
1. Special Relativity, 2
lecture 2, September 1, 2017



housekeeping

remember to check the course page: 

chipbrock.org 

and sign up for the feedburner reminders 

I’ll post something tonight…tell me if you don’t get a 
message on Tuesday
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Maxwell’s Equations + 1
1. 

2. 

3. 

4. 

5. 

I

S

~E · d~S =
Q

✏0
I

S

~B · d~S = 0

I

`

~B · d~̀= �d�E

dt

~F = q ~E + q~v ⇥ ~B

Gauss’ Law for electrostatics

Gauss’ Law for magnetostatics

Ampere’s Law

I

`

~E · d~̀= µ0I + µ0✏0
d�E

dt

Faraday’s Law

Lorentz Force

✏0 = 8.854⇥ 10�12 C2N�1m�2

µ0 = 4⇡ ⇥ 10�7 JA�2m�1

vacuum permittivity
vacuum permeability

1

4⇡✏0
= ke = 8.9⇥ 109 Nm2C�2



tracking
theory and experiment

circa 1900



differential form of 
Maxwell’s 
Equations



In general :
E→

=  Ex  
I +  Ey J +  En I

and

:I = - ( Ei + afyi + grgi )

Standard calculus  operator :

gradient

E=i§× + iFy
+ if

so

I =  I ✓

Also . .
. legend

: a =

off +

Tan
+

Efg
And

...  ± Exe - i( In;s
.

gag) + iffy
-

gA± )
+ i ( off - 3±j)



Take  a tiny volume J

dzLb.1P@xi2.zdy
dx

Imagine  an E ( x. g. zy

.

i :

y

@

badntaeewhich changes  at dy ads→=
- idydz

-8

ffdzmeantime sFoEF¥tEjE%#fFYf%#
from  X  →  xtdx ←

d§=  +  idydz

EC x. g. D + (2e÷×)d×
back +  change



LET
heoh at the fly through the

#¥# volume
§ #ids

'

✓
€3 due to these two faces

.

L SFIDJ =  E. C- idydz )+(I + 2¥×dx) . ( idydz )
back , front -

Cancel

=

dxdydz §×(
E.  i )

= dxdydz 2¥ other faces ?

ZX
similar .

feeds = dxdydz ( feet off +

Egg )
= dxdydz ( I.  E)



feet .DE = dxdydz ( Eeg + off +

I±g )
= dxdydz ( Ii  E)

Summa then had been  a  charge inside ? FIT
9 =p dxdydz

OK :

to E.d5 = 9-
T

change densely
Eo

¥

dxdndz ( F.  Et ) =

dxd_ydz
p

Eo

|I.E=f=| Maxwell 's Equation fn

-

gays
'

Law



* I =

:
 o

I.  B = O

§xE° =  
- 815

-

"

current density
"

ot

BxB=noe . 2¥
+

+ no
I

←

FREE  SPACE  →  no  sources .

F.  E- = 0

F.  B- = 0
. .

Ex  E- =
 

- 01 → time changing B ? get  t  E

at a
→

Fits = µoeo2E →
time

changing
E ? get  + B

at



Fits = µeo2II PU out  a Particular component :  ×

at

ZB
- 813g remember this

-3

gg
= µo€o8±x

2g at

now :

-

Exe =  
- B- → Ex  I×E =  Ix ( FBI )

ot -

an  identity
↳

=D ( B. E) - p2E

P ± Gauss
'

ME = §+(BxI ) Law .

z
-

→  

of
THE =no Eu 2I

→ ME - nos IE = 0

2t2zE2(hh
III. + g¥y+osg÷

another for B also



→  

a
DZE - nog IE = 0 look at 2-4

see zxz
- at. 3¥* = 0

another for B also
→  a  wave  equation fn  $ with

velocity v.

a
1

a wave  equation fn E→
←

.

win velocity u  =]ntoco

ONE  OF  THOSE WOW MOMENTS IN THEORETICAL PHYSICS

µ .  = 47×157 N . C- 252

Go =  8.8542×1012 IN
'

lm -2

.Ie
.

= ✓ @÷xu'

ny ) ( 8.8542×15
"

Faz )
V = 2.998  ×  108 Us =

 C

and 1131 = lE%



E C x. t ) all wave  equations hare solutions like

cos h( x.  vt )
B#¥¥t¥YfjT,h¥#Peaga

.ro#onotwauepwraaaim

the
gEz

causes the B

&

the 8D causes the  E

a

As mm hnw 5
'

=

Yw
E×B→

Poynkng Vector

[ s ] = energy

( area )( time )

Intensity = I < s > 1

=

µto Bvms Erm ,

= E±ms = to C  E }ms
pro C



Summary I
. $ E- . d5 =

%
2 . § Bids = 0

3
, § E. DI =

µoI  + Moto
d #±

at

4
. $ Be DI = - DIE

dt

These  are for
"

bulk
"

regions  of  space and extended sources . .
.

"

Integral form
"

Useful are  versions which are  infinitesimal →
"

Differential form
"

Useful : potential

Ee=
-

IV l=  x.  n .  orz
dl

✓ = v ( x. g. 3)

Now :  experiments  on light .



i. Speed of light

1676 Ole Rohmer

93Mm÷
•

Ion• •g •

.

•

•r )Iot
Ef S En J )

"

gone
"

T T t

T I

here ? here ?

