Lecture 23.
Relativity of lightwaves and Lorentz-Minkowski coordinates I1.

(Ch. 0-3 of Unit 2 3.27.12)
3. Spectral theory of Einstein-Lorentz relativity (Includes Lecture 22 review)

Applyu.fzg De p.ler Shi t_s to per—space-tzme (ck,w) graph | Lecture 22 ended wo here
CW Minkowski space-time coordinates (x,ct) and PW grids <

Relating Do pler Shi ts b or r=1/b to velocity u/c or rapidity p

Lorentz transformation
Lorentz length-contraction and Einstein time-dilation

4. Einstein-Lorentz symmetry
What happened to Galilean symmetry? (It moved to “gauge” space!)
, : gy Lecture 23 ended here

Thale’s construction and Euclid s means P

Time reversal symmetry gives hyperbolic invariants
per-space-time hyperbola
space-time hyperbola

Phase invariance

5. That “old-time” relativity (“Bouncing-photons’ smoke & mirrors)
The ship and lighthouse saga
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(2) Time-Reversal axiom: r=1/b
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Deriving Spacetime and per-spacetime coordinate geometry by:

( }) Evenson CW axiom “All colors goc” kﬂﬁpﬂ K A and K Bon their baselines. L, P R
(2) Time-Reversal axiom: r=1/b

(3) Half-Sum Phase P=(R+L)/2 and Half-Difference Group G=(R—L)/2 \Z
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Deriving Spacetime and per-spacetime coordinate geometry by:
(1) Evenson CW axiom “All colors go c” keeps K 4 and K g on their baselines.

L P R
(2) Time-Reversal axiom: r=1/b _
(3) Half-Sum Phase P=('R+L)/2 and Half-Difference Group G=(R—L)/2 \Zﬂ
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Lorentz length-contraction and Einstein time-dilation
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Spectral development: Note B=2.0 here.

Euclidian Geometry for Per-spacetime Rc;lativity

relative speed~slope
u/c= sinh p / cosh p= tanh p/C

Key Definition ,;I)tlom Per-time 7 Key Results:
of Rapidity p Ber] . 6;3 o kd,f .
Doppler blue shifi: , WIRRS  Vs. ],lln 5
2N | w=B cos
Bb =Be™P N o P
Doppler red shift: LY N ck=B sinh P
R N roup velocity:
Br=Be™P | 7 ck _u_
- B &+P tanh p
o C
\ phase velocity:
-Pl Atom per-space |~ , T T coth P
2 -1 0 AR 3 4
B sinh p = (B e P~B e P)2 B cosh p = ( B e P+B ¢ P)/2

Deriving relations between Do pler Shi ts b or r=1/b and velocity u/c or rapidity p:
b=1/r=¢"" =cosh p+sinh p
r=1/b=e" =cosh p—sinhp
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Spectral development: Note B=2.0 here.

Euclidian Geometry for Per-spacetime Rc;lativity

relative speed~slope
u/c= sinh p / cosh p= tanh p/C

Key Definition| 20 erime 7 Key Results:
of Rapidity p Taep| @ s ck
. “winks” vs. “kinks”
Doppler blue shifi: ,
Bh =BetP ZIN | w=5 cosh p
Doppler red shift: | 2| ck=B sinh P
— roup velocity:
Br =Be p | == a c _pu_ y
' B etP tanh p
o C
) phase velocity:
-Pl “Atom per-shace | —, — — — €Ol h P
' Be™P N [Zk’ P ck u

2 3 |

Deriving relations between Do pler Shi ts b or r=1/b and velocity u/c or rapidity p:
b=1/r=¢"" =cosh p+sinh p
r=1/b=e" =cosh p—sinhp

Tuesday, March 27, 2012



Spectral development: Note B=2.0 here.

