Relawavity and a novel introduction to relativistic mechanics I.
(Ch. 6 of Unit 8 12.10.15)

How Doppler shifts of cavity waves exhibit relativistic Lorentz transformations
Optical interference “baseball-diamond™ displays phase and group velocity
Doppler shifted “baseball-diamond” displays Lorentz frame transformation

Developing Axioms to update Galileo’s relativity: A critical look at c-axioms
Einstein’s PW (Pulse-Wave) Axiom
Evenson’s CW (Continuous Wave) Axiom and Occam’s Razor
Analyzing wave velocity by per-space-per-time and space-time graphs
Introducing optical Doppler effects
Clarifying Evenson’s CW Axiom using Doppler effects

Galileo s Revenge (partl): Galilean Doppler-shift arithmetic using rapidity p

Developing optical “baseball-diamond” and relativistic p-functions and transformations

Details of 1CW wavefunctions and phasors

Details of 2CW wavefunctions in rest frame
Galileo's Revenge (part2): Galilean addition of phasor angular velocity
Structure of rest frame “baseball-diamonds”™

Details of 2CW wavefunctions of moving frame velocities of phase and group waves
16 coefticients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation
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Relawavity and a novel introduction to relativistic mechanics I1.
(Ch. 6-8 of Unit 8 12.10.15)

Rapidity p related to stellar aberration angle o and Epstein’s approach to relativity

Longitudinal hyperbolic p-geometry connects to transverse circular o-geometry

Applications to optical waveguide, spherical waves, accelerator radiation
Derivation of relativistic quantum mechanics

What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations

Relativistic optical transitions and Compton recoil formulae
Feynman diagram geometry
Compton recoil related to rocket velocity formula
Relation of 2" quantization amplitude “photon” N and 15t quantization wavenumber

Relawavity 1n accelerated frames
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How Doppler shifts of cavity waves exhibit relativistic Lorentz transformations
% Optical interference “baseball-diamond” displays phase and group velocity
Doppler shifted “baseball-diamond” displays Lorentz frame transformation

Developing Axioms to update Galileo’s relativity: A critical look at c-axioms
Einstein’s PW (Pulse-Wave) Axiom
Evenson’s CW (Continuous Wave) Axiom and Occam’s Razor
Analyzing wave velocity by and graphs
Introducing optical Doppler effects
Clarifying Evenson’s CW Axiom using Doppler effects

Galileo s Revenge (partl): Galilean Doppler-shift arithmetic using rapidity p

Developing optical “baseball-diamond” and relativistic p-functions and transformations
Details of ICW wavefunctions and phasors
Details of 2CW wavefunctions in rest frame
Galileo s Revenge (part2): Galilean addition of phasor angular velocity
Structure of rest frame “baseball-diamonds™
Details of 2CW wavetunctions of moving frame velopitiecat nhace and e
16 coefficients of relativistic 2CW interference iZ?S“a”an)’;%‘i’;‘fggez;b; ‘S’;ee‘él‘;‘?jeellzft’;’fl;’fezf

Two “famous-name” coefficients and the Lorer our entrant in the 2005 Pirelli Challenge:
Thales geometry of Lorentz transformation

A Coloriul Road to Relativity
Using Occam's Razors
and
Evenson's Lasers
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Per-Spacetime
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L=(-2¢,2) R=(+2¢,2)
5 -4 3 3 4 5 Bohrlt Web Simulation
. A : . Wavevector ck 2 CW ct vs x Plot

(ck=+2)

Click the 'Controls & Scenarios' button to set vars and run preset scenarios Ck 27—‘-6 /4/
Set the right & left-ward k values with clicks near the dispersion curve or ck axis.
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right-moving CW laser
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How Doppler shifts of cavity waves exhibit relativistic Lorentz transformations
Optical interference “baseball-diamond” displays phase and group velocity
3 Doppler shifted “baseball-diamond” displays Lorentz frame transformation

Developing Axioms to update Galileo’s relativity: A critical look at c-axioms
Einstein’s PW (Pulse-Wave) Axiom
Evenson’s CW (Continuous Wave) Axiom and Occam’s Razor
Analyzing wave velocity by and graphs
Introducing optical Doppler effects
Clarifying Evenson’s CW Axiom using Doppler effects

Galileo s Revenge (partl): Galilean Doppler-shift arithmetic using rapidity p

Developing optical “baseball-diamond”™ and relativistic p-functions and transformations

Details of ICW wavefunctions and phasors

Details of 2CW wavefunctions 1n rest frame
Galileo s Revenge (part2): Galilean addition of phasor angular velocity
Structure of rest frame “baseball-diamonds”™

Details of 2CW wavefunctions of moving frame velocities of phase and waves
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation
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right-moving Doppler blue shifted wave

left-moving Doppler red shifted wave
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left-moving Doppler red shifted wave
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> Developing Axioms to update Galileo’s relativity: A critical look at c-axioms
Einstein’s PW (Pulse-Wave) Axiom
Evenson’s CW (Continuous Wave) Axiom and Occam’s Razor
Analyzing wave velocity by per-space-per-time and space-time graphs
Introducing optical Doppler effects
Clarifying Evenson’s CW Axiom using Doppler effects

Galileo s Revenge (partl): Galilean Doppler-shift arithmetic using rapidity p

Developing optical “baseball-diamond™ and relativistic p-functions and transformations

Details of ICW wavefunctions and phasors

Details of 2CW wavefunctions 1n rest frame
Galileo’s Revenge (part2): Galilean addition of phasor angular velocity
Structure of rest frame “baseball-diamonds™

Details of 2CW wavefunctions of moving frame velocities of and waves
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation
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Some have forgotten... Special relativity and quantum mechanics
are very much a StOFj/ Of
the geometry of light-wave motion

looks worried?

Need to review...

* Where Galilean relativity fails for light waves,

...and where 1t doesn’t. Galilei Galileo

1564-1642
and then see... ) .
» How to make sense of light-wave [ SPEED |axiom(s)
LIMIT
209 (7:9? 458 Good approximation:
,m/s’ ¢ > 300 million m/s
\. y 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

Need to review...

* Where Galilean relativity fails for light waves,

...and where 1t doesn’t.
and then see...

* How to make sense of light-wave

by comparing Einstein Pulse Wave (PW) axiom
e with
B Evenson Continuous Wave (CW) axiom

in space-time and inverse space-time

- )

LIMIT
C=

m/s

.

‘SPEED

299,792,458

J

looks worried?

Galilei Galileo
1564-1642

axiom(s)

Good approximation:

¢ = 300 million m/s
300 Megameter/s

(We’ll use frequencies divisible by 3)

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

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).

> 4

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
1932-2002

11 The Nobel Prize in Physics, 2005. http://nobelprize.org/
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Developing Axioms to update Galileo’s relativity: A critical look at c-axioms
3 FEinstein’s PW (Pulse-Wave) Axiom
Evenson’s CW (Continuous Wave) Axiom and Occam’s Razor
Analyzing wave velocity by per-space-per-time and space-time graphs
Introducing optical Doppler effects
Clarifying Evenson’s CW Axiom using Doppler effects

Galileo s Revenge (partl): Galilean Doppler-shift arithmetic using rapidity p

Developing optical “baseball-diamond™ and relativistic p-functions and transformations

Details of ICW wavefunctions and phasors

Details of 2CW wavefunctions 1n rest frame
Galileo’s Revenge (part2): Galilean addition of phasor angular velocity
Structure of rest frame “baseball-diamonds™

Details of 2CW wavefunctions of moving frame velocities of and waves
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation
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* How do you make sense of light-wave
And, HE-eee-rRE’S Albert!

Albert Einstein

It’s going -c. It’s going c.

It’s going -c.
(Of course)

PEED .
S axiom(s)?
299,?9_2,458

\. S J

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

It’s going c.
_(Of course)

[[S R

A Ay
AN

\

B @\\\\\\\ \—
=
~ /
T [
\.

1879-1955 \

Pulse wave (PW) train

I

It’s going -c.

