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Setting the Stage - The
Displacement Current

 Maxwell had a crucial “leap of insight”...

Will there still be a magnetic
field around the capacitor?




A Beautiful Symmetry...

A changing magnetic
flux produces an Electric 5
field . :

A changing electric
flux produces a Magnetic
field



An extension of Ampere’s
Law...

 Maxwell reasoned that Ampere’s Law
would also apply to the

deI 7 :uo(l T Idisplacement)

Clever application of d¢E 3 dQ o

Gauss’ Law here! & dt 7 dt — "displacement



Maxwell’'s Equations (first
glimpse)
 Faraday's Law:

d
| Edi = dthndA

« Ampere’s Law:

| Bdl = 4, +u050% E_dA



Maxwell's Equations — Integral

Form
. Faraday's Law: I Edl = —%j B, dA

« Ampere’s Law: ( Bdl L. ,Uol +1uogo —C?{J EndA

e (Gauss’ Law 'EdAzg

&,

deAzo



Maxwell's Equations —
Differential Form

jE.olAzjV(v-E)clvz2

E

0

Q= I pdV Gauss’ Theorem - integral
i of a flux equals volume
integral of divergence

SHE i

&,



Maxwell's Equations —
Differential Form

d
| Ed :_EI B_dA

d
LE-dI :L(Vx E)dA:—EIBndA

oB
VxE=——
ot Stoke’s Theorem: “Integral
around the path equals flux
of the curl”



Maxwell's Equations —
Differential Form

d
j Bdl = L (VxB)dA = pz, | E,dA

VxB =y, 08—E

ot



Maxwell's Equations —
Differential Form

VIE = 2 e 02
E: ot

0 VxB=u, OQE—

ot

V-B



Detour
Ahead

..n w T StWI” a
vel along a sfrlng of
nsity p?




Two Ways to M’Es...

 Abstract:  Vx(VxA)=V(V-A)-V°A

» Physical:
— Imagine a plane wave Pl %
of electric field In z-
direction E(X,t)= 0
E,(x,t)




Ampere says
. d|E|idt <0

Faraday says
»d|B|/dt <0



http://kcvs.ca/martin/phys/phys300/prgms/EMWave-Maxwell.py

- 34“(- ~
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It's Alive! «

* Well, at least it's a wave! Combining
the last two equations leads us to:

2 2
= =
g 1 E y
2 0-0 2
OX ot
« example - consider the electric field part of an
electromagnetic wave described by:

E(x,t) = E_sin(kx —wt) J + E, cos(kx — wt)k




The Poynting Vector

 Light waves (and all electromagnetic waves)
carry energy

EB
U=U. +U; =——
H,C
« A wave has an intensity
| = uaverageC

Poynting Vector
R WP
S=—ExB

2 Ho H,




Radiation Pressure

« Light waves (and all electromagnetic waves)
exert pressure

p =~
C



Accelerating Charges Radiate
Power!

* We can show (by dimensional argument) that
an accelerating charge should radiate energy
at a rate given by:

2 2

kg“a

C3

« More detailed argumentation reveals that o = 2/3

Py




