University of New South Wales — School of Physics OUTLINE ANSWERS

PHYS 3011 / PHYS 3230 — Electrodynamics () VxE= (%2 -9, o898 o5 _ %)
Mid-term Test — Thursday, 18 April 2013
Time: 50 minutes

= (dyz —4yz, 0—0, 2z —2z) = (0, 0, 0)

So the field is conservative.

Please PRINT your name and number. v — E.de
Write your answers in ink. Please do not use red ink. - ’
Start each answer on a new page. Show all working.
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There are three questions on this paper: answer all questions (total 50 marks) - _/0 (2zy+a )dw‘yzz:o - /0 (27 +2y=") dy w=z, 220 /0 2y zdz vz, Y=y
at 2 2,2
Q.1 (15 marks) =Ty Tty ys +C

An electric field is given by: E = (2zy + 2®) % + (22 + 2y2?) § + 2%z 2.
Show that this field is conservative, and find an expression for the electric
potential, V(x,y, z)

(2) Reminder of V xrand V -r:
Q.2 (15 marks) .
If B is uniform, show that A = —%(r x B), where r is the vector from the 1 J k

origin to the point in question. That is, show that V- A =0 and V x A = B. 5 Ox Oy 0z
or 9y 0= r=o_to t+5 =3
Hint: You may want to remind yourself of the results for V- r and V x r first. ! O~ dy 0z

x Yy oz
Q-3 (20 marks) If A =—3(r x B) (B is constant)

A laser beam has a power of 30GW and a diameter of 3mm. Calculate the

peak value of E. What is the electric field strength of the laser inside glass of Then V-A = _% {(B-(Vxr)—r-(VxB)}=0+0=0

refractive index 1.57 (Assume p, = 1 inside the medium.)
and VxA = —1{(B-V)r—(r-V)B+r(V-B)-B(Vr)}

0 0 0
—_1 —0+0-B-
= 2{(Bmax)r—l—(Byay)r—i—(Bzaz)r 0+0-B-3}

=-1{B,i+B,j+B. k-3B} = —}{B-3B} =B

P.T.O.



3 x 1010
N = = 4.944 x 10 W.m™2
(3)(a) 7% (15 x 10-3)2 X107 Wem

E2
N = 70 . Eg=+/N Zy = \/4.244 x 105 x 376.7
0
=1.264 x 10° = 1.26 GV/m  (This is Eyms)
S0 Epeak = V2 x 1.264 x 10° = 1.79GV/m
Zo N Zy Ey 1.264 x 10°
b Z =— . FE=VvNZ= ==
(b) n n vn V15
=1.032 x 10° = 1.03GV/m (rms)
S0 Fpeak = V2 x 1.032 x 10° = 1.46 GV/m
Alternatively:
up = €0 B3 u = €,€0 B2 but wwv =wupc ... u=ugc/v=1upn

o ensdE? = ¢gEEn = EZ \Jeo
B = B}/ = B/
. E=Fy/y/n=103GV/m (rms), 1.46 GV/m (peak).

Useful Formulae: PHYS3011/PHYS3230

€ =885x10"2Fm! pp=4rx10"" Hm ! ¢=3x10° ms*

Volume element = dzdydz = r?sinfdrdf do

Surface area of sphere = 4712 Volume of sphere = 277

3

Divergence Theorem: / V-AdV = / A.dS (S'is the surface enclosing V')
% s

Stokes” Theorem: /S(VXA)dS = %LAdl (L is the curve bounding S)
Vector identity: Ax (BxC) = (A-C)B — (A-B)C

So: Vx (VxE) = V(V-E) — V2E

Also: V- (ExB)=B:-(VxXE) — E-(VxB)

Dielectric materials:

P = xeE D=¢E+P =(1+x)eE = ¢,.¢0E

E field (and potential difference) is reduced by a factor €, in the bulk.

1

2eTeOE2 per unit volume = %E -D

Energy density, u =
Gauss’s Law for D:  [D-dS=gfree V- D =ppree

At a boundary, F|| and V' are continuous (D, is continuous.)
Cavities in dielectrics: Ejpcal = Epuk for a needle-shaped cavity;

Eiocal = Epux + P/ep for a disc-shaped cavity;

Eocat = Epux + P/3eg for a spherical cavity.

no € — 1
Clausius-Mossotti equation: — = J
3€o € +2

Capacitance:

stored charge @ = CAV [C]
stored energy U = 2QAV = 1C(AV)? or 1Q?/C [J]

capacitance of parallel-plate capacitor is C' = e.€gA/d [F)

capacitance of isolated sphere is C' = 4me, egR [F]



DC Circuits:
Ohm’s Law: AV =1IR resistance, R = pl/A Q]

Kirchhoff’s Laws: (1) I =0 at a junction
(2) £€ —XIR =0 around each loop

Joule heating: power dissipated, P = IAV = I?R = (AV)?/R [W]
Ohm’s law: J = cE power dissipated/unit volume = J - E = o E?

Magnetic media:

B = pio(H+M) = po(1+ xm)H = prpoH ie H:;_M
0

V-B=0, soV-H+V -M=0
Ampere’s law becomes: V x H = Jfpee
At a boundary, B| = B, and H| = H|
Inductance:

Mutual inductance: ® = Lisl>, Py = L1, Self inductance: ® = LT

N2
Self Inductance of a solenoid: L = p,.pu0 — A magnetic energy: U = %LI 2

/
Energy density in magnetic field: u = £ B’ =1i1B.H
gy Yy g . ) Lo 140 2
Maxwell’s Equations
In a vacuum:
B
V-E =2 vxE - -8B
€0 ot
OE
V-B = 0 VxB = pud + poco—

ot

Lorentz force law: F=¢gE+vxB)

Maxwell’s equations in dielectric and magnetic media:

V-D = p VxE = -B

V-B = 0 VxH=J+D

EM Waves:

O°E
Wave equation for E in free space: V’E = MOEQW ie ¢ =1/\/1o€o

(in a medium: v = 1//urfio€-€9 = ¢/n, n = refractive index)

Solution: E, = Egsin(kz — wt) for monochromatic wave travelling in +ve
2-direction.

E, B and the direction of propagation k are mutually perpendicular:
kE =0 kB =0 B = kxE ExB = k
The direction of E is the direction of polarization of the E-M wave.

EL_ B0 _ g7

Impedance of free space, Zy = i
€0

1
Poynting vector: N =ExH = — (ExB) = E?/Z, = H*Z,

Ho
2w
NB: Wave number, k = ~ Angular frequency, w =27 f
. w . dw
Phase velocity, v = fA = % Group velocity = T

NB There will be more formulae in the final exam !