It’s going c.

For an introductory, web based developement of
this and other concepts in special relativity see
our entrant in the 2005 Pirelli Challenge:

A Colorful Road to Relativity
Using Occam's Razors
and
Evenson's Lasers
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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. m— It’s going c. — A “road-runner” axiom
(tOSf Sgg'l:‘rze;)c- r osf 2232(:)' is a “show-stopper”

W

i

}\(%‘;_:/ @:\\\\\\\ )
1879-1955 \

Pulse wave (PW) train

I

S]]
[
)
]
IR
/n
5
y
N
)
R
)

Ky

ol

“

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

Albert Einstein

1879-1955

SPEED
LIMIT
C=
299,792,458

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

It’s going -c.

axiom(s)?

It’s going c.

- A “road-runner” axiom
S going C. : “ _ ”
(Of course) is a “show-stopper

@% — z Is cartoon
: , « physics

It’s going -c.
(Of course)

W

- — ’; AEEIFENG, T = 3 Y, P |
@\% beepémeep! a
—— Z ity?)
It’s going -c. It’s going c. . reality?
Pulse wave (PW) train PW Axiom is
}\ /\ )\‘ A jcos WttA,cos 20t+A 3c08 30+A ycos 4ot complicated
0

A i

A PW peaks precisely locate places where wave is.

Saturday, December 12, 2015
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Developing Axioms to update Galileo’s relativity: A critical look at c-axioms
Einstein’s PW (Pulse-Wave) Axiom
3 Evenson’s CW (Continuous Wave) Axiom and Occam’s Razor
Analyzing wave velocity by per-space-per-time and space-time graphs
Introducing optical Doppler effects
Clarifying Evenson’s CW Axiom using Doppler effects

Galileo s Revenge (partl): Galilean Doppler-shift arithmetic using rapidity p

Developing optical “baseball-diamond™ and relativistic p-functions and transformations

Details of ICW wavefunctions and phasors

Details of 2CW wavefunctions 1n rest frame
Galileo’s Revenge (part2): Galilean addition of phasor angular velocity
Structure of rest frame “baseball-diamonds”™

Details of 2CW wavefunctions of moving frame velocities of and waves
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation
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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
s going -c. s going c. _ A “road-runner” axiom
It’s going -c. It’s going c.

is a “show-stopper”

(Of course) _(Of course)

RRRRRRB RRRRRRR A
5,%/ =
EEEEI om N )
. 2 )
A Ay (7

1879-1955 \
It’s going -c. It’s going c.
Pulse wave (PW) train PW Axiom is
William of Ockham . A2COS 0S 401+ complicated
9N Using ;
N | O ccam )S & . A PW peaks precisely locate places where wave is.
' : Continuous wave (CW) train
1285-1349 RaZOr y &

¢

(and Evenson’s lasers)

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

Kenneth Evenson

1932-2002

Cut a PW to just one Continuous Wave

Saturday, December 12, 2015 17



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

C=
bert Eimstor 299,792,458
ert insiein 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) N [(ofcourse) is a “show-stopper
1879-1955 \
It’s going -c. It’s going c.
Pulse wave (PW) train PW Axiom is
William Ockham . AZCOS 0S 401 +... complicated
7 Using ;

& . A PW peaks precisely locate places where wave is.

Occam'’s

Continuous wave (CW) train

) CW zeros precisely locate places where wave is not.

12851343 RaZOr l l - Simpler 1CW coherence
(and Evenson'’s lasers) ¢ is more “/en-lke”
E Conti W (CVV) . - CW df ] ] . Can be made
venson Contlinuous rrave axiom. speed jor dill colors 1S C more self-evident
Kenneth Evenson It’s going -c. TE—— - and productlve
It looks red! It’s going -c. it gk gl . It’s going c.
It looks green. 00Ks blue: It looks green.

(Of course)

Of course 600 THz

Laser
source

It’s going -c.
It looks blue!

It’s going c.
It looks red!

1932-2002

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 ‘AN N A E)
2 :\%

Pulse wave (PW) train

||

A i

1879-1955

It’s going -c. It’s going c.

oS 401t+...

William of Ockham

Using .

| Occam'’s
)

=1 Razor

1285-1349

Continuous wave (CW) train

l

l

. @

¢

(and Evenson’s lasers)

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

It’s going -c.
It looks red!

Kenneth Evenson

A

i il
F'*
] it

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”

First of all it’s

Complicated

A PW peaks precisely locate places where wave is.

CW zeros precisely locate places where wave is not.

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

C=
Albert Einstein 299,792,458

\. S J

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

Kenneth Evenson It’s going -c. i’ going ¢ / . - and productive
It looks red! It’s going -c. : ’s going c. .
It looks green. It looks blue! It looks green. ICW 1S affeCted by
(Of course) 600 THz (Of course) lSt_Order DOppl r
Blue shifts b =e™7

CX@Drieisit | Red shifts r =

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. | SoUrce
It looks blue!

1932-2002
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Developing Axioms to update Galileo’s relativity: A critical look at c-axioms
Einstein’s PW (Pulse-Wave) Axiom
Evenson’s CW (Continuous Wave) Axiom and Occam’s Razor
> Analyzing wave velocity by per-space-per-time and space-time graphs
Introducing optical Doppler effects
Clarifying Evenson’s CW Axiom using Doppler effects

Galileo s Revenge (partl): Galilean Doppler-shift arithmetic using rapidity p

Developing optical “baseball-diamond™ and relativistic p-functions and transformations

Details of ICW wavefunctions and phasors

Details of 2CW wavefunctions 1n rest frame
Galileo’s Revenge (part2): Galilean addition of phasor angular velocity
Structure of rest frame “baseball-diamonds”™

Details of 2CW wavefunctions of moving frame velocities of and waves
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation
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Analyzing wave velocity by per-space-per-time and space-time graphs

SPACETIME

(\7)-graph

RelaWavity Web Simulation
Kevboard of the Gods

(per-Time vs per-Space)

Saturday, December 12, 2015

22


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

frequency v
(waves per sec.)

per-SPACETIME

(r,0)-graph

inverse temporal values

Heinreich
Hertz

1857-1894
1Hz=1sec™!

v=4/5

A

per-time versus time
Press a key to get a wave

1 N N

Yo

\\\\I\\’

1 1 2
| - /2 -Y 4 /2 3 | |
. I [ 4 [ I L 111 | 1 \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
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Analyzmg wave velocity by per-space- per-time and space-time graphs
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Analyzmg wave velocity by per-space- per-time and space-time graphs
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Analyzing wave velocity by per-space-per-time and space-time graphs

i SPACETIME

(\7)-graph

||||
N

% |, 1 2

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

Jean-Baptiste
Joseph Fourier
1768-1830

How to understand waves
and
wave velocity Viave

wavelength X
(meters per wave)

\I'\4\\|\\\\\\\\|\\\\
wayelength
A=2/3 =1/
|

Saturday, December 12, 2015

27



Analyzing wave velocity by per-space-per-time and space-time graphs
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Analyzing wave velocity by per-space-per-time and space-time graphs
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Analyzing wave velocity by per-space-per-time and space-time graphs
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and
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Analyzing wave velocity by per-space-per-time and space-time graphs
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How to understand waves
and
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Analyzing wave velocity by per-space-per-time and space-time graphs
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Developing Axioms to update Galileo’s relativity: A critical look at c-axioms
Einstein’s PW (Pulse-Wave) Axiom
Evenson’s CW (Continuous Wave) Axiom and Occam’s Razor
Analyzing wave velocity by per-space-per-time and space-time graphs
% [ntroducing optical Doppler effects
Clarifying Evenson’s CW Axiom using Doppler effects

Galileo s Revenge (partl): Galilean Doppler-shift arithmetic using rapidity p

Developing optical “baseball-diamond™ and relativistic p-functions and transformations

Details of ICW wavefunctions and phasors

Details of 2CW wavefunctions 1n rest frame
Galileo’s Revenge (part2): Galilean addition of phasor angular velocity
Structure of rest frame “baseball-diamonds”™

