Relativity of wave-optics and Lorentz-Minkowski coordinates I.

Ch. 2 Of Unit 8 CMwBang! and p. 1-23 Relativity&QuantumTheory by Rule&Compass
1. Optical wave coordinates and frames
Old-fashioned vs. New-fashioned spacetime frames
Dueling lasers make lab frame space-time grid (CW or PW)
Comparing Continuous-Wave (CW) vs. Pulse-Wave (PW) frames with Review of Light

2. Applying Occam's razor to relativity axioms
Einstein PW Axioms versus Evenson CW Axioms (Traditional: The "Roadrunner” Axiom)
CW light clearly shows Doppler shifts
Check that red is red is red,...green is green is green,...blue is blue is blue,... etc.

Is dispersion linear? ... does astronomy work?... how about spectroscopy?
Is Doppler a geometric factor or arithmetic sum?

Introducing rapidity p = [n b.
That old Time-Reversal meta-Axiom (that is so-oo-o neglected!)

3. Spectral theory of Einstein-Lorentz relativity
Applying Doppler Shifts to per-space-time (ck,w) graph

CW Minkowski space-time coordinates (x,ct) and PW grids
Relating Doppler Shifts b or r=1/b to velocity u/c or rapidity p

Connection: Conventional approach to relativity and old-fashioned formulas
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1. Optical wave coordinates and frames

+ Old-fashioned vs. New-fashioned spacetime frames
Dueling lasers make lab frame space-time grid (CW or PW)

Comparing Continuous-Wave (CW) vs. Pulse-Wave (PW) frames
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e Opftical wave coordinate manifolds and frames
Shining some light on light using complex phasor analysis

Old-fashioned meter-stick-clock frames New-fashioned laser clocks & meter sticks

E. F.Taylor and J. A, Wheseler Spacetime Physics (Freeman San Francisco 15966) " 1 T i "
o comg | Complex Phasor Clocks : Tesla’s AC “phasor

1% 1. Thy Guumwiny ol Specelive
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+ Asin{ke—wi )

Re WiThe “[s7)
——TRe ¥

Phasor clocks
furn
clockwise
in time for
posifive @

Fla. 9. Lausooweark of mrder succs arad docke Fig, 10, Labmaratory midl pocken fraies Tlee teg Boiesedrks e disked § seanid agn

300THz Laser plane wave {x,t |k,®) = Ae/"™ WV
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New-fashioned laser clocks & meter sticks (cona)

(] ) Spacetime ( 5, ) Per-Spacetime
X versus Cl | :
/“laser phasors” @) versus Ck
4- 1200THz
Nl
A Frequency Frequency
® 3- 900THz V=021
per-time per-sec.
T50THz or 400nm  ~
omw=1v !f:i{f.'/;{/,-t po A s B 2-| 600THz
J00THz= or 750nm ,
v ) \\ “ st Ba.s’c,"
\\\ K
v-A=c N N
. per-spdace
' ck
Space x
Single plane-wave meter-stick-clocks are too fast (...But at least this view is constant )

’t catch’ . .
Ccntess™ Interfering wave pairs needed
to make rest frame coordinates...
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1. Optical wave coordinates and frames

Old-fashioned vs. New-fashioned spacetime frames
+ Dueling lasers make lab frame space-time grid (CW or PW)

Comparing Continuous-Wave (CW) vs. Pulse-Wave (PW) frames
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Zeros of head-on CW sum gives (x,ct)-grid

“Ist Base” laser “3rd Base” laser

Right-moving wave el(kx-ot) Left-moving wave el(-kx-o1) Cw Spacetime
GO0THz laser — ST — O00THz laser Sltﬂﬂdfﬂg X versus Cl
(green) Re reen) Wave CW square grid

Rest Frame Coherent Wave paths
(Cartesian grid)

fime of
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Zeros of head-on CW sum gives (x,ct)-grid

“Ist Base” laser “3rd Base” laser

Right-moving wave el(kx-ot) Left-moving wave el(-kx-o1) Cw Spacetime
GO0THz laser — ST — O00THz laser Sltﬂﬂdfﬂg X versus Cl
(green) Re reen) Wave CW square grid

Rest Frame Coherent Wave paths
(Cartesian grid)

fime of

Per-Spacetime

(D) versus C k
“Baseball” Diqmond

Find zeros by factoring sum: Laser 47 1200THz

( kx-o1) -kx-ot)

. . ) o \"'3rd Basg st Base”” !
—pi(a+b)/2 (el(a-b)/Z + e-z(a-b)/Z )
\— -+ I / K .
Phase factor: Group factor:
n | PHASE vector GROUP vector
expl(a b):e—l(!)l 200S (a;b) =2 cos (I\'X) P:(K_}-{-K ‘_)2 (;=(K_)-K (_)2
2 2 | Laser

per-space
ck-axis
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1. Optical wave coordinates and frames

Old-fashioned vs. New-fashioned spacetime frames
Dueling lasers make lab frame space-time grid (CW or PW)
+ Comparing Continuous-Wave (CW) vs. Pulse-Wave (PW) frames
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http://www.uark.edu/ua/pirelli/php/waves_interfering_montage.php
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http://www.uark.edu/ua/pirelli/php/waves_interfering_montage.php
http://www.uark.edu/ua/pirelli/php/waves_interfering_montage.php

Newton's “Fits " in Optical Interference
Newton complained that light waves have “fits " (what we now know as wave inferference or resonance.)
Examples of interference are head-on collision of two Continuous Waves (2-C'17) or two Pulse Waves (PW)

ime e Continuous Wave (CW) Addition

&l

Sharp zeros trace
square grid

I‘flr Wl

) PLU S ' EQUALS (Peaks are diffuse)
S N pulses R Y -
X Tl Standing R, _o _('
pulses § (Zeros are diffuse)
PLUS EQU ALS Sharp peaks trace
diamond grid

http://www.uark.edu/ua/pirelli/php/waves_interfering_montage.php
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Newton's “Fits " in Optical Interference
Newton complained that light waves have “fits " (what we now know as wave inferference or resonance.)
Examples of interference are head-on collision of two Continuous Waves (2-C'17) or two Pulse Waves (PW)

[ L §

ine e Continuous Wave (CW) Addition

Sharp zeros trace
square grid
(Peaks are diffuse)

« Lefi moving

Pulse Wave (PW) Addition
RN

Tl Standing & o *

pulses
EQUALS

G
(Zeros are diffuse)

Sharp peaks frace
diamond grid

Pulse Wave (PW) sum compared with Continuous Wave (CW) sum

« PW waves are OFF (0) or ON (1) « ('[1” waves range continously from -1 to +1
* PW sum is Boolean  (0,,0,),(0,.1,). « ('I77sum is more subtle and nuanced interference.
(]L’DR)’(]L’]R}' +R '

» (I time zero-square paths are subtle i

results of the half-sum P-rule  P=R+L
andthe W |

/it R half-difference G-rule

of phase Pand oroup @ zeros.

« PW time peak-diamond paths are wysiwy®
(What you see is what you expect!)

http://www.uark.edu/ua/pirelli/php/waves_interfering_montage.php
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CW Laser
600 THz

(a) CW squares
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RN
="\ . o o
Ligh{v\vé\% are the lead actors in our portrayal of relativity and quantum theory.
o ~C
= S

This differs from standard treatments following Einstein’s original works that
are based more on Newtonian notions of particles, bodi_es;, and rigid frames. [ ];
Light, which Newton also regarded as fundamentally coﬁrfyugcular (particle-like),
had by the late 1800's been shown to have a fundamental wave natire due to
work of (among others) Young, Huygens, and most notably, Maxwell.

Then one of Einstein’s 1905 works, following Planck’s 1900 hypothesis
ot light quanta, showed that light also had to have a particle-like nature.

=\
AL =0, 97 A - - -
Wave-particle duality may be understood by looking at interference properties

of waves in general and how that applies in particular to light waves.
AN A AN IBEEER]

Relativity and quantum mechanics are practically the same subject when viewed
in the light of wave interference/resonance, that 1s, light wave addition.
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It helps to introduce two archetypes of light waves and contrast them.

The first (PW) 1s a Particle-like Wave or part of a Pulse-Wave train.
The second (CW) 1s a Coherent Wave or part of a Continuous-Wave train.

(1) The PW archetype

PW amplitude 1s ZERO
everywhere except here...and here...and here...

PW amplitude...
...1s mostly flat ZEROS.
...but has sharp PEAKS.
...1s best defined by where it /S.

e

Ideal PW shape is a Dirac Delta function.

(Discussed on next page)

(2) The CW archetype
CW amplitude is NON-zero
everywhere except here...and here...and here...and here...

Y NER” VIR 3
Yy ¥V W

...1s mostly NON-zero with rounded crests and troughs.
...but has sharp ZEROS.
...1s best defined by where it 1S NOT.

Ideal CW shape is a cosine wave (cos(9))

(Discussed on next page)

Thursday, January 23, 2014
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..continuing to contrast two light wave archetypes:

PW Pulse-Wave trains
(1) The PW archetype

PW amplitude is ZERO

everywhere except here...and here...and here...

versus CW Continuous-Wave trains.
(2) The CW archetype
CW amplitude 1s NON-zero

everywhere except here...and here...and here...and here...

NER” VIR 3
Y ¥ W

Ideal PW shape is the Dirac Delta function o(0)... | Ideal CW cosine wave (cos(®)) shape using right triangle geometry...

infinitely high at one point and zero elsewhere! 1s found in student-\calculators,
(Definition: 6(()=o0 if p=0 else 6(d)=0) Also, cos B e
its area is one! ( |d® 6(d)=1) This mathematical R H

definition 1s not attainable in a laser lab.
(An infinite pulse uses all the energy in the universe!)

