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Electromagnetism, Physics 322 Final exam 8.20 am, March 16, 2004
Winter 2004 Instructor: David Cobden

Start on the buzzer at 8.20. Y ou have 120 minutes. End on the buzzer at 10.20. Answer dl questions.
Write your name on each page and your student 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 and darifications during the exam.
Thisisaclosed book exam. No notes. No calculators.

Do not turn thispage until | say ‘go’.

We write Cartesian unit vectors according to the form x = Xi + 34? + K .

In cylindrica coordinates, x=(r.f,2), P f=k,
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Poynting vector: S:iE' B
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I. A long, solid, cylindrica wire of radius a made of a materid withresstivity r carries a constant current |.

1. [5] What isthe dectric field within the wire?

2. [10] And the magnetic fidld within the wire (ie, for r < a).

3. [20] Show that the flow of eectromagnetic energy inwards through a cylinder of radius r < a and length I,
coaxid with and internd to the wire, is equd to the Joule heeting within that cylinder.
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I1. A circular capacitor is connected between two thin Sraight
wires as shown. The radius of the plates is R, and ther
separation is a << R, so that fringing effects may be neglected.
A current | is passed dong the wires, which lie dong the z
axis. |

/7

4. [10] State the Maxwdl’s equationwhichrelates H, D and J; (in differentid form). Write the same equation

dso interms of the displacement current density, J, = 1]”—? :

5. [10] Show that the magnitude of the dlectric fild between the plates is determined by 1111—5 - .
€P

6. [10] Hence show that J = IRZf between the plates.
p
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7. [10] Write down the integra version of the latter equation in Q.4, rdaing aline integrd of H to a surface
integrd. Use the result of Q.6 to illudrate the vdidity of this equation by gpplying it to two different surfaces,
each bounded by the same loop C encircling one of the wires, through which the total rea current is not the

Same.

8. [10] Find B = myH between the plates (for r < R).

9. [15] Find the vector potentia A(r,t) between the plates, in the Coulomb gauge.
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[11. A particular laser beam may be treated as a linearly polarized plane wave, whose dectric fidd is given by
E = E,j cos(k.x- wt) , where k = kk = (0,0,k) in Cartesian coordinates.

10. [12] State the four Maxwell’s equations (in partid differentid form), relating E and B to the total charge
density r and current dengity J.

11. [10] Use them, together with the identity N (N~ B) = N(N.B) - N?B , to show that in vacuum B obeys a

1
Jeom,

three-dimensiona wave eguation with wave speed ¢ =
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12. [8] What isB in the laser beam?

13. [10] Show, using the Poynting vector, thet the time-averaged power flowing per unit cross-sectiond area

2
ofthebeemisizoc.

14. [10] The laser beam is incident normdly on a flat surface, where it is partidly absorbed and partidly
reflected. The reflected beam has ectric fidd amplitude aE, (where a < 1). What isthe average pressure
exerted on the surface?
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IV. Last question ... A rectangular loop of wire lies
initidly in a region (shaded) where the magnetic fidd
perpendicular to its plane is B. Outside the shaded

region the magnetic field is zero. The loop has zero
resstance but includes an inductor of sdlf-inductance
L, asshown. Theloop is pulled to the right, such that W
after atime t the right hand sde protrudes from the

edge of the field region by disance X, as indicated.
Take the mass of the loop to be negligible, and assume
that there is no mutud inductance between the
inductor and the loop.

15. [20] Show that the force required to pull the loop is given by F = WB*X/L .



