la

Relawavity: Relativistic wave mechanics 1. 15-order Doppler shifts

(Unit 3 4.05.16)
Special Relativity and Quantum Mechanics regarded as mysterious and lacking clarity

Bob&Alice regard for clarity of SR: focoy or QM:
Can this situation be improved at fundamental axiomatic level?

Evidence and concepts needing critical review:
QM (Planck, 1900) and SR (Einstein, 1905) are both about light (em waves)
Galilean relativity, how it fails for light and how it doesn’t
The great light-wave speed-limit (¢c=2.99792458m/s. by Evenson,...,Hall 1972)

Need better axioms (Occam s Razors & Evenson's Lasers): CW axioms outwit old PW axioms
Introduce “Keyboard of the gods” CW per-space-time (x,v) that rules (A, 7) space-time
Introduce idea of quantized wavenumber-x, and amplitude A4, (/5 and 2" quantization)
Introduce infrared (IR) 300 7Hz, green 6007Hz, and ultra-violet (Uv) 720071z CW laser beams

Optical Doppler CW frequency shift vs/vs: A hidden key to understanding modern physics
Bob and Alice deduce Evenson’s CW Axiom: A/l colors march together at ¢ = vA = v /k
Bob, Alice, and Carla discover rapidity (p.s=In v./vs), a longitudinal measure of speed
Bob, Alice, and Carla get Galileo's Revenge Part I.: pce=pca+paz , a simple speed sum

Bob, Alice, and Carla get Galileo’s Revenge Part II.:and map space-time by phase-group 2-CW
2-sum-Y2-difference of phasor angular velocity determines space-time geometry

Relating rapidity p.z and relativity velocity parameter 34s=u.z/c
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Quatum Mechanies:(S 3 2 @)= Het) - Relatuitus | like relativity and
: \7 quantum theories

el /- .10-34 -
9 N=6:6200696"10-“gsgg0 r Because | don't under-

h=h/2m CJ,UV ~ R"QR&U‘/ stand them
6=299,792,458m/sec. and they make me feel
as if space shifted
i about like a swan
that can't settle,
refusing to sit still and
be measured:
and as if the atom were
an impulsive thing
always changing its
mind.

—0D. H. LAWRENCE
From Jargodzki and Potter
“Mad About Physics”

The Pleasure
of Finding #2&
Thing

Drawing by’
Harry McDermott Esq.

Bob: Don’ worry Alrce I don f understand
this relativity or the quantum theory, but | bet
the professor doesn't either.

“If you think you understand quantum mechanics, you don't...”
Quote from R. P. Feynman in “Character of Physical Law” University Lecture o PT HIEH AR]] P FEYNM AN

WORKS

The quote, exact words, "If you think you understand quantum mechanics, you don't...” in Google hits about 16,500 pages. But I can't find anywhere that actually gives a written source! What to do?

Possibly, originated with Niels Bohr: "Anyone who is not shocked by quantum theory has not understood it." Similar problems with checking a much older quote “Only 12 people understand relativity...”
My personal opinion about my first graduate advisor: I doubt he meant to attach a Catch-22 to understanding physics.

Tuesday, April 5, 2016


http://en.wikiquote.org/wiki/Niels_Bohr
http://en.wikiquote.org/wiki/Niels_Bohr

Current understanding of relativity and QM at UAF
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Current understanding of relativity and QM at UAF e wono

[1] D. F. Styer, M. S. Balkin, K. M. Becker, M. R. Bums, C. E. Dudley, S. T. Forth, J. S. Gaumer, M. A.
Kramer, D. C. Oertel, L. H. Park, M. T. Rinkoski, C. T. Smith, and T. D. Wotherspoon, CNine Formulations
(of Quantum Mechanics’DAm. J. Phys. 70,288 (2002).
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Current understanding of relativity and QM at UAF uua e won

NWAT photo by David Gottschalk

Can we clarify? ...and simplify?
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Current understanding of relativity and QM at UAF uua e won

NWAT photo by David Gottschalk

Can we clarify by simplifying?
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Special Relativity and Quantum Mechanics regarded as mysterious and lacking clarity
Bob&Alice regard for clarity of SR: ooy or QM:
Can this situation be improved at fundamental axiomatic level?

Evidence and concepts needing critical review:
2 QM (Planck, 1900) and SR (Einstein, 1905) are both about light (em waves)
2 (Galilean relativity, how it fails for light and how it doesn’t
= The great light-wave speed-limit (c=2.99792458m/s. by Evenson,...,Hall 1972)

Need better axioms (Occam s Razors & Evenson’s Lasers): CW axioms outwit old PW axioms

Introduce “Keyboard of the gods” CW (r,v) that rules (A, 7)
Introduce idea of quantized and amplitude 4, (/% and 2" quantization)
Introduce , , and CW laser beams

Optical Doppler CW frequency shift vs/vs: A hidden key to understanding modern physics
Bob and Alice deduce Evenson’s CW Axiom: A/l rs march together at ¢ = v\ = v /k
Bob, Alice, and Carla discover rapidity (p.z=In v./vz), a longitudinal measure of speed
Bob, Alice, and Carla get . pce=pcatpar , a simple speed sum

Bob, Alice, and Carla get :and map space-time by phase-group 2-CW
V2-sum-2-difference of phasor angular velocity determines space-time geometry

Relating rapidity p.z and relativity velocity parameter (345=u.z/c
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Level 1 SeCretS(which really shouldn 't be secrets at all!)
Some have forgotten... Special relativity and quantum mechanics
are very much a story Of
the geometry of light-wave motion

looks worried?

Need to review...

* Where Galilean relativity fails for light waves,

. ) Gallei Galileo
...and where 1t doesn’t. L ea 1640

and then see...

* How to make sense of light-wave 'SPEED axiom(s)

LIMIT

299 (7:9? 458 Good approximation:
,m/s’ ¢ > 300 million m/s

< ) 300 Megameter/s

(We’ll use frequencies divisible by 3)
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Some have forgotten... Special relativity and quantum mechanics
are very much a story of
the geometry of light-wave motion

looks worried?

Need to review...

* Where Galilean relativity fails for light waves,

. ) Galilei Galileo
...and where 1t doesn’t. L ea 1640

and then see...

* How to make sense of light-wave 'SPEED axiom(s)

LIMIT

by comparing Einstein Pulse Wave (PW) axiom C=

: Good approximation:
- with 299,792,458 " gp P
B Evenson Continuous Wave (CW) axiom m/s €= 300 An}z rormzs
| L ) egameter/s
in space-time and inverse space-time (We’ll use frequencies divisible by 3)

414}

Link to = Speed of Light From Direct Frequency and Wavelength Measurements

4 )
At Journal site =} K. M. Evenson.lJ.S. Wells, F.R. Peterson. B.L.. Danielson, G.W. Day, R.L. Barger and J.L. Hall, Phys. Rev. Letters 29, 1346(1972).
THE SPEED OF LIGHT IS In 2005 the Nobel Prize in physics was awarded to Glaubpr, Hall, and Hensch'" for laser optics and metrology.
299,792,458 METERS PER SECOND!
Kenneth M. Evenson T The Nobel Prize in Physics, 2005. http:/nobelprize .org/
1932-2002
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.29.1346
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.29.1346
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.29.1346
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.29.1346
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.29.1346
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.29.1346
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.29.1346
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.29.1346
http://nobelprize.org/
http://nobelprize.org/
http://nvlpubs.nist.gov/nistpubs/sp958-lide/191-193.pdf
http://nvlpubs.nist.gov/nistpubs/sp958-lide/191-193.pdf

Special Relativity and Quantum Mechanics regarded as mysterious and lacking clarity
Bob&Alice regard for clarity of SR: or QM:
Can this situation be improved at fundamental axiomatic level?

Evidence and concepts needing critical review:
QM (Planck, 1900) and SR (Einstein, 1905) are both about light (em waves)
Galilean relativity, how it fails for light and how 1t doesn’t
=2 The great light-wave speed-limit (c=2.99792458m/s. by Evenson, ...,Hall 1972)

= Need better axioms (Occam's Razors & Evenson's Lasers): CW axioms outwit old PW axioms «
Introduce “Keyboard of the gods” CW per-space-time (x,v) that rules (), 7) space-time
Introduce idea of quantized wavenumber-x, and amplitude 4, (1 and 2" quantization)
Introduce infrared (IR) 300 7Hz, green 6007Hz, and ultra-violet (Uv) 720077z CW laser beams

Optical Doppler CW frequency shift vs/vs: A hidden key to understanding modern physics
Bob and Alice deduce Evenson’s CW Axiom: A/l rs march together at ¢ = v\ = v /k
Bob, Alice, and Carla discover rapidity (p.z=In v./vz), a longitudinal measure of speed
Bob, Alice, and Carla get Galileo s Revenge Part I.: pcs=pca+pas , a simple speed sum

Bob, Alice, and Carla get Galileo'’s Revenge Part I1.:and map space-time by phase-group 2-CW
V2-sum-2-difference of phasor angular velocity determines space-time geometry

Relating rapidity p.z and relativity velocity parameter 345=u.s/c
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* How do you make sense of light-wave (i ] axiom(s)?
And, HE-eee-rRE’S Albert! c=

Albert Einstein

299,792,458

. /S
Einstein Pulse Wave (PW) Axiom: PW speed seen by all observers is c
It’s going -c. It’s going c.
It’s going -c. It’s going c.
(Of course) \ _(Of course)

1879-1955 \

Pulse wave (PW) train

I

It’s going -c. It’s going c.
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* How do you make sense of light-wave

Albert Einstein

1879-1955

Einstein Pulse Wave (PW) Axiom: PW speed seen by all observers is c

It’s going -c.

It’s going -c.
(Of course)

It’s going c.

SPEED
LIMIT
C=
299,792,458

\. S J

axiom(s)?

It’s going c.
_(Of course)

1nnunnn A\

i

¥

(44

(SRR
vg

|

i

<)
¥
y
y
Ny
Yy
Yy
]

Ky

III/
1

d

It’s going -c.

Pulse wave (PW) train

|

.

It’s going c.

A “road-runner” axiom
is a “show-stopper”
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* How do you make sense of light-wave

Albert Einstein

It’s going -c. It’s going c.

It’s going -c.
(Of course)

SPEED
LIMIT
C=
299,792,458

\. S J

Einstein Pulse Wave (PW) Axiom: PW speed seen by all observers is c

axiom(s)?

It’s going c.
(Of course)

W

- 'IIIIIIIIZ z % = T

o84

ol

RRRRRRR A

1879-1955

It’s going -c.

Pulse wave (PW) train

||

A i

N\
.

It’s going c.

A jcos WttA,cos 20t+A 3c08 30+A ycos 4ot

A “road-runner” axiom
is a “show-stopper”

Since when
1S cartoon

\\ .
Y’ physics
beepémeep! a

- reality?!

PW Axiom is

complicated

..though it has a Newtonian “FPlace for everything & everything in place” feel.
A PW peaks precisely locate places where wave is.