Real laser lab PW shape varies a lot...
...Gaussian? ...sawtooth?...square?...etc.

AAA AAA DO

Quite a variety of shapes.
(A jungle of possibilities!)

= H sin 60°

60°

H cos 60°

Real laser lab CW shape 1s very nearly a cosine wave and can be
tuned precisely to any frequency (or color if it’s in visible spectrum)
radio...microwave... ...infrared... (re green blue )...ultrﬁv—ﬁ\v/}olet...

vt v’

versus  All the same shape. i
(Differing only 1n frequency, amplltude, and phdse )

Thursday, January 23, 2014
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PW forms are also called

Wave Packets (WP) il
since |
they are

interfering

sums of

many

CW terms Tcos(20)
(10-Cosine Waves—%
make up this pulse

cos(")

+cos(30)

+cos(40) /

+cos(s
CW terms a oS
also called

Color Waves

+cos(60)

+cos(7)

or

Fourier et \ /
Spectral FoosC
Components +eos(109)

4— (narrow regions of peaks)—#

(wide regians of zeros
ﬁ o % R

CW terms interfering constructively |

|
CW terms interfering destructively |
|

’

/

(this ®-dimension is

d=kx - ot

time and/or space)

.. and vice-versa ...
CW forms can be
made artificially
from PW sums ...

m!ﬂ""”’ "”Hh.

T,
N

(this 1s digital
sampling or
digital-to-analog
synthesis.)
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PW widths reduce proportionally with more CW terms (greater Spectral width)

Space-time width (pulse width)

At=1

At = 1t/2
At =1/5
At =1/10
At = 1/50

(1

(2

A

S

(10

(50

cosine/wave

cosine wav

<« | »

| Cosm/ewjev\/\
<>

cosine wa\{g‘s)

\
‘/\L:\/\/\N\/
/10

cosine wavgs)

More prone
fo
interference
More

Wave-like

More
Particle-like

Less prone
fo
interference

e

/50

this dimension is time

Spect al width (harmonic frequency range)

I CWterm - Av=I1v= fundamental frequency
Av =v=1/1
‘;I|I|IIII‘IIIOI|||IIIllzléll|IIII|3|CI)II|||IIAI6II|IIIIISO
2 CW terms Av=2v (up to 2nd octave)
AU :2U IZII|IIII‘Illoll||IIIIélél||IIIIéI(I)IIIIIIIAI(I)IIlIIIIISO
4&1)251) (up to Sth)
5 CWtermS I!!||I|IIII||||III||||||IIII|||I|||I|||I||||||III
Av =5V 5 10 20 30 40 50
Av=10v (up to 10th)
< »
10 CW terms |l I
1l I|||||||I||II| Trrrprenrprrenpennejennegenni
AU :1OU 10 20 30 40 ISO
Av=50v
50 CW terms (|||| m
AU :SOD |||||IIII‘=ICI) |IIII20 ||30 |||IIA-I6II|IIIII50

this dimension is frequency or per-time

Fourier-Heisenberg product: At *Av =1

(time-frequency uncertainty relation)

http://www.uark.edu/ua/pirelli/php/waves_pw_from_cw_width.php
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How fast is light? Light goes one foot in a nano-second .
This may seem quite fast to us.

But, on a cosmic scale lightspeed is positively sub-glacial. In your lifetime light
cannot cross one pixel () of the Hubble photo below.

Thursday, January 23, 2014
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< one foot > /\
Ways to recall (roughly) the speed c of light : ~—
Light travels ~one foot in one nanosecond..|
g Je o
[ foot ~I d d ~ P
ool ~ -nanosecon one nanosecon
US-English IOOHz
units R . or.
...or~one billion feet in one second... T~
)/
\_/:4 ~ -
[ billion feet ~1 -second one foot .

Metric
units

<] foot=0.3048 meter
— |

Light travels ~3/ 70 of a meter in one nanosecond...

3/10 meter ~1 -nanosecond

...or~3 hundred million meters in one second...

300,000,000 meters ~1 -second

Current Standard ¢ Value
K. M. Evenson - US NIST

c=299 792 458 meters/second

c=186,282.397 miles/second

http://www.uark.edu/ua/pirelli/php/lightspeed _memnonic.php

Thursday, January 23, 2014
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Think of light wave as pairs of steps: length per step = wavelerLgth A

. length per step

Wave speed c is — | : | i
lime per Step :/\_/\/
_A : " RIGHT " RIGHT
€T = =
length per step = wavelength A length per step = wavelength A
lime per step
= per iod T /\\ orle nanosecond
\/ \/
: /
steps per time =Frequency V=

§

/\\ J m 1 lime per step

one joot

|
Frequency v = -
|

[ foot = 0.3048 meter

|

|

|
'%& 1524 meter

http://www.uark.edu/ua/pirelli/php/wave_pair_steps.php
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Light speed using per-space and per-time meters per step = wavelength )

Wave speed c is steps per second EW

steps per meter " RIGHT RIGHT
v 1
C= steps per meter =Wave-number K =

meters per step

seconds per step Wave-number © = >
= period T
orie nanosecond

steps per second = Frequency v = !

seconds per step

4/\ 1
- > | m Frequency v = -

one foot

|

|

|

|

|

i< 1 foot = 0.3048 meter
: ! v A
| c= c =AMV | ¢c= .
' 1/2 foot= 0.1524 meter

speed formulae:
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Continuous Wave in Spacetime world defined by one vector in Per-Spacetime

ct

ct

c(seconds)

c_(].OnS)
] =

slower
than

X

o~

2
Ct

. light

than
light (one foot)
045 m |0-3 m
x (meters)
c(seconds)
¢(1.0 ns) /\/\
slower /\/\
than
_ light /\/\
C(05 nS) faster

than

.V
(one foot)

|0.3 m

uOu;-\\.«E

R
N

X (meters)

V (per second)
2.0 GHz
V V
faster [ — — c =
than CK K
light
.0 GHz slower
than
lignt
c(0|.33/m) c(0.67/m) c(1.0/m)

cK (per-meter)

V (per second)
2.0 GHz
faster U
than =
light CK
0 GHz slower
N tharn
lignt
c(0.33/m ) c(0\67/m) c(1.0/m)

cK (per-meter)
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Color depends on light frequency v ... Frequency v
blue 1200 THz 4-=i200THzZ
Frequency v=o/2n (vacuum UV)
750 THz invisible)
(Waves per second)
blue
9‘&"1:%1“;)” N NN 900THz
Frequency v=w/2x
600 THz x
(Waves per second) /\ /\ /\ 750THz
oreen N_ N N
- S N PN '
orange 600(2;;35 ~— ~—__ h00THz
Frequency v=w/2m TN TN
500 THz —— <__~ 500THz
(Waves per second) orange /\
~__— 400THz
Aowmmzmalt .~ 14 300THz
red | % (near infrared)
Frequency v=w/27 red
400 THz
(Waves per second)
(invisible)

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

Thursday, January 23, 2014
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Color depends on light frequency v or wavelenth \... A=250nm Frequency v

blue 1200 THz lase 4200 THZ
Frequency v=w/2m (vacuum UV)
750 THz invisible) @ = 4¢ |
(Waves per second)
Wavelength A=1/x i |
400 nm = 0.4 um = 3¢
(meters per wave)
900 THz laser
(near UV)
Frequency v=w/2x
600 THz x
(Waves per second) /\

Wavelength A=1/x | &reen \/ N NS
500 nm = 0.5 um W |=2c 500mm

(meters per wave)

e J600THz las -
ICaun g @m) B
Frequency v=w/2T s \(50<0nm !.
500 THz - ~N___ ol
(Waves per second) orange 750nm
Wavelength A=1/x /\4\//
600 nm = 0.6 um A= 1000nm= 1um=Lmicron
(meters per wave) = ﬁ/Lle\ 1

\/

| red |

Frequency v=w/2m
400 THz

(Waves per second)

Wavelength A=1/x
750 nm = 0.75 um

(meters per wave)

547.72nm=547.72THz

Thursday, January 23, 2014 21



Color depends on light frequency v or wavelenth K...k_

A=250nm Frequency Vv

547.72nm=547.72THz

j— 47
blue || Wavespeed c=A-v=A/T=v/Kk=m/k 1200 THz lasex 4-==:200THzZ
Frequency v=w/2T |Wavenumber k=k/27 | @mmUV)
750 THz 2.5 Million/meter nvisible) = 4c
(Waves per meter) (Waves per meter)
Period t=1/v Wavelength A=1/x blue
1/(750 T)sec. 400 nm = 0.4 um = 3c
(Seconds per wave) (meters per wave) =43 3 33nm . A
| Wavespeed c=A-v=A/1=v/k=w/k 9%23%]6)’“ 3+ 900THz
Frequency v=0/21 | Wavenumber k=£4/2T
600 THz 20,000/cm x 400nm
(Waves per second) (Waves per centimeter) \/ /\\/ ~ ’/\\ 750THz
Period 1=1/v Wavelength A=1/x | green
1/(600 T)sec. 500 nm = 0.5 um W |[=2c =12 500nm
(Seconds per wave.) (meters per wave) < ;
J600TH las N 00THz
@l‘ Wavespeed c=A-v=A/T=v/K=m/k (green) 600mm —
Frequency v=0/21 |Wavenumber k=k/2T TN N
= < 500TH.
500 THz 16,667/cm ranec —_ 250 ~__~— — “
(Waves per second) (Waves per centimeter) nm o
Period T=1/v Wavelength A=1/x /\<\// 400THz
1/(500 T)sec. 600 nm = 0.6 um A= 1000nm= lum= CroNn
(Seconds per wave.) (meters per wave) 4300 THz laser ‘\/ﬂ/LmLK\ 1 3 OOTHZ
red [Wavespeed c=Av=A/t=v/k =0/k | (et nfrarcd)
Frequency v=w/21 | Wavenumber xk=£4/271 b ;
...but light speed
400 THz 13,333/cm & P
(Waves per second) (Waves per meter) c=299 , 792 , 458m/s
Period t=1/v Wavelength A=1/x is independent of Color
1/(400 T)sec. 750 nm = 0.75 um 0
(Seconds per wave.) (meters per wave)

