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To insure ,'that the your work is graded correctly you MUST:

u’SeV only the blank answer paper 'previded,

. use only tfhe 'refereric'e materiéd, supplied (,S:chaum?S',Guides),

write only on one side of the 'page,

start each probler’nby stating your units e.g., SI or Gaussian,

put your alias (NOT YOUR REAL NAME) on 'eVery page,

(a) the ﬁrst number is the problem number

(b) the seeond number is the pctge mumber for 'chanL pr oblun (etcui e(mh pr oblem with
page number 1), .

(c) the thnd number is the total numbe1 of Ppages you used to answer that pr oblem

- when you eomplete a problem put 3 numbere on every pag(‘ ueod for that problem as
'follows ' , '
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Problyem 1: 'ElectrostatiCS .

A wire of radius R, is insulated with a dielectric of outer radius Ry that is itself enelosed
in a ffrounded Conduc'ting sheath. Let the charge per unit length on the wire be )\

: \/ Fmd an expression for the electric ﬁeld E, on thc wue at a radius p h"om the center
'ﬂ of the wire. [3 points] :

V{ Find the voltage, V, between the i 1nne1 and outer conductors 2 pomts]

. Calculate the foree per unit volume on. the msulatmg materlal in the coaxial cable. [3
points]

4 Estimate the size of the force for Ry = 1 mm, Ry = 5 mm, ¢ =25, and V = 25, 000

volts. Is this force larger than the force of gravity if the dlelectrlc has the same dens1ty, ,

-~ as water (10° Azlogmms/meter )? [2 points]

' [Hmt T he force per unit volume on a dlelectnc is given by (( — (O)VF calso, ¢ =
B85 x 10-12C2/(Nr?) | | |
g L,\( = b\'lvh;*" %3 : L\ % v/
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Problem 2: Magnetostatics

An infinitely long circular cylinder of radius R (with its axis along the z-dir ection) carrics |
a magnetization M = k:32</), where k: isa cons’rant s 1s the dls’rance from ’rhe axis, and (/5 18
the azimuthal umt vector.

1. Find the bound currend densities (KfJ and Jb) [2 points]
' 2. Ver 1iy ,thdt the total bound cunent m_the cylinder is zero. 2 points]
3. Find the magnetic field B, due to M, ’iﬁside' and outside the (’:ylin’dye'rf. [3 points]

4. Verify the boundary conditions for B at the i,riteriface (s=R). [3 poinfs} ’
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~—  _Problem 3: Waves . .

Consider an electromagnetlc wave propagatmg In a vacuum where there are no charges or
electric currents, Wlth elec’mc field of E(z t) = Egellkz-ot)z

Show that three of Maxwell’s equations can be combined to give V 2F = Mofogp: for a

_ region with no charges or electric curr ents. Show that thr ce of Maxwell’s equations can -
also lead to an analogous equation for the magnetic field B Hint: Start by calculating
V x (V x E). [2 points] . '

\é In the equatlon for E (z t) how are w and k lelated t0 and 607 VV hat is the equation
957 7 for B (z, t) of the electromagnetlc Wave7 Be explicit about how the amplitude, direction
_and phase of B are related to. those of E [3 pomts] '

3 N oW suppose the wave propagates from vacuum into a dlelectuc ma‘cenal w1th permlt—

favity of ¢ = Keg, where k is a positive constant. Assuming a normal anglo of incidence
_ at the vacuum/dielectric interface, calculate the amplitude of the electric field in the
dxelectnc materlal Express your answer in terms of Ey and x. [3 pomts] '

\'/li. Whatfractmn of the 1nc1dent energy is transmlttod across the boundary? [2 points]




o Q01 L" e \

Q}

. 0 Y .
< €a A

W, Y oy Do 1 ‘v g‘ﬂ% s §
\/ ( H P ok T G (/ ey v

PTAT GO VA GO T G FARVA NI /o TAR BLE] SR s IS 6 S £

& inko Moy §,§ n Egns

e .;\,.5 . . !
e ’ o (M‘ Cﬂui, ote B, IMe. L‘;«%n‘a‘uﬁ P,
[ Moselt s Cons it
! e

:
H

Ly Reme

Ve E
T Lo+

o r'

@ ™ o,
o 1 Q/Mp € /Q(O/KX(/U// [/){jvgﬁ},

“kw”&of"y¢ Z/k?”w*




jﬁ S) ( condt- )

TS

C)‘ \IC*C, LA

Wielede

# Aeross ol bam%wm

€ bk = €k,

i‘ix\c;r}% b

> Trarcaitte

é;'/ i - zf' T
Bl, 4 - %7,. A

i T

A, Pt Ay T



_ Problem 4: Maxwell Eq n in 4- d .