Euclidian Geometry for Per-spacetime Rglativity

relative speed~slope
u/c= sinh p / cosh p= tanh p/C

Key Definition| o Fer-iime : Key Results:
OfRapldlty o, e W vs. ck
. “winks” vs. “kinks”
Doppler blue shifi: ,
sbopetr | T AL =5 cosh p
Doppler red shift: 2| ck=B sinh P
— roup velocity:
Br =Be P |, = a c _pu B y
'- ‘ B etP tanh p
o C
) phase velocity:
-Pl “Atom per-shace |, — — — COL h P
{ Be? inh’ ’Zk, { ck u

2 3 |

Deriving relations between Do pler Shi ts b or r=1/b and velocity u/c or rapidity p:
b=1/r=¢"" =cosh p+sinh p
r=1/b=¢e " =cosh p—sinh p
b—1/b sinhp u_ b*-1_1-r°

— tanhp=—= =
b+1/b coshp PS TSP e
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Spectral development: Note B=2.0 here.
Euclidian Geometry for Per-spacetime Re/elativity

relative speed~slope
u/c= sinh p /cosh p= tanh p/ ¢

Key Definition Atom Per-time ” Key Results:
. o - D) ck
of Rapidity p | Ber| . . b o Kinks”
Doppler blue shifi: , WInES Vs ];n °
2N | W =B cos
Doppler red shift: S RN ck=0B sin P
. A roup velocity:
Br=Be™P =/ ck_u_
o C
5sh phase velocity:
; P w_c_ "
' BePl N Atom per-space k— —=comnp
sinh p ek’ C u
-2 -1 1 2 3 4
Deriving relations between Do pler Shi ts b or r=1/b and velocity u/c or rapidity p:
b=1/r=¢"" =cosh p+sinh p br =1=(cosh p +sinh p)(coshp —sinh p)
r=1/b=e " =coshp—sinhp 1=cosh’p—sinh’p
b—1/b _simhp _ u_b’-1 1-r’ S sinth_l u’
b lle ™ oo TMMS T o S cosh’p  cosh’p = ¢
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Spectral development: Note B=2.0 here.
Euclidian Geometry for Per-spacetime Re/elativity

Y

relative speed~slope
u/c= sinh p / cosh p= tanh

Key Definition| ~tom Per-time 7 Key Results:
a)/
of Rapidity p Tser| Gk) e kCIlf ”
Doppler blue shifi: \ WINKS — VS. l;n §
2N w=B cos
Bb =Be™P e p
Doppler red shift. . ck=B sinh P
— roup velocity:
Br=Be P : F
B e™P tanh P
o C
\ -‘ osh p phase velocity:
' BeP| N Atom per-space ———C0 p
sinh p Ny ck u
L -1 1 2 3 4

Deriving relations between D
b=1/r=¢"" =cosh p+sinh p
r=1/b=e " =cosh p—sinhp
b—1/b _sinhp

u_bz—l_l—r2 1

pler Shi ts b or r=1/b and velocity u/c or rapidity p:
br =1=(cosh p +sinh p)(coshp —sinh p)

1=cosh’p —sinh’p

= tanh p = —
b+1/b  coshp

c P

cosh’p B

1

cosh p = o Y

u/c
\/1—u2/02

sinh p = cosh ptanh p =
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Spectral development: Note B=2.0 here.
Euclidian Geometry for Per-spacetime Re/elativity

relative speed~slope
u/c= sinh p /cosh p= tanh p/ ¢

Key Definition| ~iom Per-time z Key Results:
a)/
OfRapidit)/ p | Be- ) ak) ) - “kqllf )
Doppler blue shifi: ) WwinssVs: l/'l” S
2N | w=B cos
Bb =Be™P N | e P
Doppler red shift: O BN ck=B sinh P
— roup velocity:
Br=Be P 7/ A
'- * B etP tanh p
o C
\ .‘ osh p | phase velocity:
' BeP| \. Atom per-space ———C0 P
sinh p N ck u

-1 1 2 3 4

Deriving relations between Do pler Shi ts b or r=1/b and velocity u/c or rapidity p:

b=1/r=¢"" =cosh p+sinh p 1 1+u/c 1+u/c
coshp = ) b =coshp+sinhp = =

r=1/b=e” =cosh p—sinhp Ji-u®/c? b b Ji—w2/c \1-u/c

b—1/b sinhp u_ b'-1_1-r

= tanhp=— = — sinhp =
b+1/b coshp PS TSP e

u/c

\/l—uz/c2
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Spectral development: Note B=2.0 here.
Euclidian Geometry for Per-spacetime Re/elativity

relative speed~slope
u/c= sinh p /cosh p= tanh p/ ¢

Key Definition| ~iom Per-time z Key Results:
a)/
of Rapidity p N |eer| 0/3 e kC/If )
Doppler blue shift: ) WINKS "~ VS. l/'l” S
2N | W =8B cos
Bb =Be™P 2N | T p
Doppler red shift: O BN ck=B sinh p
- 7 roup velocity:
Br=Be™P 7/ A
'- * B etP tanh p
o C
5sh phase velocity:
' BeP| \. Atom per-space k— —— CO P
sinh p N ok’ C u
2 -1 1 2 3 4
Deriving relations between Do pler Shi ts b or r=1/b and velocity u/c or rapidity p:
b=1/r=¢€"" =cosh p+sinh p 1

