PHYS2320 ( )
[Griffiths Ch. 9, 10, 12] 2006/06/13, 10:10am—12:00am,

1. Explainthefollowing items as clear as possible.
(@) Invariant quantity and conserved quantity (7%)
(b) Lienard-Wiechert potentials (7%)
(c) Phase velocity and group velocity (7%)
(d) Lorentz gauge and Coulomb gauge (7%)
(e) Einstein’s postul ates for the special relativity (6%)
(f) Hidden momentum (6%)

2.(@ r=r—r, r=|r =c(t-t ), andv=v(t),find Vr and (r-V)v. (10%)

(Note: Express your answer intermsof Vi, .)

(b) The transformations between two inertial systems S and S are X =y(x—vt) and
T =y(t-w/c®). Show that when At=0, Ax=AX/y; but when AT =0, AX=Ax/y .
Explain why the length relations depend on simultaneity. (10%)

(Hint: Specify the proper length, AX or Ax, in each case.)

3. A coaxia transmission line consists of a long straight wire of radius a and a cylindrical
conducting sheath of radius b. The electric and magnetic fields are given by:

E(s.¢, 2,1) = Eocos(:z—a)t)A Eocos(CI;z—a)t)q)’

s and B(s¢,zt)=

() Write Maxwell’s equations in free space (no source) and show that E and B obey Gauss's
law and Faraday’s law. (10%)

(b) Find the charge density, A(zt), and the current, 1(zt), ontheinner conductor. (10%)
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(Note: Use the cylindrical coordinate: V-v
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4. Theintensity of sunlight hitting the Earth is about 1300 W/m?.

(8) Find the amplitudes of the electric field (in V/m) and magnetic field (in T). (10%)
(Note: ¢=3x10° m/sand ¢, =8.85x10"* C*/N-m?)

(b) If sunlight strikes normally a perfect reflector (say, amirror) of area 10 m?, what force does
it exert? (10%)



1.

(@ Invariant quantity: same valuein all inertia frames.

Conserved quantity: same value before and after some process.

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

1 q v
V(r,t)= A(r,t) =—V(r,t) .
(r.t) Ang, (r—r-v/c) (r.) c? (r.t)
_do
c) Phase velocit v, roup velocit v,
(© y ko ; group Y Vo=

(d) The Lorentz gauge V-A+ &, %V O: It treat V and A on an equal footing and is

particularly nice in the context of special relativity.
The coulomb gauge V-A =0: The scalar potential is particularly simple to calculate, but
the vector potential isvery difficult. It is suitable for the static case.
(e) 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 is the same in al inertial
frames. It does not depend on the motion of the source or the observer.
(f) Hidden momentum is strictly relativistic, and purely mechanical.

2.(d) Vr=vc(t-t )=-cVt,
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(b) At=0= AX = yAX :AX:EAX.Inthiscase AX isthe proper length.
v

AT =05 At =—2 AX
C
2

AX = y(AX—VAt) = y(AX—V—ZAX) = ;/izAx:iAx
c /4 v

AX = lAx (Ax isthe proper length)
Y

Two events that are simultaneous in one inertial system are not simultaneous in another.
All physical laws have the same form in al inertial frames.
The moving objects are shortened.
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E(s,¢,2.1) = EOCOS(:Z_wt)§ and B(s,¢,2.t) = EOCOS(CI;Z—a)t)(f)
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To determine A, use Gauss's law for a cylinder of radius a and length dz

(ﬁ E-da=2ra B, cos(kz— o) dz= Qe _ idZ = A=g¢,27E,coskz— wt)
sa a &y &y

To determine |, use Ampere's law for acircle of radius a.

(JSB-dl:ZﬂaEOCOSS;Z_a)t)=yOI = 1 =75 cosikz—at)

s=a IUO

(s) =%C&OE§ =1300 W/m?

£ - 2><1300:\/ 82><1300 990 V/m
cs, 3x10° x8.85x10

B,=E,/c=33x10°T
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