Tuesday, April 5, 2016
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Special Relativity and Quantum Mechanics regarded as mysterious and lacking clarity
Bob&Alice regard for clarity of SR: or QM:
Can this situation be improved at fundamental axiomatic level?

Evidence and concepts needing critical review:
QM (Planck, 1900) and SR (Einstein, 1905) are both about light (em waves)
Galilean relativity, how it fails for light and how 1t doesn’t
The great light-wave speed-limit (¢=2.99792458m/s. by Evenson, ...,Hall 1972)

= Need better axioms (Occam s Razors & Evenson s LaserS‘}CW axioms outwit old PW axioms <=
Introduce “Keyboard of the gods” CW per-space-time (x,v) that rules (), 7) space-time
Introduce idea of quantized wavenumber-x, and amplitude 4, (1 and 2" quantization)
Introduce infrared (IR) 300 7Hz, green 6007Hz, and ultra-violet (Uv) 720077z CW laser beams

Optical Doppler CW frequency shift vs/vs: A hidden key to understanding modern physics
Bob and Alice deduce Evenson’s CW Axiom: A/l rs march together at ¢ = v\ = v /k
Bob, Alice, and Carla discover rapidity (p.z=In v./vz), a longitudinal measure of speed
Bob, Alice, and Carla get Galileo s Revenge Part I.: pcs=pca+pas , a simple speed sum

Bob, Alice, and Carla get Galileo'’s Revenge Part I1.:and map space-time by phase-group 2-CW
V2-sum-2-difference of phasor angular velocity determines space-time geometry

Relating rapidity p.z and relativity velocity parameter 345=u.s/c
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* How do you make sense of light-wave (i ] axiom(s)?

C=
Albert Einstein 299’;79/§’458
Einstein Pulse Wave (PW) Axiom: PW speed seen by all observers is c
It’s going -c. It’s going c. A “road-runner” axiom
It’s going -c. It's going c.| . . « : ”
S e Ol | B2 SOVEORE
= . % is cartoon
. ‘ - & =7 beep-meep! a
1879-1955 \ _ " - reality?!
It’s going -c. It’s going c.
Pulse wave (PW) train PW Axiom is
William of Ockham . A2COS 0S 4WI ... complicated
_ ‘i* USlng L _¢_ ..though it has a Newtonian “Flace for everything & everything in place” feel.
N \ ’ & . A PW peaks precisely locate places where wave is.
| "Occam's -

Continuous wave (CW) train

1285-1349

Razor Y 3

(and Evenson’s lasers) o

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

Kenneth Evenson

1932-2002

Cut a PW to just one Continuous Wave

Tuesday, April 5, 2016
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* How do you make sense of light-wave (i ] axiom(s)?

C=
Albert Einstei 299,792,458
er msiein m/s
Einstein Pulse Wave (PW) Axiom: PW speed seen by all observers is c
It’s going -c. It’s going c. — A “road-runner” axiom
It’s going -C. S going C. : “ _ »
(Of course) | (of course) is a “show stopper.
3 i Since when
B — - % z | is cartoon
— phsies

1879-1955 \
It’s going -c. It’s going c.

Pulse wave (PW) train

PW Axiom is

A A )\‘ A2cos 05 40t ... complicated
¢

William of Ockham

‘* USlng L ..though it has a Newtonian “Flace for everything & everything in place” feel.
: \ ’ & . A PW peaks precisely locate places where wave is.
Occam's =

\ 2 R Continuous wave (CW) train CW zeros precisely locate places where wave is not.
= = : "-d Z r
1285-1349 dzo B Simpler 1CW coherence
(and Evenson'’s lasers) ¢ is more “/en-lke”

Can be made
more self-evident
and productive

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

Kenneth Evenson It’s going -c.
It looks red!

It’s going c.
It looks blue!

It’s going -c.
It looks green.
Of course

It’s going c.
It looks green.
(Of course)

600 THz

Laser Doppler red shift
It’s going -c. | SoWrce It’s going c.
It looks blue! It looks red!
1932-2002 e

Cut a PW to just one Continuous Wave (1Cw) that changes Color if you accelerate!
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* How do you make sense of light-wave [ SiEP
Einstein Pulse Wave (PW) Axiom: PW speed seen by all observers is c
It's going —C. It’s going c.
K;‘EOf course) e _\"_f{ff Sourss)

- G A Ay
Az:f%;;;ZZ;;§

Pulse wave (PW) train

||

1879-1955

It’s going -c. It’s going c.

William of Ockham oS 4t +...

Using 0

¢

(and Evenson’s lasers)

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

Kenneth Evenson

j

i el
Fl*
“ it

It’s going -c.
It looks red!

It’s going c.
It looks blue!

It’s going c.
It looks green.
(Of course)

It’s going -c.
It looks green.
(Of course)

/]

600 THz

Yees Doppler red shift

axiom(s)?

A “road-runner” axiom
is a “show-stopper”

Since when
1S cartoon
physics

First of all it’s
Complicated

..though comforting to the
“A Place for everything and

A PW peaks precisely locate places where wave is. ©venining in s place”

crowd.

) & &
bl Occam S Continuous wave (CW) train CW . )
), zeros precisely locate places where wave is not.
1285-1349 RaZ or l l B

Simpler1CW coherence
It’s “Zen-lke”

Can be made
more self-evident
and productive

"1CW is affected by
1st-order Doppler
Blue shifts b =e**

and
Red shifts r =e”

source

It’s going -c.
It looks blue!

1932-2002

Cut a PW to just one Continuous Wave (1Cw) that changes Col

CW also stands for “Cosine Wave” or “Coherent Wave” or

It’s going c.
It looks red!

“Colored Wave”

of frequency v
and wavenumber K,

\r‘rmﬁaﬁtﬁ)

(all helpful things!)

Tuesday, April 5, 2016
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* How do you make sense of light-wave (i ] axiom(s)?

C=
299,792,458

\. S J

Albert Einstein

A major objection to relativity/QM theory:
It’s the only major theoretical development

that starts with 279-order {nd Jas masienons) effects.
William _ ckham .
9N Using
N 3 ,
Qo st Occam'’s

Continuous wave (CW) train

AN, ) CW zeros precisely locate places where wave is not.

W RaZOr l/\l l/\i l/j__ Simpler1CW coherence

(and Evenson'’s lasers) }/ \/ \/ ¢ It’s “Zen lie”

Can be made
more self-evident
and productive

; - It’s going c. / ; :
It’s going -c. It’s going c. :
It looks green. It looks bluel It looks green. ICW 1S affeCted by
(Of course) 600 THz (Of course) lSt-Order DOppl r
Blue shifts b =e**

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

Kenneth Evenson It’s going -c.
It looks red!

; and
lerredshift | Red shifts » =e™”

It’s going c.
M/ of frequency v

and wavenumber K,
Cut a PW to just one Continuous Wave (1Cw) that changes Colorif you accelerate!

CW also stands for “Cosine Wave” or “Coherent Wave” or “Colored Wave” (all helpful things!)

Sees Dopp

It’s going -c. | “oWce
It looks blue!

1932-2002
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* How do you make sense of light-wave (i ] axiom(s)?

C=
299,792,458

\. S J

Albert Einstein

A major objection to relativity/QM theory:
It’s the only major theoretical development

and quite mysterious!

that starts with 274-order (h diry v vt effects.

So lets try doing first-things first!

William ‘ ckham U .
&
Y Using

’
'@ 38 Occam's
: '- CW zeros precisely locate places where wave is not.

-‘1,285_]34-9.;:‘: RCZZ o1 l/\l l /\i l /j__ Simpler1CW coherence

(and Evenson'’s lasers) }/ \/ \/ ¢ It’s “Zen lie”

Continuous wave (CW) train

. . . Can be made
Evenson Continuous Wave (CW) axiom.: CW speed for all colors is ¢ = ;e self-evident

~ Kenneth Evenson It’s going -c.
It looks red!

| and productive
; - t’s going c. ; -
It’s going -c. / It’s going c. :
It looks green. It looks bluel It looks green. ICW 1S affeCted by
(Of course) 600 THz | (Of course) lSt-Order DOppl r
Blue shifts b =e**

; and
lerredshift | Red shifts » =e™”

Sees Dopp

It’s going c.
M/ of frequency v

and wavenumber K,
Cut a PW to just one Continuous Wave (1Cw) that changes Colorif you accelerate!

CW also stands for “Cosine Wave” or “Coherent Wave” or “Colored Wave” (all helpful things!)

It’s going -c. | “oWce

It looks blue!

i
Wy

1932-2002
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* How do you make sense of light-wave (i ] axiom(s)?

C=
299,792,458

\. S J

Albert Einstein

A major objection to relativity/QM theory:
It’s the only major theoretical development
that starts with 27?-order Gnd ey veb e it €ffects.

So lets try doing first-things first!
William of Ockham . . . .
N Using ...and start off by dealing with this enigma. —

R ,
Qo st Occam'’s

AN, ) CW zeros precisely locate places where wave is not.

W RaZOr l/\l l/\i l/j__ Simpler1CW coherence

(and Evenson'’s lasers) }/ \/ \/ ¢ It’s “Zen lie”

Continuous wave (CW) train

. . . Can be made
Evenson Continuous Wave (CW) axiom.: CW speed for all colors is ¢ = ;e self-evident

Kenneth Evenson It’s going -c. - - and prOdUCtiVG
It looks red! It’s going -c. It's going C'I It’s going c. ICW . ff t d b
d It looks green. It looks blue It looks green. 1S IS0, [y

(Of course) 600 THz (Of course) 1st-order Doppler
; Blue shifts b =e*?
G K/ and

3@ Doppler redshift | R o] shifts r =e”

It’s going c.
M/ of frequency v

and wavenumber K

It’s going -c. | “oWce
It looks blue!

1932-2002
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Special Relativity and Quantum Mechanics regarded as mysterious and lacking clarity
Bob&Alice regard for clarity of SR: or QM:
Can this situation be improved at fundamental axiomatic level?

Evidence and concepts needing critical review:
QM (Planck, 1900) and SR (Einstein, 1905) are both about light (em waves)
Galilean relativity, how it fails for light and how 1t doesn’t
The great light-wave speed-limit (¢=2.99792458m/s. by Evenson, ...,Hall 1972)

Need better axioms (Occam s Razors & Evenson s Lasers): CW axioms outwit old PW axioms
= Introduce “Keyboard of the god.‘CW per-space-time (x,v) that rules (A, 7) space-time <
Introduce idea of quantized wavenumber-x, and amplitude 4, (/" and 2" quantization)
Introduce infrared (IR) 300 7Hz, green 6007Hz, and ultra-violet (Uv) 720077z CW laser beams

Optical Doppler CW frequency shift vs/vs: A hidden key to understanding modern physics
Bob and Alice deduce Evenson’s CW Axiom: A/l rs march together at ¢ = v\ = v /k
Bob, Alice, and Carla discover rapidity (p.z=In v./vz), a longitudinal measure of speed
Bob, Alice, and Carla get Galileo s Revenge Part I.: pcs=pca+pas , a simple speed sum

Bob, Alice, and Carla get Galileo'’s Revenge Part I1.:and map space-time by phase-group 2-CW
V2-sum-2-difference of phasor angular velocity determines space-time geometry

Relating rapidity p.z and relativity velocity parameter 345=u.s/c

Tuesday, April 5, 2016
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The “Keyboard of the gods” or per-space-per-time graphs versus space-time graphs

per-SPACETIME
(r,0)-graph

frequency v
(waves per sec.)