, 14+u/c 1+u/c
coshp = ; b =cosh p+sinh p = =
r=1/b=e " =cosh p—sinh p \/l—uz/c2 g b ‘/1—u2/02 1—u/c
o 2 2
b—l/b:smhp:tanhpzz_b 4 b= sinh p = 1-u/c
b+1/b  coshp 1+u/c

u/c
\/l—uz/cz r=coshp—sinhp =

c P
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Lorentz length-contraction and Einstein time-dilation
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Lorentz transform 3
from “lap” vectors £
G and Po:

A

or
“lab”(ct) axis

“tab ’(ck) axis
or

“lab”(x) axis
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Lorentz transform 3. 3
from “lab” vectors 5| 3

G and Plo “atom’” vectors:
G’ = G ¢coshp + Psinhp
P’ = G dinhp + P coshp

P e

“tab ’(ck) axis

coshp or

“lab”(x) axis
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Lorentg transform from “lab” vectors G and P to “atom” vectors:
G’ = G coshp + Psinhp G = G’coshp - P/sinhp
P/ = G sinhp + P coshp =- G'sinhp + P’coshp

Tuesday, March 27, 2012
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Lorentg transform from “lab” vectors G and P to “atom” vectors:

G’ = G coshp + Psinhp
P/ = G sinhp + P coshp

A “professional” notation: (Dirac s bra-kets (a

Lorentz transformation operator L
L|G)=|G")=|G){G|G")+|P)(P|G’) (GIG") (G|P") | ( coshp sinhp | [ (G|L
L|P)=|P")=|G){G|P’)+|P)(P|P’) / sinhp  coshp

G = G’coshp - P/sinhp
P =- G’sinhp + P/coshp

B)=5,, and: |A)(A|+[B)(B|=1 )

G) (G|L|P)

(PIZ|G) (P|L|P)

]:

u/c

1
Jil=u’/c® J1=u’/c?
1

u/c

J1=u’/c® J1=u’/c’
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Lorentg transform from “lab” vectors G and P to “atom” vectors:

G’ = G coshp + Psinhp
P/ = G sinhp + P coshp

A “professional” notation: (Dirac s bra-kets (a

G = G’'coshp - P/sinhp
=— G'sinhp + P/coshp

B)=5,, and: |A><A|+|B (B|=1)

Lorentz transformation operator L u/c
L|G)=|G")=[G)(G|G)+[P)(PIG") [<GG’> <G|P'>}:[ coshp sinh p H<Gw> (Gl /P } W W
L|P)=|P")=|G)(G|P’)+|P)(P|P’) (PIG") (P[P’) silhp  cosh p (PIL|G) (P|L[P) ujc

INVERSE Lorentz transformation L Vi= uz/ S /”
L'G")=|G) =|G'){G'|G)+|P")(P'|G) [<G|G> (G'|P) }[ coshp  —sinhp ” (@6 (6] J Jl N
L'|P")=|P)=|G'}{G'|P)+|P"){P’|P) (P’|G) (P'|P) —sinhp coshp (PG (PP Jlib;/zc/cz \/1_l2/c2

Tuesday, March 27, 2012




Lorentg transform from “lab” vectors G and P to “atom” vectors:

G’ = G coshp + Psinhp
P/ = G sinhp + P coshp

A “professional” notation: (Dirac s bra-kets (a

Lorentz transformation operator L

G = G’coshp - P/sinhp
P =- G’sinhp + P/coshp

B)=5,, and: |A><A|+|B><B| 1)

u/c
L|G>=|G’>=|G><G|G'>+|P><P|G'> (G|G") (G|P) _ coshp sinhp _ (G|L|G) (G|L|P) _ NIES u/c J1- uz/c
L|P)=|P")=|G){G|P")+|P)(P|P") (PIG") (P[P sinhp  coshp (PIL|G) (P[L|P) ufc

INVERSE Lorentz transformation L 1= /C 1=
—u/c

L'G6) =|G) =|G'){G'|G) +|P"){P'|G) (¢16) (¢p) [ coshp —sinhp } (@6 (@) ) Jl wlet i-w/e
L'|P")=|P)=|G')(G'|P)+|P")(P’|P) (P|G) (P|P) | { —sinhp  coshp (PG (P[L|P) —”/C !