I‘or thls problem, use the following metric: goo = —1, g1 = - o = gg'; =1, and g, = O for
LF£ ] and conslder \/Iaxwell S equatlons in four dlmenslons (4D) - '

OFm

- 'udJ,“ .

.o
, oo -0

(0.5 pt erte down the ﬁeld strength tensor F ne its dual tensor GH, and the 4- vec’(or,
charge current density J* i in vect01 form n terms of E B, p,j, and c.

L / (O 5 pt) ExphCltly derive the equatlon Z aJ“ /0z" = 0 from Maxwell s equatlons in4D.
Wha’r is the physu‘al meaning of this oquahon'f'

3. (1.0 pt) Show that the ﬁeld tensor can be written as F/ = 8/1”/82: - 5’A”/8x,, by
mtlodu(’lng a 4-vector potentlal A k

4. (1.0 pt) Show that with thc introduction of the 4—vcct01 pOt(,lltlcll At thc 4D Mchwell
equatlon 1nvolv1ng GM is automatlcally satisfied.

5. (1.0 pt) Impose the Lorentz gauge on A* and show that, with this gauge, the 4D Maxwell’s
equations reduce to the inhomogeneous 4D wave equation for tlle 4-vector potential. '

76. (1.0 pt) Consider the Minkowski force acting on a charge q, K" = gn I, where 7, is
the proper velocity. Find the p = 1,2,3 components of K* in terms of E,B, qandc.

? 7. (0.5 pt) What is the physical meaning of the Minkowski force expression for p = 1,2,37
Z 8. (1.0 pt) Find the o = 0 component of the Minkoswki force in terms of E and B, ¢ and c.
2 9. (0.5 pt) What is the physical meaning of the Minkowski force expfeSsion for =107

10. (3.0 pt) Consider a particle starting from rest at the origin under the influence of a
constant Minkowski force in the a-direction. Find an implicit relativistic expression for
the particle velocity v. Leave your answer in implicit form (¢ as a function of v).




Problem 5: Radiation =~ °

A current source J| (7, 1) 1s localized within a sphere of radius a near the origin of a co-
ordinate sy%tem and oscillates with harmonic time dependence e ™' Would an oscillating
~ charge density all by itself (J = 0) eontrlbute to the power 1ad1ated into the radiation zone‘7
~ Why or why not? [1 point] 7 ' :

The vector potential (1n SI unlts) is glven by

. ',Jx;,t’ .. |

\// Integx ate out the tnne dependence to find A( 7). [1 point] ,

2.

'7one7 2 pomts]

In the radiation zone, |a, ~—Tl~r-n.g. What is the vector potentlal in the 1ad1at10n

. What app10xnnat10n must be made to gain the electne dlpole contubutlon to A? [2

points]

. The electric dipole moment is given by 5 = | & p(d )d?’:z:’f. What is the vector potential

in the radiation zone in terms of the EDP moment p? [2 points]
(Hint: O(xp;) = oudi + xka Jiand the cquation of continuity for hc\llIlOIll(, time
dependence is given by V - J zwp ) ' '

For a dipole p oriented along the z-axis, What,fangulfayi;f'distribution do you eXpect n-
the power radiated from EDP radiation? (You need not actually do the calculation.)

2 pomfs]




,PrOblem 6: Stre’ss tensor-

The mamfestly covariant form of the electlomagnetlc, field Lagranglan is given bv L =
1 F,,Z,F“” 1J,,A“ n Gaussnm units where F),, — 8,,/1,, 0 A,, '

: ’ OF@ ﬁ - LAY, 8“A”) write down the Euler Lagrange equatlons [1 pomt]

(b) Apply these to derlve the covarlant form of the mhomogeneous Maxwell equations. [1

N\pomt] - 9 ) = o 5y A . | ’
(¢) From the Maxwell equatlons show that the equatxon of contmmty 8 JH = 0is satlsﬁed
2 pomts] ' o o

(d) Llst at least three 1mp0rtant steps in derlvmg the symmetrlzed electr omagnemc btress— ,
_energy tensor @O‘ﬂ - ( ”‘“F AFW + g"‘ﬁfu, F“’) [2 pomts] o o

EXI)I ess ©% in matrix f01m in terms of ’rhc EM energy dcnsn“y ", momon‘rum donsl’ry
- ¢g and the Maxwell stress tensor T;} = (FZF + BzB 1(5”(E2 4 BZ)>. [2 points]

(f) Express the zeroth componen‘c of the conservatlon equatlon 9,0 =0 in terms of
and the Poynting vect01 S = c g What is the 81gn1ﬁcance of thlS equat10n7 12 pomts] ,
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