)

Press a key to get a wave

o Z@
I \
Al
‘frequency \ |
&

1 1
e Yo Ry ; o v | |
. I | 11 \V [ I L 111 L 111 J | |

|, C\/avenumbel’ wavenumber k
1 -
K=3/2 (waves per meter)

“Keyboard of the gods”" 1s known as “Fourier-space”

Jean-Baptiste
Joseph Fourier
1768-1830

How to understand waves
and
wave velocity Viave

SPACETIME

(\7)-graph

RelaWavity Web Simulation
Kevboard of the Gods

(per-Time vs per-Space)

Tuesday, April 5, 2016
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=7%7C1
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=7%7C1
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=7%7C1
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=7%7C1
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=7%7C1
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=7%7C1

The “Keyboard of the gods” or per-space-per-time graphs versus space-time graphs
per-SPACETIME SPACETIME

(r,0)-graph Hime (A 7)-graph

frequency v
(waves per sec.)

inverse temporal values

: per—time versus time
Heinreich
o Press a key to get a wave

"y

1857-1894 ] \ Z
1Hz=1sec™! e

‘frequency : i

3 -V 1 - /- 3 1 i 2
|\\_é\|2\\_é\\fi 4|2A|J|

|, Cvavenumbel’ wavenumber k
1 -
K=3/2 (waves per meter)

“Keyboard of the gods”" 1s known as “Fourier-space”

Jean-Baptiste

Joseph Fourier
1768-1830

How to understand waves
and
wave velocity Viave
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The “Keyboard of the gods” or per-space-per-time graphs versus space-time graphs

per-SPACETIME v = Greek*“n” for number SPACETIME
(k,v)-gr aphof waves per second ;.o (A 7)-graph
or Hertz (Hz) =1/T

frequency v
(waves per sec.)

inverse temporal values

L

: per—time versus t1Ime
Heinreich
o Press a key to get a wave
..Z €€ 4 )
1857-1894 ; \ < p : . T =Greek “t
IHz=1sec”! oo ‘ . \z=5/4=1n)} g for time =1/v
v=4/5 )| ;
3 -2 1 - / 3 1 i 2
| | \_é\ |2\ \_é \Vﬁ \4\ | |2\ \A\ | | L1 \J L1 | L1

|, Cvavenumbel’ wavenumber k
1 -
K=3/2 (waves per meter)

“Keyboard of the gods”" 1s known as “Fourier-space”

Jean-Baptiste
Joseph Fourier
1768-1830

RelaWavity Web Simulation
Keyboard of the Gods

(Dual Plot)

How to understand waves
and
wave velocity Viave
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The “Keyboard of the gods” or per-space-per-time graphs versus space-time graphs
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The “Keyboard of the gods” or per-space-per-time graphs versus space-time graphs
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The “Keyboard of the gods” or per-space-per-time graphs versus space-time graphs
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Special Relativity and Quantum Mechanics regarded as mysterious and lacking clarity
Bob&Alice regard for clarity of SR: or QM:
Can this situation be improved at fundamental axiomatic level?

Evidence and concepts needing critical review:
QM (Planck, 1900) and SR (Einstein, 1905) are both about light (em waves)
Galilean relativity, how it fails for light and how 1t doesn’t

The great light-wave speed-limit ( . by Evenson,...,Hall 1972)

Need better axioms (Occam s Razors & Evenson s Lasers): CW axioms outwit old PW axioms
Introduce “Keyboard of the gods” CW per-space-time (x,v) that rules (), 7) space-time
=% Introduce idea of quantized wavenumber-rn and amplitude A, (/% and 2" quantization) <
Introduce infrared (IR) 300 7Hz, green 6007Hz, and ultra-violet (Uv) 720077z CW laser beams

Optical Doppler CW frequency shift v./vz: A hidden key to understanding modern physics
Bob and Alice deduce Evenson’s CW Axiom: A/l rs march together at ¢ = v\ = v /k
Bob, Alice, and Carla discover rapidity (p.z=In v./vz), a longitudinal measure of speed
Bob, Alice, and Carla get Galileo s Revenge Part I.: pcs=pca+pas , a simple speed sum

Bob, Alice, and Carla get Galileo'’s Revenge Part I1.:and map space-time by phase-group 2-CW
/2-sum-Y2-difference of phasor angular velocity determines space-time geometry

Relating rapidity p.z and relativity velocity parameter 345=u.s/c
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If a wave 1s confined to an L=17/m. box
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Special Relativity and Quantum Mechanics regarded as mysterious and lacking clarity
Bob&Alice regard for clarity of SR: or QM:
Can this situation be improved at fundamental axiomatic level?

Evidence and concepts needing critical review:
QM (Planck, 1900) and SR (Einstein, 1905) are both about light (em waves)
Galilean relativity, how it fails for light and how 1t doesn’t
The great light-wave speed-limit (c=2.99792458m/s. by Evenson, ...,Hall 1972)

Need better axioms (Occam s Razors & Evenson’s Lasers): CW axioms outwit old PW axioms
Introduce “Keyboard of the gods” CW per-space-time (x,v) that rules (A, 7)

Introduce idea of quantized wavenumber-x, and amplitude 4, (/* and 2" quantization)
= Introduce infrared (IR) 300 7Hz, green 6007Hz, and ultra-violet (Uv) 120071 CW laser beams <€

Optical Doppler CW frequency shift v./vz: A hidden key to understanding modern physics
Bob and Alice deduce Evenson’s CW Axiom: A/l colors march together at c = vA = v /k
Bob, Alice, and Carla discover rapidity (p.s=In v./vs), a longitudinal measure of speed
Bob, Alice, and Carla get Galileo'’s Revenge Part I.: pce=pcatpaiz , a simple speed sum

Bob, Alice, and Carla get Galileo'’s Revenge Part I1.:and map space-time by phase-group 2-CW
/2-sum-Y2-difference of phasor angular velocity determines space-time geometry

Relating rapidity p.z and relativity velocity parameter 345=u.s/c
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As will be shown:

After 1982 the £ error was

dropped and c=299,792,458m/s
became the definition of the meter

Liglt wave-velocity c is VERY fixed

c= VeV VT 199 792 45
T 1 x 1/A .

V,

ight:
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As will be shown:

After 1982 the *+ error was

Light wave-velocity c is VERY fixed
dropped and c=299,792,458m/s

e=l e A VT 99 792 458
x 1w 1t 1/A s.

Vi

ight —

Then 1t’s convenient to use:

Dimensionless Light wave-velocity c/c=1

1 instead of:

Such graphs use c-units of per-time v:@ and length X:@.

View UV Uk A 1z

_ R —1
C cKk ¢l ¢t clh

became the definition of the meter
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The “Keyboard of the gods” or per-space-per-time graphs versus space-time graphs

frequency v
(units: 600THz)

— UA 1800THz
1200THz
Pres

900THz

600THz

v=300THz

1 _1
‘ | F%%\ |/2 ‘-9%

per-SPACETIME
(cr,v)-graph

c-time period cT
(units: 72 pm)
:

— 2
s the 600 THz key to get a 600 THz I-CW)
i =
- ck=lck, o
P S . 2
- = <
* = %
| "
__%éz i -~
B 2:10%/m 3-10%m 4-10%m
i 1 yi 1 3
v | \%\ | |/2 \%\ | i I R | I R | ot

1 7=10/3fs
‘ =2
1
)
1
1
1
1
A
v T=5/4f5
| ;
\
1
1
m
1
L —
Y 21 -
=%/3f S BRREEEEEEE
\
1
1
1
1

SPACETIME
(A cT)-graph

A,

<

i

P S

!

|

i

] D )

Yaum Yapm 1pum
i 2

S I 7 N
B

c-wavenumbe
- (units: 600THZ) ™ <

~
~
-
-

Such graphs use c-units of per-time v:@

(Ways to quantify light waves (600 THz example) )

HNRY

3
i_%‘
= )
)

and length XZ@.

x-spacMn gth A,

(units: %pm)=A,
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The “Keyboard of the gods” or per-space-per-time graphs versus space-time graphs

SPACETIME
(A cT)-graph

frequency v
(units: 600THz)

_ UA 1800THz

per-SPACETIME
(cr,v)-graph

c-time period cT
(units: 72 pm)
:

1200THz— D vk — 2
Press the 600 THz key to get a 600 THz I-CW) .
900THz | ‘\‘ T=5/4fs
- ck=lck, - A=124,
600THz e -2 , =X%/3f5 J ,
| B E g< p E l‘::
S 2 ‘ 5
B al - l
UZ3OOTHZ—1/2 E -~ E IS
] i 2 10§/m 3-10%m 4-10%m /fj[fm Vi 1/2“%
-5 — Y5 : :
3 1 A 3 _
Py c-wavenumbe ' BA x-spacMngth A,
A (units: 600THZ) o (units: /opm)=1,
o . Such graphs use c-units of per-time v:@ and length X:@

(Ways to quantify light waves (600 THz example) )
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The “Keyboard of the gods” or per-space-per-time graphs versus spac

frequency v
(units: 600THz)

_ UA 1800THz

1200THz— 2

per-SPACETIME
(cr,v)-graph

c-time period cT
(units: 72 pm)
@zt

T=10/3fs

Pregs the 600 THz key to get a 600 THz 1-CW)

900THz

600THz

v=300THz

T=5/4fs

e-time graphs
SPACETIME
(A cT)-graph

\\\\l\\\\|\\\\|\\\\
N}

3 106/m 4-10%m A 1/2§u/m Yapn 1pm
I -y
— 2 —
‘ % -4 Y4 Y4 ! | I/%\l
I R | I R I R | I R I R | I R I R I R
. c-wavenumbe
R (units: 600T
'O
L g e

(Ways to quantify light waves (600 THz example) )
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The “Keyboard of the gods” or per-space-per-time graphs versus space-time graphs

frequency v | per-SPACETIME ctime period cT| SPACETIME
(units: 600THz) | (cr,v)-graph (units: Yopm) | (\cT)-graph
— UA ISOOTHZT CTA A’A T
Press the 1200 THz key to get a 1200 THz I-CW, .
1200THz:——2 ---------------- \ T=10/3f5 ;2
i (fo::2Z1?KfA ' = i
A & A
900THz|— % T=5/4fs f—
u % u
i - = ®m |
600THz — [ '\ =513 — ]
| - I B
. -2
UZ3OOTHZ—1/2 . T=5/6fs __1//2---- ;
] ~10%/m 2:10%m 3.10%/m 4-16%/m ] B Xj;%pm /,um Yapm 1/21171
- P : ' /N %
’\\-%\l\\_é\ \\A\\ \\%\\|\\\\|\\\\1\\\\ |-E%l\f\ljl \\\\m\\m\\ [ I
P v c-wavenumbe by \/g \/ x%ce angth A,
S (units: 600THZ 0 f [ (units: Vopum)=1,