\/l—uz/c2 \/1—u2/c2

Q:How do you transform components (g,p) to (¢',p') for any vector: |V)=g|G)+p|P)=¢'|G")+p'|P’)=,,

Tuesday, March 27, 2012
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Lorentg transform from “lab” vectors G and P to “atom” vectors:

G’ = G coshp + Psinhp
P/ = G sinhp + P coshp

A “professional” notation: (Dirac s bra-kets (a

Lorentz transformation operator L u/c
L|G)=|G")=[G)(G|G)+[P)(PIG") [<GG’> <G|P'>}:[ coshp sinh p H<Gw> (Gl /P } W W
L|P)=|P")=|G)(G|P’)+|P)(P|P’) (PIG") (P[P’) silhp  cosh p (PIL|G) (P|L[P) ujc

INVERSE Lorentz transformation L Vi= uz/ S /”
L'G")=|G) =|G'){G'|G)+|P")(P'|G) [<G|G> (G'|P) }[ coshp  —sinhp ” (@6 (6] J Jl N
L'|P")=|P)=|G'}{G'|P)+|P"){P’|P) (P’|G) (P'|P) —sinhp coshp (PG (PP Jlib;/zc/cz \/1_l2/c2

G = G’coshp - P/sinhp
=- G'sinhp + P/coshp

B)=5,, and: |A><A|+|B (B|=1)

Q:How do you transform components (g,p) to (¢',p') for any vector: |V)=g|G)+p|P)=¢'|G")+p'|P’)=,,

A: Find: ¢=(G|V)=(G|G G|G)g

p=(P|V) =(P|G

NHGV)
N{GY)

+HGIP) (P V)= (G
+(P[P")(P]V) =(P|G’

’ + <G| P/> p/

)¢ +(P|P") p’

Tuesday, March 27, 2012
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Lorentg transform from “lab” vectors G and P to “atom” vectors:

G’ = G coshp + Psinhp
P/ = G sinhp + P coshp

A “professional” notation: (Dirac s bra-kets (a

G = G’coshp - P/sinhp
=- G'sinhp + P/coshp

B)=5,, and: |A><A|+|B (B|=1)

Lorentz transformation operator L u/c
L|G)=|G")=[G)(G|G)+[P)(PIG") [<GG’> <G|P'>}:[ coshp sinh p H«;Lm (Gl /P } W W
L|P)=|P")=|G)(G|P’)+|P)(P|P’) (PIG") (P[P’) silhp  cosh p (PIL|G) (P|L[P) ujc

INVERSE Lorentz transformation L Vi= uz/ S /”
L'G")=|G) =|G'){G'|G)+|P")(P'|G) [<G|G> (G'|P) }[ coshp  —sinhp ” (@6 (6] J Jl N
L'|P")=|P)=|G'}{G'|P)+|P"){P’|P) (P’|G) (P'|P) —sinhp coshp (PG (PP Jlib;/zc/cz \/1_l2/c2

Q:How do you transform components (2,p) to ( g’ p’ ) for any vector: |V)=g|G)+p|P)=¢'|G")+p'|P’) =,

A: Find: ¢=(G|V)=(G|G')}(G'|V)+(G[P")(P |V> 8 +(G[P") p’
p=(P|V) =(P|G')(G'|V) <| )P|V) =(P[G)g"+(P|P") pf

| | | g | | (GIG&") (GIP") |[ ¢ | [ coshp sinhp | ¢

In matrix notation: p | <P|G <P|P’> p’ | | sinhp coshp

p’]

Tuesday, March 27, 2012




Lorentg transform from “lab” vectors G and P to “atom” vectors:
G’ = G coshp + Psinhp G = G’coshp - P/sinhp
P/ = G sinhp + P coshp P =- G’sinhp + P/coshp

A “professional” notation: (Dirac s bra-kets (A|B)=5,, and: |A><AI+IB><BI 1)

Lorentz transformation operator L u/c

L|G)=|G")=|G){(G|G")+|P){P|G") [ (G|G") (G|P) }:[ coshp sinhp J:{ (G|L|G) (G|L|P) }: J1- u/c N uz/c