Details of 2CW wavefunctions of moving frame velocities of and waves
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation

Saturday, December 12, 2015 35



Analyzing wave velocity using per-space-per-time graphs and space-time graphs

per-SPACETIME c-time period cT SPACETIME
(cr,v)-graph (units: Yo pum) (A cT)-graph

frequency v
(units: 600THz)

= U4 1500z ct,=A, |Atom traveling along wave
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i ~ (that 1s: Poppler red-shift)
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- ck=lcex, - :
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1>:3OOTHZ—1/2 E - T=5/6fs 2 : e
] i 2:10%/m 3-10%m 4-10%m ] /R /2!}’” Yy 1 l21m
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_3 _1 | 1 3 _ _] 3
‘\\é\l\\é\ \\A\\l\\A\\!\\\\l\\\\|\\\\ \\\4\ \\‘”h ”/‘Zl\lll [ I [ I [ I
_14 c-wavenumber ck By -space ength .
- (units: 600T fspm)=1,

Move fast enough this way) then the
“oreen” wave gets redder and redder

until i1t dies
1] hit 1]

/

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

requency mplitude
decrease exponentially
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Analyzing wave velocity using per-space-per-time graphs and space-time graphs

frequency v | per-SPACETIME ctime period cT| SPACETIME
(units: 600THz) | (cr,v)-graph (units: Yopm) | (\cT)-graph
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until YOU die . until it dies
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increase exponentially
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decrease exponentially

/

/Moving against a 600 THz ICW could Doppler blue shift it to 1200 THz
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Developing Axioms to update Galileo’s relativity: A critical look at c-axioms
Einstein’s PW (Pulse-Wave) Axiom
Evenson’s CW (Continuous Wave) Axiom and Occam’s Razor
Analyzing wave velocity by per-space-per-time and space-time graphs
Introducing optical Doppler effects
3 Clarifying Evenson’s CW Axiom using Doppler effects

Galileo s Revenge (partl): Galilean Doppler-shift arithmetic using rapidity p

Developing optical “baseball-diamond™ and relativistic p-functions and transformations

Details of ICW wavefunctions and phasors

Details of 2CW wavefunctions 1n rest frame
Galileo’s Revenge (part2): Galilean addition of phasor angular velocity
Structure of rest frame “baseball-diamonds”™

Details of 2CW wavefunctions of moving frame velocities of and waves
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation
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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\b’- 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!”

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.

& 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 |
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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Developing Axioms to update Galileo’s relativity: A critical look at c-axioms
Einstein’s PW (Pulse-Wave) Axiom
Evenson’s CW (Continuous Wave) Axiom and Occam’s Razor
Analyzing wave velocity by per-space-per-time and space-time graphs
Introducing optical Doppler effects
Clarifying Evenson’s CW Axiom using Doppler effects

- Galileo s Revenge (partl): Galilean Doppler-shift arithmetic using rapidity p

Developing optical “baseball-diamond™ and relativistic p-functions and transformations

Details of ICW wavefunctions and phasors

Details of 2CW wavefunctions 1n rest frame
Galileo’s Revenge (part2): Galilean addition of phasor angular velocity
Structure of rest frame “baseball-diamonds”™

Details of 2CW wavefunctions of moving frame velocities of and waves
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation
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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 Carlal Read off your Doppler
/// " shift ratios (B|A) and (C|A) to my 600THz beam.

Bob: | see Doppler ___Carla: I see Doppler
Blue shift to 1200THz ) /// “Red shift to 400THz

—/ got (B|A)=2,

-,  ~600THz - : 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 TERENE
0,~1200THz v ~400TH
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 _ ——
Usource v, 600 1 v, 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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Easy Doppler—shiﬁ and Rapidity calculation

Alice: Hey, Bob and Carlal Read off your Doppler

ALICE'S /2
‘:

" Bob: | see Doppler Carla: | see Doppler

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

3 and P =in(2) —— ?«;(;\ and Pca=In(2/3)

e T =+0.69— / =-0.41

- v =600THz - : e
0,~1200THz UC—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
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,— Pca =108, 087
(tlme-reversed)1
Pz =069  (s0:p,,=-0.69) Py =-041
Definition of Rapidity,
(Blay=22=2
v, 1
1S time-reversal of:
(A]B)=22==
V, 2

hate us?

( Mnemonic:You can think of rapidity Psa 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 Psa 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 225 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
&7 | Wff’ ! | got (B|A)=2, —f : ;Jj 1 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 Usource N U, 600 1 Uy 600 3
rapidity: Bob-Alice rapidity: Carla-Alice rapidity:
= log, (K]3) ’ :
Prs =108, Py, =log, (B|A>:10geT P, =log, <C|A>:10ge§
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, VD~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 = +0xs =-1.10
Alice: Hey, Bob and Carla! Read off your Doppler ﬁ/cj re ﬁcgp',?-{;?,,-ﬂe /

ALICE’'S 72 ohift ratios (B|A) and (C|A) to my 600THz beam.

LASER é,*g o , Bob: | see Doppler ~ Carla: | see Doppler
G AUNTLE / ;.z Also, rapidity Pz and pPca relative to me. Blue shift to 1200THz ) / // Bed shift to 400THz
( Sl e : I got (B|A)=2, gt 1got(Cla)=2/3,
Q\Iow Carla, what’s your rapidity Ocs relative to Bob’b \M /% and Psa=In(2) —— ‘ﬁ Q"Z’ and Pca =In(2/3)
,f ‘iped

=+0.69 3 =-0.41

-,  ~600THz - : e
—12OOTHZ DC—4OOTHZ
Doppler ratio: Bob-Alice Doppler ratio: Carla-Alice Doppler ratio:
USOURCE U, 600 1 U, 600 3
ST N : 1
rapidity: Bob-Alice rapidity: Carla-Alice rapidity:
= iog, (R[S ’ :
Prs = 108, Py, =log, (B|A>:10geT Pey =log, <C|A>:10ge§
or':
<R| S> — ePrs = o~ Psk P, =0.69 (S0:p43=—0.69) ,OQA =-041
Definition of Rapidi " i
S JZB| A) v]; Ly Carla-Bob Doppler ratio:
= V- V-V
T, (| B)=2c =222 (| a)(a] B
18 time-reversed : D V. D : ! S
v, e B SO
(A B)= U_B Carla-Bobi rapidity: :

epCB — ePCA epAB implies: 0.5 = pCEA T pij
— epCA+pAB =—-041-0.69=-1.10
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Easy Doppler-shift and Rapidity calculation

ALICE’S

. £ ﬂf\
! é
q .1
4 2 A
(i i
i N e i
N
b I
/]

Alice: Hey, Bob and Carla! Read off your Doppler
ja\% shift ratios < |A) and (C|A) to my 600THz beam.

