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1. Explain the following terms as clear as possible.
(a) Einstein’s postulates for the special relativity (4%)
(b) Lorentz gauge and Coulomb gauge (4%)
(c) Retarded potentials (4%)
(d) Lienard-Wiechert potentials (4%)

(e) Invariant quantity and conserved quantity (4%)

2.(5%, 5%, 5%, 5%) Suppose V=0 and A=A,cos(kx-ax)z , where Ay, @, and k are constants.
(a) Find E and B.

(b) What condition must you impose on @ and k?

(c) Use the gauge function A =xt¢ to transform the potentials /"”and A'.

(d) Find the new E’ and B'. Comment on the gauge freedom.

3. (10%, 10%) A plane wave is traveling in a media with velocity v, in the x-direction. The
electric and magnetic fields are given by
E(x,t) = E, cos(kx — awt)y, B(x,t)= iEO cos(kx — wt)z
Yo
(a) If a particle travels in the x-direction with velocity vy, what are the new fields E and B
that the particle will experience?
(b) Is it possible to find another system in which the magnetic field is zero (B =0)?

E =E,, Ey:y(Ey—vB) E, =y(E,+VvB,)
Hint: _
[ B, =B, B, =y(B, =z E) B, =y(B, ——E)]




4. (10%, 10%) As the outlaws escape in their getaway car, which goes <c, the police officer
fires a bullet from the pursuit car, which only goes 1c. The muzzle velocity of the bullet
(relative to the gun) is {c. Does the bullet reach its target (a) according to Galileo, (b)

according to Einstein?

5. (7%, 7%, 6%) A long coaxial cable, of length /, consists of an inner conductor (radius @) and
an outer conductor (radius b). It is connected to a battery at one end and a resistor at the other.
The inner conductor carries a uniform charge per unit lengthA and a steady current / to the
right; the outer conductor has the opposite charge and current.

(a) What is the electric field and magnetic field?

(b) Find the total momentum of all charges in the loop. [i.e. hidden momentum]

(c) Find the momentum in the field. Does it account for the hidden momentum?




1.

(a) Einstein’s postulates for the special relativity

1. The principle of relativity: All physical laws have the same form in all inertial frames.
2. The universal speed of light: The speed of light in free space is the same in all inertial

frames. It does not depend on the motion of the source or the observer.
oV
(b) The Lorentz gauge V- A + 1€, > =0:

It treat / and A on an equal footing and is particularly nice in the context of special relativity.
The coulomb gaugeV-A =0:
The scalar potential is particularly simple to calculate, but the vector potential is very difficult.

It is suitable for the static case.

1 ep(rye),
c) V(r,t)= “2drt
© V.0 47[80'[ R
My I :
A(r,t)="—">|—d7,R=|r-r
1) 47['[ R | |

(d) Lienard-Wiechert potentials are the scalar and vector potentials for a moving point charge.

V(r,0= 1
4rg, Re—R-v

Al =Fo 9V p_jpy
47 Re—R-v

(e) Invariant quantity: same value in all inertial frames.

Conserved quantity: same value before and after some process.

2.(a) [Hint: A'=A+VA, V'=V-04/ot]

E= —VV—%—? =-wA, sin(kx — wt)z

Xy z

B=V><A=£ o 9 = Ak sin(kx — o) p
X Oy 0z
0 0 A4 cos(kx—ot)

(b)Check:#%(a)/V\EEK HAYE 1 B X A Maxwell equations

V-E=00k! V-B=0 ok! VxE:—ﬁa—I: ok!

VxB:,uogoﬁa—}f ok!, k=0, o=ck

()A'=A+VA=A+1X= 4, cos(kx—wt)Z+1x V’:V—aa—j:V—x:—x

(E =—vy-2A
ot

=X - w4, sin(kx—ot)z+ X =-wA, sin(kx—wt)z2=E




X y Z
B’=V><A’=£ 9 9 = Ak sin(kx — ot)y =B
ox Oy 0z
t 0 A cos(kx—wt)
3.
E.=0

(a) {E, = y(E, cos(kx—t)—v, iEO cos(kx— ) =0,
A%

0

E-=0
B.=0
B, =0
B. = )/(i E, cos(kx — at) —V—‘;EO cos(kx — art))
v c
= liE0 cos(kx —t) = liE0 cos(k}/()_c + VOZ) - a)y(z_‘ + @))
7 Y 7 Vo ¢
11 v, — -
=~ — E, cos(7(k = Z2)x— y(o— kv, )0
0

= liEo cos(k)_c), @ =v,k
7 Vo I

B-=0-y(B.——E,)=0 —>1E0 cos(kx — ) —— E, cos(kx — t) = 0
(b) C \% C

4.
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a) —c+—c=—c=—c..v, ¥ith

@ 25T TN
Ec:%c...v ,80 v, >v_ bullet does reach target.
5 40 ¢ ¢

1

—c+—c

28 10 50 "
(b) T 1 ——c-—gsc...vbiﬁﬂ_",

I+ 17
28

3 51

—c=—c..v,,s0 v, >v, bullet does NOT reach target.
85 4 4
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(a) Gauss’s law: E = —§; Ampere’s law: B=2—¢
2rg, s 2r s
(b) The current is the same in all segments /=Au: [ = eN, u, = ﬂu? so Nu, =—

Relativistic momentumis: p=y mN,u, —y mN u =(y, — 7/7)m1—l

The gain in energy (ymc2 ) is equal to the work done by the electric force E.

(7, =y )me* = [ eEdr= 2o Ma . (7. 7 yme* = [ eEdr=eV
el b A b eV v
—y)=—"L 2 = p= m2  (r-r)= = p=—s
(r.=7) 2regme’ a P 2ne, ¢’ a me’ ¢’
__mlid, b,
2 a

N>

(c) The Poynting vector: S = L(E xB) = AL

2 2
M 4rg,s

AL

1l

. . . 1, .
The momentum in the fields is: p,, = ,f Ho&SdT =—— I 01 [27rsdsz = 'u"—Mln(b/ a)z
4r 2r

aS2

The total momentum is zero.