L|P> = P'> =|G><G P'>+|P><P P'> (P|G") (P|P) sinhp coshp (P|L|G) (P|L|P) ufc

INVERSE Lorentz transformation L Vi-u / ¢ \1=u?)
—u/c

L'|G")=

G)=|G){G]G)+[P) (PG) ©16) (Gp) [ coshp -smhp}: @iy @Iee) | | o o
|P>=|G’><G’|P>+|P'><P’|P> ’ —sinhp coshp <P'|L_1|G'> <P'|L_1|P’> —u/c 1

\/l—uz/c2 \/1—u2/c2

Q:How do you transform components (2,p) to (g’ p') for any vector: |V)=g|G)+p|P)=¢'|G")+p’
A: Find: g=(G|V)=(G|G')(G'[V)+(G|P")(P'|V)=(G|G") g’ +(G|P") p’
p=(P|V) =(P[G")(G'|V)+(P[P")(P'|V) = Pl G')g +(P[P") p’

g <G|G' ) (G|P) coshp sinhp g’
In matrix notation: » = <P| > | sinh p  coshp Y

lest it! In per-space-time space-time (2,p)=(ck,w)... ... In space-time (2,p)=(x, ct) it’s the same!

ck | | coshp sinhp ck’ x | | coshp sinhp X
w | | sinhp coshp @’ ¢t | | sinhp coshp ct’

L'|p’)

P,> etc

Tuesday, March 27, 2012
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Lorentg transform from “lab” vectors G and P to “atom” vectors:
G’ = G coshp + Psinhp G = G’coshp - P/sinhp
P/ = G sinhp + P coshp P =- G’sinhp + P/coshp

A “professional” notation: (Dirac s bra-kets (AB)=s,, and: |A)(A|+/B)(B|=1 )

X

ct
_| coshp sinhp 1
- sinhp coshp 0

3 cosh p
| sinh P

ck | | coshp sinhp ck’
w | | sinhp coshp @’

x | | coshp sinhp
¢t | | sinh p coshp

[z

Tuesday, March 27, 2012
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Lorentz length-contraction and Einstein time-dilation
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CW Argon lase
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NS \\PVZ/
“P%{on +
7 N\ path

paths

,~"|Laser Space
~_[X- axis

Atom Space

laser speed +u

- = 4.0c

x~axis

CW Argon faser

Moving

Tuesday, March 27, 2012

32



. A
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Fig. 2.4 Space-time grid intersections mark Lorentz contraction and Einstein time dilation.
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4. Einstein-Lorentz symmetry

What happened to Galilean symmetry? (it moved to “gauge” space!)
Thale s construction and Euclid s means

Time reversal symmetry gives hyperbolic invariants
per-space-time hyperbola
space-time hyperbola

Phase invariance

Tuesday, March 27, 2012
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Euclid's 3-means (300 BC) Thales (580BC) rectangle-in-circle

Geometric “heart” of wave mechanics Relates to wave interference by (Galilean)

phasor angular velocity addition

geometric | y L
mean. /,’/>
1/2 difference
[1- 4] 1 ‘. Re
meun.
2 [4-11=3/2 4+1
AHALF-
l)}fﬂFZﬂRlﬂNR:Z?)

/ 3/2

3
1 4 (units of 300THz)

Linear velocity Vo, Oup/c::u/c

IS (HALF-DIFF./ )=3/5

Sites for animation:

http://www.uark.edu/ua/pirelli/php/means_1.php

http://www.uark.edu/ua/pirelli/php/half sum 2.php

Lecture 23 ended here

Fig. 3.3a Euclidian mean geometry for counter-moving waves of frequency 1 and 4. (300THz units).
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( Cl) Sum Of Wave Phasor Army http://www.uark.edu/ua/pirelli/php/means_1.php

Groupior Beat: Node ISW LSO}
\
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(b) Typical Phasor Sum: (c) Phasor-relative views

Red phasor?/wh X A moves relative to B
. A
[3 B Sum: W, 5=V, *VYp | -~ \\
cos 7N \
/ \
PLUS v N\

sin T
o | / A BTVA Vg

cosQL / \\
\ / (@=B) B moves relative to A
Green phasor A Jlo=Byz

/

/////(OL—B)/’Z,a"

7

-

EQUALS: ¥, s7VatVp

I////
/%wﬂyz N\ Vs

Fig. 3.1 Wave phasor addition. (a) Each phasor in a wave array is a sum (b) of two component phasors.
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