( Ways to quantify light waves (1200 THz example) >
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The “Keyboard of the gods” or per-space-per-time graphs versus space-time graphs

frequency v per-SPACETIME c-time period cT| SPACETIME
(units: 600THz) | (cr,v)-graph (units: Yopm) | (\cT)-graph
— vA 1800THz |— CTA A’A —
Press the 1200 THz key to get a 1200 THz 1-CW, :
12OOTHz:---2 ---------------- \ T=10/3f5 ;2
900THZ; T=5/4fs |
600THz|— Ji r=si3fs | — Ji
u /}éz;LA
1>:3OOTHZ—1/2 . 1//2 - - ol
; i ~10%m  2:105m 3-10%/m 4-16%/m i j;%/”” (oHm Jipm Lum
1 | 1 :
‘-%lé_%%é%|ll %<% | N | [ AN [
oy c-wavenumbe ' T P” x-space angth A
u (units: 600THZ i - A (units: %Mm):;LA

( Ways to quantify light waves (1200 THz example) >
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The “Keyboard of the gods” or per-space-per-time graphs versus space-time graphs
SPACETIME
(A cT)-graph

frequency v
(units: 600THz)

_ UA 1800THz

Press

1200THz
900THz

600THz

—
v=300THz

1 _1
’ | F%%\ |/2 ‘-9%

h

“&‘l““

per-SPACETIME
(cr,v)-graph

e 300 THz key to get a 300 THz I-

N}

3-10%/m 4-10%/m

2:10%m

Y

c-time period cT
(units: 72 pm)

cT,FA,
CW) i
T=10/3fs | P2 EEREEEEEE
% :
= i
G T=5/4fs |—
<. -
% B
- m |
ITS/% ]/
T=5/6f3 ;1/2

1
| | \-3

Yopum Yapm 1itm

T

cwavenumbe
Jod | —/4
(units: 600THZ :

---------------------

( Ways to quantify light waves (300 THz example) )

ace wavelength A

(units: %pm)=A,
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The “Keyboard of the gods” or per-space-per-time graphs versus space-time graphs

frequency v
(units: 600THz)

_ UA 1800THz

Press
1200THz
900THz

600THz

v=300THz

1
F%%\ |/2 ‘-9%

h

“&‘l““

per-SPACETIME
(cr,v)-graph

e 300 THz key to get a 300 THz 1-CW)

N}

3-10%/m 4-10%/m

2:10%m

Y

Co

c-wavenumber CK,.

(units: 600THz)

time period cT| SPACETIME
(units: opm) | (\cT)-graph
(7ff‘::;17‘ B
i A=2:A
T=10/3f5 e Prwmmmmm e
! i
—Y5
B =Yapum Youm Yapm 1itm
B 1 1 ;
1All/Q \%\\ |i/
, Y ace wavelength A
P 4 i (units: %pm)=A,

---------------------

( Ways to quantify light waves (300 THz example) >
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The “Keyboard of the gods” or per-space-per-time graphs versus space-time graphs

frequency v | per-SPACETIME ctime period cT| SPACETIME
(units: 600THz) | (cr,v)-graph (units: Yopm) | (\cT)-graph
= U4 1800TH|— CTA:ﬂ,A —
Press the 300 THz key to get a 300 THz 1-CW) i
(with negative k) (going left — «—) A=— 2./’LA B
1200THz— 2 e — <1013 Ne— )
900THz|— T=5/4f5 |
600THz|— Ji T=5/3f5 ¢
CK = —%'CK ne B
03007k — 1/ . =505 =1/
; B k=10%m  2:10%m 3105 4-10%m ; B NV %;m Yipum 1/2tm
_1 u 1 , _1 - 1
o / - - YA /- o | | -V /- AN A /- Y
\\\\I\\ \\\\\\\\\\\\l'\\\\\\\\v\\\\l\\\\\\\\\\\\\\\\l\\\\\\\\
_14 c-wavenumber ck N x-space wavelengih.\,
l (units: 600THZz) : (units: /2pm)=21,

------------

( Ways to quantify light waves (300 THz example) )
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Special Relativity and Quantum Mechanics regarded as mysterious and lacking clarity
Bob&Alice regard for clarity of SR: or QM:
Can this situation be improved at fundamental axiomatic level?

Evidence and concepts needing critical review:
QM (Planck, 1900) and SR (Einstein, 1905) are both about light (em waves)
Galilean relativity, how it fails for light and how 1t doesn’t

The great light-wave speed-limit ( . by Evenson,...,Hall 1972)

Need better axioms (Occam s Razors & Evenson s Lasers): CW axioms outwit old PW axioms
Introduce “Keyboard of the gods” CW per-space-time (x,v) that rules (), 7) space-time
Introduce idea of quantized wavenumber-x, and amplitude 4, (1 and 2" quantization)
Introduce infrared (IR) 300 7Hz, green 6007Hz, and ultra-violet (Uv) 720077z CW laser beams

= Optical Doppler CW frequency shift v./vz: A hidden key to understanding modern physics <«
Bob and Alice deduce Evenson’s CW Axiom: A/l rs march together at ¢ = v\ = v /k
Bob, Alice, and Carla discover rapidity (p.z=In v./vz), a longitudinal measure of speed
Bob, Alice, and Carla get Galileo s Revenge Part I.: pcs=pca+pas , a simple speed sum

Bob, Alice, and Carla get Galileo'’s Revenge Part I1.:and map space-time by phase-group 2-CW
V2-sum-2-difference of phasor angular velocity determines space-time geometry

Relating rapidity p.z and relativity velocity parameter 345=u.s/c
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The “Keyboard of the gods” or per-space-per-time graphs versus space-time graphs
frequency v | per-SPACETIME c-time period cT SPACETIME

(units: 600THz) [ (cr,v)-graph (units: % um) (\cT)-graph
=V, 500t cT, =1, |__Atom traveling along wave

| sees less,wave “hits’”/sec.

B
~ (that 1s: Poppler red-shift)
1200THz =y i?lil‘ i 2
900THz ; " hit"
600THz Christian "Hit" - :12/’4
Doppler I N
-~ 1803-1853 S
i A
1v=300THz T=5/6fs 2 : &Y
] ] 3-106/m 4-1§/m ] A l/??jm Yapn 1;21m
_14, s . ' R% % 3
_3 _1 1 3 _ _] 3
‘\\é\l\\é\ \\A\\l\\é\\!\\\\l\\\\|\\\\ \\\4\ \\"'h ”/‘Zl\ll1 [ I [ I [ I
-y, c-wavenumber cx B -space ength A\,
- (units: 600T s m)=A7,

Move fast enough this way) then the
“oreen” wave gets redder and redder
until 1t dies

" hit "
/1

/Moving along a 600 THz ICW could Doppler red shift it to 300 THz

requency mplitude
decrease exponentially
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The “Keyboard of the gods” or per-space-per-time graphs versus space-time graphs

frequency v [ per-SPACETIME c-time period cT| SPACETIME
(units: 600THz) | (cr,v)-graph (units: Yopm) | (\cT)-graph
=V, o0t cT, =1, _Atom traveling along wave
} — | sees less,wave “hits” /sec.
* it ' (that is: Poppler red-shift)
ol 2 Atom traveling agains\wave | at1s. Popplet Ted-5il
el * ’ " e N
- sees more wave “hits”\sec. /!
- (that 1s: Doppler blue-s 'ft/ -
900THz|— "hit" 545 f— "hit"
- ck=lcK / ] =1
I 600THZ___[___________f _____ . Christian \Tc "Hit" - 127‘
- D= Doppler . N
- i = . 1803-1853 "hit" o
= I :
1):3OOTHZ—1/2 i D T=X6/s 2 ; ll‘!‘
] i =105/m 2'10§/m 3:10%/m 4-1§/m ; =/ '/i-f[‘m Yo 1/2”"
-7 - % : | -V % :
3 1 1 3 - 1 3
’\\-é\l\\_é\7\\4\\l\\A\\l\\\\l\\\\|\\\\ \\\4\ \\"¢h H/‘Zl\lA1 [ [ [
oy c-wavenumber cx Y -space ength A
: (units: 600T s m)=A7,
" hl‘z. "
. : >
Move fast enough tﬁls way then the Move fast enough this way then the
“oreen” wave gets bluer and bluer “oreen” wave gets redder and redder
until YOU die . until 1t dies
Fr equency AN, . hit requency mplitude
increase exponentially // decrease exponentially

/Moving against a 600 THz ICW could Doppler blue shift it to 1200 THz

Tuesday, April 5, 2016 53



Special Relativity and Quantum Mechanics regarded as mysterious and lacking clarity
Bob&Alice regard for clarity of SR: or QM:
Can this situation be improved at fundamental axiomatic level?

Evidence and concepts needing critical review:
QM (Planck, 1900) and SR (Einstein, 1905) are both about light (em waves)
Galilean relativity, how it fails for light and how 1t doesn’t
The great light-wave speed-limit ( . by Evenson,...,Hall 1972)

Need better axioms (Occam s Razors & Evenson s Lasers): CW axioms outwit old PW axioms
Introduce “Keyboard of the gods” CW per-space-time (x,v) that rules (), 7) space-time
Introduce idea of quantized wavenumber-x, and amplitude 4, (1 and 2" quantization)

Introduce infrared (IR) 300 7Hz, green 6007Hz, and ultra-violet (Uv) 720077z CW laser beams

Optical Doppler CW frequency shift v./vs: A hidden key to understanding modern physics
=2 Bob and Alice deduce Evenson’s CW Axiom: A/l colors march together at ¢ = v\ = v /K
Bob, Alice, and Carla discover rapidity (p.z=In v./vz), a longitudinal measure of speed

<«

Bob, Alice, and Carla get . pce=pcatpas , a simple speed sum

Bob, Alice, and Carla get :and map space-time by phase-group 2-CW

V2-sum-2-difference of phasor angular velocity determines space-time geometry
Relating rapidity p.z and relativity velocity parameter (345=u.z/c
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Clarity Evenson s CW Axiom (All colors go c) by Doppler effects

Alice tries to fool Bob that she’s shining a 600THz laser. (Bob’s unaware she’s moving really fast...)

Alice: “Well, what is its wavelength A, Bob!”

A really fast Alice sh/nes her v=300THz laser

/ uUuI\b’- i ;

Bob: “Alice! My frequency meter reads v=600THz for your laser beam.
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Clarity Evenson s CW Axiom (All colors go c) by Doppler effects

Alice tries to fool Bob that she’s shining a 600THz laser. (Bob’s unaware she’s moving really fast...)

