
AO and @ represent the some physical process .

There .s a Galilean transformation taking TO to @

Special category : boosts

A = I

yo=O , to = 0 5 = ( v. 0,0 )

t  = E
'

×  =  * '
+ vt

'
=  x 't  vt

µ
IIIe

⇐ trx

X 's
 const

←
- * East# * tenant:

many with velocity ✓

velatue to  unpaired
but with some wish .



Other special categories

Translations : ( t ,x)l→ It +  to
, x+x⇒

Snotral notations : ( t ,x)l→ C t
,

Hx )
.

Every Galilean twstomatn is a composition at these three,

in the sure sense that any Been is a oorpofa rotation

and a translation
.



Alas
,

the Galilean picture is not theories we live  in
.

Observed feet : the speed of light is the same

for  all observes
.

Contracts

Galilean relativity

c=

spegqlot light
, particle tmudvs with speed a

t
'

in pos .
xl

€7
x 't ' ) =  at

' t '=← du

- x(t)=x' It ) + vt
x

'

=
 at + vt

= ( c+¥
note !



then? Michelson - Morley
'

89

Premise .

.

Electromagnetic  waves are waves  on Something -

.  aethen

Earth is nouns with respect to aether
.

-

→ ( w.at .  aetho )

- de• # au →

/ l air ←£
time for red out and back

¥t±=¥

=¥[÷⇐d
=¥[l+kt+oC⇒g

Green :  in restfrane of  aethen

# The for  one leg : £
Time for both legs 21

-1 a

b
Distance at b : Zofn=2d( E)



at =L 't d2EE)
da ¥ =tdtxP÷t ' '

d
'

[ 1- LET ]=e2 - taxi 's

dote . l

¥=¥¥⇒==¥[l+kE5+okEM]

=¥+£( E) 2+210 #F)

Time difference :  red -

green  = £ (E)
2

+ ¥O(€P )

Usually
anpaaf



& *at

@¥*
what

By symmetry , path lengthy
,

and true are some .

Waves add constructively :

sin ( wt ) + sinlwt ) = Zsmlwt ) ] leads to interference
sin ( wt +  ⇒ + sin ( wt ) = 0 patterns

So the difference m travel the Shadd cause

different  intefeece patterns for the two configurations
and should smoothly transition as  apparatus is notated

,

Instead : pattern  is independent of orientation
of apparatus .



Conclusion : v= 0 went .
aetha

.

(Full Aethr dead

Inconsistent with two other experiments

stellar aberration :  assets no aethe drag

Fizeu :  consistent  with partial nether drug

.

Way out : Light travels with velocity a for  all mtetial
observes

.

( So  in rest from of  experiment, no

time difference as apparatus  is rotated )
.



How to put coordinates on spacetime ( radar method
. )

A

0 → observer
,

araeceleatig
,

has  a  watch
.

t
, •

s§•g.y.amst f
to •

By symmetry E has tone  coordinate tot¥ .

How for
any

?

t€to=2St
S×=  cst  =tiz# c



What are events simultaneous with E ?

*#
midway tone betuea sedhreceie is The some

.

Now consider 0
'

tuvelag with velocity v relutue to 0

0 8
• •

( Translation invariance
At

st
' of time differences )x¥ jj"

• D
p



I ¥.¥u
Now suppose 0

'
does  radar :

:###..
.

o⇐
. ,

( simultaneous for 0 ( t=o )

9 parallel to ( k,e)

For 0 : A= C- st
,

- vst )
B= ( st , vst )

C = A  + XA ( l
, e)

= B+tB( A

,
-

e)



- St + XA = St  + to ⇒ ha - ↳ =2St

- vst + tac  = vst - tBc= §A+tB)c=2vSt

ta+kB=z (E) stof.eu#ItftitEt3
tB= XA - 2S⇐ stfl + Ka ]

C= C- st
,

- vst ) + state ) ] ( 1. c)

= ( steel ,
st )

!
a  algebra

.

But C. s on t '=O
.

I. e
. C his Eto ⇐> C=sE[ (E)

,
c ] for

sure SG
.

C = ( t
, x ) , on E '=o ⇐ - at + (E) x=O



i. e. ⇐ (E.) x

It is handy to drew pictures with unto c= 1
.

fxto
0 0

'

t
←

storey
ft

'=O

-

- "

now
" for 0

'

at E

¥##t:iii'ate

, [ t . e) ⇐  cast

Repeat  at different spots  an
0

'
's world line and get

t - ( ⇒ ×= cast ⇐ t 's
 coast

£ '= f ( t - ( Ea) x )



What 's f ?

¥tf¥hiIiItie;;ax⇒
t '= f (t - tax )

at# fCt€EM) [x=rt]
s

* Ips fcs )

I.  e
. we've identified f up to x.

f (g) = Vs for sore

82
. Faz

£ '=r[tE*]



Sinikrhe
,

×
'

is  constant  on lines parallel to x=u£

1

A

#
× '=g( art )

•
'

Atµs¥y#iast¥IoIE':L:D
.1¥ ¥

.

× '=g(×( tag )
on the line t '=O

.

Claims : x '= Bx on  line t '=o for snef .

Assam .us This
,

since E '=o  ⇐ £ - Ex=o

Bx = *' = g ( x - a) = GGLTCEM )

⇒
g 6) = I

1- (E)
2

S

* for  now .



Ie
. × 's g(x . ut ) = F ( x. ut )

Moreover : f=y

.

t.EE#sooia::Es
origin t 's 8 ( t - Ex ) = all . z )

x '=f ( x . vt)=f ( at . ✓ t )

= fat ( the )

× '= at '⇒ fsy
.

E#* the¥I
⇒ Faisal ⇒ sense

¥
⇒ s×' → zsxi

.

⇒
X 's Bx



What's the uabeof 8 ?

×
'

= V ( tut )

€tr(←%× ,
|

×= 8 '(× ' tut 's

t.sk/'+uE ' )

letterhead Handed #



⇐ Hoo:se÷sEigc⇒
→ c÷÷h⇒

litter 'kEH¥l
* rr

'

.lEFKkEtEo⇐i
:o)

Reasonable iymmety : J depends an |u| arty,
so KHr2=#Et⇒r.se#r=tEeF