¥ v 600TH, :
v,=1200THz
Doppler ratio: Bob-Alice Doppler ratio:
(R|S) = UrecEvER (B|A) = v, 1200 2
USOURCE UA 600 1
o D
rapidity: Bob-Alice rapidity: )
Prs =log (R[S) P =log, (B|A)=log, T
or:
<R| > ePrs Py =0.69 (so:p,,=—0.69)
Definition of Rapidi
Df f Rapidity Carla-Bob Doppler ratio:
< B| A> =5 Happy now,Galileo? D DD
 time-reved (C|B)=—=——=(C|A)(AB)
1s time-reversed D D D
v, . :,'. B A VB
(A|B)= v, oo # Carla-Bob rapidity:

ePCB —_ ePCAepAB

Bob: | see Doppler

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

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

Carla: | see Doppler

Blue shift to 1200THz ”‘%ZK/ i~ ﬁed shift to 400THz
W,é‘ | got (B|A)=2, ‘; ‘,"“'*f J’ "l got (C|A)=2/3,
S — M.«

| \ j i and Prsa —/n(2)_ - e and Pca :13(543)

=+0.69— "

implies:

DC—4OOTHZ

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

Carla-Alice rapidity: 7
pCA — loge <C| A> = loge g

Py =-041

 Galileo’s Revenge (part 1) )
Rapidity adds just like
Galilean velocity

Pep = Pea T Pas

=—-041-0.69

. =-1.10
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Developing optical “baseball-diamond” and relativistic p-functions and transformations

> Details of 1CW wavefunctions and phasors

Details of 2CW wavefunctions in rest frame
Galileo s Revenge (part2): Galilean addition of phasor angular velocity
Structure of rest frame “baseball-diamonds”

Details of 2CW wavefunctions of moving frame velocities of and waves
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation
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[CW Laser-phasor wave function

Dimensionless Light wave-velocity c/c=1

W= Ae“’“Ta’”—Acos(kx wt) + iAsin(kx — ot)

T phase-angle
Amplitude
winks angular frequency:® =2mw0 A
“kl‘,;/l ks’ \angular wavenumber :k = 21K
k =wavevector Imagi nary
axis

..3 00 THz laser
(Infrared)

Real vy =

[maglnary/E

y=Im

T— ()

Rey

'" GG@'@?:@:@Q@QQ@G@@Q@@@

k=+11w=Ic

laser-phasors v

!ﬁv '
e\|I M

Wavelength \=2n/k=1/
(lum = 10°m)
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[CW Laser-phasor wave function
Dimensionless Light wave-velocity c/c=1\ y = A.ei(kxfa” ) — A-cos(kx — wt) + iA-sin(kx — wt)

@ ang L,llar T phase-angle
ck units
S— Amplitude
WZﬂkS angular ﬁequency 0 =271TD A
“ki;;/l ks”’ \angular wave number : k = 21K
k =wavevector Imagi nary

axis

w=1Ic

k= +1

.}00 THz laser || laSel’-phaSOVS W(x,1)

(nfrared) P33 PP EEEADE

Real y=Rey “. ==
Imaginary/E ey % M

cality by exactly Qne Quarter!

Mantra for most of the US
publicly traded corporations

Imaginadltion|precedes

Wavelength \=2n/k=1/
(lum = 10°m)
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[CW Laser-phasor wave function

Dimensionless Light wave-velocity c/c=1\ y = A.ei(kxfwt ) = A-cos(kx — mt) + iA-sin(kx — ot)

@ angb,llar T phase-angle : phase-angle
ck units (kx—wt)
Amplitude — N\O @000 /T~
Q: Where is phase=(kx-wt)=0? 4
A: It is wherever this is: £ =% Imaginary
| t ok axis
|t o=l  [gser-phasors v
300 THz laser L g PN
(Infrared) ||"AV£A‘§§"’ &0 & &2 0 SR SR AR AR P &R a0,

%", U NN B BN Y DX D% b s> S
/

Re / N, € g
A4 7 7 - Rew Iy

i 4

4

7.

‘ /
£4

2T0m=1/0
fst 3.33-107175)

Bohrlt Web Simulation
1 CW ct vs x Plot

(ck =+1)

Space x

)
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http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=30001&ePhasorFactor=0.5&xPhasorFactor=0.5
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=30001&ePhasorFactor=0.5&xPhasorFactor=0.5
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=30001&ePhasorFactor=0.5&xPhasorFactor=0.5
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=30001&ePhasorFactor=0.5&xPhasorFactor=0.5
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=30001&ePhasorFactor=0.5&xPhasorFactor=0.5
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=30001&ePhasorFactor=0.5&xPhasorFactor=0.5

[CW Laser-phasor wave function
Dimensionless Light wave-velocity c/c=1\ y = A.ei(kxf“” ) = Acos(kx — wt) + iAsin(kx — t)

T phase-angle : phase-angle
. (kx-wt)
— Amplitude N\. @ N
WlﬂkS angular frequency :@ =21V A
“ki,;/l ks”’ \angular wave number : k = 21K

k =wavevector Imaginary

axis

too=lc  [gser-phasors vy
3 00 THz laSGI' ( ﬂ‘\ ’4\
(Infrared) Y Y B A R Y Y Y DY Y R A ALY
G, O Sy S A L O

4

(I A
N N
1"}5'4» ‘g')ﬂ» 4

/g

oy ' weldly,
& ¢ .9
) ey &0

4
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[CW Laser-phasor wave function

Dimensionless Light wave-velocity c/c=1 V= A.ei(kxfa)t) = A-cos(kx — wt)+ iA-sin(kx — wt)
w angular T ----------------------

phase-angle

ck units

S— Amplitude — N\O @000 /T~
WlﬂkS angular frequency :@ =21V A
“ki,;/l ks”’ \angular wave number : k = 21K Amplitude
k =wavevector Imaginary 4
axits
laser-phasors vo.y \
300 THz laser 7N >y
(Infrared) R Y XY D Yy Ao L
R g IR NI Clock velocity u=
Real vy = /‘V requency 300TH.
I : :‘é’é \ v:}ﬁ[' 0 extremes give
maginary P ot AV 4% :}‘1@ identical phasor
é‘g‘() ?A‘kv %‘{% :}}{% clock (x,ct) array
/) _\ A~ Y ¥
ant” > %‘"% &Y/ Clock velocity u~c
LA\ TEVAN G A\
A/ / N ) frequency~0.0 TH.
\ W 4 RS /g .
A ?A 2T/0=1/
N

st 3.33-10°5)

X\
\»

(Vv
LLTN
'A'ﬂlv
NV

10°¢
'
<

A\

\

Space x

y

-
\
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[CW Laser-phasor wave function
Dimensionless Light wave-velocity c/c=1\ y = A.ei(kxfa” ) = Acos(kx — wt) + iAsin(kx — t)

- angl“.tlar T phase-angle
ck units
S— Amplitude
Wl[flkS angular frequency :@ =21V A
“kl',;/l g’ Qngular wave number : k = ZnKj
k =wavevector Imaginary
axits
k=1+1 w=Ic = | & x,t)
— laser-phasors v W
p R < YR .
(Infrared) e Iy L L A&E X A ok veloeiry u=
Real w=Rey /‘V requency 300TH:
S ' Xwo extremes gi
1 AN Al » give
Imaginary %“!{:{‘F / 4& L 0 identical phasor
y=Im A ?AA‘ %‘% 3 clock (x,ct) array
W 4 S 2
3

a; Clock velocity u~c

\ > YR
o %]L% 2 p frequency~0.0 TH.
T/MW=1/V
3.33-10 %)
Other Doppler versions

N/ =c=v"/K/
must match this phasor
clock-(x,ct)-array, too.
That's gauge invariance!
kx-vt = k'x'-0't

Space x
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Developing optical “baseball-diamond” and relativistic p-functions and transformations

Details of 1CW wavefunctions and phasors
3 Details of 2CW wavefunctions in rest frame

Galileo s Revenge (part2): Galilean addition of phasor angular velocity
Structure of rest frame “baseball-diamonds”

Details of 2CW wavefunctions of moving frame velocities of and waves
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation
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/5 Alice: OK, Bob. Colliding 2CW laser beams

47 We're gonna’ hit
A7 S 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
» paY 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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8 zght—movmg CW !0 Leﬁ-moving CW ¢i(lx-00)

o Do k=+2 ®=2c
ye-laser
Py 600 THz Re

RPNl | (R S

\‘\\\\ \\\\\ \’\‘\\\\\\\\\

/‘“/\

f//

-
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?

CW Dye-laser | .~
600 THz | f

Easy!

" You get zeros of any wave-sum e'“+e?
by factoring it into phase and group parts.