Bob: “Alice! My frequency meter reads v=600THz for your laser beam.

Alice: “Well, what is its wavelength A, Bob!”

A really fast Alice sh/nes her v=300THz laser

/ uUuI\\a’- i ;

Q1: Can Bob tell it’s a “phony” 600THz
by measuring his received wavelength?
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Clarity Evenson s CW Axiom (All colors go c) by Doppler effects

Alice tries to fool Bob that she’s shining a 600THz laser. (Bob’s unaware she’s moving really fast...)

Bob: “Alice! My frequency meter reads v=600THz for your laser beam.

Alice: “Well, what is its wavelength A, Bob!”

A really fast Alice sh/nes her v=300THz laser

/ uUuI\\a’- i ;

Q1: Can Bob tell it’s a “phony” 600THz
by measuring his received wavelength?

Q2:If so, what “phony” X\ does Bob see?
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Clarity Evenson s CW Axiom (All colors go c) by Doppler effects

Alice tries to fool Bob that she’s shining a 600THz laser. (Bob’s unaware she’s moving really fast...)

Bob: “Alice! My frequency meter reads v=600THz for your laser beam.

Alice: “Well, what is its wavelength A, Bob!”

A really fast Alice sh/nes her v=300THz laser

/ uUuI\b’- i ;

frequency V=0/2T

(Inverse period v=1/1) L }
900 Check it out in per-spacetime QI: Can Bob tell it’s a “phony™ 600THz
800 [isit 4.9 B?. C? or D? etc by measuring his received wavelength?

700 . T ”»
A 2:1f so, what “phony” X does Bob see?
THz 600 B_C D coorH: line Q PRORY

500
400

300

wavenumber X=k/27

A= 100um 0.50um  0.33pm (inverse wavelength x=1/\)
k= 1-110%m 2:10m  3-10%m
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Clarity Evenson s CW Axiom (All colors go c) by Doppler effects

Alice tries to fool Bob that she’s shining a 600THz laser. (Bob’s unaware she’s moving really fast...)

Bob: “Alice! My frequency meter reads v=600THz for your laser beam.

Alice: “Well, what is its wavelength A, Bob!”

frequency v

(Inverse period v=1/1) .
Q1: Can Bob tell it’s a “phony” 600THz

900
SO0 by measuring his received wavelength?
700 Q2:1f so, what “phony” X\ does Bob see?
THz 600 600THz line
500 Answer to Q2 1s C, the one with slope v/k=v-\=c.
400 kindjof If he sees Green 600THz then he measures A=0.5pum.
300 GRBEN
; |
allowed  (ONE that goes c)
' wavenumber K

]
A= 1.00pum 0.50pm  0.33um (inverse wavelength x=1/\)
k= 1-10m 2:10%m 3-10%m
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Clarity Evenson s CW Axiom (All colors go c) by Doppler effects

Alice tries to fool Bob that she’s shining a 600THz laser. (Bob’s unaware she’s moving really fast...)
Bob: “Alice! My frequency meter reads v=600THz for your laser beam.

Alice: “Well, what is its wavelength A, Bob!”

A really fast Alice shines her v=300THz laser b 7
\Q:,H,,' Al

frequency
(Inverse period v=1/1)
900 0 = ck) QI: Can Bob tell it’s a “phony” 600THz
800 by measuring his received wavelength?
700 B Q2:If so, what “phony” X\ does Bob see?
THz 600 600THz line
500 Ohly Answer to Q2 is C, the one with slope v/k=v - \=c.
jgg kind of If he sees Green 600THz then he measures A=0.5pum.
D If he sees Red 300THz then he measures A=1.0pm.
allowed (ONE that goes c)
| wavenumber K

A= 1.00pm 0.50um  0.33um (inverse wavelength x=1/)\)
K= 1-10%m 2:10%m 3-10%m
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Clarity Evenson s CW Axiom (All colors go c) by Doppler effects

Alice tries to fool Bob that she’s shining a 600THz laser. (Bob’s unaware she’s moving really fast...)
Bob: “Alice! My frequency meter reads v=600THz for your laser beam.

i, ] ..
& N Alice: “Well, what is its wavelength A, Bob!”
7~ / b/

A really fast Alice shines her v=300THz laser

A= 1.00pm 0.50pm  0.33um (inverse wavelength x=1/\)

frequency v
(Inverse period v=1/1)

900 M = ) Q1: Can Bob t.ell it’.s a “pﬁony” 600THz
800 by measuring his received wavelength?
700 B Q2:If so, what “phony” X\ does Bob see?

THz 600 600THz line
500 Only Answer to Q2 1s C, the one with slope v/r=v"N\=c.
jgg kind of If he sees Green 600THz then he measures A=0.5pm.

D If he sees Red 300THz then he measures A=1.0pm.
alllowed (ONE that goes c) Davenumber x Answer to Qlis NO!

CW Light carries ne birth-certificate!

K= LAO%m 2 10%m - 310%m g Vacuum only makes one \ for each v.*
“All colorsgoc= v =v/k”
Then £Evenson s axiom holds:

*for each beam and polarization orientation \_

~N
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Clarity Evenson s CW Axiom (All colors go c) by Doppler effects

Alice tries to fool Bob that she’s shining a 600THz laser. (Bob’s unaware she’s moving really fast...)

Bob: “ Alice! My frequency meter reads v=600TH:z for your laser beam.

frequency v
(Inverse period V=1/7)

More evidence supporting Evenson s axiom

If bluer waves were even 0.1% faster (or slower) than redder ones

900 S :
900 then each flash from a 5-billion light-year distant galaxy shows up
700 dispersed over 5-million years. (Goodbye galactic astronomy!)
THz 600 600THz line
500 |
00 0 LV ONE

300 kind Of E i Also could be labeled :

o | Li (non)-dispersion

| | iear-(non)-
all?wed (OINE that goes ¢) wavenumber K=k/21 B

| | | . .
A= 1.00um 0.50um 0.33um (inverse wavelength k=1/A) axion. U — CK
k= 1-10m 2-10m 3-10%m 4

Vacuum only makes one X for each v.*
“All colorsgoc= v =v/k”
. L Then £'venson S axiom holds:

or each beam and polarization orientation \_
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Special Relativity and Quantum Mechanics regarded as mysterious and lacking clarity
Bob&Alice regard for clarity of SR: or QM:
Can this situation be improved at fundamental axiomatic level?

Evidence and concepts needing critical review:
QM (Planck, 1900) and SR (Einstein, 1905) are both about light (em waves)
Galilean relativity, how it fails for light and how 1t doesn’t

The great light-wave speed-limit ( . by Evenson,...,Hall 1972)

Need better axioms (Occam s Razors & Evenson s Lasers): CW axioms outwit old PW axioms
Introduce “Keyboard of the gods” CW (r,v) that rules (A, 7)

Introduce idea of quantized wavenumber-x, and amplitude 4, (1% and 2" quantization)
Introduce , , and CW laser beams

Optical Doppler CW frequency shift v./vs: A hidden key to understanding modern physics
Bob and Alice deduce Evenson’s CW Axiom: A/l colors march together at ¢ = vA = v/k
= Bob, Alice, and Carla discover rapidity (p.z=In v./vz), a longitudinal measure of speed <«
Bob, Alice, and Carla get Galileo'’s Revenge Part I.: pce=pcatpas , a simple speed sum

Bob, Alice, and Carla get Galileo'’s Revenge Part I1.:and map space-time by phase-group 2-CW
V2-sum-2-difference of phasor angular velocity determines space-time geometry

Relating rapidity p.z and relativity velocity parameter 345=u.s/c
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Easy Doppler-shift and Rapidity calculation

Alice: Hey, Bob and Carla! Read off your Doppler

ALICE'S 72 shift ratios (B|A) and (C|A) to my 600THz beam.
LASER / Bob: | see Doppler . Carla: I see Doppler
GAUNTLE lue shift to 1200THz W Red shift to 400THz

:% S I got (C|A)=2/3,

- STHZ_ » v A=6OOTHZ>'

SOURCE
- v =600THz - RECEIVER T
v,~1200THz v ~400TH
Doppler ratio: Bob-Alice Doppler ratio: Carla-Alice Doppler ratio:
(R|S)= (B|A)=—L= == =C=—— =
Usource v, 600 1 v, 600 3
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Easy Doppler-shift and Rapidity calculation

ALICE’S 7 Alice: Hey, Bob and Carlal Read off your Doppler
/f;"*“’“ shift ratios (B|A) and (C|A) to my 600THz beam.

Blue shift to 1200THz
e ———1got (BlA)=2,

Bob: | see Doppler )Car/a: Isee Doppler

¥ oue00TH, RECELYE EENEE
v,=1200THz DC—4OOTHZ
Doppler ratio: Bob-Alice Doppler ratio: Carla-Alice Doppler ratio:
Usource v, 600 1 v, 600 3

IMPORTANT POINT:
Evenson axiom says Blue, Green, Red, etc. all march in lockstep and

so all frequencies Doppler shift in same geometric proportion (R|S).

C C
Upe=—"" 0 +Z

9
Y .
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Easy Doppler-shift and Rapidity calculation

Alice: Hey, Bob and Carla! Read off your Doppler

ALICE'S 225 shift ratios (B|A) and (C|A) to my 600THz beam.
LASER é,

Bob: | see Doppler ~ Carla: | see Doppler
Blue shift to 1200THz <R /// Bed shift to 400THz
il _

&‘" = ?b | got (B|A)=2,

» v, =600THz 2

- v =600THz - i AR~
—12OOTHZ DC—4OOTHZ
Doppler ratio: Bob-Alice Dopoler ratio: Carla-Alice Doppler ratio:
pp
_ Ugecever _ UB 1200 2 <C| > — UC 400 %
(R|S)= (B|A)= =
Usource U, 600 1 Uy 600 3

IMPORTANT POINT:
Evenson axiom says Blue, Green, Red, etc. all march in lockstep and

so all frequencies Doppler shift in same geometric proportion (R|S).

C C

uRS:__ 0 +_

If Alice sends v4=600THz  Bob sees: vp=(B|4)v4=1200THz

If Alice sends v,=60 THz Bob sees: vp=(B|4)v,~120THz

If Alice sends v.4+=6 Hz Bob sees: vp=(B|4)v4=12 Hz %
(B|A4)=2 for any frequency Alice and Bob use
while they maintain their relative velocity.
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Easy Doppler-shift and Rapidity calculation

Alice: Hey, Bob and Carla! Read off your Doppler

ALICE’S 2”’%"“ shift ratios (B|A) and (C|A) to my 600THz beam.
LASER & i Bob: I see Doppler _ Carla: | see Doppler

Blue shift to 1200THz

aaak o
g
=7 |
F)

| got (B|A)=2,

1]

v ,~600THz TERETER .

