PHYS2320 ( )
[Griffiths Ch. 7-9] 2006/04/11, 10:10am-12:00am,

Product rule V-(AxB)=B-(VxA)—A-(VxB)

1. (9%, 9%)

(a) Two metal objects #1 and #2 are embedded in weakly conducting material of conductivity
o . Show that the resistance between them is related to the capacitance of the arrangement by
R=¢,/0C.

(b) Suppose you connected a battery between #1 and #2 and charge them up to a potential
difference V,. If you then disconnect the battery, the charge will gradually leak off. Show that
V =V,e"'*, and find the time constant, 7, intermsof &, and o .

2. (8%, 8%) Find the self-inductance L of a solenoid (radius R, length |, current I, and n
turns per unit length),
(@) Using theflux relation @ = LI

(b) Using the energy relation W =21L12,

3. (8%, 8%) Suppose the ends are spherical surfaces, centered at the apex of the cone.

(a) Calculate the resistance in this case. (Let L be the distance between the centers of the
circular perimeters of the caps.)

(b) Find theresistancewhen a=Db. (Hint: Use b=a+A, where A approaches zero.)




4. (8%, 8%) A charged parallel-plates capacitor (with uniform electric field E=E,z) is
placed in auniform magnetic field B = B)X, as shown in the figure.

(@ Find the electromagnetic momentum in the space between the plates.

(b) Suppose we slowly reduce the magnetic field. This will induce a Faraday €electric field,
which in turn exerts a force on the plates. Show that the total impulse is equa to the
momentum originally stored in the field.

5. (8%, 8%) Therate at which work is done on the free chargesin avolume Vis:

d—W:I(EJf)dr,Where J; :VxH—@.
dat 3 ot

(@) Show that the Poynting vector becomes. S=ExH,

(b) and the rate of change of the energy density inthefieldsis: aEJT‘*”‘zE-%+H %

6. (8%, 10%)
(& Writedown Maxwell’s equations in matter in terms of free charges p, and current J,,

(b) Write down the equations for conservation of charge, energy, and momentum. Please
explain the symbols you use as clear as possible.



1. (9

| = _[J -da, wherethe integral istaken over a surface enclosing the positive charged conductor.

| =|J-da=|oE-da=c|E- da——Q
[3-da=] J 7% le s
V oC
=CV andV =IR | ===
Q = R CRQ

(b)
Q=CV =CIR= CRd_Q - Q(t):Qoe—t/RC

V(t)=—2~ (t) %e*“RC =V,e"'", where r=RC="¢
C o

2. (a) Using the flux relation

@, = [B-da= gonl x 7R = sz Rl

= L= y7lin’°R’.
= N®, = nl x g,n7R?l = prln’R?l = LI

total

(b)Using the energy relation

2 2
W:J. B dT:('uonI) 7R :l,uoﬂlanZIZ:lle = L= uxn’R?.
v 24 244, 2 2

3.(a)
drR=~ dr . where A= J'OZ” jj" r2sin@dddg =27r?(1-cosb,)

Th

R=[dR= j L - A
2712 (1-cos6,) 2r(1-cosg,) r

27:(1 cosH b) (r__a)

a=r,sng, andb=r,sng, = (i—i)z(l—l)sjn - ®=%sng,
A b ab

a

b-a 1 J2+(b- a)

sinHO:— and cosé, =

L2+ (b-a)? N +(b a)?  (-cosd) JIZ+(b-a)? -

B P 1 1. p L*>+(b-a)®> ,b-a b-a

27(l-cos@) 1, 1, 27 [I2+(b-a)’-L @b JI*+(b-a)?

__p (b-a)®

2rab [1? + (b-a)® - L
(b)
Leeb=a+A

2 2

R=lim—?* a P A _rt

ra’

A-027ab 12+ AZ - L 27za(a+A) L( )
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4. (a)



Oan = £o(EXB) = 5EBY = Poy = [ 97 = 5,E B, AdY
\%

(b)
do dB

gSE-dI:——:——Id
dt
—I(E(d)—E(O))z—%Id = E(d)—E(O)zd?j—?

F= —oAE(d)-E(0)Y = ocAd %9

| = jo“’ Fdt = —o Ad(B(t = ) — B(t = 0))y = o AdB,y

E=Z = |=0cAdBy=¢,E,B,Ady asbefore

&g
5. (a) and (b)
dw oD
F=£(E-Jf)o|r=J(E-(VxH)—E-E)dT
Product rule: E-(VxH)=-V-(ExH)+H-(VxE)
Faraday's law: VxE:—%
dd_VtV:I[—V-(ExH)—(H-%+E-%)]dr S—ExH
’ B _op,, = Mm_py B gD
=—[(ExH)da-[(H-=+E-Z)d ot ot
i(x) J( L TE e ot o at
6. ()

V-D=p, VxE+%=O

V-B=0 V><H—@:Jf
ot

(b) Conservation of charge

2—’? =-V-J, where p isthe charge density and J isthe current density.

Conservation of energy

0
— Uy ¥ Ug) ==V - S,
8t( mech em)

whereu, ., isthe mechanical energy density, u,, isthe electromagnetic energy density,
and J is the Poynting vector.

Conservation of momentum

0 .

a(gmech + gem) = _v ' (_T)’

where g, 1S the mechanical momentum density, g,,, is the electromagnetic
momentum flux density, and T is the Maxwell stress tensor.