Thursday, January 23, 2014
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Frequency Wavelength vs. perceived color

1951 CIE “5Shde Rule™ for Human Perception

Ua)suly 03 prponyg

e CIE 1931 x, y chromaticity diagram
520 nm

540 nm

O[00 ¥V

570 nm
580 nm
590 nm
600 nm

G20 im
650 nm

-
4 5 Al

0.1 ¢ 0.3 0.4 0.5 0.6 0.7

"} l"l - ) . ~
380 nm . chromaticity coordinate

>
E
=
5]
&
2
g
%
:
3
:
3
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2. Applying Occam s razor to relativity axioms

Einstein PW Axioms versus Evenson CW Axioms (Traditional: The "Roadrunner” Axiom)
CW light clearly shows Doppler shifts
Check that red is red is red,...green is green is green,...blue is blue is blue,... etc.
Is dispersion linear? ... does astronomy work?... how about spectroscopy?’
Is Doppler a geometric factor or arithmetic sum?
Introducing rapidity p = In b.

That old Time-Reversal meta-Axiom (that is so-00-o neglected!)

Thursday, January 23, 2014 25



Afhert Finsiein

I879-1955

Tradition: Start with the "Roadrunner” Axiom!

Einstein Pulse Wave (PW) Axmm PW speed seen by all observers is ¢

It's going -c. It's going c.

gome .' gomng | A “road-runner” axiom

It's going -c. t's going c.

(Of course) (Of course) is a “show-stopper”

= I I
SRS ¥ II = . gamEm,
\ It's going -c. It's going c.
Pulse wave (PW) train
J‘ x JL A jeos @it Aycos 200 A qeos YoiA geos ot Complicated
o

4 3 4 PW peaks precisely locate places where wave is.

Thursday, January 23, 2014
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Credits

Pseudo-Latin names given

Release
E Title Duration For the Road Acme Corporation devices used Books Studied
date Story/writing  Direction For the Coyote
Runner List 1-17 of Roadrunner Episodes
leratii i Chuck Jones-Wikipedia-2012
1 [1949917 |Fastand Fumy-ous  |6:55 |Michael Maltese [ChuckJones |/ cceierat Lo ACME Super Outfit L
incredibus vulgaris
_ Accelerati Carnivorous Asprin, Matches, Rocket-Powered Roller
2 1852:5:24 Beep, Beep 6:45 Michael Maltese Chuck Jones i . .
incredibilus vulgaris Skates
Acceleratti Carnivorous an anvil, a weather balloon, a street
3 1952823 Going! Going! Gosh!  6:25 Michael Maltese | Chuck Jones ’ '
hd 9 incredibilis vulgaris cleaner’s bin, and a fan
o , Velocitus Road-Runnerus Giant Kite Kit, Bomb, Detonator,
4 1953919 Zipping Along 6:55 Michael Maltese |Chuck Jones tremenjus digestus Nitroglycerin
n = Tri ” = .
6 1964814 |Stop/LookiAnd Hastenl|7:00  |Michael Maltese |Chuck Jones | O TOOdCUS | ibus anythingus |70 Soed. Triple Strength Fortified Leg | "How to Bulld a
supersonicus Muscle Vitamins Burmese Tiger Tra
, ) Famishus-
6 1955-4-30 Ready, Set, Zoom! 6:55 Michael Maltese Chuck Jones Speedipus Rex R, Glue
7 1955-12-10 Guided Muscle 6:40 Michael Maltese Chuck Jones Velom?us Ea"bl,’s a ACME Grease
delectiblus anythingus
8 1956-5'5 Gee Whiz-z-z-z-z-z-z 6:35 Michael Maltese Chuck Jones Delicius-delicius Eatius birdius e
B85 Goee WHIiZ-ZeZZZZ= - | I I
Armor Plate, Rubber Band, Jet Bike
: Dig-outius Famishius
9 |1956-11-10 There They Go-Go-Go! 6:35 Michael Maltese Chuck Jones
tid-bittius fantasticus
_ Tastyus . L ACME Dehydrated Boulders, Outboard
10 (1957126 Scrambled Aches 6:50 Michael Maltese Chuck Jones . Eternalii famishiis 3“
supersonicus Stean Roller
11 1957-9-14 | Zoom and Bored 6:15 Michael Maltese Chuck Jones Birdibus zippibus Famishus vulgarus ACME Bumblebees
, Birdius Famishius vulgaris
12 1958:4:12 Whoa, Be-Gone! 6:10 Michael Maltese Chuck Jones . ) : _— Tornado Seeds
high-ballius ingeniusi
. : . . Famishius-
13 1958-10-11 Hook, Line and Stinker 5:55 Michael Maltese Chuck Jones Burnius-roadibus P
o . digoutius- _ )
14 1958126 Hip Hip-Hurry! 6:13 Michael Maltese Chuck Jones ) . eatius-slobbius
unbelieveablii
ishius- -Propelled P tick, Jet-Propel
15 195059 |HotRodandReell  |6:25 |Michael Maltese ChuckJones | oUPer-sonicus- Famishius e e [ Nors!
tastius famishius Unicycle
Hardheadipus Giant Elastic Rubber Band, 5 Miles of
16 1959-10-10 Wild About Hurry 6:45 Michael Maltese |Chuck Jones Batoutahelius . — P Railroad Track, Rocket Sled, Bird Seed, None
P Iron Pellets, Indestructo Steel Ball
) Velocitus Carnivorous
17 1960-1-8 Fastest with the Mostest 7:20 None Chuck Jones : . .
incalcublii slobbius
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vHard-headipus ‘Christmas Packaging Machine,
18 1960-10-8 |Hopalong Cas 6:05 Chuck Jones Chuck Jones speedipus-rex
opalong i/ 4 poede ravenus Earthquake Pills
. .digoutius- o | List 17-34 of Roadrunner Episodes
19 1961-1-21 | Zip ‘N Snort 5:50 Chuck Jones Chuck Jones hot-rodis evereadii eatibus Chuck Jones-Wikipedia-2012
‘ h at
20 196163 |Lickety-Splat 620 |Chuckdones | oK ON0s, | Tty ||| PO Roller skis, dart bombs
Abe Levitow giganticus
21 |1961-11-11 |Beep Prepared g0 WonnDum. |ChuckJones,  Tidbitius Hungrii flea-bagius | ACME Iron Bird Seed
oép Fropare ' Chuck Jones Maurice Noble | velocitus ungrii flea-baglus ron Bird ee
John Dunn
Adventu f the Road ' Super-Sonnicus  Desertous-
Film | 1962:6-2 niures ofthe Ho8C 126:00 | Chuck Jones, | Chuck Jones teor ! ous
Runner ) Idioticus operativus |dioticus
Michael Maltese
h e . =
22 |1962:6-30 |Zoom at the Top 6:30 Chuck Jones < uc'k Sl - ) ; _' e overognfudentn Bird seed, instant icicle-maker, boomerang
Maurice Noble quickius vulgaris
23 |1963-12-28 | To Beep or Not to Beep' 6:35 oLl L Sl None None
P P 1o Chuck Jones Maurice Noble
24 196466 | War and Pieces 6:40 | John Dunn Chuck Jones, |Bum-em upus  |Caninus nervous |, ..o Paint
Maurice Noble asphaltus rex
Super-Sonnicus
25 1965-11 Zip Zip Hooray!2 6:15 John Dunn Chuck Jones = None
Idioticus
L3
26 |1965-2'1 Road Runner a Go-Go® |6:05 John Dunn Chuck Jones None None None
_ Friz Freleng,
27 11965-2:27 | The Wild Chase 6:30 None None None
Hawley Pratt
) ) ) Robert
28 |1965-7-31 | Rushing Roulette 6:20 David Detiege : None None
McKimson
Run, Run, Sweet Road . ,
29 |1965-8-21 6:00 Rudy Larriva Rudy Larriva None None
Runner
30 /1965-9-18 | Tired and Feathered 6:20 Rudy Larriva Rudy Larriva None None
i31 | 1965-10-9 ‘Boulder Wham! 6:30 Len Janson ‘Rudy Larriva ‘None None ‘Deluxe Hi-bounce Trampoline Kit
32 1965-10-30 Just Plane Beep 6:45 Don Jurwich Rudy Larriva None None War Surplus Biplane
‘Snow Machine, Magnetic Gun, Practice
33 1965-11-13 |Hained and Hurried 6:45 Nick Bennion Rudy Larriva None None , Su;;er Bo:i’ Kit
34 1965-12-11 Highway Runnery 6:45 Al Bertino Rudy Larriva None None
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35
36
37

38
39
40
41

42

43
44

45
Film
46
47

48

49

1965-12-25
1966-1-8

1966-1-29

1966-2:19
1966-3-12

1966-11-5

1979-11-27

1980-5-21

1994-12-21

2000-12-30

2003-111

2003-11-14

2010-7-30

2010-9-24

20101217

TBA

Chaser on the Rocks
Shot and Bothered

Out and Out Rout

The Solid Tin Coyote
Clippety Clobbered

Sugar and Spies

Freeze Frame

Soup or Sonic

Chariots of Fur®

Little Go Beep

The Whizzard of Ow

Looney Tunes: Back in

Action

Coyote Falls®
Fur of Flying3

Rabid Rider

Untitled Wile E. Coyote

6:45
6:30

6:00

6:15
6:15

6:20

6:05

9:10

7:00

7:55

7:00

91:00

2:59

3:03!""