9, 1200 THz De=400THz
Doppler ratio: Bob-Alice Doppler ratio: Carla-Alice Dopplen;l 1(’)a6i0: i
V V 1200 2 1,
<R|S>= RECEIVER <B|A>= B _ _ = <C|A>= C _ ——
Usourck U, 600 1 U, 600 3
ravidity: A
rapidity. IMPORTANT POINTS:
Prs =log, <R | 5 > Evenson axiom says Blue, Green, Red, etc. all march in lockstep and
so all frequencies Doppler shift in same geometric proportion (R|S).
C C
o o Geometric phenomena tend to uRS__Z 0 +Z
Definition of Rapidity, involve logarithmic/exponential

Rapidity is most convenient! functionality!
l1eV proton has /
u=0.999995598-c (Pain in the A) /

or: (R|S)=2131.6 (Beter) //
or: prs=7.6646 (Best)

For low velocity u<<c rapidity prs approaches u/c
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Easy Doppler-shift and Rapidity calculation

.. Alice: Hey, Bob and Carlal Read off your Doppler
g ."_.,g, shift ratios (B|A) and (C|A) to my 600THz beam.

ALICE’S
Bob: | see Doppler
Blue shift to 1200THz

" M\ } I got (B|A)=2,
and Pra=In2 ——

,_ ‘)Car/a: I see Doppler

-l  ~600THz - . il
0,~1200THz v ~400THz

Doppler ratio: Bob-Alice Doppler ratio: Carla-Alice Doppler ratio:
<R|S> _ Vrecaver <B| >: Uy _ 1200 2 <C| >: Ve _ 400 %

Usource v, 600 1 v, 600 3

S N _ o

rapidity: Bob-Alice rapidity: )
Prs =log (R[S) pan =log, (B A4) =log, -

Definition of Rapidity,
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Easy Doppler-shift and Rapidity calculation

Alice: Hey, Bob and Carla! Read off your Doppler

f‘; shift ratios (B|A) and (C|A) to my 600THz beam.

ALICE’S

Bob: I see Doppler ‘ Carla I see Doppler
Blue shift to 1200THz ) ;

I got (B|A)=2, 4
——and Psa=In(2)—— ;' =

L] v =600THz - REE
DB—12OOTHZ v ~400THz
Doppler ratio: Bob-Alice Doppler ratio: Carla-Alice Doppler ratio:
(R|S) = O rrcever (B|A) = vy 1200 2 (C| A) = Ve _400_2
Usource U, 600 1 Uy 600 3
g rapidity: A Bob-Alice rapidity: Carla-Alice rapidity:
= log, (K]3) ’ :
Prs =108, Py, =log, (B|A>:10geT P, =log, <C|A>:10ge§

Definition of Rapidity,
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Special Relativity and Quantum Mechanics regarded as mysterious and lacking clarity
Bob&Alice regard for clarity of SR: or QM:
Can this situation be improved at fundamental axiomatic level?

Evidence and concepts needing critical review:
QM (Planck, 1900) and SR (Einstein, 1905) are both about light (em waves)
Galilean relativity, how it fails for light and how 1t doesn’t

The great light-wave speed-limit ( . by Evenson,...,Hall 1972)

Need better axioms (Occam s Razors & Evenson s Lasers): CW axioms outwit old PW axioms
Introduce “Keyboard of the gods” CW (r,v) that rules (A, 7)

Introduce idea of quantized wavenumber-x, and amplitude 4, (1% and 2" quantization)
Introduce , , and CW laser beams

Optical Doppler CW frequency shift v./vs: A hidden key to understanding modern physics
Bob and Alice deduce Evenson’s CW Axiom: A/l colors march together at ¢ = vA = v/k
Bob, Alice, and Carla discover rapidity (p4z=In v./vs), a longitudinal measure of speed
% Bob, Alice, and Carla get Galileo s Revenge Part I.: pcs=pca+pas , a simple speed sum <

Bob, Alice, and Carla get Galileo'’s Revenge Part I1.:and map space-time by phase-group 2-CW
V2-sum-2-difference of phasor angular velocity determines space-time geometry

Relating rapidity p.z and relativity velocity parameter 345=u.s/c
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Easy Doppler—shiﬁ and Rapidity calculation

Alice: Hey, Bob and Carlal Read off your Doppler

ALICE'S /2
‘:

" Bob: I see Doppler Carla: | see Doppler

Blue shift to 1200THz MM// Red sh/ft to 400THz
k! | got (B|A)=2, £ )=2/3,

w3 and Psa=In(2) —— Ag;(;\ and Pca=In(2/3)

e T =+0.69— / =-0.41

- v =600THz - : e
0,~1200THz DC—4OOTHZ
Doppler ratio: Bob-Alice Doppler ratio: Carla-Alice Doppler ratio:
(R|S) = O rrcever (B|A) = vy 1200 2 (C| A) = Ve _400_2
Vsource U, 600 1 Uy 600 3
S N . .
rapidity: Bob-Alice rapidity: Carla-Alice rapidity:
= log, (K]3) ’ .
Prs = 108, p,, =log, (B|A)=log,— pes =log,(C|A)=log, 3
(tlme-reversed)1
Pz =069  (s0:p,,=-0.69) Py =-041
Definition of Rapidity,
(Blay=22=2
v, 1
18 time-reversal of:
(A]B)=22==
V, 2

hate us?

( Mnemonic:You can think of rapidity Osa as “R” for “Romance”... (+) positive on approach, (-) negative on reproach ) Do the stars
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Easy Doppler-shift and Rapidity calculation

Alice: Hey, Bob and Carla! Read off your Doppler

ALICE’S ;; ﬂ‘a shift ratios (B < |A) and (C|A) to my 600THz beam.
U i )é Bob: | see Doppler Carla: | see Doppler
[ Blue shift to 1200THz MM// Red sh/ft to 400TH=
#f*‘“’ ﬁﬁ | got (B|A)=2, 4577 )=2/3,
)8 and Psa=In(2)_—_—— Ag;(;\ and Pca=In(2/3)

=+0.69— / =-0.41

- v =600THz - : R
0,~1200THz DC—4OOTHZ
Doppler ratio: Bob-Alice Doppler ratio: Carla-Alice Doppler ratio:
(R|S) = O rrcever (B|A) = Vp _ 1200 _ 2 (C| A) = Ve _ 400 %
p Usource N U, 600 1 Uy 600 3
rapidity: Bob-Alice rapidity: Carla-Alice rapidity:
=1log (R|S - =
Prs =log, (R|S) p,, =log, (B|A)=log,— Py =log, (C|A)= logeg
(tlme-reversed)1
Pz =069  (s0:p,,=-0.69) Py =-041
Definition of Rapidi
S ];B| > v]; 5 Y Carla-Bob Doppler ratio:
- =7 1y, V-V
o VL (C|B)=—==——=(C|A)(A| B)
18 time-reversal of: D V.V
v, 1 B
(4]8) = 2=
V, 2

( Mnemonic:You can think of rapidity Osa as “R” for “Romance”... (+) positive on approach, (-) negative on reproach )

More at Pirelli Challenge page: Time Reversal Symmetry
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Easy Doppler-shift and Rapidity calculation

Alice: Hey, Bob and Carla! Read off your Doppler

ALICE'S - 72 shift ratios (B|A) and (C|A) to my 600THz beam.
LASER /i i . Bob: | see Doppler  Carla: | see Doppler
GAUNTLE® \:‘ Also rapidity Pz and pPca relative to me. Blue shift to 1200THz ) ) /// Eed shift to 400THz
% ‘ W | | got (B|A)=2, —f J J’ I got (C|A)=2/3,
5% and Psa —ln(2)_ mi - 4 and Pca =In(2/3)
=+0.69 4R =

v =600THz - b)) s
—12OOTHZ DC—4OOTHZ
Doppler ratio: Bob-Alice Doppler ratio: Carla-Alice Doppler ratio:
(R|S) = (D (B|A) = vy 1200 2 (C| A) = Ve _400_2
p Vsource N U, 600 1 Uy 600 3
rapidity: Bob-Alice rapidity: Carla-Alice rapidity: o)
=log, (R|S) _ oo 2 =log, (C|A)=log,=
Prs =108, p,, =log,(B|A)=log, T Pca =108, 087
SO:
(R|S)= el p,, =069 (so0:p,,=—0.69) p.,=—041
Definition of Rapidi
S JZB|A> v]; Py Carla-Bob Doppler ratio:
= 1y, V-V
v _ Yo _ YUy _
is time-reversed <C| B> . v, U, - <ClA> <A| B>
v, S B J .
(4]B)= v, Carla-Bobi rapidity:

epCB — ePC;ePAB
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Easy Doppler-shift and Rapidity calculation (I cm—cimam—@aiiz-1s

and Pcs = Pea+Pas =-1.10
We're in Splitsville!

" Bob: | see Doppler ~ Carla: | see Doppler

Blue shift to 1200THz
#;;«W Q\

\

t_ -'///ﬁed shift to 400THz
| got (B|A)=2, Vo 4)" I got (C|A)=2/3,
and Psa=In(2)—— -a-z and Pca =In(2/3)

5 ‘it

\, =+0.69— =-0.41

v, -600THz : el
v,~1200THz DC—4OOTHZ
Doppler ratio: Bob-Alice Doppler ratio: Carla-Alice Doppler ratio:
(R|S) = Vrrcrver (B A) = vy 1200 2 (C|A) = Vo _400 2
Usource v, 600 1 v, 600 3
o N , L
rapidity: Bob-Alice rapidity: Carla-Alice rapidity:
=log, (R/S) ’ =
Prs =108, p,, =log,(B|A)=log, i pes =log,(C|A)=log, 3
or:
(R|S)= e’ = e P P, =0.69 (S0:p43=—0.69) Py =-041
Definition of Rapidi " ’
: JZB|A> v]; Ly Carla-Bob Doppler ratio:
- V- U,V
v _ Ve _UVc Y,
is time-reversed <C| B)= v V. L. <ClA> <A| B)
v, R B ‘ '
\AlB)= v, Carla-Bobirapidity: ) : :
€ Pz — — € pCAe Pis implies: 0 = Py + Pig
— ePcaTPas =—041-0.69=-1.10
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Easy Doppler-shift and Rapidity calculation

Alice: Hey, Bob and Carla! Read off your Doppler

ALICE’S 'f“‘ f shift ratios (B|A) and (C|A) to my 600THz beam.

I got (C[BY=(C|A)(A|B)=(2/3)(1/2)=1/3,

and Pcs = Pea+Pas =-1.10
We're in Splitsville!

