Prehmmary Examination: Electr;clty and. Magnetxsmm

 Department of Physics and Astmnamy -
Umverszty of New M'emco

__ Fall 2005
Imstructionsz e

~.# The exam consists of two parts: 5 short answers (6 points each) and your chmce R

of 2 (mt of 3 loncf answer problems (35 pomts ea,ch)
. Where posszble show A}LL Work and partzai credzt Wlﬂ be gzven

- . i?ersonal notes on 2 bides of one 8” x-117 page are allc}wed

i Total time:-3 hours-

- Best Wish'e‘s:! b

Shart problems.

Sl I}en\ze the capac:tance per unit length of a very lcmg cylmdrzcai capac;tor wﬁ:h R

inner (conductor) radius, ry; and"ocuter (conductor) radius; ro. ‘Assumnie the Space

beﬁween T and ry is filled with air ... i.e. the dielectric constant.is essentially 1.0, =

82 Derive the self-inductance per unit length of a solenoid of radius, a, with n—turns T

per. nmt Ieng;th and carrying a current, .-

S3: Write down expressions for the (real) electric and magnetic fields for a monochro~

matic plane wave of amplitude, Fyg, and frequency, w, that is traveimg I vacuum ins. .
* the direction fromi the origin to the point (1,1, 1) and with polarization parallel to”

the xzwp}a,ne Be sure to give the explicit Cartes;an components of the prepagatlon-”j” :

(i-e. wave) vecﬁor k, and pei&mzatmn (umt) veetor, ﬁ



Pféihﬁiﬁary Examination: Electricity'"and-_ Magnetism /Fall 2095 L N 2

S4: Ina simple series “LR” circuit {see sketch), the switch, “which is 111;"%;1&1}3; opexz -
is closed at time t=0. L
(a) What is the current in the circuit as a function of time?

{b) What is the potential difference across the inductor at times: f = 0,4 = L/R
t=c0? _

S5 The closed wire loop supports a steady electrical current, I (see sketch). thit R
is the magnetic, B, field at point P (which is in the same plane as the loop)?




?reiiminary Examination: Electricity and Magnetism/Fall 2005 ' 3'_

Long problems: |
L1: Picture two tiny metal spheres separated by a distance, d, and connected by a-
fine wire (sece sketch). At time, ¥, the charge on the upper sphere is g(%) and the charge
on the lower sphere is —¢(#), and g(t) = Qrgces(wt) In the radiation zone (deﬁned by:

d'<< ¢/ar << 1) the scaler potential, V(r, 6, 1), and vector potential, A(r, 8,1), for this ~

oscillating electric dipole, p(f) = po cos(wt) z Where po-= qud, are given by:

V(r0,t) = =& (50) sinfw(t —r/c)]
and:
| A(r,0,t) = — 2% sinly(t —r/c)] 2

(a) Show that V(r,6,¢) and Alr, 6 3‘:) are consistent with the Lorentz gauge mrsditmn_ o

(b) Evainate the electric, E(r, 8, t) and magnetlc B(r g t), radiation fields of the .
oscillating electric dipole (usmg Vir,8,t) and A{r, 8,1} above). o -

{¢y Then show that -the time averaged intemsity of radiation is given by:

28y .
<S(r0) > = (4 =0

N
ot

24
-




Preliminary Examination: Electricity and Magnetism/Fall 2005

L2: A capacitor is formed by the small gap, w, in a wire of radius, a (see sketch) .
where w << g and the initial charge/area, o, on either side of the gap is zero. Startmg
at-t=0, a constant current, I, flows in the wire.