3:07

and Road Runner Short 5:38

Film

Tom Dagenais

Nick Bennion
Dale Hale
Don Jurwich
Tom Dagenais

Tom Dagenais

John W. Dunn
Chuck Jones

Chuck Jones

Chuck Jones

Kathleen

Helppie-Shipley,

Earl Kress

Chris Kelly

Larry Doyle

Tom
Sheppard!'®

Tom Sheppard

Tom Sheppard

Tom Sheppard

Rudy Larriva
Rudy Larriva

Rudy Larriva

Rudy Larriva
Rudy Larriva

Robert
McKimson

Chuck Jones

Chuck Jones,
Phil Monroe

Chuck Jones

Spike Brandt

Bret Haaland

Joe Dante

Matthew
O'Callaghan

Matthew

O'Callaghan!'"!

Matthew
O'Callaghan

Matthew
O'Callaghan

None

None
None
None
None

None

Semper
food-ellus

Ultra-sonicus ad

infinitum
Boulevardius-
bumupius

Morselus

babyfatius tastius

Geococcyx
californianus®

None
None
None

None

None

None

None

None

None
None

None

Grotesques
appetitus

Nemesis ridiculii

Dogius ignoramii

Poor schnookius

Canis latrans®

Desertus operatus
idioticus
None

None

None

None

List 35-49 of Roadrunner Episodes
Chuck Jones-Wikipedia-2012

Suction Cups

No ACME labeled devices used.

Do-it-Yourself Kit Remote Control
Missile-Bombs

Book of Magic, Flying Broom, Bomb, Clear "
Paint

Bird Seed, Bungee Cord

Bonnie Bike, Mega-Motor, Football Helmet,
Ceiling Fan

Hyper-Sonic Transport
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2. Applying Occam s razorjto relativity axioms

Einstein PW Axioms versus Evenson CW Axioms (Traditional: The "Roadrunner” Axiom)
CW light clearly shows Doppler shifts
Check that red is red is red,...green is green is green,...blue is blue is blue,... etc.
Is dispersion linear? ... does astronomy work?... how about spectroscopy?’
Is Doppler a geometric factor or arithmetic sum?
Introducing rapidity p = In b.

That old Time-Reversal meta-Axiom (that is so-00-o neglected!)
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Afbert Finstein

I879-1955

Witfiam of Ockham

1285-1349

Kenneth Fvernson

J0Ze 2002
=299 702 J58 m's

Using
Occam'’s
Razor

fand Evenson s lasers)

Einstein Pulse Wave (PW) Axmm PW speed seen by all observers is ¢

It's going -c. 7 |Wsgoingc. A “road-runner” axiom
It's going . '4.- Usgoing C.| e o “show-stopper”
(Of course) I/ (Of course) oppe
[« 7
f T
— E
It's going -c. It's going c.
Pulse wave (PW) train
A jeos @it Aycos 2ot A zeos 3ot A geos ot Cﬂmpﬁcated
&
‘ 3 ) peaks precisely locate places where wave is.
Continuous wave (CW) train CW zeros precisely locate places where wave is not.

Acos af Simpler

Evenson Continuous Wave (CW) axiom.: CW speed for all colors is ¢

t's going -c. . It's going c. .y .
It looks red! It's going . it looks bluel It's going c. More self-evident
It looks green. ' It looks green. “must-be” axiom
60 TH=z
(green) —:mm..

i B ¥ aw & F LT
T e i, W00 0 W — -'-*1-*-
'm Laser Deppler red shiifi

It's going . SONFCE
It looks blue!

It's going c.
It looks red!
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2. Applying Occam s razor to relativity axioms

Einstein PW Axioms versus Evenson CW Axioms (Traditional: The "Roadrunner” Axiom)
CW light clearly shows Doppler shifts
Check that red is red is red,...green is green is green,...blue is blue is blue,... etc.
Is dispersion linear? ... does astronomy work?... how about spectroscopy?’
Is Doppler a geometric factor or arithmetic sum?
Introducing rapidity p = In b.

That old Time-Reversal meta-Axiom (that is so-00-o neglected!)
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Doppler Shifts
in
Spacetime
X versus Ct

600T er J

Hz las .
(green) ¥

Doppler Blueshift

More “hits "per sec. if moving

toward laser source

hit” ‘hit”

Related subject matter at:
http://www.uark.edu/ua/pirelli/php/doppler_segue.ph

Doppler Redshift

Fewer “hits” per sec.if moving

away from laser source

‘hit”

Doppler’s picture needs
revision for light whose
period and wavelength
both shift.

Why?

...S50 that
all colors

go the same speed!

v-)t=/l=(2=c

VA= erc.

Thursday, January 23, 2014
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CW Axiom ( “4ll colors go c.”) based on Doppler effects

Showing that Green is Green is Green...(and all the same speed)...
Any color (like 600THz green) may be made by any other
color source Doppler shifted by some speed u (less than c) How ma ny ways

7 7 o can you make
1 J & 1ZRer frequency u
— ” source recedes so its 6 00 TH Z g ree I’I?

Doppler factor ((}<r=1) 1
I:W red-shifis v to match a frequency v -
REPERED a0n i H=-tuned receiver. &
Ib . BmTHz Frequency v oviiii- {ﬁ!’»‘h’,.l' W
w—— — matches receiver. 700
o 600

S 3K}
IHAEmR ... :
\ . Lower frequency v 300

source approaches so its
I Q&G\h Doppler factor (1<-b<x)
hg /. — blue-shifis v to match a

Al H=--tuned receiver.

wavenumber ck/2n

I (inverse wavelength 1/A)

—How many kinds of green exist?
(It'’s either 1 or «.)

Related subject matter at:

Thursday, January 23, 2014
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2. Applying Occam s razor to relativity axioms

Einstein PW Axioms versus Evenson CW Axioms (Traditional: The "Roadrunner” Axiom)
CW light clearly shows Doppler shifts
Check that red is red is red,...green is green is green,...blue is blue is blue,... etc.
Is dispersion linear? ... does astronomy work?... how about spectroscopy?’
Is Doppler a geometric factor or arithmetic sum?
Introducing rapidity p = In b.

That old Time-Reversal meta-Axiom (that is so-00-o neglected!)
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Evenson CW Axiom ( “Ail colors go c.”) is only reasonable conclusion:
Linear dispersion:® = ck

Linear dispersion means NO dispersion
Einstein PW is corollary of Evenson CW
frequency v W = ck

&S00

700 600THz line
600
3060 ,
400 vacuum can 't support an

300 / co-number of “other speeds”’

wavenumber ck/2n
(inverse wavelength 1/A)
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Evenson CW Axiom ( “Ail colors go c.”) is only reasonable conclusion:
Linear dispersion:® = ck

Linear dispersion means NO dispersion
Einstein PW is corollary of Evenson CW
frequency v W = ck

&S00

700 600THz line
600
3060 ,
400 vacuum can 't support an

300 / co-number of “other speeds”’

wavenumber ck/2n
(inverse wavelength 1/A)
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Evenson CW Axiom ( “Ail colors go c.”) is only reasonable conclusion:
Linear dispersion:® = ck

Linear dispersion means NO dispersion
Einstein PW is corollary of Evenson CW
frequency v W = ck

&S00

700 600THz line
600
3060 ,
400 vacuum can 't support an

300 / co-number of “other speeds”’

wavenumber ck/2n
(inverse wavelength 1/A)

What if blue were to travel 0.001% slower than red
from a galaxy 9 billion light years away? (.and show up 10° years late)

That would mean Good-Bye Hubble Astronomy!

Thursday, January 23, 2014



What if v=600THz green excited an Ar atom but NOT a X=0.500um optical cavity? (orvice-versa?)

N
2V

S
U

I

That WOMld mean GOOd‘Bye Light Ampliﬁcation by Stimulated Emission of Radiation .
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Evenson CW Axiom ( “dil colors go c.”) is only reasonable conclusion.
Linear dispersion: ® = ck

Linear dispersion means NO dispersion
Einstein PW is corollary of Evenson CW
frequency v W 5 ck

800 = c/A

700 600THz line
600
500 ,
400 vacuum can 't support an

300 / co-number of “other speeds”’

wavenumber ck/2n
(inverse wavelength 1/A)

What if v=600THz green excited an Ar atom but NOT a X=0.500um optical cavity? (orvice-versa?)
Now 7

That WOMld mean GOOd‘Bye Light Ampliﬁcation by Stimulated Emission of Radiation .
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Evenson CW Axiom ( “All colors go c.”) is only reasonable conclusion:

Linear dispersion: ® = ck

Linear dispersion means NO dispersion
Einstein PW is corollary of Evenson CW

800
Z00)
6N
300
400

frequency v ® 5 ck

600THz line

vacuum can’t support an

300 / co-number of “other speeds”’

wavenumber ck/2n
(inverse wavelength 1/A)

What if blue were to travel 0.001% slower than red
from a galaxy 9 billion light years away? (.and show up 10° years late)

That would mean Good-Bye Hubble Astronomy!
What if v=600THz green excited an Ar atom but NOT a X=0.500um optical cavity? (orvice-versa?)

I

>1
‘%‘
That WOMld mean GOOd‘Bye Light Ampliﬁcation by Stimulated Emission of Radiation .

