Electricity and Magnetism Il: 3812

Professor Jasper Halekas
Van Allen 70
MWF g:30-10:20 Lecture




Announcements |

Midterm #1 this Wednesday Feb. 26

In this room, during normal class time

Covers all sections of Ch. 7-9.2 except:

No questions on 8.2.4 (angular momentum) and 8.3
(magnetic forces do no work)

Equation Sheet posted

Review, print out, annotate as desired, and bring to
exam

Practice midterms and solutions posted



Maxwell’s Equations
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Maxwell’s Equations: VXE = —— gSE-Ez’:—%fﬁ da
V-E=p/e B éE'da:Qenc/EO
- - OE - — - —
VXB = uof + Ho&o $B - dl = polepe + piogo— [ E - da
V-B=0 $B-da=0
V-5=pf ﬁﬁ‘da:Qfenc
VxH =J; + 5 $H-dl=1I, +=[D-da



Faraday’s Law, Lenz’'s Law
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Ampere’s Law, Displacement

Current
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Ohm’s Law, EMF, Inductance

Ohm’s Law and EMF: f = oF €= Sﬁ(ﬁ/CI) El) Emotional = _%
Pp1 I = PB1 Lﬂ aw el

Dp,
Inductance: M = = = £. - —
I I I induced dt dt









Inductance
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Fields in Matter, Boundary

Conditions
Fields in Matter: P = p/volume D= SOE +P =P-A pp =—V- p Jp = Z—IZ
M = m/volume ﬁz%ﬁ—ﬁ 1?21\71) f= XM
0
Linear Materials: P = 80)(8_) D =c¢E = (1+ )(e)eoE = e,,eoE
M = ymH B =upH = (14 xm)ioH
Boundary Conditions: AD, = of AEH =0 ABH = Aﬁ”

AH, = K;xfi  AB, = AH, = —AM,



Fields iIn Matter
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Boundary Conditions
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Images show boundary conditions for case w/
no free charge or current at the boundary



Continuity, Energy, Momentum

Continuity of Charge/Current: % =—V- f %” = -V -E
- 1 ,= = 1 2 B2
Energy & Momentum: S = H_(EXB) Uy = E(E‘OE + u_) Uy = [ugy dt
0 0
Tij = gO(EiEj — %5UE2) + IJLO(BLBJ — %6UBZ) g) == EO(EXB) = HOEOS ﬁEM = fg)d'l'
W _§S.da — Lem Rem — _y.§ i
- dt ot dt

d
ﬁ:dpmechzﬁ?.%_dpEM fZV?_a_f (’;_.f:vﬁl_w) lff:O



Charge Continuity Equation

Current | out of a volume is equal to rate of Charge density p,

decrease of charge Q contained in that volume:

Sencloses v

dQ B d

dt dt
Vv
Figure 6-14: The total current flowing out of a volume V is equal
d to the flux of the current density J through the surface S. which
J . ([S = —— Pv dV in turn is equal to the rate of decrease of the charge enclosed
dt in V.
S vV
d
J:ds= | V- JdV=—— [ p,dV
dt
; dpy
S %} V V.J:—-——‘:\ x (6.54)
ol

which is known as the charge-current continuity relation, or

Used Divergence Theorem
simply the charge continuity equation.



EM Energy and Momentum




EM Energy and Momentum

Summary

dw d dPmech d
—— Uem dt — f S da ) = = —€0JA0 Sdrt + ? -da
dt dt Jy S dr dt Jy S
I3 y \ 5 P SRS I3 . ;o=
J{:{Hnmh+llm)=—v S E(th+Pem )=—V-(-T)
Po.=11 SgllgS)dt = | &E<B ydz
1 1
um=3[5052+g32] RN €= iS5 =5 (E B)
Poynting Vector S S . Energy per unit area (Energy flux density). per unit time transport by EM fields

go20S - Momentum per unit volume (Momentum density) stored in EM fields

Stress Tensor T T : EM field stress (Force per unit area) acting on a surface

—T : Flowof momentum (momentum per unit area, unit time) carried by EM fields

Continuity Equations of EM fields in empty space

—==—(V-S) {S) playing the part of J = Local conservation of field energy

o , , C '

_/“ =—| V.-J)

C ’g — ;=

— ==V (=T} (=T) playing the part of J = Local conservation of field momentum
z S =)



EM Waves:
Complex :

Real:
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(7,t) = E, exp(i(f(' 7 — wt)) A
(7, t) = E, COS(i(' 7 —wt + 6) A

B(# t) = 575‘5 exp(i(i(’ ‘7 — wt)) (l:'x'ﬁ)
B(#t) = %EO cos(l? T — wt + 5) (I?xﬁ)

(u) =2e,Ey>  (S) = c(uk = Ik = 1cg B, %k () =S = 260E,°k
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Wave Energy, Momentum, Etc.

EM waves transport energy: § — L (E))(E)
Ho

They also transport momentum: D— [}/ c

They exert a pressure: =

F ldp 1dU_S

A Ad cAd ¢
(Double this for a reflecting surface) &’
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Stationary Wave front at time
plane dt later