LASER /@& il . . Bob: | see Doppler Carla: | see Doppler
G AUNTLE «.“ Also, rapidity Psa and Pca relative to me. Bl.",,’e shift to 1200THz *«\.@(/ = Hed shift to 400THz
ey lgot (B|A)=2, ;% J’ "I got (C|A)=2/3,
9 8 T and possin—— | OnY)
S ST e Oy P

=+0.69 A ‘iw - =-0.41

T

v ~600THz :
v,~1200THz
Doppler ratio: Bob-Alice Doppler ratio:
(R|S) = Urecever (B|A) = v, 1200 _ 2
USOURCE UA 600 1
. N
rapidity: Bob-Alice rapidity: )
Prs = log. (R]S) P =log, (B|A)=log, T
or:
<R| > ePrs Pr =0.69 (so:p,,=—0.69)
Definition of Rapidity,

D Carla-Bob Doppler ratio:
< B| A> =5 Happy now,Galileo? D DD
< time-reved | (C]B)=—=——=(C|A)}(A| B)
1s time-reversed D TED)
D . B A VB
(4]B) =22 - N
v, e @ Carla-Bob rapidity:

ePCB —_ ePCAepAB

implies:

 Galileo’s Revenge (part 1) )

-

DC—4OOTHZ

Carla-Alice Doppler ratio:
< C| >: Ve _ 400 %
v, 600 3

Carla-Alice rapidity: 7
f)CD4 — 1()£;e <(:W‘fx> = 1()558.35

P, =—041

Rapidity adds just like
Galilean velocity

Pep = Pea T Pas

=—-041-0.69

=-1.10
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Special Relativity and Quantum Mechanics regarded as mysterious and lacking clarity

Bob&Alice regard for clarity of SR: or QM:
Can this situation be improved at fundamental axiomatic level?

Evidence and concepts needing critical review:
QM (Planck, 1900) and SR (Einstein, 1905) are both about light (em waves)
Galilean relativity, how it fails for light and how 1t doesn’t
The great light-wave speed-limit ( . by Evenson,...,Hall 1972)

Need better axioms (Occam s Razors & Evenson s Lasers): CW axioms outwit old PW axioms
Introduce “Keyboard of the gods” CW (r,v) that rules (A, 7)

Introduce idea of quantized wavenumber-x, and amplitude A, (1°" and 2" quantization)
Introduce , , and CW laser beams

Optical Doppler CW frequency shift vs/vs: A hidden key to understanding modern physics
Bob and Alice deduce Evenson’s CW Axiom: A/l rs march together at ¢ = v\ = v /k
Bob, Alice, and Carla discover rapidity (p.s=In v./vs), a longitudinal measure of speed
Bob, Alice, and Carla get Galileo'’s Revenge Part I.: pce=pcatpas , a simple speed sum

= Bob, Alice, and Carla get Galileo s Revenge Part II.:and map space-time by phase-group 2-CW <€
2-sum-"4-difference of phasor angular velocity determines space-time geometry

Relating rapidity p.4z and relativity parameter G45=u4s/c
More at Pirelli Challenge page: 'Un Grande Affare’ - Light Meets Light
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/5 Alice: OK, Bob. Colliding 2CW laser beams

47 We're gonna’ hit
7 Sl you from both
\, A& sides, now! iy Bob:Yikes!

nghiQmovzng wave e\ (x-0Y

Leﬁ-movmg waye el( or “Y)

CW Dye-laser

500 TH: WA lice s laser " Rep Carlaslase 600 THz
» .a k((((((«(((k((((((ﬂ

Wavelength 7\. =2m/k=1/K

(1/2um=0.5-10"%m)

Period t=21/0=1/v
(5/3ﬁ9=1.67°10'15s)
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zght—movmg CW ei(kx-o1)

///7f//1%%$//f////// e

Lefi-moving CW e/(Fx-00

k=+2  ©=2c k=-2_ 0=2C
CW Dye-laser
Ay | 600 TH:

/}/Y//fi/f//‘
\\\\\\\ ,

CW Dye- laser A7)
600 T. HZ ‘

,,»\\‘\\\ \\ x\ \\*

N MBIUA VT \&\ ACAAN \*\“\*/Imw V

-
Wavelength 7\.=27t/ k=1/K
(1/2um=0.5-10"m)

"’\\

made me =
a space-time
graph out of

real zeros.

Howd it
do that?

Easy!

' You get zeros of any wave-sum e'@+¢i’
by factoring it into phase and group parts.

Bohrlt Web Simulation
1 CW ctvs x Plot (ck = +1)
Single panel with Zero Tracers

Bohrlt Web Simulation
2 CW ct vs x Plot (ck = £2)
Multi-panel with Zero Tracers
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http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=330022
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http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=330022
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=330022
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=330022
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=330022
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-330022
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-330022
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-330022
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-330022
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-330022
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-330022

zght—movmg CW l(lx-0 Leﬁ-movmg CW ¢i(lx-00)

.;' \‘ s k _|_2 w= 2C — _2 w= 2C , i j ﬂ:r’:“_.
e CW Dye-laser CW Dye-laser | =
/ 600 THz 600 T. Hz | ‘

= B — — Easy!
VoTas /f/fng%// YL SN KA WA .
X2 L e L L 8 L NNN ’\/*\“\*/Imw V \\ T <NVUN AR \\Y You get zeros of any wave-sum ela+ pib
r’ \ by factoring it into phase and group parts.
3 § & @ Remember your algebra? Exponents of
S S products add.
&~ - B~ ,
Wavelength 7\.=27t/k=1/1< aro _a-b
(1/2“711:0.5‘10'6111) SO, half-sum a_%b P/U_S half-diff 2 gives d,
and half-sum Tminus half-diff = gives b.
2

Space x

kx-ot -kx-ot

Cool! S la lb
You guys (X t) f , + € ,
made me ~ B lanr i% -i%
a space-time =¢" 2 (e 2+e )

graph out of
real zeros.

Howd it
do that?
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e i zght—movmg CW ei(kx-o1)

//
4—"
\

% k=+2 W=2c =-2 w=2c
2 REa . Y CW Dye-laser
/ PR 600 T HZ
a \|j \

y
Wavelength A=2m/k=1/K
(1/2um=0.5-10"m)

Leﬁ-movmg CW ei(lx-0p

600 THZ

CW Dye- laser A

f//
‘,,\},\\\ \\ \\ \\Y

“‘E

Space x

b | Easy!
You get zeros of any wave-sum e'¢+ e’
by factoring it into phase and group parts.

Remember your algebra? Exponents of
products add.

a+b a-—>b
So, half-sum 7  plus half-diff 5 gives a,

and half-sum % minus half-diff =% gives b.
2

_— l—

You factor €'¢+e'® into e 2 le ?2 +e

Red phasor?/ 5
yp=c' -
Y

Presto! PN B o A (o
2

ﬁﬁ Bob kx-ot -kx-ot o
/ .| KJ Typical
Cool S ela n el b / yp
You guys Ss) AN i PLUS ~\ Phasor Sum:
made me = lCHb L -b j a-b AN
a Space'time _.e 2 (e 2_|_e 2 : cf))éocsm ‘ /// \\\\
graphoutof L SR . SR G  TTTtoTtTTmTmoTomoeones &\/ N ()
real zeros. Green phaso /(a_B)/ 2
. e (oc—B)/?,/
Howd it ST
p WasTVATY =
do that? EQUALS: Y, 5TV Vg
/ (0c+[?\)/2
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(a) Sum of Wave Phasor Array

Group|or Beat: Node l?f VACIOK
\

f\ (N
NIVA24 WA AW ) WANVGANANA SN A S A WA

(b) Typical Phasor Sum. (c) Phasor-relative views
Red phasor i A moves relative to B Geometry of the
Ve o Half-sum
cosP | P hase/
\J and
Half-difference
PLUS ;ﬁ'\\ ,//////x\\\\\~_ (aftuﬂo‘\\\

/ QL lsin ‘ ///‘\\\\ A B::WA “IIB
\/ /" (-B) B moves relative to A Happy now?

Green phasor A ,’(OL—B)/Z \

EQUALS: Y, 57V, Vg

Pirelli Challenge Simulation
Phasor Addition

Tuesday, April 5, 2016

Galileo’s Revenge (part 2)
Phasor angular velocity
adds just like
Galilean velocity
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http://www.uark.edu/ua/pirelli/html/phasors_2_3_zoom_anim.html
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Frequency w

N 5

1 I

Wavevector ck
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Frequency w =

R

4 -3 3 4 5

L L 1 | |
Wavevector ck

2PW beta=0

http://www.uark.edu/ua/modphys/markup/BohrltWeb.html?scenario=-1119

2PW beta = 3/5
http://www.uark.edu/ua/modphys/markup/BohrltWeb.html?scenario=-1118
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http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-1118
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Special Relativity and Quantum Mechanics regarded as mysterious and lacking clarity

Bob&Alice regard for clarity of SR: or QM:
Can this situation be improved at fundamental axiomatic level?

Evidence and concepts needing critical review:
QM (Planck, 1900) and SR (Einstein, 1905) are both about light (em waves)
Galilean relativity, how it fails for light and how 1t doesn’t
The great light-wave speed-limit ( . by Evenson,...,Hall 1972)

Need better axioms (Occam s Razors & Evenson s Lasers): CW axioms outwit old PW axioms
Introduce “Keyboard of the gods” CW (r,v) that rules (A, 7)

Introduce idea of quantized wavenumber-x, and amplitude A, (1°" and 2" quantization)
Introduce , , and CW laser beams

Optical Doppler CW frequency shift vs/vs: A hidden key to understanding modern physics
Bob and Alice deduce Evenson’s CW Axiom: A/l rs march together at ¢ = v\ = v /k
Bob, Alice, and Carla discover rapidity (p.s=In v./vs), a longitudinal measure of speed
Bob, Alice, and Carla get Galileo'’s Revenge Part I.: pce=pcatpas , a simple speed sum

Bob, Alice, and Carla get Galileo's Revenge Part I1.and map space-time by phase-group 2-CW <
> ,-sum-;-difference of phasor angular velocity determines space-time geometry

Relating rapidity p.4z and relativity velocity parameter 34z=u.z/c
More at Pirelli Challenge page: 'Un Grande Affare’ - Light Meets Light
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— Right-directed 1CW e("*®i

:: 4 +4 e 4c
CW green-lase :
600 THz Doppler blue shifted

to 1200THz

Alice: 'g

move left-to-right. My
600THz laser is going
so fast its beam blasts
you with UV 1200THz.

k., =-1
W green-lase
Doppler red shifted 600 THz W

to 300THz

— Left-directed 1CW &' @1
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Time

Alice-OK. Wavelength A=2T/k=1/x Wavelength A=2m/k=1/x

My UV 1200THz R’ (1/4um=0.25-10"m) (1um=10"m)
vector is fierce!

You’ll need glasses

to see P! and G’ X

lines or coordinates.