38
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L
Linear Dispersion (means NO dispersion) has all colors (Fourier components) march in “lockstep”

W ZTC'onst.) ) k ‘

o
\_/

(D N A R N N
7 o—— S 3
€ e a Wt e W

- N i/ s —

See animation: www.uark.edu/ua/pirelli/php/train_PW_Occum_Evenson.php
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2. Applying Occam s razor to relativity axioms

Einstein PW Axioms versus Evenson CW Axioms (Traditional: The "Roadrunner” Axiom)
CW light clearly shows Doppler shifts
Check that red is red is red,...green is green is green,...blue is blue is blue,... etc.
Is dispersion linear? ... does astronomy work?... how about spectroscopy?’
Is Doppler a geometric factor or arithmetic sum?
Introducing rapidity p = In b.

That old Time-Reversal meta-Axiom (that is so-00-o neglected!)
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If all colors always march in lock-step then
any Doppler shift must be geometric factor,
that is, the same multiplier for all colors.

If 300THz Doppler shifts to 600THz (1 octave-shift=2.0)

< TTTRRETE 1IN

locktstep ’
Then 600THz Doppler shifts o 1200THz (1 patave-shift=2.0)

=i 1] i

aaaaaaaaaaaaaaaaaaaaaaa
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If all colors always march in lock-step then
any Doppler shift must be geometric factor,
that is, the same multiplier for all colors.

If 300THz Doppler shifts to 600THz (1 octave-shift=2.0)

< TTTRRETE 1IN

locktstep +
Then 600THz Doppler shifts o 1200THz (1 patave-shift=2.0)

== 1] i

aaaaaaaaaaaaaaaaaaaaaaa



If all colors always march in lock-step then
any Doppler shift must be geometric factor,
that is, the same multiplier for all colors.

If 300THz Doppler shifts to 600THz (1 octave-shift=2.0)

< TTTRRETE 1IN

locktstep ’
Then 600THz Doppler shifts o 1200THz (1 patave-shift=2.0)

=i 1] i

Doppler shifts maintain frequency ratios (not differences)

1-D Doppler shifts{red=eP ...blue=e P} form a Lie Group
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2. Applying Occam s razor to relativity axioms

Einstein PW Axioms versus Evenson CW Axioms (Traditional: The "Roadrunner” Axiom)
CW light clearly shows Doppler shifts
Check that red is red is red,...green is green is green,...blue is blue is blue,... etc.
Is dispersion linear? ... does astronomy work?... how about spectroscopy?’
Doppler a geometric factor or arithmetic sum?
Introducing rapidity p = In b.

That old Time-Reversal meta-Axiom (that is so-00-o neglected!)
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Frequency blue shift b when
Source-Receiver interval is

>>CLOSING<<
U

IN DR eceiver

—= —=p=elPI> ]

Frequency red shift r when

Source-Receiver interval is
<<OPENING>>

(9, :
RECEWEF:;»:g‘/P/-{]

efining Rapidity p a5 USp,co

VD L
our “Source \;agm'mm of Dogpler

p = In(b or r/
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Source v A=300THz

Carla Bob Alice
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Frequency blue shift b when Frequency red shift r when
Source-Receiver interval is Source-Receiver interval is
>>CLOSING<< <<OPENING>>
U

D .
IN DR eceiver Receiver

i —ph=etPl> ] D == PI< ]
U(JUT DSDMFE‘E \Deﬁmng Rapidty p a5 ZSource

logarithm of Doppler
p = In(b or r/

Source v A=300THz

Alice

Bob
| | 600THRR 3 5

V=br Uy Vp=bp, U,

Thursday, January 23, 2014 45



Source v A=300THz

Carla Bob Alice

Thursday, January 23, 2014 46



Frequency blue shift b when
Source-Receiver interval is
>>CLOSING<<
U

D :
TIN Recezver:b:€+’p,:}]
U

ouUT DSDMFE‘E

Frequency red shift r when

Source-Receiver interval is
<<OPENING>>

(9, :
RECEWEF:;»:g‘/P/-{]

\Deﬁning Rapidiy p as US[}HFCE

logarithm of Doppler

p = In(b or r/

Bob
| | 600THRR 3 5

Vp=bp, U,

V=br Vy=brp Vg

Source v A=300THz

Alice
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Source v A=300THz

Carla Bob Alice

V=br Vy=brp Vg Vp=bp, U,

=bcp b VA
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Frequency blue shift b when
Source-Receiver interval is
>>CLOSING<<
U

D :
TIN Recezver:b:€+’p,:}]
U

ouUT DSDMFE‘E

Frequency red shift r when

Source-Receiver interval is
<<OPENING>>

(9, :
RECEWEF:;»:g‘/P/-{]

\Deﬁning Rapidiy p as US[}HFCE

logarithm of Doppler

p = In(b or r/

Bob
| | 600THRR 3 5

Vp=bp, U,

V=br Vy=brp Vg

=bcp b VA

Source v A=300THz

Alice
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2 times 2 = 4 Doppler arithmetic

Bob
| | 600THRR 3 5

Source v A=300THz

Alice

V=bcy VA=brp Vp Vp=bp, Uy
=bcp bp,y V4
4 )
This implies:
bey=bcpbpy
\_ J

b-Product rule
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Frequency blue shift b when Frequency red shift r when
Source-Receiver interval is Source-Receiver interval is
>>CLOSING<< <<OPENING>>
U

D .
IN DR eceiver Receiver

i —ph=etPl> ] D == PI< ]
U(JUT DSDMFE‘E \Deﬁmng Rapidty p a5 ZSource

logarithm of Doppler
p = In(b or r/

2 times 2 = 4 Doppler arithmetic Source O . =300THz
A=

Carla Bob Alice
2 | TR 14
~ RECEIVERC FECE|/EF B
V=bc  VA=bcp Vg Vp=bp, U
=bcp bp Vp
a4 )
This implies:
be=bcp bpy
\_ Y,

b-Product rule
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Frequency blue shift b when Frequency red shift r when

Source-Receiver interval is Source-Receiver interval is
>>CLOSING<< <<QOPENING=>>
UV VU : URE::*EIVEF
U()E T DSDMFE‘E \D efining Rapidizy p as USGHF{?E
J logarithm of Doppler
p = In(b or r/
Examples: Examples:
feceiver Source Source Keceiver

p=In(1/2)=-0.69
Source Receiver

p =1In(2)=0.69
Keceiver Source
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Each Doppler shift %; maps to a Lorentz transformation T,

Receiver Source Reciever Source Receiver Source
A B B C C A

Y 600THzN | & » ¥\ "SSSNOS > o = 57722722675 u » | | 600THz

@@ Q‘K@ G{@

——b —eP4B 2 D B(—ePB( —]/4 v‘—b(4—ep(4 =7

Vg 4

v
B—ln(2)=0.69 ¢ p=In(1/4)=-1.38 pey= In(2)=0.69
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Each Doppler shift %; maps to a Lorentz transformation T,

Receiver Source Reciever Source Receiver Source
A B B C C A

Y 600THzN | & » ¥\ "SSSNOS > o = 57722722675 u » | | 600THz

G{@ G{@Z G[@'{

— —b —eP4B—2 — =b,- =ePBC=1]/4 o '—b( 4—eP( A=2

Vg 4

U
B—ln(2)=0.69 “p=In(1/4)=-1.38 P, = In(2)=0.69
Group product T, T, ~=T,,
. VD, U
is represented: 2 B_ "4

Ug Vo D C
( by IN-OUT “nematodes )

ePAB e PBC=ePaC =e P1B* PBC)

..and rapidity p, is a Galilean (arithmetic) parameter

To be shown: p,p = atanh(u ,/c) appr;gaches (u,/c) for: p  ,<<I
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2. Applying Occam s razor to relativity axioms

Einstein PW Axioms versus Evenson CW Axioms (Traditional: The "Roadrunner” Axiom)
CW light clearly shows Doppler shifts
Check that red is red is red,...green is green is green,...blue is blue is blue,... etc.
Is dispersion linear? ... does astronomy work?... how about spectroscopy?’
Is Doppler a geometric factor or arithmetic sum?
Introducing rapidity p = In b.

* That old Time-Reversal meta-Axiom (that is so-00-o neglected!)
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Inverse to Lorentz transformation T,,is T,

® ] k) @ v @ v
..just as the arithmetic inverse of * is 7
Up A

.just as the arithmetic inver... of ePis IS ePss =ePus
.just as the arithmetic inver... of p,, IS py,= —p,p

See animation: www.uark.edu/ua/pirelli/php/time_rev_sym.php
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Inverse to Lorentz transformation T, is T ,,
. o ¢« o V, +« D
..just as the arithmetic inverse of * is 53
Up A
.just as the arithmetic inver... of ePis IS ePa =ePis
..just as the arithmetic inver... of p,, IS p,,= —p,;

Detailed time reversal symmetry
implies r=1/b.