Bohrlt Web Simulation
2 CW ct vs x Plot

(ck=+2)
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http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-30022&ePhasorFactor=0.5&xPhasorFactor=0.5
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-30022&ePhasorFactor=0.5&xPhasorFactor=0.5
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-30022&ePhasorFactor=0.5&xPhasorFactor=0.5
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-30022&ePhasorFactor=0.5&xPhasorFactor=0.5
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-30022&ePhasorFactor=0.5&xPhasorFactor=0.5
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-30022&ePhasorFactor=0.5&xPhasorFactor=0.5

zght—movmg CW eilkx-01)

v i /! \ “-;“’-‘_‘!?f.jf k=42 ow=2c =2 w=2c _.{; 7- ﬂ_: !
4 CW Dye-laser CW Dye-laser | 5
/ R 600 THz 600 THz _|__ ¢

LR

Leﬁ-movmg CW il

~ , — Easy!
//‘ /f/fng%// AN /yr//f*/f/fl WK A .
el ANAN , 7 yo A &\\\’\&“\*/Imw V \\\\\\ MW AR \\Y You getzeros ofany wave-sum ela_|_ezb
r’ \ by factoring it into phase and group parts.
S
ol & Remember your algebra? Exponents of
§ products add.
- +h
Wavelength 7\.=27t/k=1/ K a a-b

So, half-sum 92  plus half-diff > gives a,

and half-sum # minus half-diff “=? gives b.
2

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

| | Space x
S Bob: fx-ot -kx-ot
T o
Cooll 3 | _pla | elb
You guys (x’t) o i 1 1
S .a+ .a- . d-
mademle& _isR IS _laT
a space-time =¢" 2(e" 2+e " ?2)
graph out of
real zeros.
How'd it
do that?
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Developing optical “baseball-diamond” and relativistic p-functions and transformations

Details of 1CW wavefunctions and phasors
Details of 2CW wavefunctions in rest frame
¥  Galileos Revenge (part2): Galilean addition of phasor angular velocity

Structure of rest frame “baseball-diamonds”

Details of 2CW wavefunctions of moving frame velocities of and waves
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation

More at Pirelli Challenge page: 'Un Grande Affare’ - Light Meets Light
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http://www.uark.edu/ua/pirelli/php/half_sum_1.php
http://www.uark.edu/ua/pirelli/php/half_sum_1.php

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 \P' \

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

)/ sy
) l& A \ A \ \\\‘\‘\*

“‘E

a space-time
graph out of
real zeros.

Howd it
do that?

\\\____r____//

ki C

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

Space x

kx-mt -kx ol

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=¢' -
Y

cospP

J Typical

~ Phasor Sum:

Presto! PN B o A (o
2

PLUS

Green phaso

coso. K AN

e
Sopyn

EQUALS: ¥..5-

>
N

(0c+[?\)/2
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(a) Sum of Wave Phasor Array

Group|or Beat: Node l?f VACIOK
\

\_/

YA YANYNYAYA AAYARY YA N

VA A ANAWA VAN VAW ANANAS N A % A WA/
(b) Typical Phasor Sum. (c) Phasor-relative views

Red phasor » A moves relative to B Geometry of the
A -~ Half-sum
cosP | P hase/
\J and
Half-difference
PLUS > Group\

Happy now?

ﬁ eioc "”’

gﬁ JSIH |
cosx

Green phasor&/

Galileo’s Revén (part )
Phasor angular velocity

//

/

/
/

{

\

\ ~
Link to Animation from adds just like
Pirelli Challenge Galilean velocity
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http://www.uark.edu/ua/pirelli/php/phasors_2_3_zoom_anim.php
http://www.uark.edu/ua/pirelli/php/phasors_2_3_zoom_anim.php
http://www.uark.edu/ua/pirelli/php/phasors_2_3_zoom_anim.php
http://www.uark.edu/ua/pirelli/php/phasors_2_3_zoom_anim.php

Developing optical “baseball-diamond” and relativistic p-functions and transformations

Details of 1CW wavefunctions and phasors
Details of 2CW wavefunctions in rest frame
Galileo s Revenge (part2): Galilean addition of phasor angular velocity
3 Structure of rest frame “baseball-diamonds”
Details of 2CW wavefunctions of moving frame velocities of and waves
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation
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zght—movmg CW ¢i(lx-o0) Leﬁ-mgvmg CW ei(-hx-0t)

’ ) ' ‘ = k _|_2 w= 2C — _2 W= 2C , A j & | :
2 BEa | Y CW Dye-laser CW Dye-laser | 5
/ 600 THZ 6500 THz | :

{ M 1 wy/

/‘/r/////f/\/’:\ y}// ?/ \_ !_'o EaSyI
=NV | TV You get zeros of any wave-sum ¢'“+ ¢
r’ \ l k by factoring it into phase and group parts.
§ § J Remember your algebra? Exponents of
'Q S products add.
a+b a—b

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

So, half-sum 7  plus half-diff 5 gives a,

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

Presto! b (e ath
You factor ei¢+eib intoe * | e *? +e 2

Space x Alice 1CW phase: a = kx— wt

made me =

a space-time

graph out of
real zeros.

Howd it
do that?

-----------------------
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i il zght—movmg CW ei(kx-o1)

I { ‘
\ .

1;/‘ / //y‘/' /

\ \‘\ \’\‘\\
\

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

Leﬁ-movmg CW ei(lx-0p

CW Dye- laser A )
600 T. HZ ‘

NPT L S

\-"‘ /;, “__ A ,{M k +2 W= 2C - -2 0= 2C
b R CW Dye-laser
7\y N 600 THz
A '_"“-77' <

PEANNANANAN \ \\ \

a space-time
graph out of
real zeros.

Howd it
do that?

Space x

a+b

o

J Remember your algebra? Exponents of

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

Easy!

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

Wave
Group wave: e omtkx =) cosjy

products add.
ﬂ a—b
So, half-sum 7  plus half-diff 5 gives a,
and half-sum % minus half-diff ¢ ; b gives b.
Presto! oo (azb o atb
You factor e“+e'b intoe * | e > +e 2
Space x Alice 1CW phase: a= kx— wt
-0t -Jox-wt Carla 1CW phase: b = —kx — wt
— em elb Bob’s 2CW Group-phase: +k=——
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i(fx-mt)

~Ri ght—moving CWe

R CW Dye-laser
’ A 600 THz

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

Left-moving CW (/-0
k=-2 w=2c

CW Dye-laser | %%
600 THz | "7 .;
mo—— s S 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—

Presto! PN B o A (o
You factor e¢+e'® /ntoe 2le ? +e ?

Space x Alice 1CW phase: a= kx— wt
Carla 1TCW phase: b = —kx — ot

Cooll

You guys ¥

S

made me =

a space-time

graph out of
real zeros.

Howd it
do that?

kx-ot -kx-ot
H_/ N / B
(x,t)zela + elb Bob’s ZCW(\.?Joup-phase; +k:Q
------------ ave o

_.el 2 (r‘el 2_|_e I 5 2) Group wave: e ikx otk =) cosk

---------------------- *is standing wave (does not vary with time 7) b

~Tot zkx a+

=@ +€ Bob’s 2C\W Phase-phase: —()=———
...‘ L J (0] 00 Wasepase 2

ave

hase rou '
P g P Phase wave real part: Re(€“!)=cos(Wwr)

. . factor factor
ﬁ) 1s “instanton” wave (does not vary in space X)

Wi, )= cos)x

Space x

Saturday, December 12, 2015

76



e -
Wavelength A=21/k=1/K ;’ Period 1=21t/0=1/0 It looks like &
(0.5um=0.5-10"m) § (1.67fs=01.67-10""°s) baseball diamond
B~ with
_ . P at Pitcher’s mound
: : - and
G at the Grandstand”.
‘{’(x, 0 = (e'iwt) (Zcoskx) :ei(kx'(ot) —|—ei('kx'0)0 I'm on 1st base! (R)
s *Thanks,

Standing 2CW in per-space-time ™
Frequency 4

W=2TV 1500
THz

Standing 2CW in space-time  woody!
phase  group |y
factor factor group

aaa

Phase vector

Time ct

T 1/2-sum:
—p— R+L Bob: / ‘
900 phase 2 The P and G ReWphase-zer: g
THz vectors are B )
scale models . @ ¢
=Ko R=K,, Iof.zero-grid | RS g %
attice vectors roup =
L=P-G R=P+G  (butP andG g

switch places)

+4
Wavevector

Group vector 0 R-L
1/2-difference K /gG=_ ck=2mxKc

0o SI
[8o1119A-0)-2dO]S g
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Wavelength A=2m/k=1/K Period T=21/m=1/0
(0.5um=0.5-10"m) . (1.67fs=01.67-10"s)

Y(x,)=(e ’m9(260skx) — pl(kx-01) 4 pi(-kx-)

Time ct

No, Carla
you’re on 3,
I'm on 1st. My

laser points Right
Yours points Left!

lt looks l/ke a
baseball diamond
with
P at Pitcher’s mound
and
G at the Grandstand®.
Ok,I’'m on 3@ base L.

