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Ch 1, 

GaussÕ Law

Electr ical c harges are the so urce of the 
electr ic Þeld

 

For a ll c ases considered in th is class, ! =0

"  is a 3x3 t ensor n ot a s calar ( unless the 
mater ial is isotr opic)!

"  may be a fu nct ion of E an d H! (giving r ise t o 
non-l inear o pt ics)
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!D = " !E = "0 !E + !P

ch 1, 6
cor rected



Ch 1, 

GaussÕ  L aw f or Ma gnet ism

There are no source of ma gnet ic Þelds 

No magnet ic monopoles

Magnet ic Þeld l ines can only cir culate

 

# is a 3x3 t ensor n ot a s calar ( unless the 
mater ial is isotr opic)!

# may be a fu nct ion of E an d H! (giving r ise t o 
non-l inear o pt ics 2

!B = µ !H = µ0 !H + !M
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Ch 1, 

Waves and MaxwellÕs Equat ions

A charged par t icle is a source of an el ectr ic Þeld

When that pa r t icle moves it c hanges the ( spat ial 
distr ibut ion of ) the el ectr ic Þeld

When the el ectr ic Þeld c hanges it p roduces a 
circulat ing magnet ic Þeld

If the pa r t icle accelerates th is cir culat ing magnet ic 
Þeld w il l c hange

A changing magnet ic Þeld p roduces a cir culat ing 
electr ic Þeld

The cir culat ing electr ic Þeld be comes the so urce of 
a cir culat ing magnet ic Þeld 3ch 1, 8
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Ch 1, 

Phasors

The complex amplitu de of a sin usoidal fu nct ion 
can be r epresented graphically by a p oint ( oft en 
an ar row fr om the o r igin t o a point ) in the 
complex pl ane
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a(t) = cos! t a(t) = sin ! t
!A = 1 !A = ! i

a(t) = cos(! t) + sin(! t)
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Ch 1, 

Phasor Example

5ch 1, 19
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Ch 1, 

Shor t cuts w ith Complex Notat ions

With a pl ane wave descr ibed in complex notat ion 
by

thu s we can say d/ dt$ i% and &$ ik 

!E = !E0ei (!ká!r + " t )

d !E
dt

= i " !E0ei (!ká!r + " t )

= i " !E
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Ch 1, 

Poynt ing Vect or Example

For el ectr ic and magnet ic Þelds g iven by

where

is the imp edance of fr ee space, what is the 
ir radiance of the wa ve?
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Ch 1, 

Der ivat ion of the Wave Equat ion

Start ing with FaradayÕs law

take the cu r l of bo th si des

use vect or c alculus relat ionship t o get

Use AmpereÕs law (in fr ee space where J=0)
and GaussÕ law (in fr ee space where ! =0)
in an isotr opic medium

8ch 1, 24
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Ch 1, 

Der ivat ion of the Wave Equat ion

In an an isotr opic medium

does not simpl ify a s much since 

! ! ! ! ! ! ! ! does not impl y

but r athe r

where"&" #0.  In th is case it is u sually easiest t o wr it e the 
wave equat ion as

or
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!! á!D = 0

!! á!D = !! á" !E = " !! á!E + !E á! "

!∇× !∇× !E + µ"
#2 !E
#t2 = 0

!k ! !k ! Ẽ + µ"#2Ẽ = 0 ch 1, 24'
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Case stu dy 1,

Int erf erometer Contr ol

 Signal Ð a beam w hose phase sensit ive t o the 
length t o be contr olled

 Local Oscil lat or Ð a beam w hose phase is 
insensit ive t o tha t l ength.

 Detect ion of the pha se between signal an d local 
oscil lat or

10

Transmission
of cavity !"#

X
P.D.H. input
spectrum

Pound-Drever-Hall method

Requirements

case stu dy 1, 2'
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Case stu dy 1,

Mode Cleaner

Tr iangular modecleaner ha s a per imeter 
p=20 m, unit r eßect ivity en d mir ror an d 
equal, l ossless input / output c ouplers.   
Il luminated with a s teady wave of 
wavelength ( .  The Þelds tr ansmit t ing (Et ) 
reßect ing fr om (Er) and cir culat ing in (Ec) 
the c avity a re proport ional t o the inpu t 
Þeld (Ein) w ith the r elat ions

Ein Ec

Et
Er

l

, , and

, , andgiving

, , andfor kp=2$n Er = 0Ec =
Ein

t

r,tr,t

i.e. it ha s 100% tr ansmission
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