Approaching

SOQUrce

(600TH= green)

b=1/r
Time-Reversal
+U ™ -U Symmetry Source g™ Receiver
demands
r =]'.."'ﬂ

Velocity Flip Cause-Effect Flip

Receding receiver sees
Doppler red-shift of
[ 20011z source 1o 60071z
(6O0THz)=r(1200TH=z)
with r=1.2

See animation: www.uark.edu/ua/pirelli/php/time_rev_sym.php
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Connection: Conventional approach to relativity and old-fashioned formulas

Thursday, January 23, 2014

54



Deriving Spacetime and per-spacetime coordinate geometry by:

(I) Evenson CW axiom“All colors goc” keapﬂ KA and KB on their bﬂSEHﬂﬂT- 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 \[ : _\G

atgn speed -u z§ - atom speed 0 l-{j:.
i D D4 R

LASER LAB FRAME ATOM FRAME view of LASER WAVES
LaserPer-Spacetime

(1) versus Ekﬂ

3—|900THz

730TH=

W]

2— 600THz

00T H= or 500nm

— _']' {1l 'I.' 'Jl' J.',_-

s P L 400TH=
" ,.-t.._ "'u
2 1{300THz/
Ut &
2\ \> Laser per-space
ck

-2 -1 ) 1 2
- -
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(a) Right-moving CW e!(x-0Y (b) Leﬁ-movmg CW ei(-kx-wt)

: k=+2 ®=2c =-2 ®=2c '
CW Dye-laser CW Dye-laser
600 THz 600 THz

IAaaNA //I/ % */VY//’// 7'7”¥/§(i/’
AR AAN \ \’\J,\L.f.\;\«,i\,,\,\,,\,),,\,,\,,\,\,.,5.: 48 /Im\lj V AANANN AAAANAAANNK

Re\ll @

‘\‘

Time ct

Wavelength \=21/k=1/K
(0.5mm=0.5-10"m)

Period t=2n/mw=1/v
(].67ﬁ=0.]67-]0'15s)

Space x Space x : :
(c) Standing CW in space-time (d) Dispersion plot Fig. 5 in SR&OM
W(x,t) =(e®)(2coskx)=e! (%01 + gl (-kx-01) in per-space-time
0 lgiase){g”ggg |‘I)'| ’ ) recall also:

factor factor group

p. 3-11 of Lect. 1

\ zero F
T ¢ requency
N\ o
S
= Phase vector
1/2-sum 15000 &
Relehase -zer .y Group vector
R+L o
phase P= 1200, 1/2-difference
—G= R-LL
L=K 5 group - group 2
e
-2 R

Wavevector ck
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(2) Time-Reversal axiom: r=1/b

fopn speed -u —

Feooria)] | | 1S

LASER LAB FRAME
LaserPer-Spacetime

(1) versus Ekﬂ

(3) Half-Sum Phase P=(R+L)/2 and Half-Difference Group G=(R-L)/2

Deriving Spacetime and per-spacetime coordinate geometry by:
(I) Evenson CW axiom “4/l colors go ¢ kﬂ&pﬂ KA and KB on their baselines.

L Y R

EVAE

o D)
=)

1R 4222 H—<4 W JcZzy

ATOM FRAME view of LASER WAVES

AtomPer-Spacetime
ﬂ.)f versus CK g = “MIZGGTHE

3 —

2— 600THz

o
,,:E‘l

- K )
aser per-spdce

750TH= or 400nm

E]Ir}lr}l_ll-fl_ aF 2R
M"'\-\.
1 g .x"
A ‘i-.%

400TH= or 75016 ¢

W'3=1/2+(2)=1

______ 1- SR

1
b2

1
f—

Atom per-space

ok =(-1,1) ck’
8 I > '
{Ha:’ved Doubled 3 j
3rd base distance Ist base distance
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Connection: Conventional approach to relativity and old-fashioned formulas
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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

aiom speed -u need
¥ eoorhzl| | ﬁl | |7 soorkz? MIIHH—NI Im
ATOM FRAME view of L '

LASER LAB FRAME
LaserPer-Spacetime AtomPer-Spacetime
ﬂ.)f versus C k 74 - x]ﬁZ'ﬂﬂTHZ e it —.___T-'i.- _'_-_ /T

(1) versus Ekd

750TH= op 400nm

2 600THz 600TH= or 500mm

Atom per—sg:i:m‘:e
~(-1,1) ck”

1 ) |
Halved 3 4

3rd Fm'e distance

Do u%)!ea’
It base distance
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Deriving Spacetime and per-spacetime coordinate geometry by:
L " R

(1) Evenson CW axiom “All colors go c” keeps K 4 and K g on their baselines.
(2) Time-Reversal axiom: r=1/b

(3) Half-Sum Phase P=('R+L)/2 and Half-Difference Group G=(R—-L)/2

LASER LAB FRAME
LaserPer-Spacetime

AtomPer-Spacetime
(1) versus ij-_i,

mfversus C'qu_ 1200THz “‘";"" - __-__'____'_.____"_____ .

Z30TH= ord00nm

GO

400TH:= or 75010022

Atom per-space

ck’

/-
f Doubled
Fbase distance Ift base distance

/

3r
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Phase-vector: P’ =

in per-space-time (@ ,ck)

RO+ 1L/

/
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’
phase

ck’

phase

)]
Phase-vector: P’ =

in per-space-time (@ ,ck)

+1
P =
a),I"OI/l 2
Group-vector: G’ = ‘g: ’ SN
ckgmup e
in per-space-time (@ ,ck) =B // 2
e’ —e?
. 2
P/
K,=L’
-p
Z Bl /¢
_ P

s e
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’

@ group

ck’

group

Group-vector: G’ =

in per-space-time (@ ,ck)

A

’
phase

ck’

phase

)]
Phase-vector: P’ =

in per-space-time (@ ,ck)

/_I_ L/
P = “R’
cosh e’
73 P =B|
sinh e
s1nhp
QE P,
8 ;E' ----------- E--G[ : G, — R, R
K,=L’ 4 Q
=
[P 87t hh p
=B/ | \& /) L=
_eTP | coéh p coshp
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’
phase

ck’

phase

)
Phase-vector: P’ =

|

in per-space-time (@ ,ck)

a),roup
Group-vector: G’ = [ g, ]
Ck group
in per-space-time (@ ,ck) e
@’“
ad
i)
OQOS W ,&.\W\e
(c\‘w o
84 o/ . g w ;i
s )
“xS o
.o 59
s
) e
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U
, J L
, 6ophazse ’\,\
Phase-vector: P’ = ) 3 Q
Ck phase ;&/ ()
Q N
in per-space-time (w,ck) . &\Q )
N .
e .
5 A3
D S A
Group-vector: G' = ) Y X)
Ckgmup \b
v O
in per-space-time (o ck) Poirf(w,ck) Q‘@ A .W\@
A A
VP vck) ¢
G'in(w,c : @Q (@ig\ QV,SQO
G’in(ct,x) p jds W / ’,@W\@
P’ futct , x) 3 in(w,
| (& sy
() oY ' W
_ Q@‘VS ) Y "in(ct,x)
< WD c?
“X o SQO«
W
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A v ¥
§ g S Q&
3l 3 3 L
o g & /3
S| 3 o
s %\%‘ -
. . %
§ s
VAR
\ Q \\
\
v Y
B in(w,ck) i\@«\ L e
vop vck) e
G'in(w,c : @Q (@g\ @V,SQO
G’in(ct,x) jds W - ’“m@
P’ futct, x \g‘) o in(w,
’ (€ o SP
¢ oY/ . w
il
eV’ \ “tab ”(ck) axis
ck or
“&S S S‘Qo “lab”(x) axis

B W -
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(a) Right-moving CW e'("*-©/9

k=+4 o ~4c
CW UV-laser
1200 THz

Rey,

Time ct’

r

avelength A=2m/k=1/K
(0.25um=0.25-10"%m)

Space x,I‘PI
(c) Minkowski CW-grid )

(b) Left-moving CW (k-0

k,=-1 o_=Ilc

CW IR-laser
300 THz

Rey_,

N

Wavelength \=2m/k=1/K
(Ium=10"5m)

group

Space x’

(d) Dispersion plot

= /
600 phase
/

/
/v v’
L=K_1 00 1 G Kgroup

| 1+ 43 14

Wavevector ck’

Fig. 9in SR&OM

recall also:
p. 3-11 of Lect. 1
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Space x,I‘PI Space x’

(c) Minkowski CW-grid woup  (d) Dispersion plot
T \ / /" y Fig. 9 in SR&OM
ime /

c l, recall also:

p. 3-11 of Lect. 1

Wavevector ck’
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(a) Alice’s standing CW (x,ct) frame (b) Bob’s (x,ct’) view I
S ope

Sl()pe: (gi oup =lan P

Veroup = 0
Egmup Tlme r Slope

phase

Time
ct cTisinhp —cothp

2
cTicoshp>»!
Einstein-Lorentz Transformation (ELT) of spacetime (x,ct) coordinates... 2
X{any) | coshp sinhp X(any) - X(any) | coshp —sinhp X any)
, — . - . 14
& sinhp coshp Ct ) ) Ct iy ) —sinhp  coshp Cl iy
...1s based upon the same ELT of per-spacetime (ck,w) coordinates... Old-fashioned notation
(discussed below)
@y | [ coshp sinhp D ) here. coshp sinhp | [y By
Ky sinhp coshp CK gy ) sinhp coshp By v

71
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'‘Baseball Digcond "

‘r’u,r Laser '

(Per-space-time Cartesian lattice)

= per-time k=,
=2V
_‘.-kl'fu.'.l.{]_
Fral hame . Ixl e
PA"
O r d
L perypdoe
ks ck=2m Kk

\( b} Laser group and phase wavevectors

fot Laser Coberent Wave (CW) paths
(Space-time Cartesian grid)

furee of

>

(e} Laser Pulse Wave {PW) Paths
fSpace-time Diamond grid)

Soce X

;
(b} Boosted group and phase waveve ctors-

fa) Boosted Laser " Baseball Diamond ™
(Per-space-time rectangle)

J20aThz FOOTIe
& TALLT e
Leffoe-Rygi Rghi-i-Lefi
Heam F{”ﬂ. ”IJHE Heaom
H ‘# :
kg @=2rv K
|"
Hl"
|
Fa Ea
I.J _h -

per-space

-

. g
ch _'}I'L'J'g.,'.ff

L
(Per-space-time Minkowski latticeff

-~ '