*Thanks,
Standing 2CW in per-space-time Standing 2CW in space-time  wooay!
Frequency phase  group |y
— fClCtOV fCZCfOV group
O=27TV 1500 .
(— The ) THz - 2\ ¢ A
(v,5) n N
4 120 ase Phase VCCtOf N
“Baseball . 1/2-sum: E
\ Diamond” ) =P=' R+L, Bob:
900 P The P and G 2
3d base THz 1st base vectors are g
(Carla) (Alice) scale models R
L=K N R=K+ 5 of.zero-grid z
lattice vectors 3
L=P-G R=P+G (butPandG 8
switch places) -
Grandstand ”
1. G2 +4 ?ou
Group vector Y / Wavevector 7 i;
1/2-difference Kgroup G=—1— ck=2mKc Space x %
ab)

RelaWavity Site - Phase and Group Vectors in per—Tlme vs per-Space
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C4&rInfoInd=0&rapidity=0.0
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C4&rInfoInd=0&rapidity=0.0

Continuous Waves (CW) trace “Cartesian squares’ 1n space-time

1 Time SN 4
_ ct - / TN / « CW Laser

M _ ~ /’- ,. ¢ 600 THz
CW Laser ﬁ \ /
600 THz 1 IO

(a) CW squares. T

...and a diamond
in per-/space-time

/ P((D Vs Ck)

Period Wavelengt 4
[ femtosecond 1.0 fs — f?/oﬁ ] X.u . / Gictvsx) R~
1.0 fs=10"15s - I
N ace
I micron _ l 0.5 um ] 0 ktm px
1.0 um=10"5meter | : :

N

Pulse Waves (PW) trace “basebalk c,1amonds” 1n space -time \P (ct 15 3)

7N G((o vs ck)

v Time AN DN AN AN

N AN

v ct _ 7N N
(b) PW diamonds
| PW laser
b g ...and a square
PW laser - = pace point-lattice
patooey:.. IO < N 0. |5 um [. 10 um X In per-space-time

Bohrlt Web Simulation: 2 PW ¢t vs x Plot
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http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=30022
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=30022

3 Details of 2CW wavefunctions of moving frame velocities of phase and group waves
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation
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-~ Right-directed 1CW e'"*/!

k=+4 o =4c

—— /CW green-lasel// :
—— | 600 THz Doppler blue shifted

to 1200THz

LEF \/ 4

Alice: § /
Now our 600THz lasers
move left-to-right. My ,
600THz laser is going Wavelength A=2m/h=1/K
so fast its beam blasts
Carla’s 600THz laser is

you with UV 1200THz. »
going away So you get

— Left-directed 1ICW &' 5*%!

k,=-1
! //CW green—lase7
Doppler red shifted 600 THz

to 300THz

< N\
h
Wavelength \=2m/k=1/K
(1um=10"%m)
\ ex

ce infrared 300THz.
a nice infrare z @:IZOOTHZ or \=1/4 1

Web Simulation
1 CW ct vs x Plot

(ck =+4)

m) (0=300THZ or =1 um )

» il
L)

Web Simulation
1 CW ct vs x Plot

(ck=-1)
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http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=30004
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=30004
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=30004
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=30004
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=30004
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=30004
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-30001
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-30001
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-30001
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-30001
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-30001
http://www.uark.edu/ua/modphys/markup/BohrItWeb.html?scenario=-30001

Time

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

My UV 1200THz R’ (1/4um=0.25-1 0‘6m) (lum=1 0‘6m)

vector is fierce!

You’ll need glasses UV 300THz L/
to see P’ and G’ ¥ » 3rd baseline

lines or coordinates. - is a lot nicer!

Frequency - 2CW per-Spacetime Plot Bob: Sunglasses help.
v 1500 Wow! Your 1¢t baseline R/
(its of  THZ 23 / Woppler blued up by e+p=2
— / s ac &, TN
DI~ o] = ¢ o =0aRy
T = 7 Ky
Sis /// o
E / & o [V =0
| S '\‘{\QJ :
/ o =20,
B J/ & 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)
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Wavelength A=2m/k=1/K

I\
=
M~

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.)
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Time

Alice:OK. Wavelength A=2m/k=1/K Wavelength A=2m/k=1/K

My UV 1200THz R’ (1/4um=0.25-10‘6m) (1um= =10 m)
vector is fierce!

You’ll need glasses
to see P! and G’
lines or coordinates.

UV300THz L’

+ 3rd baseline
is a lot nicer!

(and half as long.)
Frequency — 2CW per-Spacetime Plot Bob: Sunglasses help.
v’ 1500 [, New .=~ Wow! Your 15t baseline R’ . , / R+L
s of T2 s base o 7§"-Qopp/er blued up by e*P=2. Ko hase™
— (A/lce) f: """""""""""""""""""""""""""""
v, ~600THz) K’ = Pk = 20R) RLK . | But, Carla’s 37 baseline 1. is, | New “Bitcher-mound” P'(Phase pt
:K'H Doppler red shifted by.e= 1/2 is 1/2-sum (R"+L./)/2:
............................. are A
....... ; 2—1/2
V), :§€+pUAE CK hase v, 2 _|_UA —1/2 . 0
New ., 3/4 4 =20, Ve 2\ 2 ) 2| +172 | Y 2412
3¢ base L : 5
7@/@[[3} . = 1200THZE 3/4 \ )
/ ! ' —
L=.-- 1 E ' A 5/4
e P L
D |_ 2 +106 E 106 E
||||‘1||| | ||||||||‘1|||||||||‘2||||| :
: _Z—p: it Wavevertor oxX* """ '
s 2. (units of ¢k ,=2-10%/m)
vé —e P UA:lvA =300THz RelaWavity Simulation: Shifted (b=2) Phase and Group Vectors in per-Time vs per-Space
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C4
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C4

Alice:OK.
My UV 1200THz R’

vector is fierce!
You’ll need glasses

to see P’ and G’
lines or coordinates.

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

Time

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

Frequency - 2CW per-Spacetime Plot
v’ 1500 |, New
(units of 1 1st base
v, =600THz) (Allce)

Bob: Sunglasses help.

Wowl Your 1t baseline R’

UV300THz L’

+ 3rd baseline
is a lot nicer!

(and half as long.)
/ ! R+L
Kphase

New “Pitcher-mound” P’
is 1/2-sum (R’ +1.)2:

/(Phase pt.

Saturday, December 12, 2015

------------------------------------ PP
UA _§€+pUA E CK;)hase _ UA TP n UA P —D 2
New = /Sahod _: E / N +p p | A P, —p
arla) - < sinhp 3/4 | /
/- : =,
L_.-- 1 - : coshp 5/4
: e‘p—l
D |_ 2 +106 ' 106 E
||||‘1||| | """"‘1"""""2”'” -
0.5 '
S Wavevertor ok '
s 2. (units of ¢k ,=2-10%/m)
v.=e "v,=—v, =300THz
85




Time

Alice:OK. Wavelength A=2m/k=1/K Wavelength A=2m/k=1/K
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’
lines or coordinates.

UV 300THz L/

+ 3rd baseline
is a lot nicer!