Clock with

measured measured
reflecting

Itt 11 min T± -

It
min light  to  E

- know how long
zzmin fn light for  Io to

To  across  Earth eclipse
orbit

Newton  or Huygens  → 16  min total

C =
93×-106

( Fsh ) =

zou.nu  mils  ~  186,30W mils
8  min



2
. .

Motion  relative to the ether : stellar Aberration

⇐

miFatma
"

##¥*I**w
Earth moves though Ether

Abbevaton  of  Starlight : Suppose
'

.

* " "

airbag.
Meek⇐I¥5¥EI:

8
tacedry nnoeuadmtoldnetietnnroamn

off your face



Analogy :
* AT * you  say

the star

} { { is the direction  of

light

:
rain § % f) telescope

earn orbit : track

} ← } {
d

P Ttelescope : hat
q

January July
Jan July

going -> going ←

HH Zomph James Bradley 1728

*5→5Il
. KLEE .

(
IF:L:

'

:* mmm

no:*:)
.

takahe:



2
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Motion  relative to the ether : Fizeau 's Ether - Drag Experiment

^

speed
<

ts
Y

Eh

'

i with current

En
speed of

CW #

hsht  in

ca <¥mm.EE#E against  current

stawtygengm

water

V Cw
=  

In + fv
if  ether dragged

CA  
=  

In
- tv by water

. -

f  

=/ 1

H
.

Fizeau 1851 :

f. 
¥

some drag of  Ether by water ?

FREEDMAN¥a⇐a ?



2.
.

Motion  relative to the ether : Mickelson - Morley Experiment

Measure the speed of  earth  relative to  ether

PHEW
on  earth "

0k¥51
"

wind
"

-

B

clever  idea :

q

-
=====

l
==== .tieA c

c- L →

swimmers  capable  of  speed V

wrt  still water



B

t.TL#fp=
.

ABA :

"

L

"

== = -= ACA "  "
"

"-
A C

← L
, ,→

Stillwater : ttc still ) =

It
t

, ,( still )= 21 "

v v
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--¥#==
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4-
=E-t=.F-.t -

A C

← L
,

,→
u  v

ty : AC
. . .

c- →

Vac=v
- u

U  v

CA
.  . .

c- -Vca=Vtn

roundtrip : ti ,
=tag+ tea

"
=

± "

+ I "

V
 

V
u . u  vtu

t
, ,

= 21 " 1-

v I - Uyvz

t± =

211
I show this DZ

v

#
WZ
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Michelson 's Idea

2

showdown¥¥÷-qft÷.F¥±÷¥II
1

⇒
,



1887

Albert 
Michelson 
(1852-1931) 

and 

Edward Morley

The prize went  
to Michelson for 
the instrument: 
the Michelson 
interferometer

We remember 
him for the most 
important null 
measurement in 
200 years

the same idea 
as the gravitational wave 
instrument

B



“Michelson Morley Experiments”
trying	to	measure	the	speed	of	Earth		
rela4ve	to	Ether

22

measure	the	fringes	in	light	interfering	from	the	two	paths...then	
rotate	the	instrument	90	degrees	-	and	do	it	again.	

The	differences	between	the	two	configura<ons	is	related	to	the	
<me	difference

If	the	beams	get	back	out	of	phase...one	
traveled	through	the	ether	differently	from	
the	other.

This technique was perfected by cowboy, Albert 
Michelson and eventually his sidekick, Edward 
Morley at Case Western Reserve in Cleveland 
between 1880 and 1888



neat simulation

23

http://www.kcvs.ca/site/projects/physics_files/specialRelativity/michelsonMorley/mmExperiment.swf

C



B

Michelson 's Idea

2

showdown¥¥÷-qft÷.F¥±÷¥II
1

⇒
,



C
2

thanks
U

,
ether :  water

, u

c
,

hat "  swimmer
,

v

t.EE#hgfqV=C

,
U= speed of  ether  wind 1

⇒
,

t
,

=

211
1-

tz
=

212
1-

C 1 -

Uydz
C

✓

Thet
,

-

tz
=

211
I

-

212
1-

1- Me
c

VIE
Ue =3xc 04mg

c= 3×108  nys
} "

%~
 ' 54 Taylor  Expand . -

÷u%E ' + It ... ✓±
± it 'zuI+ ...

t
,

.

tz=

2÷i(
+ ¥ ) -

Zzhfl+ tzuz, ) = Atco )

-

tiny



Atco )=2z4 (+ ¥ ) . zzhfl+izuz , )
=

21g - 2¥ +
24  ¥3 - Lillo

Atlo ) =

2z ( L .  - 4) + yes ( 2L
,  

- Lz ) = t.co ) - tdo )

n

how be clever )
hard to  measure precisely .

ROTATE

DealEveryone !
...  - If'iE#¥ an # FE Term

Zc-
zee 1

"
wind

"

"
Wind

"

Redo the calculation

ATCTID = t.CM) - TZCMD



At ( o ) =

2z ( L .  - Lz ) + yes ( 2L
,  

- Lz ) = t.co ) - tdo )

at ( Hz ) = tccth ) - tz( %)

=

2z ( 4 - Lz ) +

lztz ( L
,  

-24 )

AT
 

= Atlo ) - At ( 97 !

=

,

ICI
) + ¥3124 -

t.DE#)
- y÷( 4- %)

¥ ( ZL
,  

- Li - Lz  + ZLD
8 c=£

→ I * ← AT
DT =

Eos ( l
'

+ 4)

~~ s= cat

8=42 ( L
,  + LD ✓