Frequency - 2CW per-Spacetime Plot Bob: Sunglasses help.
v 1500 Wow! Your 1¢t baseline R/
(units of THz [ > y Woppler blued up by e+p=2
| / S R e
DI~ o] = ¢ o =0aRy
T = 7 Ky
Sis /// o
i ) SN Vg = v,
B S :
/ o & =20,
C / & 0
L = 1200THz
- E ./ @Q@“ &
L_I(-l THZ[ / ‘%@
=/ ‘
-2 -1 +100 42100 +3:-10%  +4t10°
T T T T T T T T T T LTI T T 7T

Wavevector cx’
(units OfCKA=2'106/m)

exX

IR 300THz L/

3rd baseline
is a lot nicer!
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Time
Time

Wavelength \A=21/k=1/K Wavelength A=21/k=1/x
(1/4um=0.25-10"m) (Ium=10"m)

2C WMinkoWski—Spacetime Gri

Frequency B
v Time ct’ [~
(units of k(binllg:lj;) __2
v ,=600THz)

R_KHBob The spacetime // / / / //

wave-zeros replicate 1 Va
the same pattern. / ‘

L=
Space x’
+10° -+2 106 +3-10°  +4-10° ﬁuu&sqf
||||‘1||||5|||| |||||||||‘1|||||||||‘2||||| A =1/2um)
" Wavevector cx’ [T T T 1] ‘
= /. 6
(units of cx ,=2-10°/m) 1 ). ) ). T

/ e/
Phase vector P K _P_ R+L  Group vector G K -g-R-L
1/2-sum vector  Pase 2 1/2-diff vector group 2
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Wavelength A=2m/k=1/K

V
S
B

Alice:OK. Wavelength \=2m/k=1/K
My UV 1200THz R’ (1/4].Lm=025]0‘6m) (]].Lm=]0‘6m)
vector is fierce!
You’ll need glasses
to see P! and G’ ¥
lines or coordinates. -
Frequency - 2CW per-Spacetime Plot Bob: Sunglasses help.
N 1500 New Wow! Your 1¢t baseline R/
(units of THz _—2'5 / 1st base is*Roppler blued up by e+p—2
— 4 — e Wl
v, =600THz — r_ o LT (Alice)
4 ) 1200 A SN 7./4:..2__0_ _____ R/=K|.4 | But, Carla’s 37 baseline L is._
C / : Doppler red shifted by.e=1/2.
: /. 4 | .. L ST T TTTmmSsssssssssssssssssses -
1.5 / e E
: // ‘5@%%:{\@\’ UA =.e UA :
- / . O‘Q{\ %QJ\\J — EZUA E
/ & SR
L J/ o g =1200THz:
-, & :
05 / 9 q 0 :
-/ 4 5
+100  42-106 +3-100  +4t10°
dlllo[sllll‘lllllllsllll2|||,|| :
"""""""" Wavevectorc=------""
(units OfCKA=2'106/m)
=300THz

Carla: My |,
UV 300THz L/

3rd baseline
is a lot nicer!
(and half as long.)

Tuesday, April 5, 2016



Frequency w

R ]

1 A || 1 1 | | | |

Wavevector ck
2PW beta =0
http://www.uark.edu/ua/modphys/markup/BohrltWeb.html?scenario=-1119

2PW beta = 3/5
http://www.uark.edu/ua/modphys/markup/BohrltWeb.html?scenario=-1118
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http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-1119
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-1119

Time

l‘»:\lxu'luﬁ

T -
\&" \""5“‘4'&\\")'4"/

http://www.uark.edu/ua/modphys/markup/BohrltWeb.html?scenario=-1119

2PW beta = 3/5
http://www.uark.edu/ua/modphys/markup/BohrltWeb.html?scenario=-1118

/

>

= Lgu li‘m le . .

R S N N
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Special Relativity and Quantum Mechanics regarded as mysterious and lacking clarity
Bob&Alice regard for clarity of SR: or QM:
Can this situation be improved at fundamental axiomatic level?

Evidence and concepts needing critical review:
QM (Planck, 1900) and SR (Einstein, 1905) are both about light (em waves)
Galilean relativity, how it fails for light and how 1t doesn’t

The great light-wave speed-limit ( . by Evenson,...,Hall 1972)

Need better axioms (Occam s Razors & Evenson s Lasers): CW axioms outwit old PW axioms
Introduce “Keyboard of the gods” CW (r,v) that rules (A, 7)

Introduce idea of quantized wavenumber-x, and amplitude A, (1°" and 2" quantization)
Introduce , , and CW laser beams

Optical Doppler CW frequency shift vs/vs: A hidden key to understanding modern physics
Bob and Alice deduce Evenson’s CW Axiom: A/l rs march together at ¢ = v\ = v /k
Bob, Alice, and Carla discover rapidity (p.s=In v./vs), a longitudinal measure of speed
Bob, Alice, and Carla get Galileo'’s Revenge Part I.: pce=pcatpas , a simple speed sum

Bob, Alice, and Carla get Galileo's Revenge Part I1.and map space-time by phase-group 2-CW <
2-sum-"4-difference of phasor angular velocity determines space-time geometry

> Relating rapidity p.4z and relativity velocity parameter 34z=u.z/c
More at Pirelli Challenge page: 'Un Grande Affare’ - Light Meets Light
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Relating rapidity p.z and relativity velocity parameter 345=u.s/c

Imagine that Bob detects counter-propagating laser beams of frequency
wr=w4 going left-to-right (Alice's laser)  and wr=wc going right-to-left (Carla's laser).
nght-dlrected ICW eilh-040) Leﬁ-dzrected ICW el kx-0,0)

_éﬁ’fﬁ'?%‘f*"‘-"‘f‘f .
k~=+4 o ~4c r
— CW green- lase1/// 4 :_.,_.?,r_ %M/@W green- lase B
e 600 THz Doppler blue shifted =z oppler red shifted 600 THz { Wi
to 1200THz i~ to 300THz ’?‘\};f
Bob-Fhat UV burns! Rey TRy

4
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Relating rapidity p.4s and relativity velocity parameter 34s=u.4s/c

Imagine that Bob detects counter-propagating laser beams of frequency

wr=w4 going left-to-right (Alice's laser)  and wr=wc going right-to-left (Carla's laser).

-~ Right-directed ICW e!(kx=01) '{F | iLeﬁ-dzrected ICW e 5%y
k=+4 o =4c )
—— /CW green- lasej///b *;i %ﬁw green- lase
— | 600THz Doppler blue shifted N s Oppler red shifted 600 THz )

We ask two questions:

(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency wr ?
(2.) What 1s that frequency we ?

<) "f‘i e
o ™ s\
to 1200THz 7SR 1o 300TH:z —fR
Bob: fhatUVb — j e
Rel|l_ - v.a:é '
E— M
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Relating rapidity p.4s and relativity velocity parameter 34s=u.4s/c

Imagine that Bob detects counter-propagating laser beams of frequency
wr=w4 going left-to-right (Alice's laser)  and wr=wc going right-to-left (Carla's laser).
nght-dlrected ICW el(hx-0.9 Leﬁ-dzrected ICW el kx-0,0)

AL

k=14 o ~4c , '

CW green- lase;///b =Y %&//ﬁ“’ green- lase |
= 600 THz Doppler blue shifted \J-’ = OPPIQV red shifted 600 THz . %’
to 1200THz - % 75

7 - .’.'L_' to 300THz
Bob: 7‘hat UV b

Rey

We ask two questions:

(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency wr ?
(2.) What 1s that frequency we ?

f::‘\.i-:',“"'

ﬁ f',
L&

<%, '& e
’ -

Query (1.) has a Jeopardy-style answer-by-question:
What 1s beam group velocity?

W _ _

v ——gow _YRTY,  CR T
T T T
group R L R L
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Relating rapidity p.4s and relativity velocity parameter 34s=u.4s/c

Imagine that Bob detects counter-propagating laser beams of frequency
wr=w4 going left-to-right (Alice's laser)  and wr=wc going right-to-left (Carla's laser).
nght-dlrected ICW el(hx-0.9 Leﬁ-dzrected ICW el kx-0,0)

AL

k=14 o ~4c , '

CW green- lase;///b =Y %&//ﬁ“’ green- lase |
= 600 THz Doppler blue shifted \J-’ = OPPIQV red shifted 600 THz . %’
to 1200THz - % 75

7 - .’.'L_' to 300THz
Bob: 7‘hat UV b

Rey

We ask two questions:

(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency wr ?
(2.) What 1s that frequency we ?

f""‘.:“iﬁf"
ﬁ : 2
ag
<%, *: S
’ -

Query (1.) has a Jeopardy-style answer-by-question:
What 1s beam group velocity?

_ _ Py _ P '
Worouy  Wp — W Wy — W e'r—e P sinh p .

L R L

:V — — = C = C — C :CtanhpE

il group . _
Koo Fr —HL wptwy  efrgefr coshpy
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Relating rapidity p.4s and relativity velocity parameter 34s=u.4s/c

Imagine that Bob detects counter-propagating laser beams of frequency
wr=w4 going left-to-right (Alice's laser)  and wr=wc going right-to-left (Carla's laser).
nght-dlrected ICW el(hx-0.9 Leﬁ-dzrected ICW el kx-0,0)

k=14 o ~4c e

Cw green- lase;///M FY %%W green- lase |
——— | 600 THz Doppler blue shifted \J-’ = oppler red shifted 600 THz < %’
to 1200THz o i

7 - .’.'L_' to 300THz
Bob: 7‘hat UV b

& g

/_ 1“’
ﬁ ?-

\‘af'
v ,*:

Rey

We ask two questions:

(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency wr ?
(2.) What 1s that frequency we ?

‘!i'

Query (1.) has a Jeopardy-style answer-by-question:
What 1s beam group velocity?

W W, — W W, — W el’e —e P sinh p
E:ngup: Jomp — L L — L L — = £ — ctanhp
Ryroup — Fr R wptwy  efiqe e coshpy

¢ wpt+w, 12004300 5

L
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Relating rapidity p.4s and relativity velocity parameter 34s=u.4s/c

Imagine that Bob detects counter-propagating laser beams of frequency
wr=w4 going left-to-right (Alice's laser)  and wr=wc going right-to-left (Carla's laser).
nght—dlrected 1CW eillx-o.0) Leﬁ-dzrected ICW e l-o)

h=+4 ® =4c :,,_‘
CW green- lase;///b Y %%//ﬁw green- lase
600 THz Doppler blue shifted \& 1 0ppl€V red shifted 600 THz

to 1200THz S L 10 300THz —— *",@,
Bob: 7Lhat UV bumns! — ﬁ %:‘d _-
Rey Rey_, o

/ . _ ‘/.;‘gf" e
| E—— 7.-739 =
w \d \d w <
&/ ; B{\‘
d Q .
We ask two questions:

(1.) To what velocity ur must Bob accelerate so he sees beams with equal frequency wr ?
(2.) What 1s that frequency we ?

Query (1.) has a Jeopardy-style answer-by-question:
What 1s beam group velocity?

_ _ P —p .
Ly :wgmup :wR W, :cwR w; :ce F_g Pr :CsmhpE _ ctanh )
b group . _ E
Koo Fr —HL wptwy  efrge s coshpy
Query (2.) sumilarly: c w,+w, 12004300 5
What wr is blue-shift bw;. of wy and red-shift wr/b of wr ? R L

a)E:ba)L: a)R/b — b:\/a)R /a)L = O,.= /a)R-a)L = \/1200-300 = 600THz

(Geometric Mean)
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