- Mﬂﬁﬁk\l (and half as long.)
Frequency — 2CW per-Spacetime Plot P Bob: Sunglasses help.
v’ 1500 |, . o N &~ Wow! Your 1¢t baseline R’ / ! R4T.
(units of ~ TTZ | | 1st base f,,...fu%g;'_;,f-t‘_?'L"1§%Qopp/er blued up by e+p=2 K hase=P=
_ - Alicg) 4TI e
L, =600THz) 1200 ;2CKA=+p _____________________ :(R/= ‘ /"% But, Carla’s 3 baseline _I_J_/_iés_' New ‘fitcher—mounCJ;” P’/(Phasept.
Kig : Doppler red shifted by,e?=1/2.: Is 1/2-sum ;R +L )/2-'\
N o e S - 2—1/2
=Dy, Ve 2\ 2 ) 20 4172 | M 2412
_______ = 1200THz; 3/4 . 2
I:: ' d ; =V, 5/4 New “Grandstand” G’/( Grgup pt.)
3 A/ 4 ' is 1/2-differen(ce (R'-L )<2:
; VA ;
9.... 1100 452100 +3-105  +4410° , 2+1/2
T T T e ) w2 ) wof <12 )| T2
— e—ngi avevecior cx | Uj,ohase | 9 ol 110 Al 912
by <L _300TH 5/4 N,
V-=¢ "V,=—-V, = Z =V
- 2 “l3/4
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Wavelength \=21/k=1/K
(1/4um=0.25-10"%m)

Alice:OK.
My UV 1200THz R’

vector is fierce!
You’ll need glasses

to see P! and G’

Time

lines or coordinates.

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

UV 300THz L/

+ 3rd baseline
is a lot nicer!

- Mﬂﬁﬁk\l (and half as long.)
Frequency — 2CW per-Spacetime Plot " Bob: Sunglasses help.
v 1500 |, New N &~ Wow! Your 1¢t baseline R’
mits of  THZ [T Ist base == 7 T8"Roppler blued up by e*P=2.;
_ u , (Alice)
DA 600THZ) 1200 :_z_C_.KA__:e_:l_p _____________________ R/=K-:.4 i But’ Carla’s 3 base[ine- _];J_/_I;S_' New “ll_.DitCher'mound/” P,/(PhaSept.
: Doppler red shifted by:e"=1/2.: is 1/2-sum (R'+L)/2:
_______ { pemeeozossesessesenenebeneenend P —pP )
01,4 _Ee+pUA i CK;)hase _ UA P UA _e—P ~D 2
=20, V' pase 2 '’ 2 +e* |oePte
= IZOOTHZ/E y R/+I: sinh p \ 2 J
g d Ko hasd P= New “Grandstand” G’ (Group pt.)
IL R 2 cosh . B
- ; p is 1/2-difference (R'-1.")/2:
- / ' P
: e"+e
2. 1106 w2106 +3.105  +4110° - i’ (. i, -
T T LT T L T L T T T[T 5T 11T . o |_Vyl e D, —e . 2
Sl + A avevector'ek'|| v’ 2| otr 2| 4pP Al PP
: > : group \
1 G o G o , RLL/ ( cosh p 5/4 | \ 2 J
V.=e "L =—1v. =300TH roup vector K  |lgt K- =D . =
¢ A < 12-diff vector &% 2 ! | sinhp o34
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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)
x’ ex’
- g 2CW Minkowski-Spacetime Gri

Frequency — 2CW per-Spacetime Plot | —
R == Host

. B units o |

(f’mts of = K\ A =1/2um) —2

0 =6007H2) 00 —

——
R_KHBob The spacetime // / / / //

wave-zeros replicate / - / v

the same pattern. /// ‘

1106 w542-100 +3-106 +410°

‘ Space x’
' (umts of

||||‘1 ols |||||||||‘1|||||||||‘2||||| —I/ZMm)
Wavevector cx’ ] ‘ BEE ‘
= /. 6
(units of ¢k ;/=2-10°m) q . ) ). 1 1.5
Phase vector P K _P— R+L Group vector G K G/= R./-IJ/ BOhrIt Web Simlﬂation
1/2-sum vector phase 2 1/2-diff vector group 2 2 CW Minkowski Plot (ck = -1, +4)
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V m
S S
&~ B~
Wavelength A2/ k=1/% Wavelength A=21/k=1/x
(1/4um=0.25-10"m) (Ium=10"m)
x ex’
. 2CW Minkowski-Spacetime Gri
Frequency — 2CW per-Spacetime Plot | Time |= 2CW Minkowski-spacetime gr
v’ 1500 1 5 5 . T cf | /

tsor T 2N - SN

v, =600THz) I . u /
Bob: The spacetime
h wave-zeros replicate
the same pattern. 7 / / P
/ / 7
/ / A .
(Except P/-phase and // : > ///
G/-group indicators / 27
I:_ get switched again.) s P e
Let’s measure these P WLl & o
0 o6 43106 was00 N careful detail! '
||||‘1||||5|||||||||||||‘1|||||||||‘2||||| AP S/pﬁééx'
! Wavevector cx’ y > i | T T ‘
_ Y e -
(units ofCKA=2-]06/m) /1// Ay //// ’ /T/

Phase vector P K —P— RHL Group vector G g/ gL R-L / /

1/2-sum vector  Pase 2 1/2-diff vector group 2
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Details of 2CW wavefunctions of moving frame velocities of phase and group waves
3 16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation
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The 16 dimensions of 2CW interference Time ct’
(units of
kA=]/2um)

— Start with the
Dopplers

Frequency [
) —
Vo as00 [
(units of THz [~ y g ,
v, =600THz) |- 7 ' pace ;C
1200 [~ / / =/ (units o
TH 2 / R=K|_4 A (=172um)
B /
C / / = g
200 |- s o f A /, | |1‘5| 1] ‘
z|_ / /+p
C / e'"v,=20 .
VAR S 2
' /
600 : ,
T — /I / /
/ 300: ---------------- 7 I
[ ( : / Doppler
S am—
2:10°_-10 1108 ¢ {2106 1 +3-108 +4-10° 1
||||||i|||||||||ﬁ||'||||||||gr0”p J, Donpler
‘1 0P 0 0:5 ‘1 L'5 2, RED
UV, Wavevector cK' [ rapidiry P
nits of cx =2-10/m) ’
value for
RelaWavity Web Simulation - 16 Relativity Dimensions —[f—2=22__|
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The 16 dimensions of 2CW interference Time ct’ [~

’

\

Start with the
Dopplers

(units of B
A =1/2um) —")

P/ CK pase ( sinhp \ 3/4 - then d C
=7 =7
C Ve “| coshp | AL 5/4") // / / ‘ / pHlse waves
Phase frequency  flips Phase period T N //’ / |
(V) phase_UACOShIO 5/4 to Tphase_TAseChp 4/5 /// /
=1.25 =0.8_~ |
L Tlpku.e ,//
Frequency [ =74sech 4
( ; f o :25 _4/5 8
units of THz [~ 0.8 ’
7 phase™
o :6OOTHZ)1 200 B 2 / 4 / / S](jzzzfseojic
-, , = e
TH / = A =1/2um
h y K|.4 ; ¥ / S L 12um)
ool 4 vz ~ ARRRRRE
THz | P/ /+p 2
L / € 70,=20 J. > " 2
600 /
THL |- //
= ot 1.23
/ . 300 0.5 = h ID,,pph-, plmce phme Doppler
A THz // ; phase | Dgppy b BLUE
C y -
22108 -108 +10% W, £2:100 1 +3-105 +4-10° })up I I
| ‘ll I_ll) | _Iil | OI | ] |0|.5| 1] ‘ll || lllsl [ 1] 2,| btlr)ZZE b,?}_ff)"""'
e UA U, Wavevector cX' |7 —
2 o e’ sechp coshp e'’
(units of ¢k ,=2-10%m) -
gt | 5=05 §=080 129
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The 16 dimensions of 2CW interference

ck’ \

" ( sinh p j ( 3/4
=1

/
P C Ve 7| coshp /J 1 5/4)