{a) Derive the electric, E(s,t), and magnetic, B{s,t), fields as a function of distance s,
from the wire axis, and time, ¢ (for ¢ > O)ML» % Gl

(b} Find the energy density, tem(s; 1), in electric and magnetic ﬁelds and the Poyntmg" o
vector, S{s;t) {magnitude and direction) in the gap. _ o
(c) Determine the total energy in the gap (i.e. out to radius s = a). as a function of
time. Also calculate the total power flowing into the gap. Confirm that the power
input équals the rate of increase of energy in the gap with time. (If you are concerned -
about fringe fields do this calenlation for some radius s == & < a well inside the gap).
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L:3: An infinite straight wire Hes a distance, d, above, and parallel to, a grounded -
-conducting plane. The wire is uniformly charged with linear charge density, A. (For -
concreteness orient the wire parallel to the x-axis and directly above it and the con-
‘ducting plane is the xy-plane.) s
(a) What is the electric field, E(r), in the region above the plane?
(b) What is the electric potential, V{r), in the region above the plane?
K ¢) What is the charge density, a{x,y), induced on the conducting plane?



VECTOR DERIVATIVES

Cartesian. A=dxx+dy$y+dz;

Gradient

Divergence -

Curl :

Laplacian ;
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Spherical.  dl=drf+rdf6 +rsinddéd; drv =risinddrddde

Gradient -
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Curl -

Laplacian -

Cylindrical.  dl = ds§+s5dgpd +dz i
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VECTOR IDENTITIES

Triple Products
(1) A-BxO=B-CxA)=C-(AxB)
(2) AxBxO=BA-0O-CA-B)
~ Product Rules
(3) Vifg)= f(Ve)+g(Vf)
(4 VA-B)=Ax (VB +Bx(VxA) +A V)B+B VA
() V-(fA =fV - A)+A-(VS)
6) V- (AxB)=B-(VXA)—~A (VB
(7) Vx{fA)=f(VxA)~Ax(Vf)
8) VxAxB =(B-VIA—(A-V)B+A(V-B)~B(V-A)
Second Derivatives
9) V- (VxA) =0
(10} Vx(Vfy=0

(11} V x(V x A) = V(V-A)— V?A

FUNDAMENTAL THEOREMS

Gradient Theorem :  [(Vf)-dl = f(b) — f(a)
Divergence Theorem : [(V-A)dT = §$ A -da

Curl Theorem: : JVxA)-da=FA-dl



BASIC EQUATIONS OF ELECTRODYNAMICS

Maxwell’s Equations

fn general : In mairer :
1
V- -E= - v~D:pf
£q
B
B __iB
VX E = —— Vox B
ar
V-B=0 V-B=0
a
oK _ b
VXB:"LFL.OJ-{_;LOGOM}“ vV xH jf+a;

Auxiliary Fields

Definitions

D= egE+P

.
H= —B M
Ho

Potentials

Loventz force law

Energy, Momentum, and Power

' Energy -

Momentum -

FPoynting vector -

Larmor formula :

Linear media :

P=ex.E D=c<E

Fe=g(E+vxB)

1 i
U= -f (GoEZ + m33> dr
2 o

P = [(Ex B)dr

11
S —{(E xB)
o
P o= ﬁi}quaz

6re



FUNDAMENTAL CONSTANTS

o = B8.85x10712 2 /Nim* (permiitivity of free space)
o = 4w ox 1077 N/A? (permeability of free space)
e = 3.00x10%m/s (speed of light)
e = 160x107¥C {charge of the electron)
mo o= 9.11x 107 kg {mass of the electron)
SPHERICAL AND CYLINDRICAL COORDINATES
Spherical
x == rsindcosd I sin9c03¢f+cn$@cosqb§—sin q,‘ré;
y = rsindsing ¥ = sinfsingr-+eosfsingdAcosde
z = rcosd i = cos6f-—singd
ro= Jxlfyia4 gt £ = sin@cosg&+sindsing§+cosbf
6 = tan~'(/x?+ yi/z) § = cos@cospR4cosfsing§—sindZ
¢ = tan"'y/x) $ = —singXtcosg¥
Cylindrical
X = FCosg R = cospd—sind@
vy = ssing § = sin $i+cosd
z = z i = &
g = m § m cosgR-+sinoy
¢ = tan”{y/x) ¢ = —sindi+cosd¥
z = I z = Z



