*2,

6. [10] Show that the amplitude of the wave decreases by afactor € over adistance of one waveengthin
the propagation direction.
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I11. The power radiated by an dectric dipole p is P =m, > /6pc.
7. [5] Obtain from this the Larmor formula for the power radiated by a moving charged particle.

8. [5] Under what conditions does the Larmor fomula bresk down?

9. [5] Give asmple reason for why a particle moving a constant velocity does not radiate.

10. [20] A particle of charge g and mass mis released from rest and fdls under gravity for atime T. What
fraction of the potential energy lost isradiated away? (Make a reasonable approximation).

11. [10] Sketch the distribution of the radiation emitted during this process.
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V. When a point charge g moves along atrgectory w(t), the resulting scdar potentid is given by the Lienard-

Wiechert formula, V (X, t) = 9 .
4pe (X - X.v/c)

12. [5] Isthis equation correct at rdativistic velocities?

13. [10] What precisdly isthe displacement vector X in this equation, and how precisely isthe velocity vector
v specified?

14. [5] Write down the standard solution for the retarded potentia V(x,t) resulting from a charge density
r (x,t) in the Lorentz gauge.

15. [5] Briefly, why isit wrong just to put the retarded position in this equation, which would lead to the
4 -
4pe,X

incorrect result V(x,t) =

16. [10] Evduate the Lienard-Wiechert formula above for the case of acharge at rest at position w.
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V. Inthe laboratory frame S there exist two stationary infinite conducting surfacesaty = 0 andy = d,
separated by vacuum. The lower plate is grounded while the upper is held at potentid Vo. A particle of
charge g moves dong with velocity v =vX in between the plates. The rest frame of the particleis St
17. [5] What isthe force F on the particle in the lab frame S?

18. [6] Write a manifestly covariant equation which rdates A™ and J™, and state the Lorentz gauge condition in
corresponding covariant form.

19. [14] Find the componentsin S of:
(a) the 4-potentid A™,
(b) the corresponding 4-current J™ (use a Dirac delta function for the charge density), and
(c) the dectromagnetic field tensor F™ .
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20. [20] By Lorentz transformetion (or otherwise), find the components of the three tensors, A¢", J¢", and
F¢™, inthe particl€' s rest frame S¢
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21. [10] Hence, or otherwise, find the potentiadls V¢and Ac¢and the fieds E¢and B ¢experienced by the
paticlein S¢

22.[10] Show that E¢and B¢are generated by the current and charge dengity on the platesin S¢

23. [5] Find the (Lorentz) force F¢on the particlein SC

24. [5] Why does F¢differ from F ?