N

Phase frequency  flips
U/phase:UACOShp:5/4 tg

Phase period T =1/v
T’phase:TASCCh,O:4/5

(units of
KA=]/2um)

tart with the
Dopplers

...then d

ase waves

=1.25 =0.8
Frequency [
, n
Vo as00 [
(units of THz [~ /
v, =600THz) [C o
1200 |- 9 // (units of
THz N ) 7\/4:]/2;1177)
L /
L /
mbs /oy / T |1\5| TT]
z[ / /4p
o / //e L, . 2
/
600 y
L o129 -
300 0.5 / ' / . , Doppler phase / Dopy
_ s ) phase | b, v ?BLUE
= / l
i S |
210 -10 109 w2100 143108 +ado®ff )] 1
I‘IIII Iill IIII\IIII‘II'II\IIII Tl 87OUE , Deppl J, Doppler
-l _p, 05 0 05 | L'5 2, ? BLUE ?RED
€ "V,=7V, Wavevector cX' \[“ruidn . ,
. p o e sechp coshp e’
(units of cx ,=2-10°/m)
vatuefor | 1 _ 1 & 4 onl 2
el | ==0.5 —=0.80f ==125 ==20
p=33 | 2 4 1
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Phase wavenumber flips Phase wavelength A\ =1/k

/{/phase:H)A SlIlh,O=3/4 tO ,phase:)\ACSChp:4/3
N\
y [ (Ko | N[ sinhp | [ 3/4 )
=7 =
P Ve "N.coshp J AL 5/4
Phase frequency  flins Phase period T =1/v

U’phase:UACOShp:5/4

to T’phase —TA SGChp =4/5

/
T phase

LN

(units of

- )

)\/

hase
ZﬁAcschp —
=4/3

Frequency [ =74sechp A TS
V' se0 [ =4/
(units of THz [ /
L, =600THz) — //
1200 y
THz =2 / 7 R
K i /
900 pnase / /
=0 7 / /
el =0.75 % ,
/ /
gy /
/
600 >
THL = /
- Vongse=1.25 >
/ / 300 05 p}wse / \ { h b Doppler phase T phase phase b Doppler
— THz|— / ase | Ogep | BLUE
= B / K, T4 v,
o N
22-100  -10° 10 W, {2105 +3-108 410 group N l
I‘IIIIIIIIIIII\IIII‘IIII\IIIII b LoPRr pPoppler
-1 205 0 0's 1 15 2, BLUE RED
Wavevector cK iy [ \ sinhp | sechp coshp P
(units of cK =2-10%m) " 1 5 5
pad” | ==05 —=0.75|| ==0.80 —=1.25 ==20
2 5 4 1
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Phase wavenumber flips Phase wavelength A\ =1/k

/{/phase:HASinhp:3/4 tO ,phase:)\ACSChp:4/3 (Linits Of) _—2 )\/ A
) : — :g\ACSChIO—)
(e | [ sinhp | [ 3/4) = =4/3

|

v phase

szf‘k coshp JzuAL 5/4 _’/\ L

Phase frequency  flips Phase period T =1/v
 hase= hp=5/4  hase= hp=4/5 =
U phase=U4€COSNP t0 T phase=TA4SECNP
= |
- T,phase ______________________________________
Frequency |- =T148echp “
4 B ju—
U as00 [ 3 0.5
(units of THz [~ / T/phase:0-8 :
v, =600THz) [C % b N :
1200 |- y / / W 5 (yptts of
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THz . / : —
.S +4 phase=1.33 ) )
000 | M phase  / . BERRRRD T I W T P
.| =0.73 p/ / -0 0 1.5
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600 /
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/ L / 300 05 p}wse / p hase b Doppler K phase T phase v phase )" phase b Doppler
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/
2105 -1 100 W, 12:106 +3-106 +4-109 1 1
group ooler - A - - oppler
|_‘1| | l—O.Sl L1 Ol | |0‘.5| R hl | II!SI 1] 2,| bBDngg b}?Egpl
Wavevector cx S sinhp | sechp coshp \ cschp e’
(units OfCKA=2'106/m) " 3 1 . | - 5
Ea:h;sfor E: 05 12075 gZOSO 12125 52133 T=2O
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Phase wavenumber flips Phase wavelength A\ =1/k (units of

K phase H;ASlnh,O 3/4 to phase_)\ACSChp 4/3 _ ) __2 )\/ hase
N | - =)cschp
P CK pase . ( sinhp )_1) ( 3/4 — =4/3
Cvphase l\ COShp J l 5/4 ) -’/\ A T’phasezo. 8:4/5
Phase frequency  flips Phase period T =1/v L A4

() phase UACOShp 5/4 tO Tphase_TAseChp 4/5 e
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. — 25 -
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/
THL |- /
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avevector cK —
rapidity o~ P sinh sech >osh oth 2k
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o _ 3 . 2
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Phase wavenumber flips Phase wavelength A\ =1/k

/{Iphase —kKA Sll’lh,O :3/4

to

AN
CH

sinhp | [ 3/4)

/
P's

phase

Phase frequency
’U’phase :UACOShp:5/4

szf‘k coshp JzuAL 5/4
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The 16 dimensions of 2CW interference

group (coshp\ (5/4
. =1,

Start with the
Dopplers

G’ (0] }: Tsinhp | 7 3/4)}

group
flips Group period T =1/v
t(F)) T/group :TACSChp:4/3
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The 16 dimensions of 2CW interference B Start with the
(unjfs of | _
) |
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AR THz =0.75 p RED » O Pl - BLUE
C V' group A A A
210 -106 109 {2106 ¥310° +4106 1 Voo | N [ Feron 1
T |T\ ERE T m T || 8 | pE f)AP \ iAp D
. Wavevicmrf]( S sinhp | sechp co;ﬁ& cschp cothp | e
(units of cx ,=2-10°/m) " 3 2 s N s 5
aielor | ~—05 22075 | 2=080 2=125 | —=133) 2=167 | ==2.0
2 4 5 4 3 3 1

Saturday, December 12, 2015



Group wavenumber Group wavelength \ =1/k e of Stayt with the
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Group wavenumber
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Lorentz transformations... B
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Details of 2CW wavefunctions of moving frame velocities of phase and group waves
16 coefficients of relativistic 2CW interference
% Two “famous-name” coefficients and the Lorentz transformation
Thales geometry of Lorentz transformation
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Two Famous-Name Coefficients

If you can’t explain 1t

(contracted by 20% here)
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A [853-1928

Old ioned Notation

RelaWavity Web Simulation - Relativistic Terms
(Expanded Table)

simply, you

don't understand 1t well enough.
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Details of 2CW wavefunctions of moving frame velocities of phase and group waves
16 coefficients of relativistic 2CW interference
Two “famous-name” coefficients and the Lorentz transformation
3 Thales geometry of Lorentz transformation
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Thales Mean Geometry (600BCE)

helps “Relawavity”
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Thales Mean Geometry (600BCE)

helps “Relawavity” Thales showed a circle diameter subtends a right angle with any circle point P
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Thales Mean Geometry (600BCE)

helps “Relawavity” Thales showed a circle diameter subtends a right angle with any ciygele point P
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[ PerSpace-PerTime v ! f All Controls Contextual Set ISM User's Guide

Per-Time (w) ' | ,

QO

Laser frequency =8 = 2 = 600THz
pler blue shift facter = b = 1.983
Doppler red shift factor = m=0.504

RelaWavity Web Simulation
.. Detailed Thales Geometry

A \
{ \
|
1 0 1
\. / ' /'
'\ , ’/
<F BePA=><] 4 -Be'" /
Red shift Blue 9(7 ift
Select from the top menus to choose the view type and sub-type. Set parameters with click (& drag) near the ck axis: nb; the green semi-circle: o; the hyperbolae: v
Click the 'Controls button to set shared model & display vars. Right (or CTRL+) click figure to set plot specific vars. \ / /7 \/
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