PHYS2320 ( )
[Griffiths Chaps. 10 and 12] 2007/06/14, 10:10am—12:00am,

1. Explainthefollowing 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=Aqcos(kx-at) z , where Ao, @, and k are constants.
(8 Find E and B.

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

(c) Usethe gauge function A =xt to transform the potentialsV’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 vp in the x-direction. The

electric and magnetic fields are given by

E(x,t) = E, cos(kx—at)§, BOut) =~ E, cos(kx—wt)z

VO
(a) If a particle travels in the x-direction with velocity vo, what are the new fields E and B
that the particle will experience?
(b) Isit possible to find another system in which the magnetic field is zero (B=0)?
E.=E. E =7(E,~VvB,), E,=y(E,+B)

[Hint: _

— \VJ — V ]
B, =B,, Byzy(By+?EZ), BZ:y(Bz—?Ey)



4. (10%, 10%) As the outlaws escape in their getaway car, which goes 2c, the police officer
fires a bullet from the pursuit car, which only goes Zc. 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 a) and
an outer conductor (radius b). It is connected to a battery at one end and aresistor 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 chargesin the loop. [i.e. hidden momentum]

(¢) 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 formin all inertial frames.
2. The universal speed of light: The speed of light in free space isthe samein all inertial
frames. It does not depend on the motion of the source or the observer.

(b) The Lorentz gaugeV - A + p,&, % =0:

It treat V and A on an equal footing and is particularly nice in the context of specia relativity.
The coulomb gaugeV - A =0:

The scalar potential is particularly simple to calculate, but the vector potential is very difficult.
It issuitable for the static case.

© V(r,t)=4; jp(r;r)dr'

A(r,t)= &J.Mdr’, R= |r - r’|
4z R
(d) Lienard-Wiechert potentials are the scalar and vector potentials for amoving point charge.
V)=t 9
drey Rc—R-v
A(r,t) :&q—cv, R:|r-r’|
47 Rc—R-v

(e) Invariant quantity: same valuein all inertia frames.
Conserved quantity: same value before and after some process.

2.(a) [Hint: A'=A+VA, V'=V-0d4i/ot]

E:—VV—%—?:—a)Absin(kx—a)t)i

0y y4
o 0 0 . N
B=VxA=— — — = Ak sin(kx— wt
A= oy = Aksin(kx—at)y
0 0 A cos(kx—at)
(b)Check: (a) E B Maxwell equations

V-E=00k! V-B=0 okl V><E:—(i¥B ok!

OE
VxB:,uOgog ok!, k*=ue,0°, o=ck

(C)A'=A+VAi=A+tx= A cos(kx—mt)z +tx V’:V—%:V—x:—x

(d)E':—VV—%:f(—wA,Sin(kX—wt)i+i:—a)Pbsin(kX—a)t)i =E
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== — = Aksin(kx—wt)y =B
oX oYy 0z & ( o)y

t 0 A coskx—at)

Ex =O
@ {Ey = (B coskx- ) -V, - E cos(kx— ) =0,

E.=0

Ex:O
§y=0

B.= y(vi E, cos(kx—a)t)—%Eo cos(kx— at))

_11 E, cos(kx— at) = 11 E, cos(ky (X+V,t) - a)y(f+vo—;())
A 7 Vo c

~ 1L E costr (k- 2Yoyx— y(w—ku)t)
7 Vo c

_11 E, cos(E;Q,a) =V k
Vo e

Ez:0—>7(BZ—C—V2Ey):0—>EEocos(kx—a)t)—C—V2Eocos(kx—a)t)=0
Vv
®
—>-——-—=0->v=c
vV C
4.
1 1 5 25
(8 —c+=c=—-Cc=—C..\,
2 8 8 40
§c:%c...v , S0, >V, bullet does reach target.
5 40 ¢ g

by 28 ——c=2
®) 11 17 85

§c:s—lc...v , S0 Vv, >V, bullet does NOT reach target.
5 8 ¢ ’



(@) Gaussslaw: E = i§; Ampere’s law: B:ﬂl_q,
2ng, S 27 s
(b) The current isthe samein al segmentsi=Au: | = ell\l+ u, :ﬂuf so N.u, :%.

Relativistic momentumis: p=y mN.u, —y mN.u =(y, — yxﬁ)mﬂ
e

The gain in energy (ymcz) isequal to the work done by the electric force E.

b el b
(7, -y )mc? :J.a ekdr = 2z, |n5 (y. —y_)mc? :LbeEdr =eV
or
eV VI
Go-ry== i o pe P o)== = =
2ng,mc” A 2ne,C° A
:_,uollﬂlnbA
2r a
. _ 1 Al
(c) The Poynting vector: S=—(ExB)=———12
Ho Ar°g,S

The momentum in thefieldsis. p,, = jyogOSdr = ﬂolzl J.bizl 2rsdsz = ﬂo—wln(b/a)i
4z ‘2 s 2r

The total momentum is zero.



