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Prysics 331 TEST 2: MAGNETOSTATICS & ELECTRODYNAMICS (150PTS+10PTS)

Please work the problems in the white space provided and clearly box your solutions. You are allowed a
page of notes, front and back is fine. Enjoy!

Problem 1 (20pts) Suppose we define A for a given steady current density J. In this problem we
wish to justify the choice of Coulomb Gauge V. A =0. You are given the existence of a

vector field A, for which B =V x 4,. Moreover, A, = 0 for r >> 0.
(a.) let A be scalar function, show 4 = A, + VA is a vector potential for B

(b.) show V. A = 0 implies ) solves a Poisson equation where V+ A, is playing the role
of charge density. By analogy with the electrostatics theorem:

If charge density is p then the potential is V(F) = ;1;1; J 3(—-?;2(17’
write down the integral formula for A

(c.) given A satisfies the Coulomb Gauge, show that VA = —p,J.
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Problem 2 (30pts) In quantum mechanics the phase of a charge g moving along a path with vector
potential A is given a phase shift =1, Aedl

(a.) Consider a very long solenoid of radius R centered about the z-axis. A current J flows
through the solenoid which has n turns per unit length. Find the vector potential
for the magnetic field for 0 < s < R.

(b.) Find the vector potential outside the solenoid where s > R.

(c.) Let P, and P, be two coterminal paths around the solenoid; that is suppose P, P,
are paths for which Py U (—P;) then forms a loop enclosing around the solenoid.
Let p; be the phase shift along P;. Find explicitly how the difference in phase shift
@2 — 1 depends on the current /.

P1

P2

PaY
; ; s NI 2 for = 4
(a.) we hnow e solendid fidd B = //J : by os >5;?<

Thea, He S<R, B = VxA = £[F[sA4] - %ﬁjz = penlz
and l"/: we Set A_‘- =0 and Az =0

_?s_{s Acb] = pnTs = sAy = —‘;(\/‘,nI'sz
= Ay = Mo Ts

" &K = LpenTs $)

. ¥

(()‘) bv Canﬁhd;‘?’\l 01C A/
N AN
CA: —;_—{\JDHIRCﬁ Lo 5‘;8

) JA-dT = [(9xR).da
23

ol

~da




Problem 3 (20pts) A very long circular cylinder of radius R carries a magnetization M = k52$ where
k is constant. Find the magnetic field for points inside and outside s = R as follows:
(a.) solve via the H arguments

(b.) solve via analysis of Ampere’s Law on the bound currents

(a,) smea  frer currend s pen we deduc }_-7 =0 eug/(yw/bm
pg-éb—-_/ﬁ fhue for S < K whe _/14:/(52;1

we  fArd Fgg-mz-:o /§=//ok&29'5\7(055</?)

¢ o |2 . 5
L,kg_u//.pe/ 5 S>ﬁ, Wwe /me./n = 0 ol T/:B = O "ﬁ ( >/€/

—
However H =

y =

{{7) jfb = VX/-VT = ”5_2..[1(5‘2]5 +é—a—f[S-h52Jé\ (o#\u ferm, Z-cm)
2
Jy, = 3hs%

—

—

G = Mxh <(es'bx3)| = -kr's

>
11
wy

Gonsider ampeciin [oup

‘ . 096644/' 5/""0.)(:{ a! /\fa&/(t;f ‘SD< /?
Hhon ,57 cy l1n dri el fymm'f?/ 8 = @¢q§ am//

- 5
P B AL = (rs)e = T = [“Ghs)(emsdg) = amp ks
Ce 2

(S&Mi’\agfo —95'/ . [—83 = f/o ksz$] £ o<s< R
on Ha other head for

S>R/
Twe = (7R)(-hB'E) +(eTkR7E) = o
W - —
v SUCTRU

\Se [V’M

bound cwrent

B(irs) = /"0(0) = §=O hoe S >R

Crret



Problem 4 (20pts) A square loop of side length a lies in the zy-plane in the first quadrant with one

corner at (0,0). In this region B = 3ky*t*z where k is a constant. Calculate the emf in
the loop.
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Problem 5 (5pts) We introduced the stress energy tensor and we found the formula

F= | T(da )—uoeodi / Sdr.
ov t 1%

Give a qualitative description of what this formula tells us.
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Qualitatively describe the significance of the above equation.
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Problem 7 (20pts) Notice for part (b.) We showed in lecture that the magnetic field within a spinning

charged spherical shell with uniform charge density o at radius R with angular velocity &
is given by B = 21,0 R.

(a.) Suppose a solid sphere of radius R has uniform magnetization M = M3 where

M > 0. Calculate the bound current densities inside the sphere and on its surface

(b.) Calculate the magnetic field for the uniformly magnetized sphere in the case r < R
(inside the sphere). Your solution should not use A.

(c.) Derive the magnetic field within the uniformly magnetized sphere via auxillary field
arguments in the case r < R. (now use H)

(d.) Find the magnetic field for the uniformly magnetized sphere in the case r > R.
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Problem 8 (20pts) We argued that the rate of work done on charges due to the electric a,nd magnetic
fields in some volume V is given by & dW

= [, E+«Jdr. Show that A = -4 [ udr -
/. a8 S« dA where u is the electromagnetlc field energy density and S is the Poynting vector.
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Problem 9 (20pts) Consider the model of the charging capacitor pictured below.

(a.) Find E near the center of the gap assuming that the charging begins at ¢t = 0
(b.) Find B due to the changing electric field near the center of the gap

(c.) Find the electromagnetic field energy density u and Poynting vector S near the center
of the gap of width w

(d.) Do u and S relate in the appropriate manner ?
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