J
P

iy

fc) fu=3c¢ 3)-Boosted CW paths
(Space-time Minkowski grid)

f”? (e} Boosted PW Paths
" fRec ngular grid)

fme

atom speed -u—-

[ aser lab views

@ =—— Atom VIEWS (sees lab going ~u
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Connection: Conventional approach to relativity and old-fashioned formulas
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:

’
wphase D R,+ ’ .
v =P'= 5 =,
¢ phase
\
(
R/+L
group 7 .
v =G’ = > =,
¢ group
\

e’ +e P

A|lw B|Ww

Al MW
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:
(o b (
e +e S
w;hase , R,+ ! 2 COSh p 4
, :P = = (UA = wA . = a)A
Ckphase 2 el —e P sinh P E
.2 (4
( eP _ e—P \ ( E \
@0 . RH4L 9 sinh 4
, :G = = a)A = (UA = a)A
Ckgmup 2 e’ +e " cosh P 2
.2 4 )
Calculate phase velocity and group velocity of coordinate waves:
% ’ vV . inh
phase _ wp,hase _ Cf)Shp _ g _ COthp group _ g:oup _ sinh p _ é — tanhp
C Ck e SN 3 C ko, COSHP 5
VvV’ p_ P _p! 21
group _ z =tanhp _ e e_ _ b b_l _ b2 _
c c e’ +e” b+b b+l

p

old-fashioned
relativity
parameter

3=u/c
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:
(o b (
e +e S
w;hase , R,+ ! 2 COSh p 4
, :P = = (UA = wA . = a)A
Ckphase 2 el —e P sinh P E
.2 \ 4
( eP _ e—P \ ( E \
@0 . RH4L 9 sinh 4
, :G = = a)A - = (UA = a)A
Ckgmup 2 el +e P COShp 2
.2 4 )
Calculate phase velocity and group velocity of coordinate waves:
Vphase _ w;hase _ COShp _ g _ Cothp Vgroup — g:()up _ Slnhp _ é _ tanhp
c ck)ype  SiDhp 3 c ck.,,, coshp 5
VvV’ p_ P _p! 21
group _ z =tanhp _ e e_ _ b b_l _ b2 _
c c e’ +e” b+b b+l
Solve =p for Doppler-blue factor:

p

old-fashioned
relativity
parameter

3=u/c
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:
(o b (
e +e S
w;hase , R,+ ! 2 COSh p 4
’ :P = = wA = wA . = a)A
Ckphase 2 el —e P sinh P E
.2 \ 4
( eP _ e—P \ ( E \
@0 . RH4L 9 sinh 4
, :G = = a)A B — a)A — a)A
Ckgmup 2 e’ +e " COShp 2
.2 4 )
Calculate phase velocity and group velocity of coordinate waves:
Vphase _ w;hase _ COShp _ g _ Cothp Vgroup — ;':oup _ Slnhp _ é _ tanhp
c ck)ype  SiDhp 3 c ck.,,, coshp 5
VvV’ p_ P _p! 2_
b2_1:ﬁb2+ﬁ group zzztanhp:e e :b b : :b2 15
o c c e’ +e” b+b b+l
b*—Bb” =1+
Solve == for Doppler-blue factor:

p

old-fashioned
relativity
parameter

3=u/c
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:
(o b (
e +e S
w;hase , R,+ ! 2 COSh p 4
, :P = = (UA = wA . = a)A
Ckphase 2 el —e P sinh P E
.2 \ 4
( eP_e—P \ ( E \
@0 . RH4L 9 sinh 4
, :G = = a)A = (UA = a)A
Ckgmup 2 e’ +e " COShp 2
.2 4 )
Calculate phase velocity and group velocity of coordinate waves:
Vphase _ w;hase _ COShp _ g _ Cothp Vgroup — ;':oup _ Slnhp _ é _ tanhp
c ck)ype  SiDhp 3 c ck.,,, coshp 5
VvV’ p_ P _p! 2_
b>—1=Bb>+ , WP Zwow Y panhp=S S = b=b _b=l
DB =14 B b :@ c c e’ +e” b+b' b+l
— =1+
Solve =p for Doppler-blue factor:

p

old-fashioned
relativity
parameter

3=u/c
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:

( e’ +e” ( 5
a);hase , R,+ 2 COSh p 4
’ :P = = wA = wA . = wA
Ckphase 2 el —e P sinh P E
L2 \ 4
( el —e” ( 3
@0 . RH4L 9 sinh 4
) =G’ = =, =, =,
Ckgmup 2 e’ +e " C()Shp 2
.2 4 )
Calculate phase velocity and group velocity of coordinate waves:
Vphase B w;hase B coshp 5 _ coth sroup ;mup __sinhp é _ tanh Oldfasl.ziQned
c ck., sinhp 3 comp c «ck,, coshp 5 B relativity
’ P_o P pep ] parameter
b2—1: b2+ 1+ﬂ 810U z —tanh 0 = € ¢ = _ = _ = :u/c
> f g b* = P e’ +e” b+b' b+l P p
P ld-fashioned
Solve ’;H bluefactor 1+ l+ul/c l+ul/c E1+[3 old-fashione .
_ l—ulc \/1 PR 2 Lorentz x-contraction
parameter
A=1-1u>/c
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:

( e’ +e” ( 5
w;hase , R,+ 2 COSh p 4
’ :P = = wA = wA . = wA
Ckphase 2 el —e P sinh P E
L2 \ 4
( el —e” ( 3
@0 . RH4L 9 sinh 4
) =G’ = =, =, =,
Ckgmup 2 e’ +e " C()Shp 2
.2 4 )
Calculate phase velocity and group velocity of coordinate waves:
Vphase _ w;hase _ COShP 5 _ th group __ ;r()up _ Sinhp . é . tanh Old-]FaShloned
c ck,, sinhp —comp c «ck,, coshp 5 i relativity
’ P_o P pep ] parameter
s L L O I
b* = P e’ +e? b+b' b+l P 3
Solve = bluefactor 1+ l+ul/c l+ul/c 1+[3 old-fashioned
i — l—ulc \/1 42/ 2 A Lorentz x-contraction
arameter
Convert Lorentz parameter to hyper—funcnon A=1-u?/c? N ]\9/1 "
=+l-u'/c
1 1
:\/l—tanthzsechp: =—
coshp vy

Thursday, January 23, 2014

80



Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:

( e’ +e” ( 5
a);hase , R,+ 2 COShp 4
, :P = = a)A = wA . = wA
Ckphase 2 el —e P sinh P E
.2 \ 4
el —e” ( 3
@0 . RH4L 9 sinh 4
) =G’ = =, =, =,
Ckgmup 2 e’ +e " C()Shp 2
.2 ) 4 )
Calculate phase velocity and group velocity of coordinate waves:
V hase _ w;hase __coshp _ 5 — coth p growy _ Dogrowp  _ sinh p _ 3 _ tanh p Old'f aS}.ll?ned
c ckl,, sinhp c «ck,, coshp relativity
, L o pp B parameter
1+/3 S 2 panp =SS0 s —u/c
b* = P e bab b P :
Solve = bluefacmr 1+ Itulc _ _1tulc _1+P old-fashioned
s _ l—u/c \/1 2k A Lorentz x-contraction
parameter
Convert Lorentz parameter to hyper—functzon A=1-u?/c? PN e
=~Nl—-u/c
— T tanh® p =sechp=—— =1
= anh” p =sechp = coshp  y old-fashioned
Einstein t-dilation
parameter
1
’)/ =
\/ 1-u’/c’
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:
(o b (
e +e S
w;hase , R,+ 2 COShp 4
, :P = = a)A = wA = wA
Ckphase 2 el —e P sinh P E
.2 \ 4
( el —e” ( 3
a);roup , R,+ ! 2 Slnh p 4
) =G’ = =, =, =,
Ckgmup 2 e’ +e " C()Shp 2
.2 4 )
Calculate phase velocity and group velocity of coordinate waves:
Viiase _ @ppase _ COSHP 5 coth o _ Dy _ SiDhp 3 (anh p old-fasl.ii.oned
c ¢k, sinhp 3 P c ckgmup cosh p relativity
arameter
/ P_e? bbbl P
1+ﬁ ﬂ_ﬁ_tanh _e ¢ _ _ _3 |B=u/c=tanhp
b* = P e’ +e? b+b' b+l P
Solve Z+1 bluefactor 1+ l+ul/c l+ulc 1+[3 old-fashioned .
_ l—ulc \/1 42/ 2 A Lorentz x-contraction
Convert Lorent ter to h tion: A=1- parameter
onvert Lorentz parameter to hyper-function: u® /¢’
P yperf lzx/l—uz/czzsechp
= \/1 —tanh” p =sechp = Lt _1
- p =secip = coshp v | old-fashioned
Einstein t-dilation
parameter
l—y— 1 =coshp
\/ 1—u’/c’
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:

e’ +e’ 5
w;hase _P,_ R,+ —w 2 — COSh p - W 4
ck’ e 2 oer—eP “| sinhp 3
.2 (4
( el —e? [ 3
Porr | _ ey R _ 2 |_, | smhe |_ | 4
Ck;mup 2 ! e’ +e " ! cosh p 5 2
.2 ) 4 )
Calculate phase velocity and group velocity of coordinate waves:
Viiase _ @ppase _ COSHP 5 coth o _ Dy _ SiDhp 3 (anh p old-fasl.ii.oned
c ke SiDh P 3 P c ckgmup cosh p relativity
, b p o g g2 parameter
bz_l-l—ﬂ group_z_tanhpze e_ :b b_1:b2 1Eﬁ ﬁ:u/c:tanhp
—@ e’ +e” b+b b+l
Solve == blue factor: 1+ Itulc  ltulc _1+B; I old-fashioned .
_ l—u/c \/1_u2 R oreniz x—conttmctzon
; parameter
Convert Lorentz parameter to hyper-function: A = \/ 1—u’/c*
P yP f --------------------------- ; | | l:\/l—uz/czzsechp
Doppler-blue (again E = - = .
pzz (: g ) e 145 = /1 —tanh® p = sech i =7 [ oldfashioned
b=e"=coshp+sinhp = m =7 Einstein t-dilation
---------------- ' parameter
l—y— 1 =coshp
\/ 1—u’/c
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas: y
e’ +e” (5
w;hase , R,+ ! 2 COSh p Z
’ :P = = wA = wA . = wA
Ckphase 2 el —e P sinh P E
.2 \ 4
( el —e” (3
@0 . RH4L 9 sinh 4
, =G =, =, =,
Ckgmup 2 e’ +e " C()Shp 2
.2 4 )
Calculate phase velocity and group velocity of coordinate waves:
Voase @ coshp 5 " o a)gp _sinhp 3 - old-fashioned
c ckphase sinhp 3 comp c ¢k, coshp P relativity
ter
v’ e parame
bz_l-l—ﬂ group_z_tanhpze e_ :b b_1:b2 1Eﬁ ﬁ:u/c:tanhp
—@ e’ +e” b+b b+l
Solve = blue factor: I+ _ Ltulc _ l4ulc 1+ B! old-fashioned
o _ l—u/c \/1_u2 2 A Lorentz x-contraction
. parameter
Convert Lorentz parameter to hyper-function: A = Ji—u? /e
P YP f --------------------------- : . . l:\/l—uz/czzsechp
Doppler-blue (again 5 = \/1—tanh’ p =sechp = =— :
PP ( g ) ule  1+B ‘/ P P coshp v | old-fashioned
b=e" =:_C_QS_h/0Jr sinh p = e A Einstein t-dilation
3 -'-: - uc ---------- ' parameter
L : B l—y— 1 =coshp
A \/—M/C \/ —u’/c? \/1 u>/c’
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Connection to conventional approach to relativity and old-fashioned formulas

Given phase and group wave formulas:

( e’ +e’ ( S
a);hase , R,+ 2 COSh p 4
, =P'= = a)A B = Q)A ) = wA
Ckphase 2 el —e P smhp E
.2 \ 4
( o — P ) ( 3 )
@0 . RH4L 9 sinh 4
/ =G"= =, _ =W, =W,
Ckgmup 2 e’ +e " C()Shp 2
\ 2 ) 4 )
Calculate phase velocity and group velocity of coordinate waves:
Vopase _ @y _cOshp 5 _ coth p vow _ Doy _ SiDNP 3 (anh p old-fashioned
c ¢k, sinhp c ckgmup cosh p relativity
, . s parameter
> 1—|—ﬁ group—z—tanhp:ep—epzb_b :b_lzﬁ ﬁ:u/cztanhp
b :@ e’ +e” b+b' b+l
Solve == blue factor: +p _ [Hufc __l+uic 14 B: old-fashioned
bl _ l—u/c \/1— 2/ R Lorentz x-contraction
C t Lorent ter to h tion: A=+1- - parameter
onvert Lorentz parameter to hyper-function: u’/c®
P yp f ___________________________ : | | )L:\/l—uz/czzsechp
D - E = = =— :
oppler blue (agam) e 145, = /1—tanh® p =sech coshp 7 | old-fashioned
b= coshp it smhp — = Einstein t-dilation
-"": ﬂ ""',:::':':I:.f':':c'.;':j-'-': ---------------- Old-fashioned asimultaneily COfo parameter
1 1 . ul ulc : 1 1
— 4+ L +1 =sinh p —=y= = cosh
AT ANl 1l Vil M ’
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Connection to conventional approach to relativity and old-fashioned formulas

Euclidian Geometry for Per-spacetime Relatmty

relative speed~slope

u/c= sinh p /cosh p= tanhp / |C

Key Definition| Alom Per-time 7 Key Results:
w’ ya
OfRapfdfty P - Bep| _0) ) Vs. “ Ck )
Doppler blue shifi: 4 winks” vs. “kinks
Bb =BetP )\ 4 =B cosh p
Doppler red shift: 2| ck=B sinh P
Br =Be— P - grﬂup velocity:
/ BetP === tanh P
/ Ck C
Bc h 5' phase velocity:
N | ck_c¢ "
BeP “Atom per-. face ——==coinp
sinh p ok o U
B sinh p = (B e P=B e P)2 B cosh p= (B e P+B e P)/2
i

¢ |Key Quantities -
Related material at \) I}"Ih p_ \/1- f Loreniz-Einstein factors COS h )O: \ /1- fg

“per space-per-time”’
setting of: http://www.uark.edu/ua/modphys/testing/markup/RelaVVavityVVeb.html
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Euclidian wave geometry with time-reversal symmetry imply

Lab
frame
area...

equals

| Atom frame area...

b
by time-reversal axiom: r =1/b

...that implies
hyperbolic invariants

rb=1
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Euclidian wave geometry with time-reversal symmetry imply

Bsinh p=(B e P-B e P)2

dispersion hyperbolas: ® =nBcosh p I
frame
area...
per-time
g 1--< equals
\\é e-pé\:\;ﬁB\\\
\ 4 Doppler || Atom frame area...
\ I\ red-shift
\ 25 \\ b
S / by time-reversal axiom: r =1/b
/ 3 B 7 Doppler
AN blue-shift . :
N - N ...that implies
=2 \ e"P B=hB hyperbolic invariants
/ / \ \ rb=1
III § / B C\O\S\h p \\\\
'II / \\\ Be-p \\\ y
', B C_p . \\\ D
i B sinh p. \ l per-space 5

B cosh p=(Be™P+B eP)2
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Group velocity u and phase velocity c/u
are hyperbolic tangent slopes

P hyperbolas
c A
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|
/ G
hyperbolas
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Group velocity u and phase velocity c*/u
are hyperbolic tangent slopes

P hyperbolas
~ C Ak LS - ¢ line

|
|
® G
\ hyperbolas
265[: 2B:4\7 — 4 /

Rare but important case where

do _ Ao
dk Ak
with LARGE Ak

(not infinitesimal)

Relativistic
group wave

speed u=c tanh p
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Rare but important case where

do _ Ao
dk Ak
with LARGE Ak

(not infinitesimal)

Relativistic
group wave

speed u=c tanh p
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Group velocity u and phase velocity c*/u
are hyperbolic tangent slopes

P hyperbolas
~ C Ak LS - ¢ line

|
|
Q) G
\ hyperbolas
265[: 2B:4\7 — 4 /

Rare but important case where
do _ Aw -~ c Ak =

dk Ak
with LARGE Ak A
(not infinitesimal) W g

Relativistic /
group wave <
speed u=c tanh p |

B cosh p
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Group velocity u and phase velocity c*/u
are hyperbolic tangent slopes

P hyperbol
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are hyperbolic tangent slopes

P hyperbolas
~ C Ak L - ¢ line

Group velocity u and phase velocity c*/u
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Newtonian speed u~cp

Low speed approximation

Rapidity p approaches u/c
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Connection to conventional approach to relativity and old-fashioned formulas
The most old-fashioned form(ula) of all: Thales & Euclid means
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Connection to conventional approach to relativity and old-fashioned formulas
The most old-fashioned form(ula) of all: Thales & Euclid means

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

geomeltric |0 Y Y
mean: Ly N
12 difference \
[1. 4] ﬁ )/ . > Re y
m/ean \ half—dlfférence=group phase
L [4-11=3/2 4+l
AHALF-
D/JFFERENCE )
/ 3/2

3
4 (units of 300THz)

Linear velocity V orou p/czu/c

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

http://www.uark.edu/u http://www.uark .edu/ua/pirelli/html/default.html
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Connection to conventional approach to relativity and old-fashioned formulas
The most old-fashioned form(ula) of all: Thales & Euclid means

The detailed trigonometry of half-sum & difference angles is shown below.

The wave is factored into a product of group and phase waves. -
_________________________ /,’/ http://www.uark.edu/ua/pirelli/php/half sum_5.php
i cos3
|___COosOL___ —
o
a} (0HD)/2
=]
..
cosBp

H[cos(o+[3)/2]
Main Result: Factoring algebraic sums helps to locate wave zeros.
cosae+cosp = 2cos(a—)/2 . [cos(o+[3)/2

sinok+sinB = 2cos(o—[)/2 . [sin (0+3)/2] LA

Sum W >@ multzpl ied \/\/\/\ / phase

Sum is zeroed by either factor. Each factor’s zero lme is a spacetime coordinate line.
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Connection to conventional approach to relativity and old-fashioned formulas
The most old-fashioned form(ula) of all: Thales & Euclid means

The detailed trigonometry of half-sum & difference angles is shown below.

The wave is factored into a product of group and phase waves. -
_________________________ /,’/ http://www.uark.edu/ua/pirelli/php/half_sum_5.php
i cos3
|___COosOL___ —
o
é'. (0HD)/2
| L
cosf3 R

H[cos(o+3)/2]
Main Result: Factoring algebraic sums helps to locate wave zeros.
cosae+cosp = 2cos(a—)/2 . [cos(o+[3)/2]

sino+sin3 = 2cos(o—)/2 . [sin (0+3)/2] LA

Sum= = muzgﬂ ied\/V\ /\ / phase

Sum is zeroed by either factor. Each factor’s zero line is a spacetime coordinate line.
iWads lBeat

SOV IS
RGO

o5 < http://www.uark.edu/ua/pirelli/php/phasors_2_3_anim.php
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