(a) {3 pts} Use Maxwell’s equations to derive the continuity equation
(in differential form) relating charge p and current density J.

(b) {2 pts} Use the divergence theorem and the results of part (a) to
derive the conservation of charge, @@ = 0, for a bounded charge
distribution.

(¢) {2 pts} Show that the continuity equation can be written in 4-
vector form using the 4-current J*. Define all symbols you use.

(d) {3 pts} Use Maxwell’s equations to derive Poynting’s theorem, the
equation analogous to the continuity of charge equation relating
the Poynting vector S and the energy density u in the E and
B fields, that represents conservation of electromagnetic energy.
Assume the electric and magnetic fields are in vacuum, i.e., no
charges, currents, or polarizable materials are present.



QW@ Ao g;’ M ﬁ; ;} Gavs

o v o

S
™,
[y

YA, 53 (§>,

oo ?}, £ .

by T

L—7 _uf

wWe o Went

::N Fnmy Cong € U)&%E(“ﬁy\ fS% (“ms (‘/ f" LARY /“*nglm PRI
@ﬂd 0505, (7{\ of {l,ﬁ,\.&’( 6(«' L ; \,? 5"'\ -

g

o e



| cond. )

5\3 Tw Gevsian uvnlls |

0 .
[m\,)\(\%w\fb veor - S = gy B A

E\f\&”@ W @39?,\(\@5%%« ’ o (jw, / = > - WS
N ) e oy (45 - W)

Ee(Uxii- b B E-d

I

el 1 - e ”‘ -
E-Uxh - ¢ E-%: - %

e (Ear) v - (E) L ED

2

o
i
o

N7 (Tel i _ L I -~ ¥
Ve (Beh) + 1 ( 3 ('éi; ) - (‘« t %; = O

%
P E\:’\b}%‘% ;%:)ﬁw\ ‘(’f s iw“ o
1N LR

VRN T

\V @ % oo %WZJ f?) o ’



C") wﬂ\ew. SYa At
J

fe AN S

t
) ety /‘ > ¢
] = W L




Hl ( corst )

= Lo (Vxt- ¢85 ): Leo (bl i wewon)

— g ,
EeVxtt -2 ED =0

TV (Law) A n(en) - 2 Y, nen = O




